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______________________________________________________________________________________________________________ 

 Abstract: To determine allergic reactions of polycyclic aromatic hydrocarbons (PAHs) in humans, culture 

conditions of an in vitro bioassay system were investigated to evaluate immunoglobulin E (IgE) antibody production 

using the human myeloma cell line (U266 cells) by PAH treatments. In the preliminary experiment, the cell count of 

U266 was observed under a microscope at 12, 24, 48, and 72 h of incubation. As a result, many dead cells were 

observed in the 72 h culture. Accordingly, changes within 48 h were examined in detail. The cell viability reached a 

plateau in 24 h culture. The IgE antibody production gradually increased during the 48-h incubation period and was 

higher at 48 h than at 24 h. Therefore, the incubation time was determined to be 48 h. In cell culture experiments, 

liposoluble materials were dissolved in dimethyl sulfoxide (DMSO). Next, the DMSO cytotoxicity was examined. The 

results demonstrated that 0.5% and 1% of DMSO were toxic; however, 0.1% and 0.05% were nontoxic. 

Furthermore, benzopyrene and pyrene (each 10–8 M) were dissolved in 0.5% and 0.1% DMSO, respectively. We 

investigated the effects of cytotoxicity and IgE production on U266 cells by adding PAH dissolved in 0.5% or 0.1% of 

DMSO. Synergistic effects of PAHs (benzo[a]pyrene and pyrene) and 0.5% of DMSO were detected. Therefore, using 

DMSO concentrations of <0.1% was recommended to study the effects of liposoluble substances on cultured cells. 
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Introduction 

Ambient air pollution associated with human 

activities has been known to affect human health, 

particularly children (Suresh et al., 2009; Jung et 

al., 2012; Al-Daghri et al., 2013). Environmental 

air pollution has been considered causative of the 

allergic response. Some studies have focused on 

polycyclic aromatic hydrocarbons (PAHs) as 

causative agents of air pollution. For example, a 

significant correlation has been found between 

PAH exposure and asthma in children (Suresh et 

al., 2009; Jung et al., 2012; Al-Daghri et al., 2013). 

Serum PAH levels were strongly associated with 

biomarkers (immunoglobulin E [IgE] antibody and 

interleukins) of childhood asthma (Al-Daghri et al., 

2013). 

As IgE antibody is one of the major mediators 

of hypersensitivity reactions such as asthma, 

seasonal allergy, and food allergy (Galli and Tsai, 

2012), several in vivo studies regarding the 

association between IgE antibody production and 

PAHs have been conducted (Kanoh et al., 1996; 

Suresh et al., 2009; Kadkhoda et al., 2005; Jung et 

al., 2012; Al-Daghri et al., 2013; Jo et al., 2022). 

However, there exists little information regarding 

an in vitro study to examine IgE antibody 

production by PAHs. To investigate allergic 

reactions of PAHs in humans, a suitable in vitro 

bioassay system is considered essential to analyze 

IgE antibody production. 

Thus, the present study developed an in vitro 

bioassay for IgE antibody production of PAHs 

(benzo[a]pyrene [BaP]; pyrene [Pyr]) using the 

human myeloma cell line U266 cells that are 

overexpressing IgE antibody (Ohno et al., 2010) 

and examined culture conditions. In cell culture 

experiments, liposoluble substances were 

dissolved in dimethyl sulfoxide (DMSO) (Lukac et 

al., 2013; Luo et al., 2017; Qin et al., 2023). DMSO 

is an amphiphilic molecule with a polar domain 

and two nonpolar methyl groups. Therefore, it is 

soluble in aqueous and organic media. Next, the 

DMSO cytotoxicity on U266 cells was investigated 

under determined culture conditions. Taking 

together, when using DMSO to dissolve liposoluble 

substances such as PAHs, the DMSO concentration 

should be considered. 

Materials and Methods 

Cells: 

The human myeloma cell line (U266 cells) was 

ordered from the American-Type Culture 

Collection. It has been reported that U266 cells 

were overexpressing IgE antibodies (Ohno et al., 

2010). Therefore, using the U266 cells, a bioassay 

system for IgE antibody production by PAHs was 

developed. 

