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a b s t r a c t

To encourage the development and validation of alternative toxicity test methods, the effort required for
validation of test methods proposed for regulatory purposes should be minimized. Performance standards
(PS) facilitate efficient validation by requiring limited testing. Based on the validated method, PS define accuracy
and reliability values that must be met by the new similar test method. The OECD adopted internationally
harmonized PS for evaluating new endpoint versions of the local lymph node assay (LLNA). However, in the pro-
cess of evaluating a lymph node cell count alternative (LNCC), simultaneous conduct of the regulatory LLNA
showed that this standard test may not always perform in perfect accord with its own PS. The LNCC results were
similar to the concurrent LLNA. Discrepancies between PS, LLNA and LNCC were largely associated with
‘‘borderline’’ substances and the variability of both endpoints. Two key lessons were learned: firstly, the under-
standable focus on substances close to the hazard classification borderline are more likely to emphasise issues of
biological variability, which should be taken into account during the evaluation of results; secondly, variability
in the results for the standard assay should be considered when selecting reference chemicals for PS.

� 2013 Elsevier Inc. All rights reserved.

1. Introduction

The validation of alternative toxicology tests represents a challeng-
ing, but important, requirement to demonstrate the relevance and reli-
ability of their predictive value in respect of a stated purpose. To this
end, the requirements of validation have been extensively published
and debated. In particular, experience of previous formal validation
activities, such as that for the local lymph node assay (LLNA1), the first

ever completed (ICCVAM, 1999; Dean et al., 2001), has been used to help
refine both the validation process and its detailed requirements (Sailstad
et al., 2001; ICCVAM, 2003). However, the impetus for the development
of in vitro alternatives has increased further the pressure to accelerate the
validation process, there being no doubt that the said process is viewed
by some as potentially onerous and by some as obstructive to timely
progress (Basketter et al., 2010). One element of the response to these
matters has been the proposal to adopt performance standards (PS)
(ECVAM, 2008; ICCVAM, 2003, 2009; OECD 2010a). These are seen as a
way to establish a minimum set of requirements for an alternative assay
and, further, as a means of establishing a ‘‘level playing field’’ for those
engaged in the development of alternatives (Stokes et al., 2006; Stokes
and Wind, 2010; Wind and Stokes, 2010).

In the specific case that forms the subject matter of the present
paper, PS had been established in a coordinated manner between
different validation authorities. The aim of these PS was to facili-
tate the development and acceptance of minor variations to the
standard LLNA (OECD, 2002, 2010a), such as replacing the use of
tritiated thymidine with a non-radioactive measurement. The
almost immediate positive contribution of these PS was seen in
the rapid assessment of two LLNA variants (reviewed in Basketter
et al., 2008; ICCVAM, 2010a, 2010b), whose success triggered the
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adoption of two new OECD test guidelines (OECD, 2010b, 2010c).
Neither of these variants to the standard LLNA used cell counting
in the draining lymph nodes, an approach which had been sug-
gested a number of years earlier and for which the extensive expe-
rience of one company has recently been published (Basketter
et al., 2012; Kolle et al., 2012). Within this body of work, the LLNA
PS were used to evaluate a protocol variation which employed cell
counts as an alternative readout (LNCC); a concurrent LLNA was
conducted. The outcome of this work and the light that it sheds
on both the LLNA and on the development and interpretation of
PS offers a valuable learning opportunity that may have general
value in the world of toxicology and the evaluation of alternatives.

2. Materials and methods

Most of the LNCC and LLNA results referred to in this paper have
been published previously (Basketter et al., 2012; Kolle et al.,
2012). Importantly, LLNA and LNCC data reported by Basketter
et al. and Kolle et al. were obtained from the same animals. Each
study was carried out under GLP conditions, according to OECD,
European Commission, and US EPA test guidelines (OECD, 2002,
2010a; EU, 2004; US EPA, 2003), and published protocols and mod-
ifications of the Murine Local Lymph Node Assay (LLNA) (Gamer
et al., 2008; Basketter et al., 2012). In addition to the previously
published data, LLNA and LNCC results for four PS were conducted
as confirmatory studies in a contract research laboratory in a
blinded manner. Further 13 PS were evaluated in the LNCC at Bayer
HealthCare AG were included in the current analysis.

