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Abstract: Electronic cigarettes (e-cigarettes) have attracted much attention as a new substitute for 

conventional cigarettes. E-cigarettes are first exposed to the respiratory system after inhalation, and 

studies on the toxicity mechanisms of e-cigarettes have been reported. Current research shows that 

e-cigarette exposure may have potentially harmful effects on cells, animals, and humans, while the 

safety evaluation of the long-term effects of e-cigarette use is still unknown. Similar but not identical 

to conventional cigarettes, the toxicity mechanisms of e-cigarettes are mainly manifested in oxida-

tive stress, inflammatory responses, and DNA damage. This review will summarize the toxicity 

mechanisms and signal pathways of conventional cigarettes and e-cigarettes concerning the respir-

atory system, which could give researchers a better understanding and direction on the effects of e-

cigarettes on our health. 

Keywords: conventional cigarette; electronic cigarette; mechanism study; respiration system; signal 

pathway 

 

1. Introduction 

1.1. Brief Introduction to E-Cigarettes 

Conventional cigarette seriously endangers human health, and the number of smok-

ers is enormous. WHO reports that an estimated 1.3 billion people worldwide use tobacco 

products (https://www.who.int/news-room/fact-sheets/detail/tobacco [accessed 2021 July 

26]). Therefore, electronic cigarettes (e-cigarettes) have attracted attention as a new sub-

stitute for conventional cigarettes. E-cigarettes are often referred to as alternative nicotine 

delivery systems or electronic nicotine delivery systems. Unlike conventional cigarettes, 

the e-cigarette device is mainly composed of three parts, a battery, an e-liquid mixture 

cartridge, and an electronic heating atomizer to vaporize the e-liquid mixture to create an 

aerosol. The e-liquid typically contains propylene glycol (PG), vegetable glycerin (VG), 

nicotine, flavors, and other additives [1]. E-cigarettes came into the market in 2003 and 

were patented internationally in 2007. In the same year, e-cigarettes entered the US market 

and have gained popularity among cigarette smokers [2]. 

1.2. Evolution of E-Cigarettes 

As e-cigarette devices have evolved rapidly and new flavors have been introduced 

continuously, four generations of e-cigarettes can be identified in the market. The first 

generation is designed to mimic the appearance of combustible tobacco cigarettes, often 

called “cig-a-like.” The second generation has a much-larger-capacity battery and car-

tridge than the first generation, and its appearance is like a pen. The third generation 
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shares no commonality with conventional cigarettes in appearance. It is available in sev-

eral different sizes and shapes and has a customizable atomizer that allows users to adjust 

the atomization power. Therefore, the third generation is known as “Mods” [3]. The new-

est generation of e-cigarettes is a compact capsule-like device, also known as “Pod Mods”, 

attached via magnets that demand less energy and generate more steam. Pod Mods typi-

cally utilize nicotine salts rather than free-base nicotine used in the previous generations. 

Nicotine salts can cause high nicotine concentrations with few side effects compared with 

free-base nicotine [4]. The schematics of the four generations of e-cigarettes are shown in 

Figure 1. 

  

Figure 1. Schematics of the four generations of e-cigarettes. 

1.3. Population Analysis of E-Cigarettes 

Since the introduction of e-cigarettes in the United States in 2007, e-cigarettes have 

rapidly gained popularity among adults. Although the United States and the United King-

dom are the current major consumer countries of e-cigarettes [5,6], in China, as the largest 

tobacco producer and consumer worldwide, the use of e-cigarettes is growing rapidly [7]. 

Among Chinese adults aged 18 years and older, the estimated prevalence of the use of e-

cigarettes increased from 1.3% in 2015 to 1.6% in 2019 in China [8]. Although smoking 

cessation is the most frequently reported reason in large-scale population analyses, the 

health benefits of e-cigarette use compared with smoking remain a focus of most other 

studies reported [9]. 

1.4. Composition Comparison of E-Cigarette and Conventional Cigarette Smoke 

The chemical profiles of e-cigarette smoke are almost entirely different from those of 

conventional cigarette smoke, while nicotine is the main component found in both inhal-

ants. E-cigarette aerosols generally contains fewer toxic components than conventional 

cigarette smoke [10]. Nicotine can be metabolized into the lung carcinogens nitrosamines. 

Nitrosamines and polycyclic aromatic hydrocarbons, two classes of known carcinogens, 

are the most critical toxic compounds in conventional cigarette smoke associated with 

many diseases, including cancer and pulmonary and cardiovascular diseases [11]. Toxic 

aldehydes and ketones produced as degradation products during e-cigarette liquid heat-

ing can adversely affect health [12]. E-cigarettes are a potential source of exposure to met-

als or metalloids [13]. Heavy metals and specific nitrosamines have been detected in the 
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liquids and aerosols of e-cigarettes [14–16]. However, the levels of these components are 

generally much lower than in conventional cigarettes [17]. While the use of e-cigarettes 

reduces toxic components compared with traditional cigarettes, it remains a source of ex-

posure to harmful substances. Differences in poisonous compounds in conventional ciga-

rette and e-cigarette smoke are shown in Table 1. 

Table 1. Differences in toxic compounds in cigarette and e-cigarette smoke [17–19]. 

Toxic Compound Type Toxic Compound 

Concentration 

Range Cigarette 

(/Puff) 

Concentra-

tion Range E-

Cigarette 

(/Puff) 

Carbonyls Formaldehyde <10 µg  <82 µg 

 Acetaldehyde <140 µg  <53 µg 

 Acrolein <14 µg  <3.3 µg 

 Propionaldehyde <5.9 µg <1.79 µg 

 Crotonaldehyde <2 µg  <0.04 µg 

N-nitrosamines 
N’-nitrosonornicotine 

(NNN) 
<370 ng <0.029 ng 

 N’-nitrosoanabasine (NAB) <15 ng <0.01 ng 

 
4-(methylnitrosamino)-1-(3-

pyridyl)-1-butanone (NNK) 
<77 ng <0.019 ng 

 N’-nitrosoanatabine (NAT) <16 ng <0.085 ng 

Volatile organic com-

pounds (VOCs) 
Toluene <6.9 µg <1.53 µg 

 Benzene <4.5 µg <0.41 µg 

Inorganic compounds Nickel <60 ng <6.4 ng 

 Cobalt <0.02 ng <0.58 ng 

 Chromium <7 ng <9 ng 

 Lead <8.5 ng <3.8 ng 

 Cadmium <35 ng - 

 Zinc <1370 ng <458 ng 

 Cuprum <130 ng <20.9 ng 

 Carbon monoxide (CO) <2.3 mg  - 

Polycyclic aromatic hy-

drocarbons and hetero-

cyclic aromatic hydrocar-

bons (PAHs) 