Time course of IgE antibody production by U266 

cells: 

The U266 cells were precultured in the medium 

(RPMI 1640 Media, Thermo Fisher Scientific Inc., 

Grand Island, NY, USA) supplemented with 10% 

fetal bovine serum at 37°C in a 5% CO2 and 95% 

air. After preincubation, the U266 cells were used 

for the time-course study of IgE antibody 

production. Figure 1 shows an outline of the 

present experiment. 

U266 cells were inoculated to a polystyrene 96 

well plate at 1.0 × 105 cells/ml in the RPMI 1640 

medium supplemented with 10 µg/ml of insulin, 

20 µg/ml of transferrin, 20 µM of ethanolamine, 

and 25 nM of sodium selenite (Insulin-

Transferrin-Selenium, Science Cell Research 

Laboratories, Carlsbad, CA, USA). Before 

investigating IgE antibody production, preliminary 

cultures were performed at 12, 24, 48, and 72 h. 

Then, cultured cell conditions were observed 

under a microscope (CKX41, Olympus 

Corporation, Tokyo, Japan). 
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Fig. 1: Outline of time-course study for IgE antibody production in U266 cells. 

In the present study, cell viability was 

measured post-incubation using a WST-8 kit (OZ 

Biosciences, Marseille, France). Thereafter, the IgE 

antibody production in the culture medium was 

analyzed using an enzyme-linked immunosorbent 

assay (ELISA) as follows: 

The goat anti-human IgE antibody (1 µg/ml) 

(Fortis Life Sciences, Waltham, MA, USA) in a 50 

mM carbonate–bicarbonate buffer (pH 9.6) was 

added to a 96 well microplate (Nunc, Roskilde, 

Denmark) at 100 µl/well. Thereafter, the 

microplate was incubated for 1 h at 25°C. After 

washing five times with 0.05% Tween 20-PBS (T-

PBS), each well was blocked with blocking buffer 

(Thermo Fisher Scientific Inc.) for 30 min at 25°C. 

After the blocking reaction, each well was washed 

five times with T-PBS and subsequently treated 

with 50 µl of the culture medium for 1 h at 25°C. 

After washing five times with T-PBS, 100 µl of the 

horseradish peroxidase-conjugated goat anti-

human IgE antibody (Fortis Life Sciences) diluted 

75,000 times with blocking buffer was added to 

each well, and the 96-well plate was incubated for 

1 h at 25°C. The plate was washed with T-PBS 

again for five times. Then, TMB Substrate Set 

(BioLegend, San Diego, CA, USA) was added to 

each well at 100 µl/well for enzyme reaction, and 

the absorbance at 450 nm was measured after 

adding 100 µl/well of 0.2 M sulfuric acid to 

terminate the enzyme reaction. The IgE antibody 

concentration was quantitatively determined by a 

standard curve, using a serial dilution of human 

IgE antibody standard solution. 

Cytotoxicity of DMSO on U266 cells: 

The U266 cells were prepared using the methods 

described above. U266 cells were inoculated to a 

96-well plate at 1.0 × 105 cells/ml in the RPMI 

1640 medium supplemented by an insulin-

transferrin-selenium supplement (Science Cell 

Research Laboratories) together with 0, 0.05, 0.1, 

0.5, and 1% DMSO solution. Post-incubation, cell 

viability was measured using a WST-8 kit (OZ 

Biosciences). Then, IgE antibody production in the 

culture medium was analyzed by ELISA. 

Influence of BaP and Pyr on IgE antibody 

production in U266 cells: 

The U266 cells were inoculated to a 96-well plate 

at 1.0 × 105 cells/ml in the RPMI 1640 medium 

added with an insulin-transferrin-selenium 

supplement (Science Cell Research Laboratories) 

and BaP or Pyr (each 10−8 M) solubilized in DMSO. 

Post-incubation, cell viability was measured by a 

WST-8 kit (OZ Biosciences). Thereafter, IgE 

antibody production in the culture medium was 

analyzed by ELISA. 

