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Abstract

The local lymph node assay (LLNA), as recommended by the Interagency Coordinating Committee on the
Validation of Alternative Methods (ICCVAM), only allows for the use of CBA mice. The objective of these studies
was to begin to assess the response of chemical sensitizers in the LLNA across six strains of female mice (C57BL/6,
SJL/J, BALB/c, B6C3F1, DBA/2 and CBA). The moderate sensitizer a-hexylcinnamaldehyde (HCA) was chosen as
the test chemical, while toluene diisocyanate (TDI) and 2,4-dinitrofluorobenzene (DNFB) were evaluated at single
concentrations as positive controls. Draining lymph node cell proliferation following acetone exposure varied across
strains. SJL mice had a significantly higher degree of proliferation with 2111 d.p.m./2 nodes. The remaining five
strains demonstrated responses which ranged from 345 to 887 dpm/2 nodes. DBA/2, B6C3F1, BALB/c and CBA mice
had essentially equal levels of lymph node proliferation following exposure to the three chemicals. While C57BL/6
mice gave similar results as CBA mice following DNFB and HCA adminstration, the LLNA response to TDI was
considerably lower. SJL mice provided low stimulation indexes (SI) values for all three chemicals evaluated.
Regardless of the level of LLNA response, all six mouse strains identified the sensitization potential of HCA, TDI or
DNFB. Based on these studies, DBA/2, B6C3F1 and BALB/c mice are good choices for continued evaluation as
additional mouse strains for use in the LLNA. © 2000 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction been modified and validated over the past decade
(Kimber and Weisenberger, 1989; Basketter et al.,

The murine local lymph node assay (LLNA) 1994, Kimber et al., 1994, 1995; Chamberlain and
was described by Kimber et al. (1986) and has Basketter, 1996; Loveless et al., 1996). It has since
been frequently utilized to assess allergic, contact
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sensitization potential. Advantages of the murine
LLNA include a quantitative endpoint, a dose
response assessment with a reduced number of
animals and a shortened assay time.

The LLNA has been approved as an initial
screening assay by the Organization for Economic
Cooperation and Development (OECD) since
1992. Recently, a Peer Review Panel convened by
the Interagency Coordinating Committee on the
Validation of Alternative Methods (ICCVAM),
an organization established by 14 Federal regula-
tory and research agencies with the objective of
harmonizing the development, validation and ac-
ceptance of toxicological test methods for indus-
try R&D and regulatory authorities, evaluated the
usefulness of the LLNA as a stand-alone alterna-
tive to guinea pig assays for hazard identification
of potential contact sensitizers. In their final re-
port (NIEHS, 1999), the Peer Review Panel en-
dorsed the LLNA to the ICCVAM but outlined
several questions regarding the parameters of the
assay. Among these was the choice of mouse
strain. The standard LLNA protocol allows for
the use of CBA mice only; a choice which was
made without a systematic evaluation of different
mouse strains. Limited LLNA data has been pub-
lished using different mouse strains (BALB/c and
B6C3F1) to evaluate the sensitization potential of
chemicals (Kimber and Weisenberger, 1989;
Hayes et al., 1998; Hayes and Meade, 1999;
Woolhiser et al., 1998). The objective of these
studies was to begin to assess the response of
chemical sensitizers in the LLNA across six
strains of mice which are commonly used in im-
munotoxicology research.

Draining lymph node proliferation was evalu-
ated following exposures to three concentrations
of a-hexylcinnamaldehyde (HCA), a moderate
contact sensitizer which is one of the chemicals
recommended by the OECD as a positive control
for the LLNA. In addition, the strong contact
sensitizer 2,4-dinitrofluorobenzene and the potent
IgE-mediated sensitizer toluene diisocyanate were
evaluated at single, moderate concentrations as
positive controls for T cell mediated and IgE-me-
diated responses.

2. Materials and methods
2.1. Animals

Female C57BL/6, SJL/J, BALB/c and CBA
mice were purchased from Jackson Laboratories
(Bar Harbor, ME). DBA/2 female mice were ob-
tained from Harlan Sprague Dawley (Indiana-
polis, IN) while female B6C3F1 mice were
purchased from Charles Rivers Laboratories in
Wilmington, MA. Mice were 8—10 weeks of age
upon arrival and were quarantined for 1 week
prior to use. Mice were weighed and assigned into
homogeneous weight groups (n=15). All mice
were provided tap water ad libitum; C57BL/6
mice were fed Purinia NIH R + M/Auto 6F-Ovals
5SK67 (NIH31 equivalent lab diet; 6% fat) while
all other mouse strains received Agway Prolab
Animal Diet (5% fat). Mice were maintained un-
der conditions specified within NIH guidelines
(National Research Council, 1996). Animal rooms
were maintained between 18 and 26°C and 40—
70% relative humidity with light/dark cycles of
12-h intervals. Body weights were recorded at the
termination of the study and no statistical differ-
ences between groups were noted (data not
shown).