Benz[a]anthracene <7 ng - 

 Benzo[b + k]fluoranthene <3.4 ng - 

 Benzo[a]pyrene <4 ng - 

 Dibenzo[a, h]anthracene <0.4 ng - 

Nicotine  <0.3 mg <0.142 mg 

Particulate matter 
Total particulate matter 

(TPM) 
<1.7 mg <5.8 mg 

1.5. Toxicity Comparison of E-Cigarettes and Conventional Cigarettes 

Most of the current studies show that the toxicity of e-cigarettes is much lower than 

that of conventional cigarettes at the in vivo and in vitro levels [10,20–22]. Conventional 

cigarette smoking is associated with nearly every chronic inflammatory lung disease and 

is a causative factor in chronic obstructive pulmonary disease (COPD) [23]. However, E-

cigarettes only recently entered the international market in 2007, and thus epidemiological 
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data on the health effects of long-term vaping will take decades to acquire [24]. To deter-

mine the potential long-term harm of e-cigarettes, various methods and cell or animal 

models were utilized to assess the effects of e-cigarettes on cell function, production of 

inflammatory mediators, levels of oxidative stress, and DNA damage [21]. E-cigarettes are 

first exposed to the respiratory system after inhalation, and atomized e-cigarette smoke is 

not completely metabolized in the lung. Part of the inhaled substances are absorbed into 

the bloodstream and distributed throughout the cardiovascular, central nervous, and im-

mune systems and so on. Studies to date have focused primarily on the respiratory sys-

tem. Here, we review what is known thus far about the toxic mechanisms and the signal 

pathways of conventional cigarettes and e-cigarettes concerning the respiratory system. 

2. Effects of Conventional Cigarettes on the Respiratory System 

2.1. Conventional Cigarettes and Respiratory Diseases 

Smoke particles from the burning of conventional cigarettes are the main harmful 

substances, which spread from the lungs into the blood and then into the body organs. 

Conventional cigarette smoking could cause adverse effects on human health and remains 

one of the leading causes of cancer-related deaths and respiratory diseases, including 

COPD, emphysema, bronchial asthma, and so forth (https://www.cdc.gov/to-

bacco/data_statistics/fact_sheets/health_effects/effects_cig_smoking/index.htm [accessed 

2017 April 20]). 

Cigarette smoking can cause many types of cancer. About 90% of lung cancers in men 

and 80% of lung cancers in women are related to smoking, including squamous carci-

noma, small cell lung cancer, adenocarcinoma, and large cell carcinoma, according to the 

World Cancer Report 2020 published by the World Health Organization 

(https://www.iarc.who.int/featured-news/new-world-cancer-report [accessed 2020 April 

02]).. Smoking and aberrant epithelial responses are risk factors for lung cancer. In long-

term cigarette smoke exposure, the infiltration of inflammatory cells to mucosa, submu-

cosa, and glandular tissue is a major cause for the destruction of the matrix, blood supply 

shortage, and epithelial cell death. Conversely, cancer cells can regulate the proliferation 

of epithelial cells and generate new vascular networks [25]. 

COPD is one of the most common respiratory diseases, and its high prevalence makes 

it one of the leading causes of morbidity and mortality worldwide, which ranked third 

among the global age-standardized death rates [26]. Disturbed airflow with dyspnea, 

cough, and sputum production are the cardinal features of COPD [27]. Compared with 

nonsmokers, smokers have an accelerated lung function loss and a higher mortality rate. 

Additionally, smokers with COPD are more dependent on nicotine than normal smokers 

[28]. Furthermore, in addition to current smokers, children exposed to maternal smoking 

early are also at increased risk of developing COPD later in life [29]. 

Bronchial asthma is a chronic inflammatory airway disease characterized by airway 

hyper-responsiveness and reversible airway constriction, with a high incidence world-

wide. Cigarette smoking can increase asthma morbidity, exacerbation severity, and mor-

tality [30]. With severe asthma, smokers are associated with a higher rate of uncontrolled 

disease than nonsmokers [31]. Children exposed to long-term cigarette smoke have an 

increased risk of inducing asthma [32]. Cigarette smoke exposure during pregnancy is a 

significant factor in increasing the incidence of asthma, with a dose-dependent increase in 

asthma risk in offspring due to maternal smoking [33,34]. 

For smokers, cigarette smoking cessation can effectively reduce cigarette-related 

health risks. However, most smokers have difficulty quitting smoking due to their psy-

chological and physical dependence on cigarettes. It is difficult for smoking cessation be-

cause smokers are dependent on nicotine, the primary addictive substance, and need to 

maintain a specific concentration of nicotine in the body to avoid nicotine withdrawal 

symptoms. Therefore, it is necessary to look for conventional cigarette substitutes or nic-

otine substitutes. 
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2.2. Conventional Cigarettes Related Toxicity Mechanisms and Signal Pathways 

Conventional cigarette smoke is well known to be harmful to health. Several toxicity 

mechanisms have been implicated in cigarette smoke-induced damage, including inflam-

mation response, oxidative stress, cell death, genomic instability, and epithelial–mesen-

chymal transition (EMT). Here, we offer a brief overview of the main mechanisms of con-

ventional cigarette smoke cytotoxicity (Figure 2). 

  

Figure 2. The main mechanisms of conventional cigarette smoke cytotoxicity. Cigarette smoke ex-

posure can activate the MAPK, NF-κB, and STAT3 signal pathways to promote the release of in-

flammatory mediators. ROS and other oxidants caused by cigarette smoke can stimulate Nrf2 and 

NF-κB signal pathways to alter cellular redox homeostasis and lead to oxidative stress. Cell death 

caused by cigarette smoke exposure is related to the p38/STAT1/caspase-3 apoptosis signal path-

way, p38/RIPK3/MLKL necroptosis signal pathway, NLRP3/caspase-1 pyroptosis signal pathway, 

GPX4 ferroptosis signal pathway, FOXO/ATG autophagy signal pathway, and so on. In addition, 

cigarette smoke exposure could promote ugh WNT/β-catenin, TGF-β/Smad2/3, or nAChR-depend-

ent signal pathways and cause DNA damage. Abbreviation: ATG, autophagy-related proteins; 

CISH, cytokine-inducible Src homology 2-containing protein; FOXO, forkhead box class O; GPX4, 

glutathione peroxidase 4; HO-1, heme oxygenase-1; IκB, an inhibitor of NF-κB; IKK, IκB kinase; 

Keap1, Kelch-like ECH-associated protein 1; MAPK, mitogen-activated protein kinase; MLKL, 

mixed lineage kinase domain-like; nAChRs, nicotinic acetylcholine receptors; NF-κB, nuclear factor 

κB; NLRP3, nucleotide-binding domain-like receptor protein-3; Nrf2, nuclear factor erythroid-2-re-

lated factor-2; PRRs, pattern recognition receptors; RIPK3, receptor-interacting serine/threonine-

protein kinase 3; ROS, reactive oxygen species; STAT, signal transduction and activator of transcrip-

tion; TGF-βR, transforming growth factor-β receptors; WNT, wingless/integrase-1. 

