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For many regulatory authorities, the local lymph node assay (LLNA) is the preferred assay for the
predictive identification of skin-sensitizing chemicals. It is the initial requirement for sensitization
testing within the new REACH (Registration, Evaluation, Authorization and Restriction of Chem-
ical substances) regulations in the European Union. The primary reasons for the preferment of the
LLNA are the animal welfare benefits it provides compared with traditional guinea-pig methods
(refinement and reduction of animal usage) and the general performance characteristics of the assay
with regard to overall reliability, accuracy, and interpretation. Moreover, a substantial published
literature on the LLNA is available making it appropriate for use as a benchmark against which new
approaches, including in vitro alternatives, can be evaluated and validated. There is, therefore, a view
that the LLNA represents the ‘gold standard’ for skin sensitization testing. However, although this is
probably correct, it is important to recognize and acknowledge that in common with all other pre-
dictive tests (whether they be validated or not), the LLNA has limitations, in addition to strengths,
some of which were mentioned above. Arguably, it is the limitations (e.g., the occurrence of false
positive and false negative results) of test methods that are most important to understand. With
respect to the LLNA, these limitations are similar to those associated with guinea-pig skin sensiti-
zation methods. Among these are the occurrence of false positive and false negative results, suscep-
tibility of results to changes in vehicle, and the possibility that interspecies differences may confound
interpretation. In this commentary, these issues are reviewed and their impact on the utility of the
LLNA for identification, classification, and potency assessment of skin sensitizers are considered.
In addition, their relevance for the future development and validation of novel in vitro and in silico
alternatives is explored.
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Toxicology evolved during the past century and
built on observations of the adverse effects of
chemicals on human health, and the need to pre-
dict in advance the likely hazards and risks that
chemicals might pose to man and the environ-
ment. The examples are manifold, but key events
have included blindness caused by use of eyebrow/
eyelash colourants (1), epidemics of skin allergy
(2), birth defects caused by thalidomide (3), chron-
ic diseases associated with occupational expos-
ures, for example to vinyl chloride (4), and the
appreciation that there exist associations between
chemical mutagens and the causation of cancer

(5). These and other events triggered the genera-
tion of batteries of predictive tests, the large
majority using mammalian species (6, 7). The tests
also evolved as experience was gained. Further-
more, they continue to develop and be developed
and refined. Assays to predict skin sensitization
potential have changed substantially in recent
years (8–10), while methods to identify and char-
acterize chemical respiratory allergens are best
described as being still under development (11,
12). Many of these predictive tests will change
again during the next decade to meet the require-
ments in the European Union to develop, where



possible, non-animal alternatives (13). There is one
issue that all the tests have in common, be they
in vivo, in vitro, or in silico – none of them is perfect.
It is important to recognize that the concepts

of hazard identification, hazard characterization,
and risk assessment are commonly confused. How-
ever, from even a cursory examination of the
literature, it is evident that neither previously
used nor currently available assays always make
accurate predictions regarding the intrinsic haz-
ardous properties of chemicals and the likelihood,
where exposure is sufficient, that hazardmay pres-
ent a risk to human health. The purpose of this
commentary is to expand on this subject, using as
a specific example the first formally validated tox-
icology test, the local lymph node assay (LLNA)
where these limitations appear to be similar to
those associated with guinea-pig skin sensitization
methods. Among these are the occurrence of false
positive and false negative results, susceptibility of
the results to changes in vehicle, and the possibility
that interspecies differences may confound inter-
pretation. In this study, these issues are reviewed
and their impact on the utility of the LLNA for
identification, classification, and potency assess-
ment of skin sensitizers are considered. In addi-
tion, their relevance for the future development
and validation of novel in vitro and in silico alter-
natives is explored.

