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Abstract Objectives: This study aimed to investigate the effect of electronic cigarette vaping and

cigarette smoking on the levels of interleukin-1b and transforming growth factor b salivary

biomarkers compared to non-smokers.

Methods: One hundred and fifty people participated in this study; There were 50 participants

who smoked traditional cigarettes, 50 who used electronic cigarettes, and 50 healthy people who

had never smoked cigarettes (control group). Furthermore, 5 ml of unstimulated whole saliva

was sampled and clarified by centrifugation and frozen until analysis. Interleukin-1b and transform-

ing growth factor b concentrations were assessed in saliva samples using ELISA. The duplicate

readings average was utilized to interpret the data.

Results: We found that cigarette smokers had significantly higher levels of interleukin-1b and

transforming growth factor b than non-smokers and electronic cigarette users (p < 0.05). The dif-

ference between control participants and electronic cigarette users, as well as that between control

participants and traditional cigarette smokers, was statistically significant (p < 0.05).

Conclusion: Electronic cigarette users have higher levels of inflammatory and cancer risk biomar-

ker than non-smokers, suggesting that electronic cigarettes can pose a risk of developing systemic

diseases but less than conventional cigarettes. In conclusion, our study could be regarded as new evi-

dence supporting the hazardous effects of e-cigs using a cost-effective, non-invasive method.
� 2022 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cigarette smoking is a significant risk factor for chronic dis-

eases, mainly because of inflammation. It is also a major cause
of oral health problems, including increased failure of dental
implants, periodontal diseases, and cancer (Xue et al., 2016).

Unlike conventional cigarettes, electronic cigarettes (e-cigs,
also known as vaporizer pens or vapor cigarettes) are devices
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that use a battery heating element that supplies an inhalant
containing nicotine and additional additives to give the con-
sumer a feeling of smoking conventional cigarettes but without

combustion (McNeil et al., 2015).
In the last decade, the chronic use of e-cigs has increased

remarkably between teenagers and young adults, primarily

because e-cigs convey nicotine with flavors to be used in a
vapor rather than smoke, which is less banned in public places
(Stone and Marshall, 2019).

The assumed e-cigs safety due to the removal of combus-
tion toxins attracts new consumers. However, the use of e-
cigs has begun to arouse more and more arguments (McNeil
et al., 2015).

The aerosol produced during the use of e-cigs is associated
with deleterious effects. Cytotoxicity was noted, resulting in
the death of periodontal fibroblasts and oral epithelial ker-

atinocytes (Yu et al., 2016; Cichońska et al., 2019). Besides, fla-
vors added to e-cigs accelerate oxidative stress, inflammatory
reactions, or DNA damage to periodontal and human lung

cells (Sundar et al., 2016). Meanwhile, the impact of e-cigs
on systemic inflammatory biomarkers is still understudied
(Ye et al., 2020).

Cytokines are a group of signaling molecules that mediate
inflammation and immunity (Polz-Dacewicz et al., 2016).
Interleukin-1b (IL-1b) is a possible biomarker for estimating
smoking and oral inflammatory condition (Mokeem et al.,

2018). Moreover, it could be a reliable biomarker for assessing
cancer risk and prognosis (Brailo et al., 2012).

Transforming growth factor- b (TGF- b) is a polypeptide

cytokine that regulates cell proliferation, differentiation, and
apoptosis (Kubiczkova et al., 2012). In malignancy, TGF-b
expression increases significantly with increased tumor grade,

suggesting a close association between this cytokine and the
malignant changes of a tumor (Xue et al., 2016).

To the best of our knowledge, to date, no study has been

conducted to compare salivary TGF-b levels between non-
smokers (NS), cigarette smokers (CS), and electronic cigarette
users (EC). Therefore, we aimed to assess the differences in the
salivary levels of IL-1b and TGF-b among CS, EC, and NS to

highlight the influence of e-cigs and cigarette smoking on the
levels of biomarkers of tissue injury and inflammation.

2. Materials and methods

2.1. Patient population, demographics, smoking, and vaping
status

A total of 150 student volunteers from our faculty participated

in this study. They were carefully chosen according to their e-
cig and traditional cigarette consumption status and classified
into three categories of 50 participants each as follows: those

smoking traditional cigarettes (daily smokers), those using e-
cigs, and healthy persons who had never smoked cigarettes
(control group). None of the participants in any patient group
smoked both conventional and electronic cigarettes. The study

was carried out in 2020–2021 at Ahram Canadian University,
Egypt.

