
INTRODUCTION

The number of allergic patients has been increasing rap-
idly in industrialized countries in the last 2 or 3 decades. 
Also, while there are fewer patients in unindustrialized 
countries, there are more patients in urban areas (Nicolai,  
1997; Yemaneberhan et al., 2004). Although genetic fac-
tors such as family disease history are important in the 
development of allergic diseases, the rapid increase in 
patients is not likely to have been caused by changing 
genetic factors and has strong relationships with changing 
environmental factors (Sears, 1997; Yazdanbakhsh et al., 
2002). There are obvious risk factors such as increasing 
exposure to indoor allergens, environmental pollutants, 
or changes in diet (Lau et al., 2000), but other factors to 
consider including environmental pollutants such as die-
sel exhaust particles (DEP) and formaldehyde (Dong et 

al., 2005a, 2005b; Sadakane et al., 2002; Takano et al., 
1997).

We concentrated on chloride organic chemicals as an 
environmental factor and reported that organic chemical 
exposure affects immediate phase reactions such as the 
passive cutaneous anaphylaxis (PCA) reaction and anti-
gen-stimulated degranulation from mast cells, and trichlo-
roethylene (TCE) had the strongest effect among the 
chemicals (Seo et al., 2008). TCE is a synthetic solvent 
that is used in dry cleaning as a cleaner and in various 
industries to remove oils and greases from metal. It is also 
used to extract fats and waxes. It has also become a social 
problem in that the groundwater in some areas has been 
contaminated by TCE because of its high persistency and 
pervasiveness. Although the Japanese standard value for 
drinking water of TCE is the concentration of 0.03 mg/l, 
higher concentrations of TCE than the standard value was 
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ABSTRACT — The prevalence of allergic disorders is increasing in industrial areas and countries. 
Recent reports suggest that some environmental pollutants are related to the increase in allergic diseases, 
and we reported that trichloroethylene (TCE) is a candidate chemical for causing the increase of allergic 
diseases, as TCE ingestion is associated with allergic reaction enhancement. TCE is widely used in many 
industries, and it is commonly detected as an environmental contaminant. This study aimed to clarify the 
immunotoxicity of TCE in detail. BALB/c mice were treated with TCE dissolved in drinking water for 2 
and 4 weeks, and the mice were immunized with ovalbumin (OVA)/aluminum hydroxide (alum) twice. 
On the final day of the TCE exposure period, we measured the active cutaneous anaphylaxis (ACA) reac-
tion and the antigen- specific IgE level in serum as well as the histamine level at the allergic reaction 
site and assayed the proliferation rates of splenocytes collected from the animals. The ACA reaction was 
enhanced by TCE ingestion. The OVA specific IgE level in mice was enhanced by TCE exposure for 4 
weeks. The proliferation rate of the splenocytes was enhanced by TCE ingestion for 2 and 4 weeks. The 
enhancement of the ACA reaction by TCE ingestion via drinking water may be related to the increase in 
splenocyte proliferation. On the other hand, it may be weakly related to antigen-specific IgE production.
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detected from 0.2% of groundwater as the survey of the 
Japanese Ministry of Environment in 2007. It is reported 
that TCE is toxic for the nervous system, liver, and kid-
neys and increases the risk of leukemia (Gist and Burg, 
1995; Barton and Clewell, 2000), in addition it is antic-
ipated carcinogenesis (Scott and Chiu, 2006). There are 
a few studies about the immunotoxicity of TCE (Kaneko  
et al., 2000; Peden-Adams et al., 2006; Sanders et al., 
1982), however there is no study about the effect of TCE 
on immediate allergic reaction besides our previous paper 
(Seo et al., 2008). 

In the current study, to investigate the toxic effects of 
TCE ingestion on the immune system, we used the active 
cutaneous anaphylaxis (ACA) reaction and found that TCE 
ingestion enhances the ACA reaction. We also investigated 
the mechanisms of the enhancement of ACA reaction.