Toxicity Assays: Sensitivity and Specificity

As an appreciation develops that chemicals may
be presenting a particular type of risk to human
health, be it an acute or chronic effect, the first
task for toxicologists is to develop methods for
detecting chemicals that possess this property.
Thus, the key question to be answered is whether
a test that is sufficiently sensitive can be devel-
oped. This question has various complexities,
including whether the test system can perform in
an acceptable way and whether it can be achieved
reliably at a cost (in both animal laboratory and
human resources) that permits, in practical terms,
the evaluation of large numbers of test substances.
For acute effects that may have an effect on all
humans (for example skin irritation), the develop-
ment of a sensitive procedure might be relatively
simple. However, for more chronic effects, and
especially those that only affect susceptible subpo-
pulations, development of reliable approaches is
very challenging. Examples of this are found in
many areas of toxicology, but detailed discussion
is not possible here and two examples will suffice
here.
John Draize developed the rabbit skin irritation

test in the 1940s to provide a way to assess the risk

to human health that might result from spillage of
chemicals on to human skin, notably during occu-
pational exposure (14). The albino rabbit was
selected, and 4-hr semi-occluded exposure with
neat chemical was chosen to reflect the type of
exposure that might occur during half a working
day. Irritation being an acute effect, reactions
were monitored over 3 days; severe effects (corro-
sion) could be observed more rapidly. Thus, this
simple test in a few rabbits served to identify
chemicals that could cause immediate burns or
primary skin irritation. The evidence of early
years (not published as far as these authors are
aware) presumably demonstrated that the assay
was of value in protecting human health. It is,
however, very widely applied around the world
in the context not only of occupational exposure
but also for consumer protection (15, 16). It is for
this latter group that the question of sensitivity
most clearly arises. As irritation is not a binary
phenomenon, an administrative (pragmatic)
threshold had to be applied, which separated
chemicals that were felt to be sufficiently irritating
to the skin to be of concern from those chemicals
that were not (17). Consumers are rarely exposed
to neat chemicals, so it became reasonable to ques-
tion whether the Draize rabbit test might be overly
sensitive (18, 19). This is clearly the case with
chemicals that are significantly irritant in the rab-
bit having little or no effect on human skin under
identical exposure conditions (19–22). There is
a similar need to apply an arbitrary threshold to
data that reflect a biological continuum in other
areas of toxicity testing. A good example of this is
the Ames test where a threshold for positivity is
based on the frequency of chemically induced
mutations measured as the number of revertants
compared with the concurrent control (23).
Toxicology assays are developed initially to

ensure sensitivity of the detection of the important
chemicals that are associated with the end-point of
interest, but this is followed quickly by the key
question of specificity. That is, whether the assay
can discriminate effectively between positives and
chemicals that should be regarded as negative.
Often a balance has to be struck between sensitiv-
ity and specificity (24). As experience with an
assay accumulates, new data may challenge that
balance either by showing a failure to identify
important causes of the relevant toxic end-point
(false negatives) or by the identification of chem-
icals as positive, which in reality do not cause the
effect (or do not cause it to a degree that would
normally trigger concern). Positive results in a tox-
icology assay normally arise as a consequence of
the activation of the intended mechanism (T-cell
proliferation in lymph nodes for the LLNA;
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genetic mutations in the Ames test for example),
but may also arise through other mechanisms,
some of which may be poorly understood. This
latter group may be small in number but clearly
represent false positives, although there are no
doubt also false positives that operate through
activation of the intended mechanism. Further-
more, the biological response whose activation is
being studied may be a continuum driven by
more than one mechanism and may include noise.
As a consequence of all this, low-level responses
and background noise necessitate establishment
of a threshold to eliminate materials of no real
concern. Ultimately, for all toxicology assays, a
balance has to be struck, usually based on very
pragmatic considerations, between maintaining
a sufficient degree of sensitivity, which does not
kill too much with respect to specificity.

LLNA: Sensitivity and Specificity

Let us now consider the specific example of the
LLNA. Early development of the assay not only
demonstrated successful identification of signifi-
cant skin sensitizers (25) but also demonstrated
problems with the well-known irritant sodium
lauryl sulfate (SLS) that gave false positive results
(26). An extensive retrospective analysis helped to
substantiate the correct balance between sensitiv-
ity and specificity (27), and independent valida-
tion confirmed that this was appropriate (28,
29). Further work with a range of irritant chemical
classes demonstrated that the LLNA did not rou-
tinely suffer from false positives from this type of
substance (30), and generic advice was provided to
aid the discrimination between sensitizers and skin
irritants (31). Subsequently, further critical analy-
ses of this issue have been published (32, 33).
Notwithstanding the above, experience has con-

