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Abstract
Objectives: The aim of this work is to investigate the biological effects of IQOS smok-
ing on human gingival fibroblasts and human keratinocytes analysing cell viability, 
morphology, migration, apoptosis and cell cycle.
Background: Electronic cigarettes and tobacco heating systems have been marketed 
to reduce smoking damages caused by combustion.
Methods: Human gingival fibroblasts and human keratinocytes viability was deter-
mined by a colorimetric assay measuring mitochondrial dehydrogenase activity (MTT 
assay); after an in vitro exposure of 24 h, cell morphology was analysed with scan-
ning electron microscope and cell migration was tested by Scratch assay, a method to 
mimic the migration of the cells during wound healing in vivo. Apoptosis and cell cycle 
were analysed with flow cytometry, and the expression of related genes (p53, Bcl2, 
p16 and p21) was indagated using real- time polymerase chain reaction.
Results: IQOS extracts increased both cell viability (23%- 41% with fibroblasts and 30%- 79% 
with keratinocytes) and migration. No morphological alterations were observed. IQOS extracts 
did not induced an increase in cell death, but rose the number of S-  and G2/M- phase cells. 
IQOS extracts also significantly increased p53 expression by fibroblasts (undiluted and 6.25% 
dilution, 2-  and 3.6- fold higher, respectively) and reduced both Bcl2 (about two-  and fivefold, 
respectively) and p21 expressions (about twofold with both extracts), while on keratinocytes 
both undiluted and 6.25% dilution extracts increased Bcl2 expression (about four-  and three-
fold higher, respectively) and reduced p53 expression (about two-  and fivefold, respectively).
Conclusion: IQOS smoke seemed to induce proliferation as highlighted by a viability assay, 
and migration and cell cycle analysis. The increased cell proliferation induced by IQOS de-
vices must be carefully investigated for its possible clinical effects on oral cell populations.
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1  |  INTRODUC TION

Tobacco smoking is one of the most serious public health problems 
the world has ever faced. Despite over 8 million deaths per year 
that can be directly attributed to it, there are still about 1.3 billion 
smokers worldwide.1 Smoking is the main cause of mortality due to 
cardiovascular diseases like atherosclerosis and its consequences,2 
respiratory disorders such as chronic obstructive bronchopathy 
(COPD),3,4 chronic bronchitis and pulmonary emphysema,5 bone 
disorders such as osteoporosis6,7 as well as cancer, particularly 
lung, bladder, liver, breast and oral malignancies.8,9 Consequently, 
governments worldwide have promoted anti- smoking campaigns 
and laws. Many devices were developed to induce smoking cessa-
tion like, for example, nicotine patches and chewing gums which, 
as they did not replicate the smoking ritual, often failed in their 
aim.10 Despite this, electronic cigarettes and the IQOS cigarette 
are still widespread today. As an alternative to tobacco smoking, 
these devices are assumed to be less harmful but their real effects 
are still not known.

The IQOS battery- powered heated tobacco product (HTP), which 
is manufactured by Philip Morris International, was launched in 2014 
and approved by the US Food and Drug Administration (FDA) for the 
US market in April 2019. Today it is found on 51 markets in Europe, 
South America and Asia.11 Resembling a traditional cigarette, the 
battery- powered IQOS device contains a tobacco cartridge of about 
3 cm in length with or without a filter. The cartridge is inserted into 
a self- heating cylinder in the portable battery which, thanks to alu-
minium foil, heats it up to a temperature of about 350℃.12 The kit 
also contains a battery charger.

The tobacco cartridges consist of:

• Tobacco, treated with glycerine, with 0.5 mg of nicotine
• External paper covering thin aluminium foil around the tobacco
• A cooling filter in biopolymer
• A hollow acetate cellulose mouthpiece around the filter.

