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Abstract

The murine local lymph node assay (LLNA) was originally developed as a predictive test method for the identification of
chemicals with sensitizing potential. In this study we demonstrated that an adapted LLNA can also be used as an immune
function assay by studying the effects of orally administered immunomodulating compounds on the T-cell-dependent immune
response induced by the contact sensitizer 2,4-dinitrochlorobenzene (DNCB). C57Bl/6 mice were treated with the immunotoxic
compounds cyclosporin A (CsA), bis(tri-n-butyltin)oxide (TBTO) or benzo[a]pyrene, (B[a]P). Subsequently, cell proliferation
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nd interferon-� (IFN-�) and interleukin (IL)-4 release were determined in the auricular lymph nodes (LNs) after D
pplication on both ears. Immunosuppression induced by CsA, TBTO and B[a]P was clearly detectable in this application

he LLNA. Cytokine release measurements proved valuable to confirm the results of the cell proliferation assay and
n indication of the effect on Th1/Th2 balance. We believe to have demonstrated the applicability of an adapted LLN

mmune function assay in the mouse.
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1. Introduction

The murine local lymph node assay (LLNA) w
originally developed as a predictive test method for
identification of chemicals that have the potential
cause sensitization (Kimber et al., 1986; Kimber an
Weisenberger, 1989). This assay has been validat
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extensively and is nowadays commonly used to un-
cover allergenicity (Kimber et al., 2002). In the LLNA,
lymphocyte proliferation in draining lymph nodes is
used as a measure for the immune response to an ap-
plied allergen. As such, the LLNA can be seen as a func-
tional assay of immune reactivity to T-cell-dependent
antigens, which is suggested to be applicable in the
study of direct effects on the immune system after expo-
sure to (toxic) compounds (Albers et al., 2002, 2003).

In this study, we applied the LLNA in combination
with cytokine enzyme-linked immunosorbent assays
(ELISAs) to demonstrate immunomodulating effects
of various orally administered substances. For this
purpose, groups of mice were exposed to control or
test diets prior to sensitization with a T-cell-dependent,
low molecular weight antigen. The lymphocyte
activation in the animals exposed to the test agents
was then compared to that in the control animals.
An immunosuppressive or -stimulating effect of the
test agent would thus be expressed by a diminished
or enhanced proliferative and cytokine response of
lymphocytes after application of the sensitizer.

The T-cell-dependent low molecular weight
antigen used to induce immune responses was
2,4-dinitrochlorobenzene (DNCB). DNCB is a well-
known contact sensitizer that induces a T helper
(Th) 1 response and interferon-� (IFN-�) and in-
terleukin (IL)-2 production (Dearman et al., 1992).
Cyclosporin A (CsA), bis(tri-n-butyltin)oxide (TBTO)
and benzo[a]pyrene (B[a]P) were the test substances
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Furthermore, recent studies suggests that promotion
of transcription of certain (partially immunologically
relevant) genes by CsA or binding of CsA to specific
surface receptors could contribute to its effects as
well (Allain et al., 1996; Cacalano et al., 1992;
Mascarell and Truffa-Bachi, 2003). In addition to the
immunosuppressive effects, CsA treatment turned out
to promote development of lymphoid and skin cancers
(Shinozuka et al., 1986; Stewart et al., 1995).

TBTO is a persistent organotin compound that is
used as a biocide, e.g. in anti-fouling paints, and ac-
cordingly occurs as an environmental pollutant. This
chemical has been shown to cause immunosuppres-
sion in rats and consequently reduction of resistance
to infections. This is mainly due to a decreased cel-
lular immune response caused by a direct action of
TBTO on cortical thymocytes, but also to the effect of
TBTO on non-specific immune functions like NK cell
and macrophage activity (Krajnc et al., 1984; Vos et al.,
1984, 1990). Whether the observed thymus atrophy af-
ter TBTO exposure is caused by induction of apoptosis
or antiproliferative effects is still unclear (Raffray and
Cohen, 1993; Vos et al., 1984).