‘‘Cigarette-smokers” define persons who had smoked a

minimum of 5 cigs/day for at least one year. On the other
hand, persons who reported vaping e-cigs exclusively for at
least 12 months and had never smoked traditional cigarettes
before were categorized as ‘‘electronic cigarette users” (Javed
et al., 2017).

We excluded from the study individuals that had taken

antibiotics within the previous three months, individuals suf-
fering from systemic diseases, and those who underwent peri-
odontal therapy within the previous six months. All study

participants gave their written informed consent to participate
in the study. Information about age and sex (demographic
variables), the daily frequency of cigarette smoking and e-

cigs vaping, and the duration of the session was obtained. This
study was approved by the ethics committee of our faculty and
was carried out following the Declaration of Helsinki
principles.

2.2. Collection of unstimulated whole saliva (UWS) samples

UWS samples were utilized for evaluation. They were collected

as reported by Navazesh and Kumar, 2008.
About 5 ml of UWS was collected in the morning hours

into sterile Corning-type silicone test tubes two hours after

the last meal, drink, or smoke had been taken. Samples were
collected by expectoration at room temperature. They were
clarified by centrifugation at 1500 rpm for 10 min and stored

at �80 �C until analysis.

2.3. Assessment of salivary biomarkers via enzyme-linked
immunosorbent assay (ELISA)

2.3.1. IL-1b assessment

The IL-1b concentration (pg/ml) in the collected saliva was

assessed via ELISA. The ELISA kit determines the concentra-
tions of human IL-1b in saliva in vitro. Per the manufacturer’s
instructions, the PicoKine kit (Catalog number: MBS175901,

USA) was used. The duplicate readings average for each con-
trol and sample was used to interpret the data. Using an
ELISA plate reader (Awareness Technologies, Florida,

USA), we subtracted the average zero standard O.D. reading.
The mean absorbance for each standard was plotted against
the concentration. In the sample, the measured concentration
can be interpolated by employing a linear regression of each

average relative O.D. compared to the generated standard
curve using a curve-fitting software.

2.3.1.1. TGF-b assessment. The TGF-b concentration (pg/ml)
was evaluated in saliva via ELISA. The Novus Biologicals
kit (Catalog number: NBP1-91252, USA) was used per the

manufacturer’s instructions. A colored substance was devel-
oped in proportion to the sample concentration of TGF-b.
An ELISA plate reader was used to assess the reaction color

absorbance (450 nm). Using TGF-b standard dilutions, a stan-
dard curve was established, and the concentration was
detected.

2.4. Statistical analysis

SPSS version 26 was used to code and input the collected data
(IBM Corp., Armonk, NY, USA). Quantitative data were pre-

sented using the mean and the standard deviation while cate-
gorical data were presented using frequencies and
percentages. To compare groups, the ANOVA with multiple

comparisons post hoc test was utilized. The chi-square (v2) test
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was used to compare categorical data. When the anticipated
frequency was less than 5, the exact test was used. P-values
of less than 0.05 were considered statistically significant.

3. Results

3.1. Demographic and clinical findings

The NS group did not differ significantly in terms of the gender and

age distribution from the CS and ES groups (Table 1).

Table 1 shows the daily frequency of cigarette smoking, e-cigarette

vaping, and the mean duration of each cigarette smoking and e-

cigarette vaping session. This revealed non-significant difference in

the overall nicotine exposure duration per day (approximately

76.4 min/day in the CS group and approximately 78.8 min/day in

EC group).

3.2. Cytokine levels in saliva among the study groups

Salivary IL-1b and TGF-b levels were evaluated to assess if the sys-

temic inflammatory response differed between the EC, CS, and NS

groups. IL-1b and TGF-b salivary levels were significantly higher in

the CS group than in the EC and NS groups (p < 0.05).

Data analysis revealed significant differences between the EC and

the NS, as well as between the CS and the NS (p < 0.05) (Table 2,

Fig. 1, and Fig. 2).