The main advantage of the IQOS device lies in its non- 
combustion of tobacco which is heated to much lower temperature 
than in traditional cigarettes. In fact, as most of the 0.3 mg– 0.8 mg 
of nicotine and 0.0005 mg of tar burns in a normal cigarette, about 
20% is absorbed into the body.13,14 According to the manufacturers, 
lack of combustion products and toxic smoke in the IQOS device 
eliminates or reduces most harmful tobacco- related substances and 
health risks.15 Conversely, several studies observed that the IQOS 
aerosol contained substances derived from pyrolysis and that ther-
mogenic degradation of the tobacco cartridge was similar to tradi-
tional cigarette smoke.15 Toxic components of cigarette smoke such 
as tar, nicotine, carbonyl compounds (formaldehyde, acrolein, acet-
aldehyde) and nitrosamines were detected in the IQOS aerosol, thus 
potentially constituting a risk to human health.16 Indeed, one anal-
ysis showed that the IQOS emissions contained organic acids, nic-
otine and aldehydes like acetaldehyde, formaldehyde and acrolein, 
although in lower concentrations than in traditional cigarettes.17 

Some studies even showed that menthol- flavoured IQOS contained 
even higher concentrations of these harmful components.18

To date, the very few scientific studies who have investigated 
IQOS toxicity have mainly focused on the IQOS device itself and 
on comparing its aerosol composition with traditional and electronic 
cigarettes.19 Several controversies have emerged over the quantity 
of harmful substances that IQOS releases, whether its emission 
should be classified as an aerosol or smoke and, if smoke, the effects 
of passive smoking.20,21 In vitro studies demonstrated that the IQOS 
aerosol toxicity was intermediate between electronic and traditional 
cigarettes. Furthermore, it damaged respiratory tract cells, the only 
cells that have been investigated to date.22,23

As the oral cavity is the first anatomic structure to come into 
contact with cigarette smoke and the IQOS aerosol, an analysis 
seemed required of their effects on specific oral cell populations. 
The present in vitro study assessed the biological effects of IQOS 
cigarette smoking on oral fibroblasts and keratinocytes. Specifically, 
viability was determined by the MTT assay, morphology by SEM 
analysis and migration by the scratch wound assay. Apoptosis and 
cell cycle were analysed by flow cytometry. Expression levels of p53, 
Bcl2, p16 and p21 genes were assessed by RT- PCR.

The first null hypothesis is that the biological effects caused by 
IQOS devices are similar to those generated by traditional cigarette.

The second null hypothesis is that the results obtained from this 
in vitro study do not allow to advance suppositions on damages gen-
erated by IQOS device.

2  |  MATERIAL S AND METHODS

2.1  |  Study design

The aim of this study is to compare the effects of the IQOS aerosol 
on exposed vs non- exposed human gingival fibroblasts and human 
keratinocytes.

2.2  |  Test material

IQOS Heat- not- burn kits (©Phillip Morris Products S.A., Switzerland) 
and cartons of IQOS Marlboro Yellow Heat Sticks (HEETS) (©Phillip 
Morris Brands Srl, Italy) were purchased in Perugia, Italy. The main 
features are described in Table 1.

2.3  |  Cell culture

BSCL138 human gingival fibroblasts (IZSLER, Brescia, Italy) were 
grown as monolayer cultures in sterile polystyrene T- 75 flasks 
(Thermo Fisher Scientific, Waltham, MA USA) containing Eagle's 
minimum essential medium (MEM, Thermo Fisher Scientific, 
Waltham, MA USA) supplemented with 10% foetal bovine serum 
(FBS, Thermo Fisher Scientific, Waltham, MA USA), penicillin (10 
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000 U/mL), streptomycin (10 000 μg/mL) and 25 μg/mL ampho-
tericin B as anti- fungal agent (Thermo Fisher Scientific, Waltham, 
MA USA).

BSCL 143 human keratinocytes (IZSLER, Brescia, Italy) were 
grown as monolayer cultures in sterile polystyrene T- 75 flasks 
(Thermo Fisher Scientific, Waltham, MA USA) containing Dulbecco's 
modified Eagle's medium (DMEM, Thermo Fisher Scientific, 
Waltham, MA USA) supplemented with 7% foetal bovine serum 
(FBS, Thermo Fisher Scientific).