Materials and Methods

Animals 
Male BALB/c mice (7-9 weeks olds at the start of TCE 

exposure) were obtained from Japan SLC, Inc. (Shizuoka, 
Japan) and rested for a week after arrival. They were 
maintained under a 12-hr light/dark cycle at 25 ± 2°C and 
40-60% relative humidity, with free access to food and 
drinking water. The experiments were undertaken follow-
ing the guidelines for the care and use of experimental 
animals written by the Japanese Association for Labora-

tory Animal Science in 1987. This study was approved by 
the ethics committee of Gifu Pharmaceutical University.

Reagents and medium 
Ovalbumin (OVA; Albumin from chicken egg white, 

grade V) was purchased from SIGMA-ALDRICH Inc. 
(St. Louis, MO, USA). Concanavalin A (ConA) and 
diphenhydramine hydrochloride were purchased from 
Wako Pure Chemical Industries Ltd. (Osaka, Japan). [3H] 
Thymidine (methyl-3H) was purchased from American  
Radiolabeled Chemicals, Inc. (St. Louis, MO, USA). 
TCE and dimethylsulfoxide (DMSO) 2-mercaptoethanol 
(2-ME) were purchased from Nacalai Tesque, Inc. (Kyo-
to, Japan). RPMI 1640, penicillin-streptomycin, and horse 
serum were purchased from Invitrogen (Grand Isrand, NY, 
USA). RPMI 1640 supplemented with penicillin (100 U/
ml), streptomycin (100 μg/ml), 2-ME (50 μM), and horse 
serum (10 %; v/v) was used as the culture medium.

TCE exposure and immunization
The schedule of this experiment shows in Fig. 1. In 

detail, 300 mg/l TCE stock solution were prepared in 
DMSO. The stock solution was diluted with distilled 
water, and 0.03 and 3 mg/l TCE solutions were prepared 
and used as drinking water. The animals were divided 
into groups of 6 and received TCE in their drinking water 
at concentrations of 0, 0.03, or 3 mg/l for 2 or 4 weeks. 
The water was changed every other day to ensure dose 
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Fig. 1.	�� Time schedule of TCE ingestion and OVA/Alum immunaization.
	 Mice were treated with TCE for 2 weeks (A) or 4 weeks (B) and immunized with 1 μg OVA / 5 μg Alum by i.p. injection 

twice.
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maintenance.
The mice were immunized with 1 μg OVA/5 μg alumi-

num hydroxide (alum) in 0.2 ml phosphate buffered solu-
tion (PBS) by intraperitoneal (i.p.) injection. As a control 
group, mice were treated with 0.2 ml PBS without OVA 
and alum. 

ACA 
On the final day of the TCE exposure period, the mice 

were challenged with 50 μg/ml OVA in 0.02 ml PBS by 
subcutaneous (s.c.) injection into the ear and were imme-
diately injected with 0.5% Evan’s blue (Nacalai Tesque, 
Inc., Kyoto, Japan) solution into the tail vein. Thirty min-
utes after the challenge, the mice were sacrificed and their 
ears were collected to measure the extravasated dye. To 
determine the amount of non-specifically extravasated 
dye, only PBS was injected into the other ear of the mice. 

Extraction and quantification of the extravasated dye 
was performed using the method (Inagaki et al., 1984). 
The amount of dye was measured colorimetrically at 620 
nm.

Histamine levels in the mouse ear
Ears were collected from each mouse at 30 min after 

the OVA challenge. The histamine levels in the ears were 
measured by HPLC with the postcolumn derivatiza-
tion methods reported by (Itoh et al., 1992; Yamatodani  
et al., 1985).

OVA-specific IgE levels in mice serum
On the final day of the exposure period, to deter-

mine Ag-specific IgE levels, blood samples were collect-
ed from each mouse, and the OVA-specific IgE levels in 
serum were measured by a mouse OVA-specific IgE ELI-
SA kit (Dainihon Sumitomo, Osaka, Japan). 