4. Discussion

Many types of growth factors and cytokines that have been
found in saliva possess a significant role in carcinogenesis

and inflammation (Ye et al., 2020). Many of them such as
TGF-b and IL1b are expressed in smoking (Pezzuto et al.,
2019). Furthermore, Cruz-Almeida et al., 2017 demonstrated

that saliva was a non-invasive, cost-effective serum alternative
to cytokine testing.

So, this study aimed to evaluate the effect of e-cigs vaping

and cigarette smoking on the levels of IL1-b and TGF-b in
human saliva compared to their levels in NS. The selected
biomarkers have been associated with tissue injury, systemic
inflammation, and cancer risk. To the best of our knowledge,

this is the first study that compares the salivary TGF-b levels
among CS and EC.

Several studies have identified nicotine as a possible con-

tributor to the pathogenesis of cancer. Previous in vitro experi-
mental studies on cell cultures and in vivo rodent and human
studies showed that nicotine itself could stimulate tumorigene-
Table 1 Demographics and characteristics of the study groups.

Non-smo

(n = 50

Age in years

(Mean ± SD) 28.33 ±

Sex (%) Female 24 (48%

Male 26 (52%

Daily frequency of the habit

(Mean number of times per day) –

Mean duration of a session

(in minutes)

–

sis (Grando, 2014). Unlike traditional cigarettes, there is a
paucity of knowledge on the health hazards of e-cigs, including
their association with cancer. The ongoing promotion of e-cigs

as a safe alternative to conventional tobacco products has sev-
eral ramifications (Raj et al., 2020).

The analysis of the components of different e-cig brands

revealed the presence of a variety of well-established carcino-
gens (Kadimisetty et al., 2017). In this regard, Yu et al.,
2016 studied the impact of e-cig vapor with and without nico-

tine on cell lines of the normal oral mucosa and head and neck
squamous cell cancer. According to their findings, whether
nicotine was present or not, e-cig vapor promoted cell death
by necrosis or apoptosis. Their findings were in line with those

of the study by Kadimisetty et al., 2017 in which flavors added
to e-cigs accelerated oxidative stress, inflammatory reactions,
or DNA damage to periodontal and human lung cells. The

one-time use of e-cigs can cause oxidative stress and endothe-
lial cell dysfunction (Carnevale et al., 2016).

IL-1b is a crucial inflammatory cytokine secreted in

response to cellular damage or infection (Idris et al., 2015).
It is more abundant in saliva than in serum, suggesting that
saliva is a valuable biological fluid for the assessment of IL-

1b levels (Brailo et al., 2012). Furthermore, IL-1b levels are
elevated in CS, ES, and in different cancer types (Pezzuto
et al., 2019). This cytokine promotes inflammation by acting
directly on various cell types, either alone or in conjunction

with other cytokines. While macrophages are the primary
IL-1 b producers, other cells such as epithelial cells, and sali-
vary gland cells may also produce it (Idris et al., 2015).

On the other hand, TGF-b is a cytokine released in inflam-
matory conditions. Its level is elevated in vitro by exposure to
cigarette smoke. Notably, tumor development may be pro-

moted by an altered TGF-b signaling pathway. Some previous
studies reported increased TGF-b concentrations in growing
tumors and emphasized its prognostic characteristics (Polz-

Dacewicz et al., 2016).
Furthermore, cigarette smoking and e-cig consumption

have been associated with increased oxidative stress and the
development of advanced glycation end products in gingival

and periodontal tissue cells (ArRejaie et al., 2019; Cichońska
et al., 2021). Advanced glycation end products have been asso-
ciated with the formation of reactive oxygen species that cause

an oxidative burst within the gingival tissue. Consequently,
reducing antibody production and enhancing the local and sys-
temic inflammatory load through increased cytokine expres-

sion (Katz et al., 2007).
ker

)

Cigarette

smokers (n = 50)

E-cigs

users (n = 50)

8.23 29.23 ± 5.83 29.36 ± 8.01

) 22 (44%) 18 (36%)

) 28 (56%) 32 (64%)

14.7 ± 2.5 10.1 ± 1.4

5.2 ± 0.8 7.8 ± 0.4



Table 2 Observed value difference and P-value of salivary biomarkers between the groups.