Fibroblasts and keratinocytes were maintained in a humidified 
incubator at 37°C with 5% CO2 with twice weekly medium changes 
and monitored under a phase contrast Leitz inverted microscope. 
Upon 80% confluence (logarithmic growth phase), cells were de-
tached with a mixture of 0.25% trypsin and 0.02% ethylenedi-
aminetetraacetic acid (EDTA). After 1:1 dilution in Trypan Blue 
Dye (10 μL of cells and 10 μL of Trypan Blue), cells were counted 
in a Countess Automated Cell Counter (Thermo Fisher Scientific, 
Waltham, MA USA) and plated as described below. All tests were 
performed between the seventh and ninth subculture.24

2.4  |  Preparation of Cigarette IQOS Extract

IQOS extract was prepared by the modified Carp and Janoff 
method.25 Using a peristaltic pump, the following puff protocol was 
established: 4 s puff duration, every 30 s, with a 55 mL volume per 
puff. Ten puffs represented one smoking session lasting 318 s. The 
IQOS aerosol from one Yellow Heat Stick was driven into 20 mL of 
preheated culture media (MEM and DMEM), providing fresh 100% 
extract. The pH was adjusted to 7.4 and filtered through a 0.22 µm 
filter (Merck Millipore, Germany). The extract was serially diluted as 
following: twofold (50%), fourfold (25%), eightfold (12.5%), 16- fold 
(6.25%) and 32- fold (3.125%). Each dilution was done by volume in 
media. Negative controls were cells treated with fresh culture media 
(MEM and DMEM). The designed smoke system does not generate 
thermal alterations on the culture media.

2.5  |  Cytotoxicity assay (MTT)

Human gingival fibroblasts and human keratinocytes were seeded 
(10 000 cells/well) on optical clear 96- well flat bottom microtitre 
plates (Thermo Fisher Scientific, Waltham, MA USA) and incu-
bated for 24 h a 37°C in 5% CO2. Subsequently, the culture medium 
was discarded and replaced with 100 μL of diluted (from 50% to 
3.125%) or undiluted extracts. Control groups were treated with 
fresh culture medium. Cell cultures were incubated for 24 h at 37°C 
in 5% CO2.

Cytotoxicity was assessed by a colorimetric assay measuring mi-
tochondrial dehydrogenase activity.

Reduction of the soluble tetrazolium salt, 3- [4,5- dimethyl- 2- thia
zolyl]- 2– 5- diphenyl- 2H tetrazolium bromide (MTT, Sigma Chemical 
Co., St. Louis, MO, USA) to a formazan precipitate, causes a yellow- 
to- purple colour change.26 After treatment, 10 μL of MTT solution 
(5 mg/mL) were added to each well. Plates were covered and incu-
bated for 4 h at 37°C. MTT- derived formazan crystals were dissolved 
by adding dimethyl sulphoxide (100 µl/well; DMSO, Sigma Chemical 
Co., St. Louis, MO) under gentle shaking for 30 min. Absorbance was 
measured at 570 nm using an automatic microplate spectrophotom-
eter reader (Bio- Rad, Model 680 XR, CA).

According to ISO 10993- 5,27 fewer viable cells resulted in de-
creased mitochondrial enzyme activity (succinic dehydrogenase, SDH) 
which directly correlated with the amount of blue– violet formazan 
produced by the tetrazolium salt reduction. Absorbance values in con-
trol and treated groups were compared. Cell viability was calculated 
according to the following formula using optical density (OD): % cell 
viability = (OD ratio of treated group/OD of control group) × 100.

2.6  |  Morphological analysis (SEM)

To determine the effects of extracts on cell morphology, human gin-
gival fibroblasts and human keratinocytes were grown on a cover 
glass (12 mm diameter × 0.15 mm depth, Exacta Optech Lab Center 

TA B L E  1  Principal components and manufacturers of IQOS device

Name Components Description/Features Image Production

Heat- not- burn IQOS Holder Height 93.6 mm
Diameter 15.04 mm
Weight 20 g

© Philip Morris 
Products SA.