Splenocyte proliferation assay
On the final day of the exposure period, we collected 

mice spleen. Splenocytes from mice were cultured in 96-
well flat-bottom plates (5 × 105 cells/well). OVA or ConA 
was added at a concentration of 100 μg OVA/ml or 10 
μg ConA/ml in culture medium. After 96 hr of incubation 
at 37°C, the cultures received 740 kBq [3H] thymidine/
ml, and after 16 hr the cells in the wells were collected. 
The amount of [3H] thymidine incorporated into the cells 
was measured by a liquid scintillation counter (Packard  
BioScience Co., Meriden, CT, USA).

Cytokine quantification
The quantification of IL-3, IL-4, IFN-γ and TNF-α lev-

els in the cultured medium collected from splenocytes 

after stimulated 96 hr in OVA immunaizetion group were 
measured by enzyme-linked immunosorbant assay (ELI-
SA). These cytokine levels were measured with cytokine 
ELISA kit (Biosource International, Inc., Camarillo, CA, 
USA). All protocols were followed manufacture’s meth-
ods.

Statistical analysis
Data are shown as the mean ± S.D. Statistical analyses 

were performed with one-way ANOVA followed by Bon-
ferroni’s post-hoc procedure or two-way ANOVA. P val-
ues less than 0.05 were considered to be statistically sig-
nificant.

Results

Daily drinking volume and increase rates of mice 
body weight

The average volume of drinking water in the TCE 
exposure priod for consumed by the TCE treated groups 
on each days was not significantly different from that con-
sumed by 0 mg/l TCE exposure group (data not shown). 
Each mouse in all groups consumed 4.3 ml/day as an 
average volume of drinking water on each days. These 
doses were calculated to given an average dose of 0.12 
μg/day (0.03 mg/l TCE exposure group) and 12 μg/day 
(3 mg/l TCE exposure group), respectively. There was 
no significantly difference of the increase rates of mice 
body weight among the TCE exposure groups and control 
groups (data not shown).

TCE ingestion alters immediate phase allergic 
reactions

We previously reported that TCE ingestion enhances 
the PCA reaction (Seo et al., 2008). In the current study, 
we assessed the effect of TCE ingestion on the ACA reac-
tion. The intensity of dye extravasation in mouse ears was 
significantly increased in the 3 mg/l TCE exposure group 
compared to the 0 mg/l TCE exposure group (Figs. 2A 
and B).  The ACA reaction was enhanced by TCE expo-
sure, and the enhancement of the ACA reaction disap-
peared after pretreatment with diphenhydramine (anti-his-
tamine drug) (Fig. 3). Next, we measured the histamine 
content of the mouse ears and found that the histamine 
content was significantly increased in the 3 mg/l TCE 
exposure group (1.64 ± 0.27 µg/ml) compared to the 0 
mg/l group (0.91 ± 0.35 µg/ml) (Fig. 4). These results 
suggest that the enhancement of ACA reaction is caused 
by increased histamine release induced by TCE ingestion.
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Fig. 2.	 The effect of TCE ingestion via drinking water on the ACA reaction. 
	 Mice were treated with TCE for 2 weeks (A) or 4 weeks (B) and immunized with 1 μg OVA / 5 μg Alum by i.p. injection 

twice. On the final day of the TCE exposure period, the mice were challenged by s.c. injection into their ear with OVA. The 
amount of extravasated dye was measured colorimetrically at 620 nm. The data are expressed as means ± S.D. (n = 3~5). 
Statistical differences for 0 mg/l TCE exposure group were calculated by Two- factor repeated measures ANOVA. * P < 
0.05.
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Fig. 3.	 The effect of diphenhydramine on the ACA reaction exacerbated by TCE ingestion via drinking water. Mice were treated 
with TCE for 2 weeks and immunized with 1 μg OVA/5 μg Alum i.p. injection twice. The mice were treated with diphen-
hydramine 30 min before the challenge. The data are expressed as means ± S.D. (n = 3~5). Statistical differences were for 0 
mg/l TCE exposure group calculated by Bonferroni test after One-way ANOVA. * P < 0.05 ** P < 0.01.
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Enhancement of allergic reactions by TCE 
ingestion is less related to antigen-specific IgE 
production

