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Abstract: The use of novel tobacco products that do not burn tobacco leaves is becoming increasingly popular 

worldwide. In terms of respiratory system, smoking damage to the epithelial cells of lung is in urgent need of attention 

and research. In this study, we produced the combustion cigarettes (CC) condensate from conventional cigarettes and the 

heated tobacco products (HTP) condensate from heat-not-burn (HNB) tobacco, and determine the nicotine and other 

ingredients content respectively to assessment the CC and HTP cytotoxicity after acute exposure to cigarette smoke. We 

further select a toxicological dose for comparison of the difference between the CC and HTP, which the impacts on 

BEAS-2B and A549 cells at a 70% survival rate was evaluated. Then, biological effects of CC and HTP on BEAS-2B 

and A549 cells, which including cell viability, apoptosis and cell cycle were investigated. Results showed that the 

BEAS-2B and A549 cells survival rate was decreased with increasing dose of CC and HTP smoke trap for 24 h. Both CC 

and HTP could suppress the proliferation of BEAS-2B cells, though the degree of inhibition of cell proliferation in CC 

group was greater than in HTP group. The CC and HTP traps could promote apoptosis in BEAS-2B and A549 cells. The 

apoptosis rate of HTP group was less than that of CC group. In addition, CC and HTP traps could partly restrain cell 

cycle progression in G0/G1 phase. These results demonstrate that CC and HTP can cause cytotoxicity, apoptosis and 

affect cell cycle progression, which thus may be useful to elucidate the underlying biological effects of novel tobacco 

products and provide new ideas for the preventing and treating diseases. 
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1 Introduction 

Cigarette smoking is currently recognized as potentially 

having adverse effects on the health of humans and is still 

one of the leading causes of disease worldwide [1, 2]. The 

composition of smoking are complex, and global tobacco 

control efforts are increasing as people become more 

aware of environmental and health issues [3]. Therefore, 

smoking-induced injury to lung epithelial cells cannot be 

ignored in the respiratory tract. Studies have shown that 

smoking may be a risk factor for heart and circulatory 

disease [4], chronic heart disease [5], stroke and lung 

cancer [6]. In addition, passive smoking has been found 

causing respiratory and cardiovascular diseases and prem-
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ature deaths among non-smoking adults [7]. 

At present, there are many evaluation systems for the 

in vitro toxicological safety assessment of traditional 

cigarette smoke [8, 9], but the research on the safety 

assessment system of heated tobacco products (HTP) is 

not yet comprehensive. At the same time, the HTP of 

emerging industry, which has no perfect technical reg-

ulations for the products in various countries, nor is 

there any unified standard in the industry. Therefore, 

the safety assessment of HTP is particularly important 

and imperative, especially on the effects on the respir-

atory system, which requires more long-term and 

in-depth studies. The relationship between smoking and 

health risks is needed to be clarified. 

Regarding the toxic effects of heated cigarettes, studies 

have shown that combustion cigarettes (CC) can lead to 

epigenetic destruction and apoptosis by improving the 

transcription of genes such as EGR1 compared with heat-

ed cigarettes [10]. McKarns et al. found that TOB-HT 

smoke condensate had less damaging effects on plasma 

membrane structure and function in many cell lines (cor-

onary endothelial cells, human bronchial epithelial cells, 

coronary smooth muscle cells, rat liver endothelial cell, 

etc.) than CC [11]. Studies have also shown that epithelial 

differentiation and keratinisation of gingival epithelial 

cells was influenced by long-term HTP stimulation [12]. 

Whether it is conventional cigarettes or heated cigarettes, 

smoking directly exposes the human respiratory system. 

In this research, human bronchial epithelial cells 

(BEAS-2B and A549) were selected, which is a cell mod-

el widely used in studies related to smoking and lung dis-

eases [13, 14]. A549 cells are squamous cell lung cancer 

cell, which belongs to nonsmall cell lung cancer (NSCLC). 

BEAS-2B cells are human lung epithelial cells. The cyto-

toxicity and apoptosis of BEAS-2B and A549 cells in-

duced by CC and HTP traps were investigated by expos-

ing them to cells, which the different toxic effects of CC 

and HTP were compared. 