Portablebatterycharger Height 112.5 mm
Diameter 21.86 mm
Width 51.2 mm
Weight 100 g
Capacity2900 mAh

HEETS Yellow Label TobaccoStick Height 45 mm
Diameter 7 mm
Tobacco 0.3 g with 0.5 mg of nicotine
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SpA, Modena, Italy) in MEM supplemented with 10% FBS, antibiot-
ics and anti- fungal agent and DMEM supplemented with 7% FBS, 
respectively, for 24 h at 37°C in 5% CO2. The culture medium was 
discarded and replaced with 400 μL of 6.25% diluted or undiluted 
extracts. Control groups were treated with fresh culture medium. 
Cell cultures were incubated for another 24 h at 37°C in 5% CO2. 
Cells were thrice washed with PBS, fixed in 2.5% glutaraldehyde in 
phosphate- buffered saline PBS for 1 h at room temperature, thrice 
washed with distilled water, dehydrated stepwise in ethanol and 
dried at room temperature.28 After critical point drying, using the 
Freon method, samples were splutter- metallized with chromium 
(8 nm) and viewed under a Field Emission Gun SEM LEO 1525 
(ZEISS, Jena Germany). The acceleration voltage was 5 KV and im-
ages were obtained using an in- lens detector. Magnifications were: 
500×, 2500×, 5000× and 10 000×.

2.7  |  Scratch assay

To investigate fibroblast and keratinocyte migration, cells were 
plated on 6- well flat bottom microtitre plates (Thermo Fisher 
Scientific) and grown in 2 mL medium. At 90% confluence, me-
dium was removed and, using a sterile P- 200 pipette tip, a straight 
scratch was done along the monolayer in the well centre, as de-
scribed elsewhere.29 Cellular debris was gently removed with 
Dulbecco's phosphate- buffered saline (PBS) and cultures were 
exposed to undiluted (100%) and 6.25% diluted extracts. Wound 
closure images were obtained at 0 h, 17 h, 24 h for human gingival 
fibroblasts and at 0 h, 20 h, 40 h, 64 h and 70 h for human keratino-
cytes, using a conventional phase- contrast microscope (Olympus, 
Tokyo, Japan). Photographs at 200× magnification provided migra-
tion and morphology profiles.

2.8  |  RNA isolation and RT- PCR analysis

To analyse apoptosis and cell cycle genes, human gingival fibroblasts 
and keratinocytes were seeded (1 × 105 cells/ml) in 6- well flat bot-
tom microtitre plates (Thermo Fisher Scientific). At confluence, cells 

were treated with 6.25% diluted and undiluted extracts or fresh me-
dium (control groups) for 24 h.

Total RNA was isolated as described elsewhere.29 Briefly, 
RNA from control and treated fibroblasts/keratinocytes was iso-
lated using a total RNA purification kit (Thermo Fisher Scientific) 
and quantified by reading the OD at 260 nm on a BioPhotometer 
(Eppendorf, Milano, Italia). Using ABM (Richmond, Canada), 1 μg 
total RNA was subjected to reverse transcription (RT) in a final vol-
ume of 20 μL. Real- time PCR was performed using 2 μL cDNA from 
the RT reaction. The primer sequences of each gene are listed in 
Table 2. Primers were designed with PERL primer software using 
NCBI EntrezGene reference sequences as template and synthe-
sized by Thermo Fisher Scientific. Real- time PCR was carried out 
in an Mx3000P cycler (Stratagene, Amsterdam, the Netherlands) 
using FAM for detection and ROX as reference dye. One- step PCR 
was performed in 25 mL of Brilliant SYBR(r) Green QPCR Master 
Mix (Stratagene, Amsterdam, the Netherlands), according to the 
manufacturer's instructions. At each annealing step, product for-
mation was monitored with the fluorescent double- stranded DNA 
binding dye SYBR(r) Green. The relative expression level of the 
housekeeping gene glyceraldehide- 3- phosphate dehydrogenase 
(GAPDH) was used to normalize marker gene expression in each 
sample. Immediately after PCR, a melting curve was undertaken 
by raising the incubation temperature from 55° to 95°C to confirm 
amplification specificity. Results were expressed as fold change 
relative to untreated control values; all values were computed with 
the MxPro QPCR Software (Stratagene).