2.2.1. Inflammation Response 

Cigarette smoke exposure in vitro induces the release of chemokines and inflamma-

tory mediators from human airway epithelial cells and neutrophils [22,35]. Additionally, 

cigarette smoke is involved in many cellular signaling pathways associated with inflam-

mation response, including mitogen-activated protein kinases (MAPKs), nuclear factor 

kappa-B (NF-κB), and signal transducer and activator of transcription (STAT) [36–38]. 

MAPK signaling pathways are mainly involved in regulating inflammation response 

and the release of inflammatory cytokines in cells, including p38, ERK1/2, and JNK1/2. 

Cigarette smoke can significantly increase the ERK1/2, JNK1/2, and p38 phosphorylation 

and induce the release of the inflammatory cytokines IL-1β, IL-6, and IL-8 in a time-de-

pendent manner [39]. It has been reported that the expression and activation of NF-κB are 

increased in COPD and associated with the increased release of NF-κB-dependent proin-

flammatory cytokines [40]. Cigarette smoke can activate the NF-κB signaling pathway by 

increasing the levels of phosphorylated IκB and phosphorylated IKK, initiating the in-

flammation response and, in turn, promoting the release of inflammatory mediators, such 

as IL-6, IL-8, and TNF-α [37]. STAT3 signaling is a significant pathway for cancer inflam-
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mation as it is aberrantly activated in most cancers of epithelial origin. The STAT3 signal-

ing pathway plays a vital role in determining the outcome of the interaction between can-

cers and immune cells. It has the ability to induce a lot of genes that are critical for facili-

tating a tumor-promoting inflammatory microenvironment during tumor initiation and 

cancer progression [41]. Cigarette smoke extract may contribute to the activation of STAT3 

phosphorylation and proinflammation cytokine secretion by inducing the negative regu-

lation of CISH, the endogenous repressor of STAT3, by miR-944 [38]. 

2.2.2. Oxidative Stress 

Oxidative stress plays an important role in the pathogenesis of cigarette-smoke-in-

duced COPD. Cigarette smoke exposure has been reported to increase the oxidative stress 

level of macrophages and promote the production of reactive oxygen species (ROS), 

which at higher concentrations is harmful to organisms, causing oxidative damage to 

most cellular components, including membrane lipids, enzymes, and DNA [42]. ROS and 

other oxidants can stimulate signal transduction pathways, such as nuclear factor 

erythroid-2-related factor-2 (Nrf2) and NF-κB signaling pathways, to alter cellular redox 

homeostasis. Cigarette smoke extract has been reported to mediate the expression of Nrf2 

in human tracheal smooth muscle cells, and Nrf2 plays a protective role against oxidative 

stress through regulating antioxidative genes, such as NADPH quinone oxidoreductase 1 

(NQO1) and heme oxygenase-1 (HO-1) [43]. 

2.2.3. Cell Death 

Cell death is the irreversible cessation of life phenomena and the end of life and is 

necessary to maintain tissue function and shape. Programmed cell death is required for 

the normal development and maintenance of tissue homeostasis and for eliminating dam-

aged, infected, or superfluous cells in multicellular organisms [44]. Studies have shown 

that cigarette-smoke-induced damage is associated with multiple cell death mechanisms. 

Cigarette smoke extract can induce caspase-3-dependent apoptosis via endoplasmic retic-

ulum stress and the intracellular Ca2+/p38/STAT1 pathway, leading to an increased risk of 

lung infection [45]. Necroptosis caused by cigarette smoke may contribute to the develop-

ment of pulmonary emphysema via the p38 MAPK/RIPK3/MLKL pathway [46]. Pyropto-

sis, a type of cell death triggered by inflammasome activation, has a vital role in COPD 

progression. Cigarette smoke extract can induce pyroptosis through the 

ROS/NLRP3/caspase-1 pathway [47]. Exposure to cigarette smoke can induce labile iron 

accumulation and enhanced lipid peroxidation with concomitant nonapoptotic cell death, 

also known as ferroptosis, which is negatively regulated by GPx4 activity [48]. There are 

also reports that cigarette smoke exposure can induce cellular autophagy, and excessive 

autophagy can degrade cytoplasmic components, leading to autophagic cell death [49,50]. 

Exposure to cigarette smoke can activate the FOXO3-mediated autophagy pathway, re-

sulting in increased expression of autophagy-related proteins (Beclin1, ATG5, ATG12, 

ATG16, and LC3B) [49]. 

2.2.4. Epithelial–Mesenchymal Transition 

Epithelial–mesenchymal transition (EMT) is a process that allows an epithelial cell to 

acquire a mesenchymal phenotype through multiple biochemical changes and is associ-

ated with an invasive or metastatic phenotype of cancer. It has been reported that cigarette 

smoke exposure could promote EMT in lung cancer cells through nAChR-dependent or 

TGF-β-dependent pathways [51,52]. In addition, cigarette smoke exposure can activate 

the WNT/β-catenin pathway to regulate the EMT programming in the airway epithelium 

in COPD [53]. 
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2.2.5. Genomic Instability 

Cigarette smoke has been reported to increase the mutational burden and cancer risk, 

mainly due to the mix replication of DNA damage caused by cigarette carcinogens [54]. 

The maintenance of genomic stability has an important role in all organisms’ viability. 

Cigarette smoke can induce DNA damage response and genomic instability by promoting 

substantial inflammatory cell infiltration mediated by IL-7 in human bronchial epithelial 

cells [55]. In addition, noncoding RNAs are critical for maintaining genomic stability and 

directly regulate cellular processes involved in DNA damage response by changing their 

targeting genes’ expression [56]. It has been reported that lncRNA LCPAT1 is upregulated 

in DNA damage caused by cigarette smoke exposure by binding to RCC2 and increasing 

the stability and expression of RCC2 [57]. 