To investigate what caused the enhancement of imme-
diate phase allergic reactions, we measured antigen-specif-
ic IgE levels in mouse serum. The OVA-specific IgE lev-
els in serum significantly increased in the group exposed 
to 0.03 mg/l TCE for 4 weeks, but those for the group 
exposed to 3 mg/l TCE for 4 weeks did not increase. 
(Fig. 5B), and when the mice were exposed to TCE for 
2 weeks, no differences appeared in any group (Fig. 5A). 
These results suggest that TCE ingestion increases anti-
gen-specific IgE levels; however, the increases in IgE lev-
els did not occur in parallel with those of the ACA reac-
tion. The increases in antigen-specific IgE levels were less 
related to the enhancement of allergic reactions caused by 
TCE ingestion.

Splenocyte proliferation was activated by TCE 
ingestion

The proliferation rates of the OVA- and ConA-stimu-
lated splenocytes were significantly increased in the OVA 

immunization group that received 3 mg/l TCE exposure 
for 2 weeks, but there were no differences in the 0.03 mg/l  
TCE exposure group compared to the 0 mg/l TCE expo-
sure group with or without immunization (Fig. 6A). With 
immunization, OVA- and ConA-stimulated cell prolifera-
tion was significantly increased by 0.03 and 3 mg/l TCE 
exposure for 4 weeks (Fig. 6B). These results show that 
the activation of splenocyte proliferation is strongly relat-
ed to the enhancement of allergic reactions induced by 
TCE ingestion.

TCE ingestion change cytokine production from 
splenocyte

IFN-γ and IL-4 productions from splenocytes by OVA 
stimulation were significantly increased in 0.03 mg/l TCE 
exposure group (Figs. 7A and B). IL-3 and TNF-α produc-
tions from splenocytes were also significantly increased 
in 0.03 and 3 mg/l TCE exposure group (Figs. 7C and D). 
These results show that productions of some cytokines 
from splenocytes are enhanced by TCE ingestion.
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Fig. 4.	 The effect of TCE ingestion via drinking water on histamine levels in the mouse ear. 
	 Mice were treated with TCE for 2 weeks and immunized with 1 μg OVA/5 μg Alum i.p. injection twice. The mice were 

challenged by s.c. injection into their ear with OVA. The histamine levels in the mouse ear were measured by HPLC. The 
data are expressed as a ratio v.s. 0 mg/l group. Statistical differences were calculated by Bonferroni test after One-way 
ANOVA. * P < 0.05.
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Fig. 6.	 The effect of TCE ingestion via drinking water on splenocyte proliferation. 
	 Mice were treated with TCE for 2 weeks (A) or 4 weeks (B) and immunized with 1 μg OVA / 5 μg alum twice. 5 × 105 

cells /well of splenocytes from treated mice were seeded after being incubated with OVA and ConA for 96 hr. The wells 
were pulsed with [3H] thymidine for the final 16 hr of culture. The amount of [3H] thymidine incorporated into the cells was 
measured by liquid scintillation. The data are expressed as means ± S.D. (n = 3, individually). Statistical differences for 0 
mg/l TCE exposure group in each cultured group (Control, OVA and ConA) were calculated by Bonferroni test after One-
way ANOVA. * P < 0.05, **P < 0.01.
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Discussion

In the current study, the ACA reaction was significant-
ly enhanced by TCE ingestion via drinking water, but 
the enhancement disappeared after pretreatment with an 
anti-histamine drug (diphenhydramine). In addition, an 
increase in histamine content at the allergic reaction site 
was observed after TCE ingestion. Thus, TCE ingestion 

may enhance immediate phase reactions by activating 
mast cells and increasing the release of histamine from 
mast cells. In the previous study we reported TCE expo-
sure affects the passive cutaneous anaphylaxis (PCA) 
reaction and antigen-stimulated degranulation from mast 
cells (Seo et al., 2008). The current results are consistent 
with the previous report.

