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In the present study, we investigated whether volatile organic compounds induce inflammatory response in human T
lymphocytes by evaluating the alteration of inflammatory cytokines. Volatile organic compounds such as formaldehyde,
o-xylene, benzene, and hydroquinone have no cytotoxic effects on Jurkat T cells at a high concentration of 50 uM for
48 h. IL-2, IL-4, IL-13, TNF-a and IFN-y were increased after the treatment with volatile organic compounds, although
alteration of cytokines is different among volatile organic compounds. LPS as a positive control increased the secretion
of IL-2, IL-4, IL-13, TNF-a and IFN-y. MCP-1 and CCL17 (thymus and activation-regulated chemokine, TARC) were
weakly increased after the treatment with volatile organic compounds but the amount of the increased cytokine was

below 20 pg/ml. These results suggest that the measurement of cytokine in Jurkat T cells may be used as a useful

method for evaluating the toxicity of volatile organic compounds in immune response.
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Fig. 1. The cytotoxic effects of volatile organic compounds on
Jurkat T cells. Jurkat T cells were incubated with formaldehyde,
o-xylene, benzene, and hydroquinone at concentrations of 10 puM,
20 uM and 50 pM for 48 h. The survival rates were then measured
by a MTT assay. The data are expressed as the relative ratio to the
absorbance of the untreated cells, which was set at 100%.
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Fig. 2. Formaldehyde increases the expression of IL-2, IL-4, IL-13, TNF-0 and IFN-y in Jurkat T cells. Jurkat T cells were incubated
with formaldehyde at a concentration of 20 pM for the indicated time (A). Jurkat T cells were incubated with formaldehyde at the
indicated concentration for the peak time (B). The supernatant was collected and the expression of IL-2, IL-4, IL-13, TNF-a and IFN-y
was analyzed by ELISA as described in the Methods section.
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Fig. 3. o-xylene increases the expression of 1L-2, IL-4, IL-13, TNF-a and IFN-y in Jurkat T cells. Jurkat T cells were incubated with
o-xylene at a concentration of 20 uM for the indicated time (A). Jurkat T cells were incubated with o-xylene at the indicated concentration
for the peak time (B). The supernatant was collected and the expression of IL-2, IL-4, IL-13, TNF-a and IFN-y was analyzed by ELISA as

described in the Methods section.
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Fig. 4. Benzene increases the expression of IL-2, IL-4, IL-13, TNF-0 and IFN-y in Jurkat T cells. Jurkat T cells were incubated with
benzene at a concentration of 20 uM for the indicated time (A). Jurkat T cells were incubated with benzene at the indicated concentration
for the peak time (B). The supernatant was collected and the expression of IL-2, IL-4, IL-13, TNF-a and IFN-y was analyzed by ELISA as

described in the Methods section.
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Fig. 5. Hydroquinone increases the expression of 1L-2, IL-4, IL-13, TNF-0 and IFN-y in Jurkat T cells. Jurkat T cells were incubated
with hydroquinone at a concentration of 20 uM for the indicated time (A). Jurkat T cells were incubated with hydroquinone at the
indicated concentration for the peak time (B). The supernatant was collected and the expression of IL-2, IL-4, IL-13, TNF-a and IFN-y
was analyzed by ELISA as described in the Methods section.
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Fig. 6. Volatile organic compounds increase the expression of MCP-1 and CCL17 in Jurkat T cells. Jurkat T cells were incubated
with formaldehyde, o-xylene, benzene, and hydroquinone at the indicated concentration for 48 h. The supernatant was collected and the

expression of MCP-1 (A) and CCL17 (B) was analyzed by ELISA as described in the Methods section.
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