The above toxicity mechanisms are closely related to cigarette-induced COPD and 

lung cancer diseases. Cigarette smoke contains numerous chemical compounds, many of 

which can directly contribute to activating toxicity mechanisms. The main toxicants of 

cigarette smoke, such as aldehydes, N-nitrosamines, VOCs, PAHs, transition metals, and 

solid particulate matter, are associated with toxicity damage, including inflammation, ox-

idative stress, and DNA damage [17]. These toxicants are mainly produced by the incom-

plete combustion of tobacco. To reduce the harm of cigarettes, e-cigarettes that avoid to-

bacco burning and reduce the toxicity of smoking came into being. 

3. Effects of E-Cigarettes on the Respiratory System 

3.1. E-Cigarettes and Respiratory Diseases 

Since the development of COPD and lung cancer is a long-term process, there is no 

report that e-cigarettes are directly associated with lung diseases, but studies have shown 

that acute e-cigarette exposure may cause various respiratory symptoms [58,59]. Current 

research studies suggest that the relationship between e-cigarettes and COPD is contro-

versial. A 5-year prospective cohort survey of 10,294 subjects was conducted to determine 

whether e-cigarette use was associated with longitudinal changes in COPD progression. 

It was found that e-cigarette use among current conventional cigarette smokers with or at 

risk for COPD was associated with worse lung-related health outcomes [60]. In addition, 

exposure to nicotine-containing e-cigarette promotes cytokine expression, airway hyper-

reactivity, and lung tissue destruction, all of which are associated with the development 

of COPD [61,62]. However, another study found that mice chronically exposed to e-ciga-

rette smoke for 8 months did not develop a COPD phenotype [63]. 

Both active and passive smoking lead to an increased incidence of asthma. In addi-

tion, e-cigarette use is associated with an increased odd of self-reported asthma. People 

with asthma are currently more likely to use much higher amounts of smoke and vape 

products than those without asthma [64,65]. Based on investigation on the duration of 

immediate respiratory effects of e-cigarette smoking in mild asthmatics compared with 

healthy smokers, e-cigarette use had direct mechanical and inflammatory respiratory ef-

fects in healthy smokers and mild asthma smokers, but these changes were more promi-

nent in the individuals with mild asthma [66]. However, there are also reports that, com-

pared with conventional cigarette use, e-cigarette use can reverse harm from tobacco 

smoking in asthma patients and improves asthma conditions, and these beneficial effects 

may persist in the long term [67]. 

Although e-cigarettes may have certain harms, they appear safer than conventional 

cigarettes. Therefore, e-cigarettes may help reduce the risk of conventional cigarette-re-

lated diseases. 

3.2. E-Cigarette-Related Toxicity Mechanisms 

Similar to conventional cigarette, e-cigarette-related toxicity mechanisms are mainly 

related to inflammation response, oxidative stress, and DNA damage, and some new 

mechanisms have also received attention. Studies evaluate the toxicity mechanisms of e-
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cigarettes from multiple perspectives, such as in vivo and in vitro exposure levels, expo-

sure duration, and exposure components. Here, we offer a detailed summary of the tox-

icity mechanisms of e-cigarettes (Table 2). 

Table 2. Studies of the toxicity mechanisms of e-cigarette. 

Toxicity Mechanism Cells/Animals E-Cigarette Model Exposure Method Toxicity Findings 
Refer-

ence 

Inflammation response 

Oxidative stress 

NHBE cells 

Human 3D bron-

chial epithelial 

tissue 

PG/VG: 70:30 

Nicotine: 2% 

Flavors: flavorless 

Incubation with media 

containing e-liquids 

for 24 h 

Decreased cell viability, in-

crease in G-CSF, CXCL1, 

and IL-8 and levels of GSH 

and ROS 

[68] 

Inflammation response BEAS-2B cells 

Lounge model designed with 

2.8 Ω coil and 3.6 V power sup-

ply 

PG/VG: 65:35 

Nicotine: 0 and 16 mg/mL 

Flavors: blond tobacco, chloro-

phyll mint, and unflavored 

Air–liquid interface for 

8 or 48 min (35 mL 

puff volume, 2 s draw, 

60 s puff interval) 

Low increase in IL-6 [69] 

Inflammation response 

Oxidative stress 

H292 cells 

HFL1 cells 

C57BL/6J mice 

Refillable ENDS with 2.2 Ω 

Nicotine: 0 and 16 mg/mL 

Flavors: classic tobacco, cinna-

mon roll, grape vape, American 

tobacco, etc. 

Air–liquid interface for 

5, 10, and 15 min (a 

puff of 3–4 s, 30 s puff 

interval) 

Decreased cell viability, in-

crease in IL-6 and IL-8, 

promotion of OX/ROS 

generation, and lung in-

flammation in mice 

[70] 

Inflammation response 

Oxidative stress 

Apoptosis 

Human alveolar 

macrophages 

Second-generation END with 

650 mAh battery and 1.8 Ω coil 

PG/VG: 50:50 

Nicotine: 0 and 36 mg/mL 

Flavors: flavorless 

Incubation with media 

containing e-cigarette 

vapor condensate for 

24 h 

Decreased cell viability, in-

creased apoptosis, in-

creased ROS production 

and levels of IL-6, TNF-α, 

CXCL8, MCP-1, and 

MMP-9 

[71] 

Inflammation response 

DNA damage 

Bronchial epithe-

lial cells 

16HBE cells 

JUUL®  e-cigarette 

Nicotine: 5% 

Flavors: Virginia tobacco and 

menthol 

Air–liquid interface for 

30 min (55 mL puff 

volume, 4 s draw, 30 s 

puff interval) 

Decreased cell viability, in-

crease in IL-6, IL-8, and 8-

OHdG 

[72] 

Inflammation response BALB/c mice 

Four different varieties of e-cig-

arette (Mt. Baker Vapor, 

Lynden, WA, USA) 

Nicotine: 0 and 12 mg/mL 

Flavors: American Tobacco 

Whole-body exposure 

for 8 weeks 

Increase in pulmonary in-

flammation and respon-

siveness to methacholine 

[73] 

Inflammation response C57BL/6J mice 

PG/VG: 1:1 

Nicotine: 0 and 18 mg/mL 

Flavors: tobacco blend 

Whole-body exposure 

for 3 days or 4 weeks 

Increase in BALF cellular-

ity, levels of IL-1β, IL-6, 

pulmonary inflammation, 

and responsiveness to 

methacholine 

[74] 

Inflammation response 
C57BL/6 mice 

CD-1 mice 

E-liquid was placed in a stand-

ard tank (1.8 Ω) with a re-

chargeable battery (3.4 V) 

PG/VG: 50:50 

Nicotine: 24 mg/mL 

Flavors: flavorless 

Nose-only inExpose 

system exposure for 3–

6 months 

Increase in circulating in-

flammatory cytokines 
[75] 