Statistical analysis: 

All results are expressed as the means ± standard 

error (n = 4 or 5).  The  statistical s ignificance was 
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Fig. 2: Changes in cell growth of U266 during the 72-h incubation. U266 cells were incubated for (A) 0 h, (B) 12 h, 

(C) 24 h, (D) 48 h, and (E) 72 h of incubation. (F) Focused photograph of dead cells after 72 h of incubation. Arrow 

heads indicate dead cells. 

 

 

Fig. 3: Changes in cell viability of U266 cells during 48 h of incubation. 

 

assessed using Dunnett’s test. In all cases, the 

selected significance level was P < 0.05. 

Results  

Time-course study of IgE antibody production by 

U266 cells: 

Preliminary cultures of U266 cells at 12, 24, 48, 

and 72 h were prepared. Then, the conditions of 

cultured cells were observed under a microscope. 

As a result, cell counts gradually increased up to 

48 h of incubation (Figs. 2A-D); however, several 

dead cells shown by arrow heads were observed 

at 72 h of incubation (Figs. 2E, F). Accordingly, 

changes within 48 h were examined in detail. 

Changes in cell viability and IgE antibody 

production    are    shown    in   Figures   3   and    4,  
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Fig. 4: Changes in IgE antibody production by U266 cells during 48 h of incubation. 

 

 

Fig. 5: Changes in IgE antibody produced per cell by U266 cells during 48 h of incubation. 

 

respectively. The viability of U266 cells reached a 

plateau at 24 h of culture (Fig. 3). The production 

of IgE antibody gradually increased during the 48-

h incubation period (Fig. 4). The IgE antibody 

values produced per cell were calculated (Fig. 5). 

As a result, IgE antibody values yielded per cell 

were remarkable higher at 48 h than at 24 h      

(Fig. 5). 

DMSO cytotoxicity on U266 cells: 

Based on the results of time-course study, the 

optimal incubation time of U266 was 48 h. At 48 h 

of culture, DMSO cytotoxicity on U266 cells was 

examined. Cell viability gradually decreased as the 

DMSO concentration increased, with significant 

differences between the experimental and control 

groups in the medium with 0.5% and 1% of DMSO 

(Fig. 6). In IgE production, as with cell viability, the 

addition of 0.5% and 1% of DMSO significantly 

decreased the IgE production (Fig. 7). Because the 

IgE production decreased with decreased cell 

viability, the IgE antibody values yielded per cell 

did not change by adding DMSO at 0.05%, 0.1%, 

0.5%, and 1% concentrations (Fig. 8). 

Influence of BaP or Pyr on IgE antibody production 

in U266 cells: 

The influence of BaP or Pyr (each 10−8 M) 

dissolved in 0.1% or 0.5% DMSO on cell viability 

and IgE antibody production of U266 cells was 

examined. 

In cell viability, no significant differences were 

observed  between  the  control  and  experimental 
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Fig. 6: Effects of DMSO on cell viability of U266 cells at 48 h of incubation. Statistically significant differences at 

**P < 0.01 and ***P < 0.001 compared with the values in the control cells. DMSO, dimethyl sulfoxide. 

 

 

 

 

 

 

Fig. 7: Effects of DMSO on IgE production of U266 cells at 48 h of incubation. A statistically significant difference 

at ***P < 0.001 compared with the values in the control cells. DMSO, dimethyl sulfoxide. 
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Fig. 8: Effects of dimethyl sulfoxide (DMSO) on IgE produced per cell by U266 cells at 48 h of incubation. 

 

 

 

Fig. 9: Effects of BaP and Pyr dissolved in 0.1% (A) or 0.5% (B) DMSO on cell viability of U266 cells at 48 h of 

incubation. BaP, benzo[a]pyrene; Pyr, pyrene; DMSO, dimethyl sulfoxide. 

 

cells treated with BaP or Pyr dissolved in 0.1% or 

0.5% DMSO (Fig. 9). By BaP dissolved in 0.5% 

DMSO treatments, however, cell viability tended to 

decrease (P = 0.077)(Fig. 9). 

In IgE production as well as cell viability, a 

significant difference was not obtained between 

the control and experimental cells treated with 

BaP or Pyr dissolved in 0.1% or 0.5% DMSO 

although IgE production tended to increase by BaP 

or Pyr treatments (Fig. 10). 