2.9  |  Apoptosis and cell cycle analysis

Apoptosis and cell cycle analysis were assessed by flow cytometry as 
previously described.29 Briefly, 24 h after treatment with undiluted 
and 6.25% diluted extracts for 24 h, human gingival fibroblasts and 
keratinocytes were harvested, re- suspended in 0.5 mL hypotonic 
propidium iodide (PI) solution (50 μg/mL propidium iodide in 0.1% 
sodium citrate plus 0.1% TritonX- 100) and analysed by flow cytom-
etry using Coulter Epics XL- MCL Flow Cytometer (BeckmanCoulter). 
Data were analysed using FlowJo software (TreeStar).

mRNA Sequences (5’- 3’) Product (bp)

GAPDH Fw: TGGTATCGTGGAAGGACTCATGAC
Rv: ATGCCAGTGAGCTTCCCGTTCAGC

188

p53 Fw: GGACCTGATTTCCTTACTG
Rv: TGAATCTGAGGCATAACTG

248

Bcl2 Fw: AGATGTCCAGCCAGCTGCACCTGAC
Rv: AGATAGGCACCCAGGGTGATGCAAGCT

366

p21 Fw: TGGAGACTCTCAGGGTCGAA
Rv: GACTGCAGGCTTCCTGTGG

118

p16 Fw: CCCAACGCACCGAATAGTTA
Rv: CACCAGCGTGTCCAGGAA

173

TA B L E  2  Primer sequences used for 
RT- PCR analysis
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F I G U R E  1  Effects of IQOS extracts (diluted and undiluted) on human gingival fibroblasts (A) and human keratinocytes (B) using the MTT 
assay. The results for each extract are expressed as the percentage of SDH activity compared with the control (100%). The values represent 
the mean ± SD of three independent experiments performed in quintuplicate for each sample. Differences vs. control: *p < .001; **p < .05
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F I G U R E  2  Effects of IQOS extracts on human gingival fibroblast morphology. Scanning electron microscopic (SEM) micrographs of 
untreated human gingival fibroblasts (control) or fibroblasts exposed to undiluted and diluted to 6.25% extracts with different magnification 
(A 500×, B 2500×, C 10 000×) after 24 h of culture. Filopodia indicated by arrows and lamellipodia by arrow heads
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2.10  |  Statistical analysis

Figures report the mean ± SD (standard deviation) of three independent 
experiments performed in quintuplicate. One- way analysis of variance 
(ANOVA) was performed using GraphPad Prism 5.01 software (Prism, 
CA, USA). p values of <.05 were considered statistically significant.

3  |  RESULTS

3.1  |  Cytotoxicity assay (MTT)

At all dilutions, the IQOS extract increased human gingival fibroblast 
viability by a mean of 30% (range 23% with undiluted extract –  41% 

F I G U R E  3  Effects of IQOS extracts on human keratinocyte morphology. Scanning electron microscopic (SEM) micrographs of untreated 
human keratinocytes (control) or keratinocytes exposed to undiluted and diluted to 6.25% extracts with different magnification (A 500×, 
B 2500×, C 5000×, D 10 000×) after 24 h of culture. Filopodia indicated by arrows and lamellipodia by arrow heads
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with the 6.25 dilution). At 100%, 50%, 25% and 3.12%, dilutions, 
significance reached p < 0.05 which dropped to p < .001 with 12.5% 
and 6.25% dilutions (Figure 1A).

At all dilutions, the IQOS extract increased human keratinocyte 
viability a mean of 60% (range 30% with undiluted extract -  79% 
with the 6.25% dilution) (p < .001) (Figure 1B).

Viability increases in both cell lines were due to a proliferation 
stimulus. Consequently, the following experiments used only undi-
luted extract and 6.25% diluted.

