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Volatile organic compounds are commonly off gassed from various building materials and can induce sick building
syndrome. Volatile organic compounds such as formaldehyde, xylene and toluene are known as toxic agents in immune
cells. Human leukocytes, particularly, neutrophils and eosinophils play important roles in the regulation of immune
responses. In this study, we investigated the toxic effects of formaldehyde, ortho-xylene (o-xylene), para-xylene (p-xylene)
and toluene on the apoptosis of neutrophils and eosinophils isolated from the blood of healthy donors. Formaldehyde
increased the constitutive apoptosis of neutrophils and eosinophils. o-xylene, p-xylene and toluene increased the
spontaneous apoptosis of eosinophils, but not that of neutrophils. Formaldehyde increased the protein level of 1L-8 in
neutrophils and eosinophils, and suppressed the MCP-1 expression in neutrophils. The release of IL-6 from neutrophils
was diminished by volatile organic compounds used in this study. In conclusion, formaldehyde, xylene and toluene
elevate the apoptosis of neutrophils and eosinophils, and regulate the release of cytokine and chemokine in neutrophils
and eosinophils. These results indicate that formaldehyde, xylene and toluene have a cytotoxicity in human neutrophils
and eosinophils and may damage the modulation of immune responses.
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Fig. 1. The effects of volatile organic compounds on apoptosis
of human neutrophils and eosinophils. Neutrophils (n=5) (A)
and eosinophils (n=3) (B) were isolated from human peripheral
blood and incubated in the absence (Con) and presence of 50 uM
of formaldehyde (FA), ortho-xylene (o-xyl), para-xylene (p-xyl)
and toluene (Tol) for the indicated time. The apoptosis of these
cells were analyzed by measuring the binding of annexin V-FITC
and PI using flow cytometry. The percentage of apoptotic cells in
total cell population was included all annexin V-binding cells. Data
are expressed as the means = S.E.M. in five individual experiments
(A) or in three individual experiments (B). p<0.05 and ~“p<0.01
indicate a significant difference between the untreated group and
the chemical-treated group at the same incubation time.
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Fig. 2. The effects of volatile organic compounds on the release of cytokine and chemokine in human neutrophils and eosinophils.
Human neutrophils (n=3) (A) and eosinophils (n=3) (B) were incubated with or without 50 uM of formaldehyde (FA), ortho-xylene
(0-xyl), para-xylene (p-xyl) and toluene (Tol) for the indicated time. After the indicated period, the supernatant was collected and then the
release of IL-6, IL-8 and MCP-1 in the supernatant was measured by ELISA. All results were expressed as the means = S.E.M. in three
individual experiments. “p<0.05 and ~p<0.01 indicate a significant difference among the untreated groups, which includes the different
incubation time groups, and further indicate between the untreated group and the chemical-treated group at the same incubation time.

p-ALHE, EFdle 93l 3A7F FHE AT (Fig 9 AEZIAY] ST AAERQl WEUIHe] 24 s
2A). WHH, SRS IL-89] e xFEY sl =g A waliatar, o= Qs A ARkS] AP eAhE g
gk F 48417 el A F7bE AL IL-69F MCP-1-> A8 & & Z1o 8 Azen) ko g I {7]3kgEo] o
o] Wals Holx gt} (Fig 2B). IL-6, IL-8, MCP-1 AEZ U Aol Wal 9 2857 o] Wy of
W 2e A miERe] Bl theke A5 Z3 5 glste] Fu HEe AXrE Yol V)
A T B ofE}t sAelA M| T2 9 AE g weldiof & dert itk dow B3 f7)st
& Z43%H) (Kimura et al., 2003; Shakoory et al., 2004). —L o] ATt B ok A FrIskE e AEs
qu sF oA IL-6v AEZIALE ks Zadd Aaaks Bzl ARSI 22 Hdeke] 4
sto]= o] fjo = thE I FIstESel o8 7 2 S grEsior & Aotk

AEAIL, SR SA = AEIARE et

W F71skeE Sl EEdstol =Rt IL-8 W HAlRl 2

AR, o] Ak AN F1EE A
A4 wNEAe] wde] Axnith thesl 2Ashe
2 vpEhla, B Aol S4E AelEsiel o9
wdel oj§ B§AQl 7)ol 2gstelel Az,
Qe BRI e} o], WA §7] 5 ol

o] =R 2009 % AR (G HETER)e] AYo

(RO (e O

(A . RO1-2008-0020166-0).