The combustion product B[a]P is the prototype im-
munotoxic polycylic aromatic hydrocarbon (PAH) and
also the first carcinogenic compound isolated from
coal tar (White et al., 1994). The effect of B[a]P on
the immune system manifests itself generally in at-
rophy or decreased cellularity in spleen, thymus and
bone marrow and a reduction of circulating red and
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ith different modes of action and employed here
odel compounds to show the usefulness of the LL
s an immune function assay. The immunosuppre
rug CsA is used after organ and bone marrow tr
lantation and in treatment of autoimmune disea
sA primarily interferes with T-cell proliferatio
y affecting transcription of several genes encod
rowth and differentiation factors (such as cytokin
ell surface receptors and a transcription factor (Kiani
t al., 2000). Some of these genes are under con
f the transcription factor nuclear factor of activa
-cells (NFAT) that needs to be dephosphoryla
y the protein phosphatase calcineurin to be

o translocate to the nucleus and activate ta
enes. CsA binds to cyclophilin, after which t
omplex binds and thereby inhibits calcineurin (Ho
t al., 1996; Mascarell and Truffa-Bachi, 200).
hite blood cells and immunoglobulins (De Jong e
l., 1999). The exact mechanism of B[a]P-induced im
unosuppression still remains to be established. P

ial effects of B[a]P or its reactive metabolites (form
y cytochrome P450 enzymes, possibly particul

n macrophages) that could be involved are bind
o the aryl hydrocarbon receptor (AhR), entering
embranes and interference with its function, aff

ng production of various interleukins or alterating m
ilization of intracellular calcium (White et al., 1994).
etabolic activation of B[a]P is also associated with
enotoxic effect in various tissues (Levin et al., 1982
towers and Anderson, 1985). In addition, B[a]P was
hown to have sensitizing capacity after applicatio
he skin in the standard LLNA (Ashby et al., 1995).

Our findings show that the LLNA offers a simp
pproach to demonstrate immunosupression by o
dministered agents.
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2. Material and methods

2.1. Animals

Male and female C57Bl/6 mice of 6–9-week-
old were obtained from Charles River Laboratories
(Someren, The Netherlands). We performed the LLNA
in the C57Bl/6 strain instead of the traditionally used
CBA mice because these experiments were part of a
larger study in which C57Bl/6 mice were used also.
These mice are comparable to CBA mice with regard
to Th1 responses, such as the response to DNCB, as
shown byWoolhiser et al. (2000). The animals were
bred specific pathogen free and housed in macrolon
cages under conventional conditions.

2.2. Treatment

The mice were randomly divided over the treatment
groups. For every treatment group, a separate control
group was included. During 4 weeks, C57Bl/6 mice
were fed a standard diet (SRM-A food, Hope farms
Arie Blok, Woerden NL) or similar food mixed with
300 ppm of TBTO (Sigma–Aldrich, Zwijndrecht, The
Netherlands) or with 500 ppm of CsA (Kindly provided
by Novartis Pharma AG, Basel, Switzerland), both feed
mixtures were manufactured at Altromin (Lage, Ger-
many). B[a]P (purpose-made by Serva, Germany), dis-
solved in 0.1 ml sunflower oil, was given by gavage
three times a week at a dose of 13 mg/kg body weight.
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1%, 0.66%, 0.33% and 0% (w/v). DNCB application
was performed daily for three consecutive days. Dur-
ing these days the mice were given standard diet ad
libitum.

2.4. Cell isolation

In contrast to the LLNA, we have not labeled lym-
phocytes in the auricular lymph nodes (LNs) with [3H]-
thymidine in vivo, but rather harvested the lympho-
cytes, and labeled them ex vivo. For this reason, we
use the term adapted LLNA.