3.2  |  Morphological analysis (SEM)

Besides confirming cell proliferation (Figure 2A), SEM analysis showed 
undiluted and 6.25% diluted IQOS extracts induced only cell surface 
corrugation in gingival fibroblasts (Figure 2B, C) compared with control 

cells. Neither IQOS extract impacted on strong fibroblasts substrate 
adherence. As in control cells, several filopodia and lamellipodia were 
observed, indicating adhesion and migration (Figure 2B, C).

Compared with controls, keratinocyte proliferation was 
greater with the 6.25% diluted extract than with the undiluted 
(Figure 3A) and more filopodia and lamellipodia were observed 
(Figure 3B, C) which were long and fine after exposure to undi-
luted extract and short and thick after exposure to the 6.25% di-
luted (Figure 3D).

3.3  |  Scratch test

Both IQOS extracts induced a similar, non- significant increase in mi-
gration in gingival fibroblasts compared with controls. After 24 h, all 
wounds were closed (Figure 4A, B).

F I G U R E  4  Effect of undiluted (100%) 
and diluted to 6.25% IQOS extracts on 
human gingival fibroblast migration in 
the wound- healing migration assay. (A) 
Representative phase- contrast images 
of the wounds were taken at 0 h, 17 h 
and 24 h (200× magnification). (B) 
Quantification of the percentage of 
closed wound area calculated by tracing 
the border of the wound using ImageJ 
software. Data represent the mean ± SD 
of three independent experiments
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Migration patterns varied with dilution in keratinocytes. The 
undiluted extract stimulated migration for 40 h after which migra-
tion slowed and, like controls, the wound remained open at 70 h. 
The 6.25% diluted extract stimulated migration more strongly and 
wound closure was observed at 64 h (Figure 5A, B).

3.4  |  Apoptosis and cell cycle analyses

Flow cytometry detected no significant difference in fibroblast 
and keratinocyte apoptosis 24 h after exposure to undiluted and 
6.25% diluted IQOS extracts (Figures 6A and 7A). Both extracts 

significantly increased in the percentage of each cell in the S 
(p < .001 for both) and G2/M (p < .05 for both) cell cycle phases 
(Figures 6B and 7B).

3.5  |  Apoptosis and cell cycle related 
gene expression

In human gingival fibroblasts, undiluted (100%) IQOS cigarette 
extract and 6.25% diluted extract significantly increased p53 ex-
pression, by approximately two-  and 3.6- fold, respectively, com-
pared with controls (p < .001), decreased Bcl2 expression levels by 

F I G U R E  5  Effect of undiluted (100%) and diluted to 6.25% IQOS extracts on human keratinocyte migration in the wound- healing 
migration assay. (A) Representative phase- contrast images of the wounds were taken at 0 h, 20 h, 40 h, 64 h and 70 h (200× magnification). 
(B) Quantification of the percentage of closed wound area calculated by tracing the border of the wound using ImageJ software. Data 
represent the mean ± SD of three independent experiments. Differences vs. control: *p < .001; **p < .05
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approximately two-  and fivefold, respectively (p < .001), and p21 lev-
els by approximately twofold both (p < .001), while p16 expression 
appeared unchanged (Figure 8A).

In human keratinocytes, undiluted (100%) IQOS cigarette ex-
tract and 6.25% diluted extract significantly downregulated p53 ex-
pression by approximately two-  and fivefold, respectively (p < .001), 
and increased Bcl2 expression four-  and threefold, respectively, 
compared with controls (p < .001). p16 and p21 expression remained 
unchanged (Figure 8B).

4  |  DISCUSSION

In the human body smoke first encounters the oral cavity and comes 
directly into contact with the oral mucosa. Through dissolution in 
saliva its components are absorbed by the oral epithelium and about 
100 of the 5000 chemical substances are potentially toxic. Moreover, 
smokers are at greater risk of more severe, non- responsive peri-
odontitis than non- smokers.30 Most in vitro investigations reported 
cigarette smoking decreased viability and proliferation of oral cell 
populations,31,32 cellular migration,33,34 induced morphological 
modifications35,36 and production of inflammatory mediators37,38 as 
well as cell cycle blocking, arrest and apoptosis.39 All of these ef-
fects appear to be dose-  and time- dependent.35,40,41 Another im-
portant aspect about cigarette smoking toxicity is heating that could 
determine prolonged oral mucosa irritation, tissues thickening and 
increase in keratinization, with potential malignant transformation 
of tissues.42 The heat also causes changes in the hard palate such as 
inflammation of tissue and irritation of the minor salivary glands that 
present inflamed ducts and in the lower lip with the development of 
actinic cheilitis or lip cancer.43