Details of the LLNA and LNCC methods were described fully in
Basketter et al. and Kolle et al. Briefly, 3 groups of 5 mice were trea-
ted with the 3 concentrations of the test substances and one group
was treated with vehicle by applying them to the dorsal part of
both ears (25 lL per ear for 3 consecutive days at the same site).
Three days after the last application, the mice were injected intra-
venously into the tail vein with 20 lCi of 3H-thymidine in 250 lL
of sterile saline for the LLNA. Mice were sacrificed 5 h later. Left

and right auricular lymph nodes were dissected, weighed and
prepared for determination of cell count and 3H-thymidine incor-
poration. The responses to test substances exposures were charac-
terized by lymph node cell count/lymph node pair (LNCC),
3H-thymidine incorporation into the lymph node cells (LLNA),
and ear weight. The skin sensitizing potential of a test substance
is indicated by an increase in the stimulation index (SI) of the LNCC
by a factor of P1.5 and/or of 3H-thymidine incorporation by a
factor of P3 compared to the concurrent vehicle control group.
Where applicable, the EC (estimated concentration) leading to
the respective threshold SI values, 3 for the LLNA and 1.5 for the
LNCC, were calculated by linear or semi-logarithmic regression
between the data points directly below and above the SI if possible
or using the two nearest points below or above the SI (Basketter
et al., 1999a, 1999b; Ryan et al., 2007).

For ease of description, the key results in a simplified form are
detailed in Table 1. Additional LLNA data are appropriately refer-
enced. Further analysis has been undertaken on substances that
had discordant results between LLNA experiments and/or between
the LLNA and the LNCC. To complement this, the scientific and clin-
ical literature have been examined to provide information on the
PS substances to help address the point of their relative potency
as skin sensitizers in humans and in the LLNA. This is the most
appropriate way to determine whether they are borderline sub-
stances in terms of classification, which would have a consequent
impact on the reproducibility of test predictions.

3. Results

The LLNA PS comprises a total of 22 substances (ICCVAM, 2009;
OECD, 2010a). The expected result for each of these is detailed in
the last column of Table 1. Discrepancies between the LLNA PS
and the concurrent LLNA (shown in column 2 of Table 1) arose
for 5 of these substances: chlorobenzene, methyl salicylate, methyl
methacrylate, nickel chloride and salicylic acid. Examination of the
data supporting the PS indicates that for 3 of these substances, the

Table 1
Overall test results of testing of PS substances.

Substance LNCCa LLNAb PS LLNAc

Result EC1.5 (%) Result EC3 (%) Result EC3 (%)d

MCI/MI + 0.011 + 0.01 + 0.009
Dinitrochlorobenzene + <0.025 + <0.025 + 0.049
Phenylenediamine + 0.1 + 0.1 + 0.11
Cobalt chloride + <0.25 + <0.25 + 0.6
Isoeugenol + 2.7 + 2.2 + 1.5
Mercaptobenzothiazole � Neg + 4.6 + 1.7
Citral + 9.2 + 12.6 + 9.2
Eugenol + 8.7 + 4.6 + 10.1
Hexylcinnamal + 16.2 + 9.2 + 9.7
Phenyl benzoate + 4.0 + 8.9 + 13.6
Cinnamic alcohol + 26.0 + 25.2 + 21
Imidazolidinyl urea + 21.5 + 15.9 + 24
Methyl methacrylate � Neg � Neg + 90
Chlorobenzene + 79.0 + 45.6 � Nege

Isopropanol � Neg � Neg � Neg
Lactic acid � Neg � Neg � Neg
Methyl salicylate + 49.0 + 32.8 � Neg
Salicylic acid + 15.8 + 8.0 � Neg
Sodium lauryl sulfate + 1.6 + 2.9 + 8.1
Ethyleneglycol dimethacrylate + 38.0 + 45.1 + 28
Xylene + 28.2 + 39.1 + 95.8
Nickel chloride + 3.6 + 3.5 � Neg

a Local lymph node assay based on cell counts, as published by Basketter et al. (2012).
b Concurrent LLNA as published by Basketter et al. (2012).
c Expected LLNA result contained in the PS documentation (ICCVAM 2009; OECD 2010a) (note: substances presented in the order of that documentation).
d Values taken from the PS documentation (ICCVAM 2009; OECD 2010a).
e Neg reflects the fact that potency values cannot be derived where the test result is negative.
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