Three days after the last topical application of
DNCB to the ears, the mice were euthanized by CO2/O2
exposure and the auricular lymph nodes were excised.
The LNs were pooled for each animal, weighed and
suspended in 5 ml RPMI 1640 (Gibco, Life Technolo-
gies, Breda, The Netherlands) with 5% heat inacti-
vated fetal calf serum (FCS) (PAA, Linz, Austria),
100 U/ml penicillin and 100�g/ml streptomycin (stan-
dard medium). Single cell suspensions were prepared
by pressing the LNs trough a 70�m nylon cell strainer
(Falcon, Franklin Lakes, USA). The cells were washed
twice in standard medium (10 min, 300×g, 4◦C) and
resuspended in 1 ml standard medium with 10% FCS.
A Coulter Counter (Z2, Coulter Electronics, Mijdrecht,
The Netherlands) was used to count the cells. Then
the concentration of the cell suspensions was adjusted
to 1× 107 cells/ml. Some cell suspensions of AOO
treated animals were pooled, because the number of
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esponded to the maximum tolerated doses (MT
ere defined as the dose that causes a 10% reduc
ody weight gain along the growth curve compare

he control group.
Standard diet, the diets containing CsA or TB

nd water were given ad libitum. The mice that rece
[a]P orally, had free access to standard diet during

reatment.

.3. Sensitization

Immediately after the 4-week treatment period w
sA, TBTO and B[a]P, for every different treatme
roup four mice were topically exposed to DNCB (2
initrochlorobenzene 98%; Sigma–Aldrich) (25�l)
issolved in acetone:olive oil (4:1) (AOO) on the d
um of both ears. The DNCB concentrations used
ells per animal was insufficient to perform the sub
uent assays. Then the averages of the cell counts
ooled lymph nodes were used for further calculati

.5. Cell proliferation

Of each cell suspension of 1× 107 cells/ml, 200�l
as seeded in triplicate in a U-bottom 96-well p

Greiner, Alphen aan den Rijn, The Netherlands). A
ddition of 10�l/well (=1 �Ci) [methyl-3H]-thymidine
Amersham Biosciences, Buckinghamshire, UK)
ells were incubated at 37◦C in a humidified atmo
phere containing 5% CO2 during 20–24 h. The cel
ere harvested on glass-fiber filters (LKB-Wall
urku, Finland) using a multiple cell culture harves
LKB-Wallac). The [3H]-thymidine activity was dete
ined using a liquid scintillation counter (1205 B

aplate TM, LKB-Wallac). For further calculations t
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median of the triplicates was used. The [3H]-thymidine
incorporation is expressed per set of LNs, being the
mean of the measured counts per minute (cpm) per
group times the mean total LN cell number per group
±S.E.M.

2.6. Cytokine release

Hundred microlitres of the cell suspension of
1× 107 cells/ml was seeded in duplicate in a 24-well
plate (Greiner). The cells were incubated at 37◦C in
a humidified atmosphere for 20–24 h in the presence
of the mitogen concanavalin A (ConA, ICN Biochemi-
cals, Irvine, USA). The supernatant was harvested and
used in an ELISA to measure the amount of IFN-� and
IL-4. For the IFN-� ELISA, MaxiSorp 96-well flat-
bottom plates (Nunc-Immuno Plate, Denmark) were
coated overnight at 4◦C with 2�g/ml rat anti-mouse
IFN-� (Pharmingen, San Diego, CA) in coating buffer
(0.04 M carbonate buffer pH 9.6). Then the plates were
incubated in blocking buffer (PBS with 0.1% Tween-20
(Merck, Amsterdam, The Netherlands) containing 1%
(w/v) blocking reagent (NEN 3 GM) for 2 h at 37◦C or
overnight at 4◦C and washed (PBS plus 0.1% Tween-
20) on an Auto Plate Washer (ELx405, Bio-Tek, Instru-
ments Inc.). Recombinant mouse IFN-� (Pharmingen)
was used as a standard. Serial dilutions of the standard
as well as the culture supernatants were added to the
plate (100�l/well). Biotinylated rat anti-mouse IFN-
�
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with blocking buffer containing 1% (w/v) dried milk,
recombinant mouse IL-4 (Biosource, Camarillo, CA)
as a standard and 0.4�g/ml biotinylated rat anti-mouse
IL-4 (Pharmingen) for detection.

Antibodies, standards, samples and streptavidin
were diluted in dilution buffer containing PBS plus
0.1% Tween-20. A 0.5% blocking reagent (IFN-�) or
0.5% dried milk (IL-4) were added.