2 Materials and Methods 

2.1 Preparation Total Particle Phase of 

CC/ HTP and Analysis Composition 

The CC samples were equilibated at (65±5)% relative 

humidity for 48 h, and the HTP samples were equilibated 

at (22±2)°C for 48 h. Based on the international standard 

smoking mode of tobacco industry standard method 

(GB/T 16447-2004), 8 CC were smoked by automatic 

rotary disk smoking machine, and the total particle phase 

of the smoke was captured on the 92 mm filter. According 

to ISO20778 standard suction method, 8 HTPs were 

smoked by Puffman X500E rotary disk smoking machine, 

and the total particle phase of the smoke was captured on 

44 mm filter. The total particle mass of the captured phase 

was extracted by DMSO oscillation, and finally the cap-

tured substance was fixed to 10 mg/mL, filtered by 0.22 

μm microporous filter membrane, and stored at -80°C. 

Based on the national standards and industry standards, 

we analysis indexes of nicotine, ammonia, hydrocyanic 

acid, B[a]P, aldehydes and ketones, phenol, VOCs, 

TSNAs, aromatic amines and CO in the samples of HTP 

and CC by means of high-performance liquid chromatog-

raphy (HPLC) and mass spectroscopy. 

2.2 Cell Culture 

BEAS-2B cells were sourced from the Cell Bank of 

Chinese Academy of Sciences (Shanghai, China). The 

BEAS-2B cell line is an isolation of normal human bron-

chial epithelium. A549 cells were bought from the Ameri-

can Type Culture Collection (ATCC, Manassas, VA, USA). 

The cell lines, BEAS-2B cells were grown in 

RPMI-1640 medium and A549 cells in Dulbecco’s modi-

fied Eagle’s medium (DMEM, Gibco, Gaithersburg, MD, 

USA). All media were added with 10% fetal bovine serum 

(FBS, HyClone Laboratories, Logan, UT, USA), and an 

antibiotic cocktail of 100 μg/mL streptomycin and 100 

U/mL penicillin (Gibco). Cell culture was performed at 

37˚C in a humidified environment with 5% CO2. 

2.3 Cell Proliferation Assay 

The CCK-8 assay was used to measure cell prolifera-

tion. In brief, cells were plated in a 96-well plate at a den-

sity of 2×10
3
 cells per well and incubated at 37˚C in a 

humidified environment with 5% CO2. CCK-8 was added 

and cells were returned to incubate for 2.5 h. A microplate 

reader was used daily to measure light absorbance at 450 

nm. Triplicate experiments were carried out at least three 

times independently of each other. 

2.4 Colony Formation Assay 

Cells were plated at a density of 300 cells per 35 mm 

tissue culture dish and incubated for 2 weeks at 37˚C in 
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a humidified environment with 5% CO2. The colonies 

were then fixed with methanol. They were stained with 

crystal violet (0.5% w/v) and counted. Triplicate ex-

periments were carried out at least three times inde-

pendently of each other. 

2.5 Cell Apoptosis Analysis 

The analysis of cell apoptosis was carried out as de-

scribed previously [15]. In order to test the level of cell 

apoptosis, the Annexin V-fluorescein isothiocyanate 

(FITC) apoptosis detection kit (BD Pharmingen, San Di-

ego, CA, USA) was used according to instructions of the 

manufacturer. BEAS-2B and A549 cells were resuspended 

in 1×binding buffer solution containing propidium iodide 

(PI) and Annexin V-FITC. Then, the cell samples incu-

bated at room temperature for 15 min with keeping in 

dark place. Through MoFlo XDP flow cytometer (Beck-

man Coulter, Inc., Brea, CA, USA) to analysis the cells 

apoptotic. Triplicate experiments were carried out at least 

three times independently of each other. 

2.6 Cell Cycle Analysis 

The analysis of cell cycle was carried out as described 

previously [16]. A total of 1×10
5
 cells were collected. The 

calls were fixed in 75% ethanol overnight at -20˚C. Then 

harvested the cells, treated with RNase A (100 ng/mL) for 

30 minutes, and PI (50 ng/mL) staining for 15 minutes at 

normal temperature. After staining, through MoFlo XDP 

flow cytometer (Beckman Coulter) to analysis the cell cy-

cle distribution. Using Flow Jo software (Treestar Inc., 

USA), to analysis the data. Triplicate experiments were 

carried out at least three times independently of each other. 

2.7 Statistical Analysis 

The results are expressed as the mean of the groups ± 

SEM. Results were analysed With t-tests for two groups 

comparisons, using GraphPad Prism 6 software to analy-

sis results data. When p < 0.05, differences were consid-

ered statistically significant. 

3 Results 

3.1 Composition of HTP and CC 

Analysis a total of 20 indexes of nicotine, ammonia, 

hydrocyanic acid, B[a]P, aldehydes and ketones, phenol, 

VOCs, TSNAs, aromatic amines and CO in the samples 

of HTP and CC, which using high performance liquid 

chromatography (HPLC) and mass spectrometry. The re-

sults of the test are given in Table 1. 