-125 -



REFERENCES

Al-Ghamdi SS, Raftery MJ, Yaqoob MM. Toluene and p-xylene
induced LLC-PK1 apoptosis. Drug Chem Toxicol. 2004. 27:
425-432.

Bernstein JA, Alexis N, Bacchus H, Bernstein IL, Fritz P, Horner
E, Li N, Mason S, Nel A, Oullette J, Reijula K, Reponen T,
Seltzer J, Smith A, Tarlo SM. The health effects of
nonindustrial indoor air pollution. J Allergy Clin Immunol.
2008. 121: 585-591.

Casset A, Marchand C, Purohit A, le Calve S, Uring-Lambert B,
Donnay C, Meyer P, de Blay F. Inhaled formaldehyde
exposure: effect on bronchial response to mite allergen in
sensitized asthma patients. Allergy 2006. 61: 1344-1350.

Fitzharris P, Cromwell O, Mogbel R, Hartnell A, Walsh GM,
Harvey C, Kay AB. Leukotriene B4 generation by human
neutrophils following IgG-dependent stimulation. Immunology
1987. 61: 449-455.

Guzelian P, Mills S, Fallon HJ. Liver structure and function in
print workers exposed to toluene. J Occup Med. 1988. 30:
791-796.

Kimura T, Iwase M, Kondo G, Watanabe H, Ohashi M, Ito D,
Naqumo M. Suppressive effect of selective cyclooxygenase-
2 inhibitor on cytokine release in human neutrophils. Int
Immunopharmacol. 2003. 3: 1519-1528.

Lindbohm ML, Taskinen H, Sallmen M, Hemminki K.

Spontaneous abortions among women exposed to organic
solvents. Am J Ind Med. 1990. 17: 449-463.

Rosenberg NL, Spitz MC, Filley CM, Kavis KA, Schaumburg
HH. Central nervous system effects of chronic toluene abuse-
clinical, brainstem evoked response and magnetic resonance
imaging studies. Neurotoxicol Teratol. 1988. 10: 489-495.

Rothenberg ME, Hogan SP. The eosinophil. Annu Rev Immunol.
2006. 24: 147-174.

Sandikci M, Seyrek K, Aksit H, Kose H. Inhalation of
formaldehyde and xylene induces apoptotic cell death in the
lung tissue. Toxicol Ind Health 2009. 25: 455-461.

Savill JS, Wyllie AH, Henson JE, Walport MJ, Henson PM,
Haslett C. Macrophage phagocytosis of aging neutrophils in
inflammation. Programmed cell death in the neutrophil leads
to its recognition by macrophages. J Clin Invest. 1989. 83:
865-875.

Schmid O, Speit G. Genotoxic effects induced by formaldehyde in
human blood and implications for the interpretation of
biomonitoring studies. Mutagenesis 2007. 22: 69-74.

Shakoory B, Fitzgerald SM, Lee SA, Chi DS, Krishnaswamy G.
The role of human mast cell-derived cytokines in eosinophil
biology. Interferon Cytokine Res. 2004. 24: 271-281.

Sul DG, Kim HS, Oh EH, Phark SH, Cho EK, Choi SY, Kang HS,
Kim EM, Hwang KW, Jung WW. Gene expression profiling
in lung tissues from rats exposed to formaldehyde. Arch
Toxicol. 2007. 81: 589-597.

- 126 -