The cytokine release is expressed per set of auricular
LNs, being the mean of the measured picograms (pg)
per group times the mean total LN cell number per
group±S.E.M.

2.7. Statistical analysis

For the cell proliferation assay as well as the cy-
tokine release assay, statistical analysis was performed
using one-way analysis of variance (ANOVA). Signif-
icant differences of the control group were determined
with the Bonferroni post hoc test, using a significance
level ofp= 0.05.

3. Results

3.1. Cell proliferation

The effects of the treatments with immunomodulat-
ing compounds on DNCB induced lymphocyte prolif-
eration in draining LNs are shown inFig. 1. Treatment
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ontinuous shaking. The plates were washed and
orseradish peroxidase labeled streptavidin (10,

old dilution, CLB, Amsterdam, The Netherlands) w
dded, after which the plates were incubated for 45
nder continuous shaking. Plates were washed a
nd TMB/DMSO solution (1.6% tetramethylbenzid
TMB, Sigma)) in dimethyl sulfoxide (DMSO, Fluka
.8% sodiumacetate (1.1 M), pH 5.5, 0.02% pe
rol (30%, Merck)) was added. The reaction was
inated with H2SO4 (50�l/well) (10%, Merck) and

he absorbance was read at 450 nm, using an
ated multichannel photometer (Titertek Multisc
CC/340, Merlin Diagnostics System B.V.). Stand

urves were used to calculate the cytokine release
For IL-4, a similar protocol was used with 1�g/ml

at anti-mouse IL-4 (Pharmingen) for coating, block
f C57Bl/6 mice with CsA, TBTO or B[a]P resulted
n a reduction of the [3H]-thymidine incorporation in
omparison with the control mice.Fig. 1a shows tha
he reduction of [3H]-thymidine incorporation afte
sA exposure was significant (p= 0.032) in the highes
NCB treatment group. After B[a]P exposure (Fig. 1c)

he incorporation was also significantly redu
p= 0.008) in the highest DNCB group. As shown
ig. 1b, the TBTO exposed mice showed a sim
attern, but here the reduction was not statistic
ignificant.

.2. Cytokine release

Analyses of cytokine release in supernatant of
ultures of draining LN-cells were performed for
and IFN-�. Fig. 2 shows that in the groups expos

o the highest DNCB concentration, both the IL-4
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Fig. 1. [3H]-thymidine incorporation in auricular LN cells of
C57Bl/6 mice after treatment with different immunosuppressive
compounds. Mice were treated during 4 weeks with CsA (a); TBTO
(b) or B[a]P (c) (n= 16, 8 females and 8 males). These mice (�) as
well as the untreated animals (�) (similar group sizes) were subdi-
vided in groups (n= 4, 2 females and 2 males) for the different DNCB
concentrations (0%, 0.33%, 0.66% and 1%). The [3H]-thymidine in-
corporation is expressed per set of auricular LNs, being the mean of
the measured counts per minute (cpm) per group times the mean total
LN cell number per group±S.E.M. Significance levels are*p< 0.05
and** p< 0.01.

Table 1
The ratios of Th1 and Th2 response for every treatment group and
matching control group

Compound Control group Treatment group

TBTO 1.4± 0.6 0.7± 0.1
CsA 2.1± 1.7 3.4± 1.0
B[a]P 1.1± 0.3 2.1± 2.3

The results are expressed as mean ratio of IFN-�/IL-4 times 1× 10−2

in the 1% DNCB group±S.E.M.

IFN-� release were decreased for the mice treated with
CsA or B[a]P compared to the non-treated control
mice. TBTO only suppressed IFN-� release at that con-
centration. Only the reduction of the IFN-� release after
B[a]P exposure (Fig. 2f) at 1% DNCB was statistically
significant (p< 0.001).

Table 1summarizes the ratios of IFN-� and IL-4 re-
lease in the 1% DNCB group for every treatment group
and matching control group. TBTO exposed mice had
a lower ratio than the control group, whereas the CsA
and B[a]P exposed mice showed a higher ratio than
their control group.