Early studies of the IQOS device focused on aerosol composi-
tion, highlighting it contained several potentially harmful compo-
nents though at lower concentrations than traditional cigarette 
smoke. Gas chromatography– mass spectrometry (GC- MS) detected 

62 volatile compounds, including carbonyls like propanal, acrolein, 
3- methylbutanal, diacetyl and 2,3- pentanedione, heavy metals, fla-
vouring chemicals, acrolein, diacetyl and 2,3- pentanedione, all of 
which are highly toxic and constitute a health risk, particularly an 
oral health risk.41 As the few in vitro studies investigated the effects 
of the IQOS device on pulmonary cells22,23 or human osteoclasts,12 
the present study focused on human keratinocytes and human gin-
gival fibroblasts.

The first difficulties we had to overcome were capturing all the 
aerosol components given their volatility and administering them 
to cell cultures. We designed a smoke production mechanism con-
sisting of a vacuum pump that sucked the IQOS aerosol into a flask 
containing culture medium which absorbed all its components. It 
was needed because, even though cigarette toxicology studies 
used smoke machines with fixed smoke conditions, exposure pro-
tocols had been shown to be sub- optimal because cigarette aero-
sols were altered.44,45 Another difficulty lay in testing the same 
quantity of aerosol quantity as found in IQOS consumers. The 
present study opted for an exposure protocol corresponding to a 
smoking time of 5 min and 18 s, which is the time needed to smoke 
one stick containing 5 mg nicotine, bearing in mind that nicotine 
content is always constant in IQOS sticks, unlike traditional and 
e- cigarettes.

This preliminary study observed the IQOS aerosol appeared to 
be less toxic than traditional cigarette smoke. Although the aero-
sol did not damage the oral cavity, it stimulated cell proliferation, as 
shown by more prolonged and intense S and G2/M cell cycle phases, 
greater viability and migration and more adhesive features in kera-
tinocyte morphology. Surprisingly, the expression of genes related 
to apoptosis and the cell cycle did not fully support these findings.

All aerosol concentrations increased vitality in human fibroblasts 
and more markedly in keratinocytes as assessed, in accordance with 
ISO 10993- 5 recommendations, through mitochondrial activity, 
concurring with reports using assays such as LDH or Neutral red in 
addition to MTT.44,46 IQOS was reported to be less cytotoxic than 

F I G U R E  6  Effect of cigarette IQOS extracts on apoptosis (A) and on cell cycle (B). Human gingival fibroblasts were treated with undiluted 
and diluted to 6.25% extracts for 24 h. Cells were collected and stained with PI and analysed by flow cytometry for percentage of apoptotic 
cells (a) and for percentage of cell in different phases of cell cycle (B). The values represent the mean ± SD of three independent experiments 
performed in triplicate for each extract. Differences vs. control: *p < .001; **p < .05
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traditional cigarettes in human bronchial epithelial cells23 and had 
no effect on the viability of primary human osteoblasts and im-
mortalized human mesenchymal stem cells after short-  (48 h) and 
long- term (14 and 21 days) treatments.12 Through proliferation, mi-
gration, synthesis of growth factors and extracellular matrix mol-
ecules, increased fibroblast proliferation could promote healing 

processes but, on the other hand, greater cellular metabolic activity 
could impact negatively on cell death and survival signalling path-
ways.47 Furthermore, dysregulation of succinate dehydrogenase, 
mitochondrial reductase and tumour suppressor genes, can pro-
mote uncontrolled cell proliferation, the mechanism underlying the 
onset of malignant tumours.48

Exposure to IQOS extracts did not alter the morpho- functional 
status in fibroblasts but did increase filopodia and lamellipodia, cy-
toplasmic extensions in keratinocytes. The keratinocyte response to 
IQOS exposure might be an attempt to achieve greater stability by 
maintaining firm contact with the substrate and neighbouring cells. 
The IQOS extract did not affect human osteoblast morphology, as 
assessed by the length of primary cilia which are present during their 
differentiation.12

Innovative findings in the present study were that all IQOS con-
centrations induced a greater cell migration than control, as shown 
by the scratch test results which, as expected from the MTT results, 
was more marked in keratinocytes than in fibroblasts, particularly 
with the 6.25% IQOS extract.