Oxidative stress 

DNA damage 
HFL-1 cells 

Lorillard Blu Classic Tobacco 

E-cigarette  

Nicotine: 16 mg/mL 

Flavors: classic tobacco 

Air–liquid interface for 

5, 10, 15, or 20 min (a 

puff of 3–4 s, 30 s puff 

interval) 

Increase in mtROS, nuclear 

DNA fragmentation, and 

decrease in stability of an 

electron transport chain 

(ETC) complex IV subunit 

[76] 
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Oxidative stress BEAS-2B cells 

Second-generation “Lounge” 

model with a 2.8 Ω nichrome 

coil and 4.6 W power supply 

and third-generation “Mod-

Box” model with a 0.5 Ω Kan-

thal coil 

PG/VG: 65:35 

Nicotine: 16 mg/mL 

Flavors: blond tobacco 

Air–liquid interface for 

40, 80, and 120 puffs 

(55 mL puff volume, 2 

s draw, 30 s puff inter-

val) 

Increase of GSSG/GSH ra-

tio at higher power set-

tings 

[10] 

Oxidative stress 

DNA damage 
B6C3F1 mice 

PG/VG: 1:1 

Nicotine: 0, 12, and 24 mg/mL 

Flavors: flavorless 

Whole-body exposure 

for 8 weeks 
Increase in 8-OHdG [77] 

Oxidative stress 
Acellular ROS as-

say 

PG/VG: 1:1 

Nicotine: 0%–6.8% 

Flavors: tobacco, minty fruit, 

fruity, minty/cool (iced), des-

serts, and drinks/beverages 

Incubation with media 

containing of e-ciga-

rette vapor condensate 

for 15 min 

Increase in ROS [78] 

Oxidative stress BEAS-2B cells 

JUUL®  pod 

Nicotine: 5% 

Flavors: menthol and Virginia 

tobacco 

Air–liquid interface for 

30 min (55 mL puff 

volume, 3 s draw, 30 s 

puff interval) 

Change of mitochondrial 

bioenergetics and decrease 

in mitochondrial respira-

tion 

[79] 

Oxidative stress MG-63 cells 

Mister-E-Liquid and Vape 

Dudes 

PG/VG: 1:1 

Nicotine: 0 mg/mL 

Flavors: flavorless and cinna-

mon 

Incubation with media 

containing e-cigarette 

vapor condensate for 

24 or 48 h 

Decreased cell viability, in-

crease in ROS 
[80] 

Oxidative stress 

Inflammation response 

U937 cells 

Mono Mac 6 cells 

Nicotine: 0 mg/mL 

Flavors: strawberry zing, café 

latte, pineapple coconut, cinna-

mon roll, etc. 

Incubation with media 

containing of e-ciga-

rette vapor condensate 

for 24 h 

Decreased cell viability, in-

crease in ROS and IL-8 
[81] 

DNA damage 

Human epithelial 

normal bronchial 

cells (Nuli1) 

Human 

premalignant 

dysplastic oral 

mucosal 

keratinocyte cells 

(POE9n) 

Brands NJoy and eGo-T  

PG/VG: 50:50 

Nicotine: 0, 12, and 18 mg/mL 

Flavors: traditional tobacco and 

desert sands 

Incubation with media 

containing of e-ciga-

rette vapor condensate 

for 2 weeks (1 h per 

day) 

Increase in 8-oxo-dG and 

ROS, decrease in the ex-

pression of ERCC1 and 

OGG1 

[82] 

DNA damage 

Oxidative stress 

Apoptosis 

HUVEC cells 

Brands Blu, Vuse, Green 

Smoke, and NJoy 

Nicotine: 2.4%, 4.5%, and 4.8% 

Flavors: tobacco 

Incubation with media 

containing e-cigarette 

vapor condensate for 

24 or 72 h 

Decreased cell viability, in-

crease in DNA damage, 

apoptosis, and ROS 

[83] 

DNA damage 

BEAS-2B cells 

UROtsa cells 

FVBN mice 

Brand NJoy  

PG/VG: 50:50 

Nicotine: 10 mg/mL 

Whole-body exposure 

for 12 weeks and cell 

exposure for 1 h 

Increase in γ-OH-PdG and 

O6-MedG, decrease in the 

expression of repair pro-

teins XPC and OGG1/2 

[84] 

DNA damage 
Sprague Dawley 

rats 

Brand Essential cloud with a 

2000 mAh battery and 2 Ω coil  

Nicotine: 18 mg/mL 

Flavors: red fruit 

Whole-body exposure 

for 4 weeks 

Increase in the free radical 

content, 8-OHdG, and 

DNA fragmentation 

[85] 

Apoptosis 

Human primary 

gingival fibro-

blasts 

Brand EMOW 

Nicotine: 12 mg/mL 

Flavors: smooth Canadian to-

bacco 

Incubation with media 

containing e-cigarette 

vapor condensate for 

24 h 

Decrease in cell density 

and altered cell morphol-

ogy, increase in cell apop-

tosis 

[86] 
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Apoptosis 

Human primary 

gingival epithe-

lial cells 

Brand EMOW 

Nicotine: 12 mg/mL 

Flavors: smooth Canadian to-

bacco 

Air–liquid interface for 

1, 2, or 3 days with 15 

min per day (5 s draw, 

30 s puff interval) 

Increase in cell apoptosis 

and caspase-3 activity 
[87] 

Epithelial–mesenchy-

mal transition 
A549 cells 

Nicotine: 48 mg/mL 

Flavors: menthol and tobacco 

Incubation with media 

containing e-cigarette 

vapor condensate for 

3–4 days 

Acquisition of a fibroblast-

like morphology, loss of 

cell-to-cell junctions, inter-

nalization of E-cadherin, 

increased motility, and up-

regulation of EMT markers 

[88] 

Transcriptomic 

changes  
NHBE cells  No mention 

Air–liquid interface for 

6 or 24 h 

Inducement of significant 

transcriptomic changes, in-

crease in expression of ri-

bosomal protein genes, 

change of ribosomal RNA 

transcription and protein 

synthesis 

[89] 

Transcriptomic 

changes  
NHBE cells 

E-cigarette liquid 

Nicotine: 0% or 2.4%  

Incubation with media 

containing e-cigarette 

vapor condensate for 

48 h 

Change of microRNA ex-

pression profiling and in-

crease in expression of 

multiple miRNAs 

[90] 

Transcriptomic 

changes  
iPSC-EC cells 

Vape Dudes E-cigarette  

PG/VG: 50:50 

Nicotine: 24 mg/mL 

Flavors: menthol 

Incubation with media 

containing e-cigarette 

vapor condensate for 

24 h 

Change of expression pro-

filing of lncRNAs and 

mRNAs  

[91] 