2.2. Chemicals

HCA (purity 85%), 2.,4-dinitrofluorobenzene
(DNFB; purity 99%), toluene diisocyanate (TDI;
purity 99.6%) and acetone were all purchased
from Sigma—Aldrich (St. Louis, MO). All chemi-
cals were prepared in acetone at the following
volume:volume concentrations: 5, 25 and 50%
HCA; 0.15% DNFB; 1% TDI.

2.3. LLNA

The LLNA was performed following the
method described in the ICCVAM Peer Review
Panel report (NIEHS, 1999). On days 1-3, vehicle
or test solutions were administered topically to
the dorsal surfaces of each ear (25 pl per ear). All
exposures were accomplished +2 h from the
previous day. On day 6, each animal was intra-
venously injected via one of the lateral tail veins
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with 0.2 ml phosphate buffered saline (PBS) con-
taining 20 pCi [*H]Jthymidine (Dupont NEN; spe-
cific activity 2 Ci/mmol). Five hours after
[’H]thymidine injection, animals were euthanized
by carbon dioxide asphyxiation, and right and left
cervical draining lymph nodes located near the
bifurcation of the jugular vein were excised and
pooled for each animal. Lymph nodes were pre-
pared as single-cell suspensions for each animal
by mechanical disaggregation using frosted micro-
scope slides. The samples were washed twice with
PBS and precipitated in 5% trichloroacetic acid
(TCA) overnight. The following day, cell suspen-
sions were pelleted (200 x g for 10 min), resus-
pended in 1 ml TCA, and transferred to 5 ml of
scintillation cocktail. Test tubes were rinsed with
an additional 1 ml of TCA which was added to
the scintillation vials. [*H]thymidine incorporation
was determined via beta liquid scintillation count-
ing and dpm for each mouse (dpm/2 nodes) was
calculated. Stimulation indexes (SI) for each
chemical exposure group were determined by di-
viding the mean dpm response elicited by a chem-
ical by the mean dpm response following acetone
applications.

2.4. Data analysis

These data were analyzed following the recom-
mendations of the ICCVAM Peer Review Panel
which suggested three criteria be evaluated when
determining chemical sensitization potential: (1)
SI above that of vehicle exposed mice; positive
responses are defined as SI > 3; (2) statistical com-
parisons of dose groups versus vehicle control;
and (3) assessment of dose responsive trends.
Statistics were conducted using Graph Pad Prism,
version 2.01 (San Diego, CA). Lymph node prolif-
eration data from HCA exposed mice were ana-
lyzed by one way analysis of variance (ANOVA).
When significant differences were detected (P <
0.05), test groups were compared to the strain,
acetone controls using a Dunnett’s test. In addi-
tion, HCA dose groups were analyzed using a
Linear Trend Test to determine dose responsive-
ness. Lymph node proliferation data from DNFB
and TDI exposed mice were individually com-
pared to acetone treated mice of the same strain

using an unpaired z-test. Acetone control data
were compared across strains using Tukey’s multi-
ple comparison test.

3. Results

In these studies, six strains of mice were com-
pared for their response in the LLNA using
known human chemical allergens. The LLNA re-
sponse of each strain to acetone (vehicle), HCA,
TDI and DNFB are shown in Table 1. The drain-
ing lymph node proliferation following acetone
exposure varied across strains. Historically in this
laboratory, acetone has not induced an increase in
proliferation over naive animals (BALB/c and
B6C3F1) and therefore this data may represent
basal levels of proliferation for each strains. Ace-
tone exposed SJL mice had a significantly higher
degree of proliferation with 2111 dpm/2 nodes as
compared to other vehicle treated strains (P <
0.01). The remaining five strains demonstrated
LLNA responses following acetone which were
not statistically different from each other; dpm
values ranged from 345 to 887 dpm/2 nodes.