Conversely, IgE antibody values yielded per 

cell significantly increased by BaP dissolved in 

0.5% DMSO treatments (Fig. 11). Furthermore, 

other    treatments   have   not   shown    significant 



517 

 

  

Fig. 10: Effects of BaP and Pyr dissolved in 0.1% (A) or 0.5% (B) DMSO on IgE production of U266 cells at 48 h 

of incubation. BaP, benzo[a]pyrene; Pyr, pyrene; DMSO, dimethyl sulfoxide. 

 

 

Fig. 11: Effects of BaP and Pyr dissolved in 0.1% (A) or 0.5% (B) DMSO on IgE produced per cell by U266 cell at 

48 h of incubation. A statistically significant difference at **P < 0.01 compared with values in the control cells. 

BaP, benzo[a]pyrene; Pyr, pyrene; DMSO, dimethyl sulfoxide. 

 

difference although IgE antibody values yielded 

per cell tended to increase by PAH treatments (Fig. 

11). 

Discussion 

To determine the direct influence of PAHs on IgE 

antibody production, an in vitro bioassay system 

was developed using U266 cells. First, we 

investigated the culture conditions of U266 cells. 

As a result, cell counts gradually increased up to 

48 h of incubation; however, several dead cells 

shown by arrow heads were observed at 72 h of 

incubation. Furthermore, we found that IgE 

antibody values yielded per cell were remarkably 
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higher at 48 h than at 24 h. Accordingly, we 

decided that incubation time for U266 cells is 48 h. 

Thereafter, we investigated the DMSO cytotoxicity 

on U266 cells. At 48 h of culture, cell viability 

gradually decreased as the DMSO concentration 

increased, with significant differences between the 

experimental and control groups in the medium 

with 0.5% and 1% DMSO. In IgE production, as 

with cell viability, the addition of 0.5% and 1% 

DMSO significantly decreased the IgE production. 

Thus, DMSO cytotoxicity on U266 cells could be 

clearly demonstrated. Moreover, the IgE antibody 

yielded per cell significantly increased by BaP 

dissolved in 0.5% DMSO treatments. This 

significant increase in IgE production by BaP is 

most likely because of the additive and synergistic 

effects of BaP and DMSO. 

Cytotoxic effects of DMSO on cochlear 

organotypic cultures have been reported (Qi et al., 

2008). In the cochlear organotypic cultures as well 

as U266 cell culture, toxic effects were observed at 

DMSO concentrations higher than 0.5% although 

0.1% and 0.25% DMSO concentrations have little 

or no damage. Our present data show that IgE 

antibody values yielded per cell did not change by 

adding 0.05%, 0.1%, 0.5%, and 1% DMSO. This 

result caused by the IgE production decreased 

with decreased cell viability. Data on IgE 

production per cell may obscure the DMSO 

toxicity. Overall, we emphasize that when DMSO is 

used as a solvent, DMSO toxicity should be 

properly evaluated. 

Phenanthrene, one of the toxic PAHs and BaP, 

enhanced the IgE antibody production in the IgE-

producing human B cell line (Tsien et al., 1997). 

Therefore, PAHs have an ability to induce IgE 

production. The US Environmental Protection 

Agency listed 16 PAHs as harmful PAHs (Honda 

and Suzuki, 2020). Thus, a comprehensive analysis 

of PAHs should be conducted to identify PAHs 

with a strong ability to produce the IgE antibody. 

Using our developed in vitro bioassay system, we 

are planning to analyze the influence of PAHs on 

IgE antibody production comprehensively. 

Conclusion 

After considering culture conditions and DMSO 

cytotoxicity, an in vitro bioassay system for IgE 

antibody production was developed using the 

human myeloma cell line (U266 cells) to 

determine the allergic reactions of PAHs in 

humans. PAHs (BaP or Pyr) (each 10−8 M) 

increased the IgE production on U266 cells. Thus, 

our developed bioassay system will be utilized for 

a comprehensive investigation of several PAHs to 

elucidate the allergic reactions of PAHs in humans. 
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