IQOS exposure was associated with lack of apoptosis, a common 
form of cell death, which is in line with our findings on viability and 
migration patterns. Indeed, in human keratinocytes, expression of 
two key apoptosis- related genes i.e. the anti- apoptotic Bcl2 and pro- 
apoptotic p53, was significantly upregulated and downregulated, re-
spectively. Fibroblasts unexpectedly displayed the opposite pattern 
with p53 upregulation and Bcl2 downregulation. Prolonged active 
phases in the cell cycle were linked, respectively, to p21 expression 
which controls G0/G1 progression to the S phase and p16 expres-
sion which blocks the S phase.49 Expression of neither factor was 
altered in keratinocytes, while was significantly down- regulated in 
fibroblasts.

These changes in gene expression indicated a response mech-
anism, whether defensive or aggressive still remains to be deter-
mined, had been activated by exposure to IQOS extracts. This 
response mechanism appears the complete opposite to what tra-
ditional smoking elicits in human cells as it is associated with high 

F I G U R E  7  Effect of cigarette IQOS extracts on apoptosis (A) and on cell cycle (B). Human keratinocytes were treated with undiluted 
(100%) and diluted to 6.25% extracts for 24 h. Cells were collected and stained with PI and analysed by flow cytometry for percentage of 
apoptotic cells (A) and for percentage of cell in different phases of cell cycle (B). The values represent the mean ± SD of three independent 
experiments performed in triplicate for each extract. Differences vs. control: *p < .001; **p < .05.
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F I G U R E  8  Effect of undiluted (100%) and diluted to 6.25% IQOS 
extracts on apoptosis and cell cycle related gene expression (p53, 
Bcl2, p16 and p21) evaluated by RT- PCR at 24 h on human gingival 
fibroblasts (A) and human keratinocytes (B). The results for each 
extract are expressed as fold change in GAPDH normalized mRNA 
values. The values represent the mean ± SD of three independent 
experiments performed in triplicate for each sample. Differences 
vs. control: *p < .001
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rates of cytotoxicity and apoptosis.50 Although many key apop-
totic proteins that are activated or inactivated in apoptotic path-
ways have been identified, the molecular mechanisms underlying 
activation are not fully understood and are the focus of ongoing 
research.51 In an attempt to reconcile these apparently contra-
dictory results, we might speculate that aldehyde, acreoline and 
heavy metal concentrations in the IQOS aerosol,41 could damage 
DNA by increasing strand breaks, triggering an initial mutagen-
icity/genotoxicity52 that was not yet detectable in the apoptosis 
rate. Assessment of tumour and proliferating genes will be needed 
to confirm this hypothesis. Alternatively, post- transcriptional p53 
gene modifications might prevent an increase in cell death due to 
apoptosis.

In conclusion, the clinical significance of the results of this pre-
liminary investigation into the effects of the IQOS device are hard 
to discern. Our innovative system indicated that IQOS was not toxic 
for oral fibroblasts and keratinocytes as it neither modified survival 
nor morphology. Since it did impact on proliferation and the cell 
cycle further studies are needed to identify which components of 
the IQOS aerosol are involved. Another limitation of this study was 
restricting IQOS exposure to 24 h which precluded long- term ob-
servations. So, it might be interesting to study a treatment repeated 
over time (chronic).

Even if the smoke system used in the study does not generate 
thermal alterations induced by the IQOS device, a further limitation 
of the study is represented by the need to evaluate the effects of the 
heating on the oral mucosa. Starting from these preliminary results 
our null hypotheses can be rejected.
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