All six mouse strains responded with lymph
node proliferation, and stimulation indexes
greater than three, following administration of
HCA, TDI or DNFB (Tables 1 and 2). HCA (5,
25 and 50%) exposures elicited lymph node prolif-
eration which was dose responsive within each
strain tested (P < 0.01). The highest SI following
HCA exposure occurred in DBA/2 mice (50%
HCA induced a SI of 12.0 and 4148 dpm/2
nodes). DBA/2 is the only strain which showed
both a SI >3 and statistically significance at all
three concentrations of HCA. BALB/c (SI =10.9)
and CBA (SI =9.4) mice both demonstrated pro-
liferative responses near 6500 dpm/2 nodes fol-
lowing 50% HCA exposure. While 25% HCA was
the lowest concentration to induce a positive re-
sponse in BALB/c mice based on SI and statistical
comparisons, 25% HCA induced a SI > 3 but not
a statistically significant increase in dpm in CBA
mice. This was the only instance in which evalua-
tion by SI and statistical analyses were not consis-
tent. Exposure of B6C3F1 and C57BL/6 mice to
50% HCA resulted in SI=8.0 (3263 dpm) and
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SI =5.1 (4517 dpm) respectively. Significant pro-
liferation was also induced following exposure to
25% HCA in C57BL/6 mice, but not in B6C3F1
mice. Although SJL mice demonstrated the
highest degree of lymph node cell proliferation in
response to 50% HCA as measured by dpm/2
nodes (8764 dpm/2 nodes), the high degree of
proliferation seen in the acetone treated mice re-
sulted in a SI following exposure to 50% HCA
which was the lowest of all strains tested (SI=
4.1). According to dpm values, the high to low
rank order of the strains following 50% HCA was
as follows: SJL > CBA > BALB/c> C57BL/6 >
DBA/2 > B6C3F1. Alternatively, the rank order
of strains as determined using SI was DBA/2 >
BALB/c > CBA > B6C3F1 > C57BL/6 > SJL.

Table 1
Local lymph node assay (LLNA) response (dpm/2 nodes)*
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Following 0.15% DNFB exposures, CBA and
BALB/c mice demonstrated the largest degree of
proliferation with SI values of 35.3 for both
strains (24480 and 20280 dpm/2 nodes, respec-
tively). B6C3F1 and DBA/2 had the lowest aver-
age dpm values (below 13000 dpm/2 nodes) but
demonstrated high stimulation indexes of 30.9
and 32.4. While exposures of C57BL/6 mice to
0.15% DNFB resulted in proliferative responses
of approximately 25870 dpm/2 nodes and an
SI =29.2, SJL mice demonstrated an SI value of
8.0 and 16790 dpm/2 nodes. Regardless of the
level of proliferation for each strain, dose groups
exposed to 0.15% DNFB were statistically differ-
ent from their appropriate strain acetone controls
(P <0.01). While the rank order of the strains’

Groups DBA/2 BALB/c CBA B6C3F1 C57BL/6 SJL
Acetone 345 + 54 574 + 113 694 + 92 410 £ 25 887 + 128 2111 £307***
5% HCA 1028 + 1355%#* 970 + 169 1766 + 265 436 + 236 1267 + 281 2899 + 463
25% HCA 2389 + 4540 2883 + 3320 2878 + 774° 1175+ 79 2895 + 4970 4967 + 1339
50% HCA 4148 + 2955%* 6279 + 7135 6541 + 2225 3263 + 1905** 4517 4 8735#* 8764 + 650°**
1% TDI 3250 + 574** 5644 + 796** 9526 + 1678** 5231 + 674** 2810 + 299** 10410+ 1072%*
0.15% 11160 £ 1468** 20280 + 1294** 24480 + 3779** 12680 £ 985** 25870 + 2103** 16 790+ 1398**
DNFB

4 Lymph node cell proliferation following exposure to a-hexylcinnamaldehyde (HCA), toluene diisocyanate (TDI) or 2,4-dini-
trofluorobenzene (DNFB). Data are expressed as group means + standard error, n =4 or 5 mice/group.
® LLNA response which was 3-fold greater than acetone controls.

* P<0.05;

** P<0.01 indicate statistical significance from strain acetone control using a Dunnett’s test.
*** Statistical difference among strain acetone controls using Tukey’s multiple comparison test (P <0.01).

Table 2

Stimulation indexes (SI) following [*H]thymidine uptake in draining lymph nodes®

Dose DBA/2 BALB/c CBA B6C3F1 C57BL/6 SJL
5% HCA 3.0 1.7 2.5 1.0 1.4 1.4
25% HCA 6.9 5.0 4.1 2.9 33 2.4
50% HCA 12.0 10.9 9.4 8.0 5.1 4.1
1.0% TDI 9.4 9.8 13.7 12.8 3.2 4.9
0.15% DNFB 324 353 353 30.9 29.2 8.0

2 Local lymph node assay (LLNA) stimulation indexes following exposure to a-hexylcinnamaldehyde (HCA), toluene diisocyanate
(TDI) or 2.4-dinitrofluorobenzene (DNFB). Stimulation indexes for each chemical exposure was determined by dividing the mean
dpm response towards a chemical by the mean dpm response following acetone applications. n =4 or 5 mice per group.
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LLNA response (dpm/2 nodes) following DNFB
was C57BL/6 > CBA > BALB/c > SJL > B6C3F1
> DBA/2, the rank order of strains according to
SI  was CBA =BALB/c>DBA > B6C3FI1 >
C57BL/6 > SJL.