It is well known that degranulation is one of the major 

Fig. 7.	 The effect of TCE ingestion via drinking water on cytokine production from splenocytes. Mice were treated with TCE for 2 
weeks and immunized with 1 μg OVA / 5 μg alum twice. 5 × 105 cells /well of splenocytes from treated mice were seeded 
after being incubated with OVA. The quantification of IFN-γ (A), IL-4 (B), IL-3 (C) and TNF-α (D) levels in the cultured 
medium collected from splenocytes after stimulated 96 hr in OVA immunaizetion group were measured by ELISA. The data 
are expressed as means ± S.D. (n = 3, individually). Statistical differences for 0 mg/l TCE exposure group were calculated 
by One-Way ANOVA. **P < 0.01.
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immediate phase allergic reactions that occurs after the 
interaction of IgE and antigen. The cross-linking of IgE 
with FcεRI on mast cells triggers the release of vasoac-
tive mediators, synthesis of prostaglandins and leuko-
trienes, and the transcription of cytokines (Gould et al., 
2003). To elucidate the mechanism of the enhancement of 
degranulation, we investigated antigen-specific IgE levels 
in serum and splenocyte proliferation.

Antigen-specific IgE production was increased by TCE 
ingestion at the lower dose (0.03 mg/l), but the increase 
in IgE levels did not parallel the enhancement of the ACA 
reaction, so the antigen-specific IgE levels are considered 
to be less related with the enhancement. Some papers 
reported that antigen-specific IgE levels were poorly 
associated with skin sensitivity and basophil degranula-
tion (Conroy et al., 1977; Dembo and Goldstein, 1978; 
Malveaux et al., 1978; Purohit et al., 2005), and mast cells 
were activated by IgE-independent pathways (Tatemoto  
et al., 2006), these results support current results. 

Antigen-stimulated and ConA-stimulated splenocyte 
proliferation was activated by TCE ingestion, and the 
activation paralleled the enhancement of the ACA reac-
tion. It was reported previously that TCE ingestion affects 
Th1 immune responses and the T-cell subset, but does not 
affect mitogen-induced splenic cells or T or B cell pro-
liferation without immunization (Kaneko et al., 2000; 
Peden-Adams et al., 2006). However, our results show 
that TCE ingestion affects antigen and ConA stimulated 
splenocyte proliferation, splenocyte T cell proliferation is 
altered by TCE ingestion and immunization.

Productions of cytokines from splenocytes were 
increased by TCE ingestion. IL-4 and IFN-γ productions 
were increased only at the concentration of 0.03 mg/l  
TCE ingestion, so the enhancement of allergic reaction 
by TCE ingestion might be somewhat related with Th1/
Th2 balance. TNF-α production was also increased by 
TCE ingestion, it might be relate with the enhancement 
of inflammation, because TNF-α is well known as a pro-
inflammation cytokine. It was reported that IL-3 derived 
from T cells are required for the development and acti-
vation of the mast cells (Murakami et al., 1995; Lantz et 
al., 1998). IL-3 production was increased, and mast cells 
development and activation be enhanced by TCE inges-
tion. 