Cigarette smokers E-cigs users Cigarette smokers

–Non-smoker –Non-smoker - e-cigs users

IL-1b (pg/ml) Mean Difference 27.12906 10.58016 16.54890

P-value <0.001* <0.001* <0.001*

TGF-b (pg/ml) Mean Difference 131.22308 36.75000 94.47308

P-value <0.001* <0.001* <0.001*

* Statistically significant differences.

Fig. 1 Bar chart showing the mean and standard deviation of IL-1b among the studied groups. Significance level p < 0.05.

Fig. 2 Bar chart showing the mean and standard deviation of TGF-b among the studied groups. Significance level p < 0.05.
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The results of this study support the hypothesis that inflam-
matory cytokine levels are higher in CS and EC than in NS.

Regarding IL-1b, we found its significantly higher salivary

levels in CS than in EC and NS (3.2). Moreover, we found a
significant difference in IL-1b levels between the EC and the
control groups (3.2). Our findings are consistent with those

of previous studies that reported significantly higher levels of
salivary IL-1b in CS than in EC and NS (Sundar et al.,
2016; Mokeem et al., 2018; ArRejaie et al., 2019). Another

study by Singh et al., 2019 reported higher IL-1 b levels in
EC than in NS. Additionally, Mokeem et al., 2018 and Ye
et al., 2020 reported an essential role of IL-1 b in inflammatory
pathways, suggesting an association between e-cig use and the

development of oral and chronic systemic diseases, though less
than that of traditional cigarette consumption.

The processing and release of IL-1-b from cells are con-

trolled by caspase 1 activation pathway, which is mediated
by inflammasomes (Wang et al., 2019). Inflammasomes are
multiprotein signaling complexes that regulate antimicrobial

host defenses and trigger inflammatory responses (Broz and
Dixit, 2016). Their activation by cigarette smoke was induced
by oxidative stress and boosted the production of inflamma-

tory cytokines in human alveolar epithelial cells, including
IL-1b (Wang et al., 2019). In cancer, the most clinically signif-
icant IL-1 subtype is IL-1b. This cytokine is suggested to be a
promising biomarker of cancer risk and prognosis (Idris et al.,

2015).
Previous studies have also reported increased salivary levels

of IL-1b in other pathologies such as periodontitis and peri-

implant inflammation (Rocha et al., 2014).
This cytokine’s properties are associated with tissue

destruction, including the activation of tissue degradation pro-

teinases, and the initiation of bone resorption (ArRejaie et al.,
2019).

Regarding TGF-b, few studies have been conducted to

investigate the correlation between cigarette smoking and the
increased expression of TGF-b, however, there are currently
no available data on the effect of e-cigs on TGF-b expression.

Our preliminary results showed significantly increased sali-

vary TGF-b levels in EC than in NS though less than those in
CS (3.2).

These results are supported by those of a previous study by

Wang et al., 2020 who reported the activation of TGF-b and
its receptors in airway inflammation and smoking-induced
chronic obstructive pulmonary disease. Cigarette smoke can

stimulate several mediators to trigger the release of growth fac-
tors by monocytes (Singh et al., 2019).

Another in vitro study by Pezzuto et al., 2019 was con-
ducted on rat lungs exposed to cigarette smoke extracts. Their

results demonstrated increased levels of TGF-b. Moreover,
another study by Polz-Dacewicz et al., 2016 reported a signif-
icant rise in salivary TGF-b levels in people with oral squa-

mous cell carcinoma, which was higher than serum levels.
A limitation of this study is that the data collected on

smoking and vaping status depends on patients’ recall abilities,

which may have influenced the outcomes.
Furthermore, the primary strength of the current work is

the assessment of TGF-b levels in the saliva of CS and EC

for the first time. Our clinical study could be regarded as
new evidence supporting the hazardous effects of e-cigs using
a cost-effective non-invasive method. However, broader longi-
tudinal and cross-sectional clinical studies are needed to assess
the deleterious effects of e-cig use on health, especially regard-
ing oral cancer.

5. Conclusions

Our results demonstrated that the type of smoker can influence
some of the detectable inflammatory biomarkers, which may

be beneficial to future regulatory and translational investiga-
tions. More research is required to determine the negative con-
sequences of e-cig vaping on oral health.
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