The compositional analysis shows that HCN, B[a]P, 

phenol were not detected in HTP samples, while higher 

levels were detected in CC. In general, the analysis results 

showed that except for NNN, the release of components 

CS was significantly higher than that of HTP, which the 

difference is even greater than 90%. 

Table 1 Chemical composition test results of CC and HTP 

Number Component 1# CC (HCI) HTP 

1 Ethanal (CH₃CHO) 907.49 107.11 

2 Acrolein (C₃H4O) 83.39 2.40 

3 Acrylonitrile 8.39 0.15 

4 4-aminobiphenyl 1.92 ND 

5 1-naphthylamine 14.21 ND 

6 2-naphthylamine 13.23 ND 

7 ammonia 17.44 1.32 

8 Benzene 44.17 0.26 

9 B[a]P 7.86 ND 

10 1,3-butadiene 62.32 0.28 

11 CO 16.1 0.35 

12 Crotonaldehyde 29.31 5.61 

13 Methanal 98.44 21.21 

14 Isoprene 449.59 0.41 

15 Nicotine 2.00 0.82 

16 NNK 16.56 3.31 

17 NNN 9.031 30.66 

18 Methylbenzene 60.47 2.21 

19 Phenol 20.63 ND 

20 HCN 179.5 ND 

(ND: No detection) 

3.2 Effects of HTP and CC on the 

Viability of Cells and Morphology 

Since lung is the primary target organ of cigarettes, 

BEAS-2B and A549 cells were selected to study the func-

tion of HTP and CC. Through cytotoxicity assay CCK-8, 

we screened HTP and CC poisonous dose to BEAS-2B 

and A549 cells. We found that with increasing CC and 

HTP concentrations, the relative of BEAS-2B and A549 

cells survival rate were decreased, and there was a 

dose-response relationship between the dose of CC and 

the dose of HTP and the relative survival rate of cells after 

a period of 24 h exposure to different concentrations of 

HTP or CC (Figure 1 A, B). The IC50 of CC (47.64 μg/mL) 

was smaller than that of HTP (110.2 μg/mL) in BEAS-2B 

(Figure 1 A). In A549 cells, the IC50 of CC (56.69 μg/mL) 

was also smaller than that of HTP (116.03 μg/mL) (Figure 
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1 B). This indicates that the cytotoxicity of CC is more 

sensitive than that of HTP. Subsequently, in order to re-

search the biological functions of CC and HTP on cells, 

we selected the dose with the relative survival rate of cells 

above 70% as the dose for the follow-up experimental 

index detection. For BEAS-2B cells, the selected doses of 

CC and HTP were as 25 μg/mL and 45 μg/mL, respec-

tively. For A549 cells, the dose of CC and HTP were se-

lected as 20 μg/mL and 40 μg/mL. 

Then, we investigated the function of CC and HTP on 

cellular morphology. Results shown that the control group 

(NC and DMSO) cells were in well adhesion condition, 

transparent cells and good refraction with CC and HTP 

exposure for 24 h, whereas the treatment group (CC group 

and HTP group) shown the cell density reduced, the cell 

wrinkled, the cell adhesion ability was weakened, and the 

apoptotic morphology was obvious. Moreover, it can be 

seen from the cell morphology that the state of the cells in 

the CC is worse than in the HTP group (Figure 1C). 

 

Figure 1 The cell viability and morphological changes of lung cells after treatment HTP and CC. (A-B) Survival of BEAS-2B and A549 cells 

from HTP and CC (dose-response relationship). (C) Effects of HTP and CC on the growth status of BEAS-2B cells 

 

Figure 2 HTP and CC could inhibit the proliferation of BEAS-2B and A549 cells. (A-B) Cell proliferation ability of BEAS-2B and A549 

cells which treatment with HTP and CC measured by CCK-8 assay. (C-D) Colony formation assay in BEAS-2B and A549 cells 

which treatment with HTP and CC respectively. Representative images and quantitative data are shown. *P<0.05, **P<0.01, 

***P<0.001 
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3.3 HTP and CC Suppress the Cell 

Proliferation 

After selecting doses of CC and HTP, using cell count-

ing kit-8 (CCK-8) assay, we examined the function of cell 

proliferation in BEAS-2B and in A549 cells. Results 

showed that poisoning 24 h of CC and HTP significantly 

inhibited the BEAS-2B proliferation, and the degree of 

proliferation inhibition in CC group was greater than that 

in HTP group (Figure 2A). Whereas, in A549 cells, the 

CC and HTP groups promoted the proliferation of lung 

cancer cells after poisoned 24 h, the degree of cell prolif-

eration inhibition in the HTP group was more than in the 

CC group, implying that CC promoted the proliferation of 

lung cancer cells (Figure 2B). 