3.2.1. Inflammation Response 

E-cigarettes can induce inflammation response. According to reports, at the in vitro 

level, e-cigarette smoke acute exposure could promote the release of proinflammatory me-

diators (IL-6, IL-8, CXCL1, and G-CSF) to a lower degree than conventional cigarette 

smoke in primary normal human bronchial epithelial (NHBE) cells and BEAS-2B cells 

[68,69]. Similarly, acute exposure of human airway epithelial (H292) cells and human fetal 

lung fibroblasts (HFL1) in an air–liquid interface to e-cigarette aerosols resulted in in-

creased secretion of IL-6 and IL-8, followed by morphological changes [70]. Scott et al. 

found that exposure of human alveolar macrophages from nonsmokers to e-cigarette aer-

osol condensate for 24 h revealed increased cytotoxicity and increased production of ROS, 

inflammatory cytokines, and chemokines, triggering an inflammatory state in alveolar 

macrophages within the lung [71]. Moreover, exposure to the Virginia tobacco- and men-

thol-flavored e-cigarette aerosols stimulated comparable inflammatory cytokine (IL-6 and 

IL-8) release to conventional cigarette smoke on bronchial epithelial cells (BECs) from pa-

tients with COPD [72]. In addition, at the in vivo level, exposure to e-cigarette aerosols 

can trigger inflammatory responses and adversely affect respiratory system mechanics in 

mice models [73]. Compared with other components (PG/VG or nicotine), tobacco-fla-

vored, nicotine-containing e-cigarette aerosols had more significant promoting effects on 

levels of proinflammatory cytokines (TNF-α, IL-1β, IL-6) in mouse lung homogenates af-

ter both 3 days and 4 weeks of exposure [74]. Chronic inhalation of e-cigarette aerosols 

also increased the levels of circulating inflammatory cytokines after both 3 and 6 months 

of exposure in C57BL/6 and CD-1 mice [75]. E-cigarettes, their components, and exposure 

duration can all influence inflammatory responses. 

3.2.2. Oxidative Stress 

Oxidative stress arises as a result of unbalanced levels of oxidants and antioxidants, 

with endogenous antioxidant defenses being impaired or overwhelmed by the presence 

of ROS [42]. E-cigarettes have been reported to not only promote inflammation response 
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but also induce oxidative stress. E-cigarette aerosols can modulate oxidative stress mark-

ers in both lung cells and mouse lungs and activate the level of glutathione redox in vivo 

in the lung to induce oxidative stress [70]. 

Moreover, Lerner et al. found that acute e-cigarette aerosol exposure increased mito-

chondrial sensitivity in HFL-1 cells caused by elevated levels of mitochondrial ROS and 

reduced stability of an electron transport chain (ETC) complex IV subunit, thus inducing 

mitochondrial stress [76]. E-cigarette aerosols showed relatively low levels of oxidative 

stress compared with cigarette smoke, but increasing e-cigarette power and exposure 

times could stimulate elevated levels of related oxidative stress [10]. In addition, PG and 

VG, two common e-cigarette solvent carriers, can induce oxidative stress at the in vivo 

level by significantly increasing the levels of 8-hydroxy-2’-deoxyguanosine (8-OHdG), a 

biomarker of DNA oxidative damage, in the lung and plasma of B6C3F1 mice after 8 

weeks of exposure. In contrast, exposure to PG/VG-containing nicotine declined the levels 

of 8-OHdG [77]. It has been reported that nicotine has free radical scavenging properties 

and might have neuroprotective effects [92]. The effect of flavors on e-cigarette-induced 

oxidative stress in pulmonary cells has also been reported. Comparing six popular flavors 

of e-cigarettes ((tobacco, fruity, minty fruit, minty/cool (iced), drinks/beverages, and des-

serts), ROS generated from e-cigarette bars varies significantly among different flavors 

and flavors of varying nicotine contents [78]. Another study found that menthol flavor e-

cigarette exposure to BEAS-2B cells caused mitochondrial dysfunction, reducing basal 

and maximal respiration, consequently affecting mitochondrial oxidative stress [79]. 

Moreover, cinnamon-flavored e-cigarette aerosols could induce ROS production and 

greater cytotoxicity than flavorless aerosol [80]. Cinnamaldehyde has been identified as 

the most potent chemical in cinnamon-flavored e-liquids, which can cause oxidative stress 

in lung cells [81]. The above reports confirm that both e-cigarettes and their main ingre-

dients affect oxidative stress. 

3.2.3. DNA Damage 

DNA is only sufficiently stable to serve as the carrier of genetic information and 

needs to repair damage accurately to maintain its integrity. DNA damage originates from 

two sources, endogenous sources, such as hydrolysis and oxidative damage, and environ-

mental sources, such as external physical radiation and tobacco smoke [93]. E-cigarettes 

can also cause DNA damage. It has been reported that e-cigarette aerosol exposure-in-

duced mitochondrial ROS production could cause nuclear DNA fragmentation in HFL-1 

cells [76]. E-cigarette aerosol extract also induced DNA damage in a dose-dependent man-

ner without dependence on nicotine concentration and decreased the levels of proteins 

essential for the removal of DNA damage, such as OGG1 and ERCC1 [77,82]. Similarly, it 

could induce ROS, cause DNA damage and apoptosis, and significantly reduce cell via-

bility in a dose-dependent manner [83]. In addition, at the in vivo level, e-cigarette aero-

sols not only induced mutagenic γ-OH-PdG and O6-MedG adducts in FVBN mouse lung, 

bladder, and heart, but also inhibited DNA repair and reduced the repair proteins XPC 

and OGG1/2 in lung tissue [84]. E-cigarette aerosols could damage DNA by increasing 

oxygen-free radical production and DNA oxidation and consequently cause comutagenic 

and cancer-initiating effects in SD rat lung models [85]. Hence, e-cigarette aerosols have 

the potential to enhance mutation susceptibility and induce neoplastic transformation. 