4. Discussion

The murine LLNA is currently being used to
identify compounds having a sensitizing capacity
(Kimber et al., 2002). The aim of the present study
was to demonstrate that the LLNA can also be
employed as an immune function assay. By applying
a contact sensitizer that induces a T-cell-dependent
immune response, the effects of immunomodulating
compounds on this response can manifest themselves
in effects on the cell proliferation and cytokine release
pattern in draining lymph nodes.

We treated C57Bl/6 mice with the known im-
munotoxic compounds CsA, TBTO and B[a]P. With
regard to the results of the cell proliferation assay, the
immunosuppressive effects of these compounds were
d nse
i d-
i ays,
w s
a om-
p was
e ted,
s after
emonstrated by reduction of the proliferative respo
n auricular LNs after DNCB application. These fin
ngs were confirmed by the cytokine release ass
hich showed that IFN-� and IL-4 release in the LN
re reduced after treatment with the immunotoxic c
ounds. This effect was most overt in the group that
xposed to 1% DNCB. This finding was as expec
ince the course of the proliferatory response
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Fig. 2. The release of IL-4 and IFN-� in auricular LN cells of C57Bl/6 mice after treatment with different immunosuppressive compounds. Mice
were treated during 4 weeks with CsA (a and b); TBTO (c and d); B[a]P (e and f) (n= 16, 8 females and 8 males). These mice (�) as well as
the untreated animals (�) (similar group sizes) were subdivided in groups (n= 4, 2 females and 2 males) for the different DNCB concentrations
(0%, 0.33%, 0.66% and 1%). The cytokine release is expressed per set of auricular LNs, being the mean of the measured picograms (pg) per
group times the mean total LN cell number per group±S.E.M. Significance level is*** p< 0.001.

application of the allergen showed dose dependency.
The effect of the highest DNCB concentration is thus
the most pronounced and can consequently be influ-
enced the most by treatment with immunomodulating
compounds. This finding demonstrates that use of the
most effective concentration of the applied allergen is
important in detection of an effect of the treatment. It

is therefore recommended to use a suitable dose-range
of the allergen to rule out false-negative results.

We also used cytokine release patterns to determine
whether a shift in the Th1/Th2 balance took place after
exposure to the immunotoxic compounds compared to
the control groups. IFN-� was used to measure Th1 re-
sponse and IL-4 for Th2 function. According to our
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results, CsA and B[a]P treatment caused a relative
shift towards Th1-dependent immunity whereas TBTO
treatment led to a relatively more pronounced Th2 char-
acter. This may indicate that although all compounds
showed overall immunosuppression, the nature of the
effects that are involved may be different. Occurrence
of such shifts in Th1/Th2 balance is of clinical im-
portance with a view on induction or exacerbation of
allergies or autoimmunity.

It is imaginable that the effects of orally adminis-
tered immunosuppressive chemicals on the immune
function and Th1/Th2 balance could be somewhat dif-
ferent when the animals are triggered to generate, for
example, a Th2 response rather than a Th1 response, as
induced by DNCB. Therefore, the results of our exper-
iments could have been different if another sensitizer
than DNCB would have been used. This is an interest-
ing aspect that should be investigated in future experi-
ments.

In the standard LLNA, B[a]P was found to have a
sensitizing effect in auricular LNs when topically ap-
plied to the ear, as published by Ashby et al. (Ashby
et al., 1995). One could wonder if this allergenic activ-
ity of B[a]P has influenced our test results. However,
whereas B[a]P elicits sensitizing effects after applica-
tion to the skin, oral administration of B[a]P would
more readily lead to stimulatory effects in the mesen-
teric than in the auricular LNs. Although it cannot be
ruled out that this sensitizing activity might have some
impact on the process of sensitization to another aller-
g re-
s lied
l tial
s It
i re-
s test
r ces
o sys-
t
e r LN
d we
i NCB.
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c tudy,
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i ed to
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nisms that are involved in carcinogenesis. The results
of the adapted LLNAs in the current study can now
serve as proof of the immunosuppressive action of the
compounds administered at this MTD. We are aware
of the fact that lower doses of the chemicals would
probably also have resulted in a diminished immune
response to DNCB.