To further illustrate the cell proliferation effects of CC 

and HTP, we carried out the colony formation assay. The 

results indicated that CC and HTP could significantly 

suppress colony formation in BEAS-2B and A549 cells 

with poisoned 24 h, when compared with the control (NC 

and DMSO) (Figure 2C–2D). This corresponds to the 

previous experiment. 

3.4 CC and HTP Promotes Cell 

Apoptosis and Arrests Cell Cycle 

To research the underlying mechanism of action of CC 

and HTP in inhibiting cell proliferation, we carried out flow 

cytometry after infecting BEAS-2B and A549 cells with 

CC and HTP for a period of 24 h. We analyzed the impact 

of cell apoptosis and cell cycle progression. The results 

showed that CC and HTP promoted apoptosis in BEAS-2B 

and A549 cells after poisoned 24 h, which compared with 

the control (NC and DMSO) (Figure 3A–3B). From the 

apoptosis results, the rate apoptosis CC group was higher 

than that of HTP group. With regard to cell cycle, treatment 

with CC and HTP for 24 h in BEAS-2B and A549 cells, 

could partly restrain cell cycle progression in G0/G1 phase 

(Figure 3C–3D). This indicates CC and HTP have also ef-

fect on cell cycle progression. 

 

Figure 3 CC and HTP could promote cell apoptosis and arrests cell cycle. (A-B) The rate of apoptosis was analyzed by flow cytometry 

following treatment with HTP and CC in BEAS-2B and A549 cells. (C-D) Cell cycle distributions of BEAS-2B and A549 cells 

treatment with HTP and CC were detected by flow cytometry. *P<0.05, **P<0.01, ***P<0.001 
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4 Discussion 

Tobacco smoke exposure can cause cytotoxicity [17, 

18], inflammation [19, 20], oxidative stress [21] and 

apoptosis [22]. In this study, CC and HTP smoke traps 

were applied to human bronchial epithelial cells, that the 

cell survival rate gradually decreased and even cell death 

occurred with the increase of dose. The cytotoxicity test 

demonstrated that both CC and HTP could suppress 

BEAS-2B proliferation, but the degree of inhibition of 

cell proliferation in CC was greater than in HTP group, 

implying that the toxicity of HTP was less. 

Apoptosis, also known as programmed cell death (PCD), 

is a genetically controlled process that causes active cell die, 

triggered by changes in the internal and external environ-

ment of the body or death signals [23, 24]. The unrestricted 

proliferation of tumor caused by apoptosis disorder and 

abnormal cell cycle is one of the important reasons for tu-

morigenesis [25, 26]. The regulation between tumor and 

other diseases and apoptosis is a hot topic at home and 

abroad [27, 28]. In this study, it was found that CC and 

HTP traps could promote apoptosis of A549 and BEAS-2B 

cells, and the HTP apoptosis rate group was less than in CC 

group. Whether it is CC or HTP, apoptosis is considered to 

be the key pathophysiological mechanism in various human 

pathologies, and is an important manifestation of the early 

formation of various diseases [29, 30]. In addition, the cell 

cycle process also plays an important role in cell growth 

[31, 32]. In this study, we found that CC and HTP traps 

could partly restrain progression of cell cycle in the G0/G1 

phase. In summary, strengthening the research on apoptosis, 

cell cycle induced by tobacco smoke and its mechanism 

may be the source of new ideas and new ways of prevent-

ing and treating of diseases. 

Overall, these finding indicate that both CC and HTP 

can cause cytotoxicity, apoptosis and affect cell cycle 

progression. When the cell survival rate was above 70%, 

the cytotoxicity of HTP was less than that of traditional 

cigarettes. However, whether the harm of HTP to the hu-

man body is lower than that of CC can’t be determined. 

Further studies are needed to evaluate the safety of expo-

sure to tobacco products, such as how induced apoptosis 

mechanism changes and whether there are changes in lung 

related inflammatory factors. Therefore, systematic stud-

ies are still needed for in vitro testing of the mechanism of 

toxicity of tobacco smoke and for assessment of the safety 

of tobacco products, so as to provide basic support for 

assessing the health risks posed by tobacco products. 

5 Conclusion 

In conclusion, this study showed that both CC and HTP 

could cause cytotoxicity, apoptosis and affect the cell cy-

cle process, with HTP causing less cytotoxicity than CC. 

This study provides a new experimental basis for in vitro 

toxicity mechanism testing and safety evaluation of to-

bacco product smoke. 
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