3.2.4. Other Mechanisms 

In addition to the above three mechanisms, some studies have also found that new 

toxicity mechanisms of e-cigarettes involve cell apoptosis, EMT, and transcriptomic 

changes. E-cigarette aerosol condensate can induce cell apoptosis [71,83]. It has been re-

ported that e-cigarette aerosol exposure could induce cell apoptosis, thereby reducing the 

rate of human gingival fibroblast proliferation, with or without nicotine [86]. Further-

more, e-cigarette aerosols increased the percentages of apoptotic/necrotic human gingival 

epithelial cells with an increasing number of exposures and were associated with the 
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caspase-3 pathway [87]. EMT is the initiating pathway of cancer cell metastasis. It has been 

found that menthol or tobacco-flavored e-cigarette liquids or aerosols induced EMT of 

A549 cells after 3–8 days of long-term exposure and caused cells to acquire fibroblast-like 

morphology, loss of intercellular junctions, internalization of E-cadherin, increased motil-

ity, and upregulation of EMT markers [88]. In addition, exposure to e-cigarette aerosols 

caused significant transcriptomic changes related to ribosomal protein synthesis in pri-

mary human airway epithelial cells. Ribosome biogenesis and protein translation are es-

sential for cell growth, proliferation, differentiation, and development [89]. Studies have 

also shown that e-cigarette aerosol exposure had a profound effect on gene expression, 

with differential expression of miRNAs, lncRNAs, and mRNAs after e-cigarette treatment 

[90,91]. 

In conclusion, current studies have shown that the toxicity mechanisms of e-ciga-

rettes involve multiple aspects, including inflammatory responses, oxidative stress, DNA 

damage, apoptosis, EMT, and transcriptomic changes. Although e-cigarettes do not con-

tain tobacco and produce significantly fewer toxic substances than conventional ciga-

rettes, e-cigarette liquid is a mixed liquid, and the component after atomization can affect 

the toxicity mechanism of e-cigarettes. Extensive research studies are still needed to ex-

plore the potential and detailed toxicity mechanisms of e-cigarettes. 

3.3. E-Cigarette-Related Signal Pathways 

3.3.1. MAPK Signal Pathway 

Recently, the MAPK signal pathway has been proposed to play a key role in the in-

flammatory response induced by e-cigarettes. Exposure to e-cigarette aerosol extract 

caused proinflammatory responses in human neutrophils by increasing matrix metallo-

proteinase-9 (MMP-9) and chemokine C-X-C motif ligand 8 (CXCL8) secretion and upreg-

ulating MMP-9 and neutrophil elastase (NE) activity. MMP-9 and NE activity is positively 

correlated with COPD severity. These proinflammatory changes were accompanied by 

p38 MAPK activation with the phosphorylation of p38, which may cause pulmonary in-

flammation [94]. Similarly, exposure to e-cigarette aerosol extract also induced IL-6 pro-

duction on human dendritic cells by activating the MAPK pathway with the increase in 

the phosphorylation level of p38 and ERK1/2 [95]. 

3.3.2. NK-κB Signal Pathway 

The expression of proinflammatory mediators is also regulated by the NF-κB signal 

pathway. E-cigarette aerosol condensate mediated inflammation in A549 cells with signif-

icant upregulation of cytokines and chemokines (IL-6, IL-8, and MCP-1). These inflamma-

tory effects were mediated by molecular interactions between membrane-bound toll-like 

receptor 4 (TLR-4) and cytosolic receptor nucleotide-binding oligomerization domain-

containing protein-1 (NOD-1) with the lipid raft-associated protein caveolin-1. This com-

plex resulted in the degradation of IкBα and the activation of transcription factor NF-κB. 

Activated NF-κB translocated to the nucleus for binding to the consensus sequences of 

target genes and consequently induced inflammatory response [96]. 

3.3.3. Nrf2 Signal Pathway 

It has been found that E-cigarette aerosol exposure induced an increase in mitochon-

drial ROS and increased the expression of NQO1. The upregulation of the antioxidant 

response element protein NQO1 suggested activating the Nrf2 pathway [76]. Similarly, 

exposure of primary human bronchial epithelial (NHBE) cells to e-cigarette liquid resulted 

in the induction of oxidative stress-response genes, including GCLM, GCLC, GPX2, 

NQO1, and HO-1, which suggested that e-cigarettes can activate the Nrf2 signaling path-

way through oxidative stress [90]. Moreover, the activation of the Nrf2 signal pathway, 

through its action as a transcription factor, upregulates the superoxide dismutases SOD2 

or SOD1, which could reduce lung damage caused by smoking [97]. Both conventional 
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cigarette and e-cigarette exposure elevated the expression of Nrf2 and SOD1 proteins in 

mice models, suggesting that e-cigarette exposure did cause oxidative stress by activating 

the Nrf2 pathway to reduce damage [98]. In addition, e-cigarette aerosol exposure pro-

moted oxidative stress (ROS, HO-1, 3-nitrotyrosine (3-NT), and 4-hydroxynonenal (4-

HNE)), inflammation (IL-6 and CD68), and endothelial dysfunction by activating phago-

cytic NADPH oxidase (NOX-2). Toxic aldehydes, such as acrolein, were generated during 

e-cigarette vaporization as key mediators of these adverse consequences [99]. 

3.3.4. PKCα/ERK Signal Pathway 

Protein kinase C-α (PKC-α) has been involved in a broad range of cellular functions. 

The ubiquitous expression and activation by various stimuli implicate it in many cellular 

functions, including differentiation, proliferation, apoptosis, cellular transformation, mo-

tility, adhesion, and so on [100]. It has been found that inhalation of nicotine in e-cigarette 

aerosols activated the PKCα/ERK signal pathway by increasing the phosphorylation of 

PKCα and ERK through the nicotinic receptors α7nAchRs. The activated PKCα/ERK sig-

nal pathway then induced lung cytokine (IL-1β, Il-6, MCP-1, and CXCL2) and protease 

(MMP-9, MMP-12) expression and consequently regulated lung inflammation in the 

mouse lung [61].  

3.3.5. Ca2+ Signal Pathway 

Cytoplasmic Ca2+ is a key second messenger that can control many cellular functions. 

Dysregulation of cell Ca2+ homeostasis is linked to several disease processes, including 

autoimmune disease, cancer, inflammation, and neurodegeneration [101]. Ghosh et al. ex-

posed HEK293T cells and THP-1 macrophage-like cells to different JUUL e-liquids and 

found that e-liquids caused significant cytotoxic effects and a significant elevation in cy-

toplasmic Ca2+. Among the several flavors, mint e-liquid caused the most rapid increase 

in cytoplasmic Ca2+ in both cell types, with the underlying mechanism that mint flavor 

inhibited endoplasmic reticulum (ER)-mediated Ca2+ transport and caused ER Ca2+ deple-

tion [102]. Moreover, another study found that chronic nicotine-containing e-cigarette va-

por exposure can increase cytoplasmic Ca2+ via the nicotinic acetylcholine receptors nA-

ChRs to induce MMP protease release from bronchoalveolar lavage macrophages and pe-

ripheral blood neutrophils and further disrupt the protease–antiprotease balance and in-

crease risk of lung damage [103]. 