Following 1.0% TDI exposure CBA (9526 dpm/
2 nodes) and B6C3F1 (5231 dpm/2 nodes) mice
experienced the highest SI values of 13.7 and 12.8,
respectively. DBA/2 and BALB/c mice demon-
strated similar SI values of 9.4 and 9.8 following
proliferative responses of 3250 and 5644 dpm/2
nodes. The lowest SI values occurred in C57BL/6
and SJL mice. While C57BL/6 mice demonstrated
a SI of 3.2 and 2810 dpm/2 nodes following 1%
TDI, SJL mice experienced a SI of 4.9 in spite of
the highest proliferative response to TDI (10410
dpm/2 nodes). TDI dose groups within each strain
were statistically different from the respective
strain acetone controls (P < 0.01). The rank order
of strains following TDI exposures were different
than those following HCA or DNFB exposures;
based on dpm values, the highest to lowest order
was SJL > CBA > BALB/c > B6C3F1 > DBA >
C57BL/6. The rank order based on SI values was
CBA > B6C3F1 > BALB/c > DBA/2 > SIL >
C57BLJ6.

4. Discussion

Toxicology research models which utilize labo-
ratory animals present considerations such as gen-
der, age, species and strain differences. Numerous
studies describing biological responses towards
xenobiotics which vary due to such variables are
presented in the immunotoxicology literature (e.g.
Shultz and Bailey, 1975; Brzezinska-Blaszczyk et
al., 1980; Gad et al., 1986; Lebrun and Spiegel-
berg, 1987; Ptak et al., 1988; Herz et al., 1996;
Sarnstrand et al., 1999). The data reported here
are consistent with these observations as six
murine strains demonstrated varying levels of
lymph node proliferation following exposure to
three chemical sensitizers. These studies suggest
that the specific combination of strain and antigen
may be more important than a strain’s Th1/Th2
predominance. It is difficult to establish a Thl/
Th2 association between chemical allergen and
strain predisposition using these LLNA data. Al-

though C57BL/6 mice are reported to be predis-
posed to Thl immune responses (Sdrnstrand et
al., 1999) and as such had the lowest response to
the IgE inducing chemical TDI, SJL mice (low
IgE responders) gave the highest dpm response to
TDI. The other four strains demonstrated high
proliferative responses to all three chemicals irre-
spective of any possible Thl/Th2 predominance.

Kimber and Weisenberger (1989) compared
four murine strains in an ex vivo LLNA and
reported that CBA mice demonstrated a higher
degree of [*H]thymidine uptake than BALB/c
mice following 5% DNCB, another potent contact
sensitizer. Similarly, HCA, TDI and DNFB elic-
ited larger proliferative responses in CBA mice
versus BALB/c mice in these studies; SI values
for both strains were equivocal for all three chem-
icals, however. Dpm values attained from CBA
mice following HCA exposures were compar-
able with those reported previously thereby fur-
ther strengthening the reproducibility of the
murine LLNA between laboratories (Dearman et
al., 1998; Loveless et al., 1996). Although the
lowest concentration of HCA to induce significant
lymph node cell proliferation varied across
strains, with a single exception, evaluation using
either stimulation indexes or statistical analyses
resulted in identical results within a given strain.
This is also consistent with the 1996 LLNA vali-
dation paper which demonstrated little difference
between SI evaluation and statistical analysis of
dpm values from individual mice (Loveless et al.,
1996).

SJL mice provided low SI values for all three
chemicals evaluated. Numerous other investiga-
tors have reported low immune responses by SJL
mice to a variety of different antigens (Shultz and
Bailey, 1975; Watanabe et al., 1976; Yoshimoto et
al., 1995). The low SI values following chemical
exposures can be largely attributed to the high
[’H]Jthymidine uptake in acetone exposed mice. As
mentioned previously, acetone typically does not
induce an increase in proliferation over naive
animals and therefore this data may represent
basal levels of proliferation for SJIL mice. Regard-
less of the lower SI values, SJL mice still identified
all three chemicals as sensitizers according to 3-
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fold SI values, statistical significance and dose
responsive proliferation.

This initial set of studies highlights the impor-
tance of mouse strain when developing assay
models. While CBA mice were verified as a good
selection for the LLNA, the data from these
studies suggest DBA/2, B6C3F1 and BALB/c
mice are essentially equal to CBA mice when
evaluating the sensitizing potential of these three
chemicals. While C57BL/6 mice gave similar
results as CBA mice following treatment with
DNFB and HCA, the LLNA response to TDI
was considerably lower than those of DBA/2,
B6C3F1, BALB/c and CBA mice. Based on this
single series of studies, DBA/2, B6C3F1 and
BALB/c mice appear to be reasonable alternative
strains for evaluation for use in the LLNA.
Additional studies using a broad spectrum of
chemical classes will be necessary to validate
these findings.
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