We conclude that the adapted LLNA was success-
fully applied here to detect immunosuppression after
oral exposure to the immunotoxic agents CsA, TBTO
and B[a]P. In contrast toRavel et al., 2004, we showed
that the addition of cytokine release measurements
proved valuable to confirm the results of the cell pro-
liferation assay and to obtain an indication of the ef-
fect on Th1/Th2 balance. Therefore, we believe to have
demonstrated the applicability of the adapted LLNA as
an immune function assay in the mouse, which could as
such be employed in hazard identification of potential
immunomodulating compounds.

Acknowledgements

We thank Coen Moolenbeek, Ruud van Kinderen,
Cor Schot, Paul Reulen, Christine Soputan en Ton de
Liefde for their biotechnical support. In part supported
by CEFIC.

References

A rs,
rine

A H.,
E,
tion

A tes
tes
sur-

A ture
ocal

C 992.
the
89,

D . De-
i-

220.
en, it is not very likely that the draining lymph node
ponse to a different compound (DNCB) that is app
ocally (on the ear) will be influenced by the poten
ensitizing effect of B[a]P after oral administration.

s exactly this determination of the local immune
ponse to sensitizers in the LLNA that makes this
elatively insensitive to systemic allergenic influen
f compounds on these immune responses. The

emic immunosuppressive effect of B[a]P, though, is
xpected to influence the response in the auricula
raining the ear on which DNCB is applied, and

ndeed detected a reduced immune response to D
We administered MTDs of the immunotoxicants

ause these experiments were part of a larger s
erformed with the same compounds. The aim of
tudy was to characterize patterns of gene expre
n several tissues of the same mouse strain expos
sA, TBTO or B[a]P, in order to define the mech
lbers, R., Bol, M., Bleumink, R., Willems, A., Blonk, C., Piete
R., 2002. Effects of dietary lipids on immune function in a mu
sensitisation model. Br. J. Nutr. 88, 291–299.

lbers, R., Bol, M., Bleumink, R., Willems, A.A., Pieters, R.
2003. Effects of supplementation with Vitamins A, C, and
selenium, and zinc on immune function in a murine sensitiza
model. Nutrition 19, 940–946.

llain, F., Denys, A., Spik, G., 1996. Cyclophilin B media
cyclosporin A incorporation in human blood T-lymphocy
through the specific binding of complexed drug to the cell
face. Biochem. J. 317 (Pt 2), 565–570.

shby, J., Basketter, D.A., Paton, D., Kimber, I., 1995. Struc
activity relationships in skin sensitization using the murine l
lymph node assay. Toxicology 103, 177–194.

acalano, N.A., Chen, B.X., Cleveland, W.L., Erlanger, B.F., 1
Evidence for a functional receptor for cyclosporin A on
surface of lymphocytes. Proc. Natl. Acad. Sci. U.S.A.
4353–4357.

e Jong, W.H., Kroese, E.D., Vos, J.G., van Loveren, H., 1999
tection of immunotoxicity of benzo[a]pyrene in a subacute tox
city study after oral exposure in rats. Toxicol. Sci. 50, 214–



114 F.A. van den Berg et al. / Toxicology 211 (2005) 107–114

Dearman, R.J., Basketter, D.A., Coleman, J.W., Kimber, I., 1992.
The cellular and molecular basis for divergent allergic responses
to chemicals. Chem. Biol. Interact. 84, 1–10.

Ho, S., Clipstone, N., Timmermann, L., Northrop, J., Graef, I.,
Fiorentino, D., Nourse, J., Crabtree, G.R., 1996. The mecha-
nism of action of cyclosporin A and FK506. Clin. Immunol. Im-
munopathol. 80, S40–S45.

Kiani, A., Rao, A., Aramburu, J., 2000. Manipulating immune re-
sponses with immunosuppressive agents that target NFAT. Im-
munity 12, 359–372.

Kimber, I., Dearman, R.J., Basketter, D.A., Ryan, C.A., Gerberick,
G.F., 2002. The local lymph node assay: past, present and future.
Contact Dermatitis 47, 315–328.