In addition, mast cells and T cells clearly have bidi-
rectional influence on each other. It was reported that this 
relationship can be attributed to the biological effects of T 
cell derived mediators on mast cell function (Alam et al., 
1992; Grant et al., 1991; Levi-Schaffer et al., 1991), and 
also mast cell-T cell interactions involving the binding of 
cell surface molecules have been linked to the biologic 

effects exerted by cytokines and other mediators secret-
ed by these two cell populations (Baram et al., 2001;  
Bhattacharyya et al., 1998; Inamura et al., 1998; Mekori  
and Metcalfe, 1999; Brill et al., 2004). We previously 
reported that organic chemical exposure enhanced anti-
gen-stimulated degranulation from mast cells (Seo et al., 
2008), additionally the enhancement of antigen-stimulat-
ed T cell proliferation is possibly attributable to the alter-
ation of degranulation by mast cells from current study.

In conclusion, TCE ingestion alters antigen-specific T 
cell proliferation; moreover, TCE ingestion may affect 
antigen-specific IgE production and cytokine production 
from antigen-specific T cells and affect mast cell develop-
ment by some cytokines derived from T cells. In addition, 
the histamine level of the reaction site was enhanced, 
and a stronger response to antigen was induced by TCE 
ingestion. The detailed mechanisms of these effects are 
unclear, but the dose of TCE in this study might be realis-
tically encountered during the normal course of daily life, 
so TCE ingestion from drinking water may be associated 
with the causation of allergic diseases.

Acknowledgment

This study was supported by a Japanese Grant-in-aid 
for Scientific Research No. 21590134.

References

Alam, R., Forsythe, P.A., Stafford, S., Lett-Brown, M.A. and Grant, 
J.A. (1992): Macrophage inflammatory protein-1 alpha activates 
basophils and mast cells. J. Exp. Med., 176, 781-786.

Baram, D., Vaday, G.G., Salamon, P., Drucker, I., Hershkoviz, R. 
and Mekori, Y.A. (2001): Human mast cells release metallopro-
teinase-9 on contact with activated T cells: juxtacrine regulation 
by TNF-alpha. J. Immunol., 167, 4008-4016.

Barton, H.A. and Clewell, H.J.3rd (2000): Evaluating noncancer 
effects of trichloroethylene: dosimetry, mode of action, and risk 
assessment. Environ. Health Perspect., 108, Suppl. 2, 323-334.

Bhattacharyya, S.P., Drucker, I., Reshef, T., Kirshenbaum, A.S., 
Metcalfe, D.D. and Mekori, Y.A. (1998): Activated T lym-
phocytes induce degranulation and cytokine production by 
human mast cells following cell-to-cell contact. J. Leukoc. Biol., 
63, 337-341.

Brill, A., Baram, D., Sela, U., Salamon, P., Mekori, Y.A. and  
Hershkoviz, R. (2004): Induction of mast cell interactions with 
blood vessel wall components by direct contact with intact T 
cells or T cell membranes in vitro. Clin. Exp. Allergy, 34, 1725-
1731.

Conroy, M.C., Adkinson, N.F.Jr. and lichtenstein, L.M. (1977): 
Measurement of IgE on human basophils: relation to serum IgE 
and anti-IgE-induced histamine release. J. Immunol., 118, 1317-
1321.

Dembo, M. and Goldstein, B. (1978): Theory of equilibrium binding 
of symmetric bivalent haptens to cell surface antibody: applica-

Vol. 35 No. 5

706

R. Kobayashi et al.



tion to histamine release from basophils. J. Immunol., 121, 345-
353.

Dong, C.C., Yin, X.J., Ma, J.Y., Millecchia, L., Barger, M.W.,  
Roberts, J.R., Zhang, X.D., Antonini, J.M. and Ma, J.K. (2005a): 
Exposure of brown Norway rats to diesel exhaust particles pri-
or to ovalbumin (OVA) sensitization elicits IgE adjuvant activity 
but attenuates OVA-induced airway inflammation. Toxicol. Sci., 
88, 150-160.

Dong, C.C., Yin, X.J., Ma, J.Y., Millecchia, L., Wu, Z.X., Barger,  
M.W., Roberts, J.R., Antonini, J.M., Dey, R.D. and Ma, J.K. 
(2005b): Effect of diesel exhaust particles on allergic reactions 
and airway responsiveness in ovalbumin-sensitized brown Nor-
way rats. Toxicol. Sci., 88, 202-212.