3.3.6. AhR Signal Pathway 

Persistent activation of the aryl hydrocarbon receptor (AhR) is thought to be a risk 

factor for carcinogenesis. It has been reported that AhR played a key role in the nicotine-

induced cytochrome P-450 1A1 (CYP1A1) expression [104]. CYP1A1 was an important 

enzyme activated by numerous xenobiotics, such as polycyclic aromatic hydrocarbon car-

cinogens and nicotine. The study indicated that nicotine significantly stimulated the ex-

pression of CYP1A1 mRNA dependent on the AhR signal way, which triggered cancer 

cell proliferation. Similarly, e-cigarette aerosol condensate promoted the metabolism of 

the tobacco carcinogen benzo(a)pyrene (BaP) to genotoxic products in human oral 

keratinocyte cell. Conversion of BaP to its genotoxin required the induction of CYP1A1 

and CYP1B1, likely via the activation of the AhR [105].  

3.3.7. EGFR Signal Pathway 

It has been reported that e-liquid exposure can promote cell proliferation and malig-

nancy of brain tumors by activating the epidermal growth factor receptor (EGFR) associ-

ated with cell growth. E-liquid exposure induced an increased level of EGFR phosphory-

lation in a dose-dependent manner in brain cancer cells and further induced the increased 
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expression of ERK phosphorylation, a downstream effector of the EGFR signaling path-

way [106]. Thus, e-liquid activated EGFR signaling and affected cell growth via pERK 

activation.  

Here, we offer a detailed schematic of the signal pathways of e-cigarette toxicity 

mechanisms (Figure 3). 

  

Figure 3. The signal pathways of e-cigarette toxicity mechanisms. E-cigarette smoke exposure can 

also activate the p38 MAPK, TLR-4/NF-κB, and EGFR/ERK signal pathways to promote the release 

of inflammatory mediators. The PKCα/ERK pathway is stimulated by e-cigarette smoke through 

the nicotinic receptors α7nAchR to cause inflammation response. E-cigarette smoke exposure can 

increase cytoplasmic Ca2+ to induce MMP protease release and increase the risk of lung damage. In 

addition, the activation of the Nrf2 signal pathway caused by e-cigarette smoke exposure following 

the upregulation of SOD and HO-1 could reduce lung damage. E-cigarette smoke exposure can also 

cause genetic toxicity via the AhR signal pathway’s activation and cell apoptosis via the caspase-3 

signal pathway. Abbreviation: AhR, aryl hydrocarbon receptor; CYP1A1/B1; cytochrome P-450 

1A1/B1; EGFR, epidermal growth factor receptor; ERK, extracellular regulated protein kinases; 

MMP, matrix metalloproteinase; NOD-1, nucleotide-binding oligomerization domain-containing 

protein-1; PKCα, protein kinase C-α; SOD, superoxide dismutase; TLR-4, toll-like receptor 4. 

4. Conclusions and Perspectives 

E-cigarettes do not contain tobacco, and the ingredients are far fewer than those of 

conventional cigarettes. The harmful substances produced by heating atomization are also 

fewer than those of tobacco burning. Although the harm of e-cigarettes is much lower 

than that of conventional cigarettes, the health risks posed by e-cigarettes cannot be ig-

nored. This article summarizes the existing literature reports on the toxicity mechanism 

of e-cigarettes and briefly compares the differences in the toxicity mechanisms of e-ciga-

rettes and conventional cigarettes. It was revealed that the toxicity mechanism and related 

signal pathways of e-cigarettes were similar to those of cigarettes, such as inflammation 

response, oxidative stress, and DNA damage. Additionally, since e-cigarettes have been 

on the market for less than 20 years, most studies have assessed the short-term effects of 

e-cigarettes based on acute exposure. Little is known about chronic effects, especially in 

humans. 

With the widespread use and the popularity of e-cigarettes among adults, the Food 

and Drug Administration (FDA), on 6 February 2020, implemented a policy for unauthor-

ized flavored prefilled pod or cartridge-based e-cigarettes, which applies to all flavors 

with nicotine, excluding menthol and tobacco. However, all flavored products without 

nicotine are still available in the market [107]. Although not all e-cigarettes contain flavors, 

there are few studies on flavor-related mechanisms. Therefore, it is necessary to explore 

the safety and toxicity mechanisms of flavoring agents in e-cigarettes. The potential health 
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risks brought by different flavors of e-cigarettes cannot be ignored. Moreover, the pres-

ence of different e-liquid constituents can induce potential toxic effects on pulmonary 

health [108]. In addition to considering the toxicity of e-cigarette liquids or aerosols alone, 

a comparative analysis of the single components of e-cigarettes to comprehensively eval-

uate the overall safety of e-cigarettes can also be an aspect of future study. 

At present, many studies on the toxicity mechanism of e-cigarettes are carried out on 

normal cells or tool cells. However, patients with lung diseases often smoke, and e-ciga-

rettes have also been chosen as a substitute for conventional cigarettes. The potential im-

pact of e-cigarette use on the safety of patients with lung disease needs to be considered. 

Therefore, it is still necessary to consider the effects of e-cigarettes on the mechanism of 

lung-disease-related cells, such as lung cancer cells or patient-derived cells. Further com-

parison of the differences in the mechanisms of toxicity between e-cigarettes and ciga-

rettes is required. 

The current research mainly focuses on the lung effects of e-cigarettes in in vitro and 

in vivo models and the exploration of the mechanisms of inflammatory response and ox-

idative stress. Although it is very informative, after lung inhalation of e-cigarettes into the 

systemic blood circulation, it can still cause potential damage to other organ systems, such 

as the cardiovascular system and immune system, and induce different physiological 

mechanisms. Thus, more scientific data are needed to provide evidence-based infor-

mation about the toxicology mechanisms of e-cigarettes to help people view e-cigarettes’ 

use objectively and rationally.  

At the same time, there are differences in the regulation of e-cigarettes between coun-

tries. The United States government banned the sale of flavored e-cigarettes in 2020. On 

the other hand, the United Kingdom supports e-cigarettes to quit smoking. As e-cigarettes 

are very popular among young people, the government should strengthen strict supervi-

sion of e-cigarettes, limit their availability, and prevent young people and nonsmokers 

from abusing e-cigarettes. Moreover, e-cigarette quality standards and e-cigarette toxicity 

evaluation systems should be established to standardize various components in e-ciga-

rettes, not only to prevent the harm of counterfeit e-cigarettes to people, but also to stand-

ardize and effectively evaluate the toxicity of e-cigarette products. However, what is more 

important is to raise people’s awareness of the correct use of e-cigarette products and not 

ignore the potential health risks of e-cigarettes. 
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