tinued to accumulate with the LLNA, and some
investigators have suggested that there may be
classes of chemicals for which the assay is more
prone to deliver a false positive result than were
the guinea-pig tests that preceded it and accord-
ingly have proposed strategies to accommodate
this (34, 35). Much of the confusion arises from
the difficulty of distinguishing between chemicals
that are significant skin irritants, but not sensitiz-
ing, and chemicals that are significant skin
irritants and are also weakly sensitizing. Conse-
quently, proposals that require the measurement
of irritant responses, such as ear swelling, are not
always helpful – proving a chemical is an irritant
that does not prove it lacks skin-sensitizing activ-
ity. Indeed, there is some evidence for a positive
correlation between skin irritancy and skin sensi-
tization (36). Some strategies may incorporate

a supplementary alternate measure of the immune
response, such as the B220 assay (37, 38). How-
ever, because such work is rarely undertaken in
routine toxicology, the section below outlines
a benchmark strategy for the interpretation of
challenging LLNA results.

Implications for REACH

Within REACH (Registration, Evaluation,
Authorization and Restriction of Chemical sub-
stances), the approach to the evaluation of skin
sensitization hazards is somewhat different to
current legislation (39). The LLNA takes much
greater prominence as the method of first choice,
with the use of any other approaches being an
exception requiring full scientific justification.
Consequently, and given the concerns already
expressed by some workers/authors of over-
sensitivity of the LLNA and a suggested tendency
to generate false positives (40, 41), it is of parti-
cular importance to ensure that the assay is used
and interpreted with scientific rigour and with the
application of a common sense approach and con-
sideration of the weight of evidence (32, 33).

Several examples of these issues have been dis-
cussed with illustrations (26,30–33, 40, 41). It is
instructive to consider a single theoretical exam-
ple, SLS. Were this substance to be registered
under REACH (or indeed under the older regula-
tions), it would have a positive LLNA result, sub-
stantiated by a clear dose response, this outcome
having been obtained in multiple laboratories
(26). Therefore, should SLS be classified as a skin
sensitizer and carry the R43 label? The answer
obviously is ‘no’. However, what matters is the
rationale for this decision, which is based on
a weight of evidence. The positive response
in the LLNA is relatively close to the threshold;
there is no structural alert; the material is a well-
recognized skin irritant; human skin exposures,
although limited by the irritation, do not appear
to be associated with the induction of sensitiza-
tion. Thus, if a new chemical gives a low stimula-
tion index (i.e., <SLS), and is as irritant as SLS,
and has no structural alerts, then it is a candidate
false positive. Where the substance produces
a level of stimulation that is greater than SLS,
but is less irritant and has a structural alert, then
it is more likely to be a true skin sensitizer. There
are other permutations of such reasoning, parti-
cularly where other data may come into play in a
weight of evidence process (e.g. guinea-pig or
human predictive test evidence). Furthermore,
this type of reasoning has to be applied with care
– generally non-sensitizing irritants are not posi-
tive in the LLNA, but there are no absolute rules
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(30, 41). However, application of a weight of evi-
dence approach will be necessary within REACH
because the LLNA, as is the case with all other
toxicology tests, is associated with some incidence
of false positives. Such logic has already been pre-
sented in principle in earlier publications (30, 32)
but requires repeating here because the numbers
of chemicals to be evaluated (>10 000) suggests
that several hundreds of substances may be incor-
rectly labelled as skin sensitizing if an appropriate
weight of evidence decision fails to take prece-
dence over a misplaced faith in the accuracy of
the LLNA.

Conclusion

No toxicology test is perfect, and each will always
represent a balance between sensitivity and speci-
ficity. To make the best judgements on any toxi-
city end-point, including skin sensitization, it is
necessary to use all the available evidence. The
LLNA can make a substantial contribution to this
evidence for the presence or absence of both skin
sensitization hazard and for potency estimations
where the result is positive (42–44). However, in
making regulatory decisions, all available evi-
dence (structural, chemical reactivity, epidermal
bioavailability, guinea-pig results, and clinical
and experimental human data) should also be con-
sidered. Where appropriate, LLNA results should
be viewed in the light of experience with bench-
mark materials, for example using SLS as a classic
false positive result. A detailed review of this with
several practical examples is in preparation. Ulti-
mately, it is the recognition and appreciation of
both the strengths and the weaknesses of data
sources that permit a toxicologist to come to the
correct decision on regulatory classification of
a chemical.
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