Gist, G.L. and Burg, J.R. (1995): Trichloroethylene--a review of the 
literature from a health effects perspective. Toxicol. Ind. Health, 
11, 253-307.

Gould, H.J., Sutton, B.J., Beavil, A.J., Beavil, R.L., McCloskey, N., 
Coker, H.A., Fear, D. and Smurthwaite, L. (2003): The biolo-
gy of IGE and the basis of allergic disease. Annu. Rev. Immu-
nol., 21, 579-628.

Grant, J.A., Alam, R. and Lett-Brown, M.A. (1991): Histamine-
releasing factors and inhibitors: historical perspectives and pos-
sible implications in human illness. J. Allergy Clin. Immunol., 
88, 683-693.

Inagaki, N., Goto, S., Nagai, H. and Koda, A. (1984): Mouse ear 
PCA as a model for evaluating antianaphylactic agents. Int. 
Arch. Allergy Appl. Immunol., 74, 91-92.

Inamura, N., Mekori, Y.A., Bhattacharyya, S.P., Bianchine, P.J. 
and Metcalfe, D.D. (1998): Induction and enhancement of 
Fc(epsilon)RI-dependent mast cell degranulation following coc-
ulture with activated T cells: dependency on ICAM-1- and leu-
kocyte function-associated antigen (LFA)-1-mediated heterotyp-
ic aggregation. J. Immunol., 160, 4026-4033.

Itoh, Y., Oishi, R., Adachi, N. and Saeki, K. (1992): A highly sensi-
tive assay for histamine using ion-pair HPLC coupled with post-
column fluorescent derivatization: its application to biological 
specimens. J. Neurochem., 58, 884-889.

Kaneko, T., Saegusa, M., Tasaka, K. and Sato, A. (2000): Immuno-
toxicity of trichloroethylene: a study with MRL-lpr/lpr mice. J. 
Appl. Toxicol., 20, 471-475.

Lantz, C.S., Boesiger, J., Song, C.H., Mach, N., Kobayashi, T.,  
Mulligan, R.C., Nawa, Y., Dranoff, G. and Galli, S.J. (1998):
Role for interleukin-3 in mast-cell and basophil development 
and in immunity to parasites. Nature, 392, 90-93.

Lau, S., Illi, S., Sommerfeld, C., Niggemann, B., Bergmann, R., von 
Mutius, E. and Wahn, U. (2000): Early exposure to house-dust 
mite and cat allergens and development of childhood asthma: 
a cohort study. Multicentre Allergy Study Group. Lancet, 356, 
1392-1397.

Levi-Schaffer, F., Segal, V. and Shalit, M. (1991): Effects of inter-
leukins on connective tissue type mast cells co-cultured with 
fibroblasts. Immunology, 72, 174-180.

Malveaux, F.J., Conroy, M.C., Adkinson, N.F.Jr. and Lichtenstein, 
L.M. (1978): IgE receptors on human basophils. Relationship to 
serum IgE concentration. J. Clin. Invest., 62, 176-181.

Mekori, Y.A. and Metcalfe, D.D. (1999): Mast cell-T cell interac-
tions. J. Allergy Clin. Immunol., 104, 517-523.

Murakami, M., Austen, K.F., Bingham, C.O.3rd, Friend, D.S.,  
Penrose, J.F. and Arm, J.P. (1995): Interleukin-3 regulates  

development of the 5-lipoxygenase/leukotriene C4 synthase 
pathway in mouse mast cells. J. Biol. Chem., 270, 22653-22656.

Nicolai, T. (1997): Epidemiology of pollution-induced airway dis-
ease: urban/rural differences in East and West Germany. Aller-
gy, 52, 26-29.