Kimber, I., Mitchell, J.A., Griffin, A.C., 1986. Development of a
murine local lymph node assay for the determination of sensitiz-
ing potential. Food Chem. Toxicol. 24, 585–586.

Kimber, I., Weisenberger, C., 1989. A murine local lymph node assay
for the identification of contact allergens. Assay development and
results of an initial validation study. Arch. Toxicol. 63, 274–282.

Krajnc, E.I., Wester, P.W., Loeber, J.G., van Leeuwen, F.X., Vos,
J.G., Vaessen, H.A., van der Heijden, C.A., 1984. Toxicity of
bis(tri-n-butyltin)oxide in the rat. I. Short-term effects on general
parameters and on the endocrine and lymphoid systems. Toxicol.
Appl. Pharmacol. 75, 363–386.

Levin, W., Wood, A., Chang, R., Ryan, D., Thomas, P., Yagi, H.,
Thakker, D., Vyas, K., Boyd, C., Chu, S.Y., Conney, A., Jerina,
D., 1982. Oxidative metabolism of polycyclic aromatic hydro-
carbons to ultimate carcinogens. Drug Metab. Rev. 13, 555–580.

Mascarell, L., Truffa-Bachi, P., 2003. New aspects of cyclosporin a
mode of action: from gene silencing to gene up-regulation. Mini
Rev. Med. Chem. 3, 205–214.

Raffray, M., Cohen, G.M., 1993. Thymocyte apoptosis as a mecha-
nism for tributyltin-induced thymic atrophy in vivo. Arch. Toxi-
col. 67, 231–236.

Ravel, G., Christ, M., Horand, F., Descotes, J., 2004. Cytokine
release does not improve the sensitivity and specificity of
the direct popliteal lymph node assay. Toxicology 200, 247–
254.

Shinozuka, H., Gill III, T.J., Kunz, H.W., Witkowski, L.A., Demetris,
A.J., Perera, M.I., 1986. Enhancement of the induction of
murine thymic lymphomas by cyclosporine. Transplantation 41,
377–380.

Stewart, T., Tsai, S.C., Grayson, H., Henderson, R., Opelz, G.,
1995. Incidence of de-novo breast cancer in women chroni-
cally immunosuppressed after organ transplantation. Lancet 346,
796–798.

Stowers, S.J., Anderson, M.W., 1985. Formation and persistence of
benzo(a)pyrene metabolite-DNA adducts. Environ. Health Per-
spect. 62, 31–39.

Vos, J.G., de Klerk, A., Krajnc, E.I., Kruizinga, W., van Om-
men, B., Rozing, J., 1984. Toxicity of bis(tri-n-butyltin)oxide
in the rat. II. Suppression of thymus-dependent immune
responses and of parameters of nonspecific resistance af-
ter short-term exposure. Toxicol. Appl. Pharmacol. 75, 387–
408.

Vos, J.G., de Klerk, A., Krajnc, E.I., van Loveren, H., Rozing, J.,
1990. Immunotoxicity of bis(tri-n-butyltin)oxide in the rat: ef-
fects on thymus-dependent immunity and on nonspecific resis-
tance following long-term exposure in young versus aged rats.
Toxicol. Appl. Pharmacol. 105, 144–155.

White, K.L., Kawabata, T.T., Ladics, G.S., 1994. Mechanisms of
polycyclic aromatic hydrocarbon immunotoxicity. In: Dean, J.,
Luster, M., Munson, A., Kimber, I. (Eds.), Immunotoxicology
and Immunopharmacology, second ed. Raven Press, New York,
pp. 123–142.

Woolhiser, M.R., Munson, A.E., Meade, B.J., 2000. Comparison of
mouse strains using the local lymph node assay. Toxicology 146,
221–227.


	Use of the local lymph node assay in assessment of immune function
	Introduction
	Material and methods
	Animals
	Treatment
	Sensitization
	Cell isolation
	Cell proliferation
	Cytokine release
	Statistical analysis

	Results
	Cell proliferation
	Cytokine release

	Discussion
	Acknowledgements
	References