Peden-Adams, M.M., Eudaly, J.G., Heesemann, L.M., Smythe, J., 
Miller, J., Gilkeson, G. and Keil, D.E.  (2006): Developmental 
immunotoxicity of trichloroethylene (TCE): studies in B6C3F1 
mice. J. Environ. Sci. Health A Tox. Hazard. Subst. Environ. 
Eng., 41, 249-271.

Purohit, A., Laffer, S., Metz-Favre, C., Verot, A., Kricek, F.,  
Valenta, R. and Pauli, G. (2005): Poor association between aller-
gen-specific serum immunoglobulin E levels, skin sensitivity 
and basophil degranulation: a study with recombinant birch pol-
len allergen Bet v 1 and an immunoglobulin E detection system 
measuring immunoglobulin E capable of binding to Fc epsilon 
RI. Clin. Exp. Allergy, 35, 186-192.

Sadakane, K., Takano, H., Ichinose, T., Yanagisawa, R. and 
Shibamoto, T. (2002): Formaldehyde enhances mite allergen-
induced eosinophilic inflammation in the murine airway. J.  
Environ. Pathol. Toxicol. Oncol., 21, 267-276.

Sanders, V.M., Tucker, A.N., White, K.L.Jr., Kauffmann, B.M., 
Hallett, P., Carchman, R.A., Borzelleca, J.F. and Munson, A.E. 
(1982): Humoral and cell-mediated immune status in mice 
exposed to trichloroethylene in the drinking water. Toxicol. 
Appl. Pharmacol., 62, 358-368.

Scott, C.S. and Chiu, W.A. (2006): Trichloroethylene cancer epide-
miology: a consideration of select issues. Environ. Health Per-
spect., 114, 1471-1478.

Sears, M.R. (1997): Epidemiology of childhood asthma. Lancet, 
350, 1015-1020.

Seo, M., Ikeda, K., Okamura, T., Kida, K., Satoh, M., Inagaki, N., 
Nagai, H. and Nagase, H. (2008): Enhancing effect of chlorinat-
ed organic solvents on histamine release and inflammatory medi-
ator production. Toxicology, 243, 75-83.

Takano, H., Yoshikawa, T., Ichinose, T., Miyabara, Y., Imaoka, K. 
and Sagai, M. (1997): Diesel exhaust particles enhance antigen-
induced airway inflammation and local cytokine expression in 
mice. Am. J. Respir. Crit. Care Med., 156, 36-42.

Tatemoto, K., Nozaki, Y., Tsuda, R., Konno, S., Tomura, K., Furuno,  
M., Ogasawara, H., Edamura, K., Takagi, H., Iwamura, H., 
Noguchi, M. and Naito, T. (2006): Immunoglobulin E-independ-
ent activation of mast cell is mediated by Mrg receptors. Bio-
chem. Biophys. Res. Commun., 349, 1322-1328.

Wu, C. and Schaum, J. (2000): Exposure assessment of trichloroeth-
ylene. Environ. Health Perspect., 108, Suppl. 2, 359-363.

Yamatodani, A., Fukuda, H., Wada, H., Iwaeda, T. and Watanabe, 
T. (1985): High-performance liquid chromatographic determina-
tion of plasma and brain histamine without previous purification 
of biological samples: cation-exchange chromatography coupled 
with post-column derivatization fluorometry. J. Chromatogr., 
344, 115-123.

Yazdanbakhsh, M., Kremsner, P.G. and van Ree, R. (2002): Allergy, 
parasites, and the hygiene hypothesis. Science, 296, 490-494.

Yemaneberhan, H., Flohr, C., Lewis, S.A., Bekele, Z., Parry, E., 
Williams, H.C., Britton, J. and Venn, A. (2004): Prevalence and 
associated factors of atopic dermatitis symptoms in rural and 
urban Ethiopia. Clin. Exp. Allergy, 34, 779-785.

Vol. 35 No. 5

707

Enhancement of allergic reactions by trichloroethylene ingestion




