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Abstract

The human maximization test (HMT) is a method to evaluate potency in humans, while the local lymph
node assay (LLNA) is a test method that allows for the measuring of the allergic potency of a substance in a
rodent. It has been proposed that an EC3 value (the value obtained by the LLNA test, ie, the concentration
of an allergen leading to a 3-fold increase of baseline proliferation rate) would be a reliable indicator for
a compound’s allergic potency in humans. This paper compares the correlation between the EC3 value of
a compound and its allergic occurrence in the general population with the correlation between the HMT
of the compound and its allergic occurrence in the general population, to determine the relationship to
potency. The correlation values when outliers were removed from the sample were —0.56 and —0.71 for
LLNA and HMT, respectively, suggesting that there is a possible 20% error margin in LLNA’s ability to pre-
dict potency. The data also suggest that other factors (such as exposure) could play up to a 30% role in the
determination of allergic occurrence in the general population. The potency assays might be made more
clinically relevant for predicting allergic frequencies by including a frequency factor and other factors in its

dermatotoxicological interpretation.
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Introduction

A substance’s ability to cause an allergic contact derma-
titis reaction depends on the substance’s potency as well
as on other factors, including the methods of exposure.
While potency can be measured by various potency
assays such the local lymph node assay (LLNA) and the
human maximization test (HMT), a reliable method to
measure other factors has yet to be produced.

LLNA is a method to numerically measure the skin-
sensitizing potency of a potential allergen in a rodent.
In this method, a mouse ear is exposed to a potential
allergen and proliferation of nearby located lymph node
cells is measured to quantify the effect of the allergen on
the system. The concentration of an allergen leading to
a 3-fold increase of baseline proliferation rate (EC3) is

considered a threshold for sensitization; thus, the lower
the EC3 value, the stronger the allergen. It has been
suggested that a compound’s EC3 value can be used
as a reliable indicator of a compound’s skin-sensitizing
potency in humans (1).

The human maximization test (HMT), developed by
A. Kligman, built on knowledge of enhancing sensitiza-
tion rates in the Magnusson-Kligman guinea pig assay.
The human variant utilizes high test-substance concen-
tration and, for low-irritating compounds, pretreatment
of the skin site with sodium lauryl sulfate. It involves the
repeated occlusive treatment of a moderately irritated
skin site with a high concentration of a test chemical.

This paper compares the ability of various potency
assays to predict potency as well as quantitatively evalu-
ates the role that other factors play in allergic reactions.
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Methods

Data regarding frequency of an allergen in the human
population were obtained by using published data gener-
ated through multicenter studies by the North American
Contact Dermatitis Group (NACDG) (2) and the European
Surveillance System on Contact Allergies (ESSCA) (3)
regarding patch positivity results. A weighted positivity
percentage was calculated comprising both studies and
taking into account the sample of people included in each
study. Note that the human data utilize only patch test-
positive results and not confirmed clinical cases.

Published LLNA EC3 values for these compounds
were taken from various references (see Table 1). These
EC3 values (concentrations, in %) were converted to
dose per skin area values (DSAEC3, in 1g/cm?) using the
dose volume of 25 pL according to the standard LLNA
protocol and an estimated application area of 1 cm? for
the mouse ear.

HMT data was obtained from Kligman (4,5). The low-
est effective concentration applied during the induction
phase of the study for each chemical was converted to
a dose per unit area (ug/cm?) using the information
on substance concentration, application volume, and
area of application given in the publication. Using the
information on sensitization incidences given in the

publications, a dose per skin area leading to a sensiti-
zation incidence of 5% (DSAO5) was derived by linear
interpolation. This low but existent effect level was
assumed to be comparable to the EC3 effect level in the
LLNA.

Eight compounds (nickel, cobolt chloride, neomycin,
potassium dichromate, formaldehyde, p-phenylene-
diamine benzocaine, and mercapto-benzothiazole)
were present in both the NACDG and ESSCA studies
that also had LLNA and HMT data.

Values from LLNA and HMT were compared with
the patch test positivity of an allergen, and correlation
values were obtained. Since both LLNA and HMT were
being compared, the analysis was controlled for envi-
ronmental exposure and allowed for a comparison of
potency-predicting abilities. To quantitatively assess the
role other factors playin clinical frequency of an allergen,
we took the best potency correlation value obtained and
subtracted it from 1, since allergic frequency is based on
both potency and other factors.

Results

While a negative correlation was obtained for the sub-
stances used in this analysis, as would be expected

Table 1. EC3 values and clinical frequencies as reported by the North American Contact Dermatitis Group and the European Surveillance System

on Contact Allergies for the 8 compounds analyzed.

NACDG and ESSCA
weighted frequency LLNA (DSA,.,) HMT (DSA, ..,

Compound (%) (ug/cm?) (ug/cm?) References?

Nickel® 17.1 350 28 Basketter et al. 1994 (9); Basketter and Scholes 1992 (10)

Cobalt chloride 7.8 50 313 Gerberick et al. 1992 (11); Ikarashi et al. 1992 (12,13)

Neomycin 5.7 1,500 2,028 Boussiquet-Leroux et al. 1995 (14); Gerberick et al. 2000 (15)

Potassium dichromate® 5 116 111 Basketter et al. 1999 (16); Basketter and Scholes 1992 (10);
Ikarashi et al. 1992 and 1993 (13,17); Kimber et al. 1991 (18);
Mandervelt et al. 1997 (19)

Formaldehyde* 4.2 102 89 Basketter et al. 2001 (20); Basketter and Scholes 1992 (10);
Hilton et al. 1998 (21); Sailstad et al. 1995 (22)

p-Phenylene-diamine? 3.7 23 16.4 Basketter and Kimber 2001 (23); Basketter and Scholes 1992
(10); Montelius et al. 1994 (24); Warbrick et al. 1999 (25)

Benzocaine 1.2 3,338 3,902 Basketter et al. 1993 and 1995 (26,27); Kimber et al. 1989
(28); Montelius et al. 1994 (24); van Och et al. 2000 (29)

Mercapto-benzothiazole 0.9 1,214 2,269 Basketter et al. 1993 (26); De Jong et al. 2002 (30); Montelius
et al. 1994 (24); Scholes et al. 1992 (31)

Correlation (with -0.41 -0.53
outliers)
Correlation -0.56 -0.71
(without outliers)

2For complete reference citations, see the reference list.

"Nickel concentration varied between studies: NACDG, 2.5%, ESSCA, 5.0%.
“Potassium dichromate concentration varied between studies: NACDG, 0.25%, ESSCA, 0.5%.

dThe 2 outliers.

DSAEC3 = dose per skin area value for EC3; DSA05-HMT = dose per skin area value for XXX; EC3 = concentration of an allergen leading to a 3-fold
increase of baseline proliferation rate; ESSCA = European Surveillance System on Contact Allergies; HMT = human maximization test; LLNA =
local lymph node assay; NACDG = North American Contact Dermatitis Group.
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because of the negative association between potency
value and strength of allergen, the correlation val-
ues were only —0.41 for LLNA and -0.53 for HMT (see
Table 1, Figure 1, and Figure 2). When 2 outliers (for-
maldehyde and p-phenylenediamine) whose data points
were farthest away from the rest of the sample’s trend were
removed from the sample, the correlation values improved
to —0.56 and -0.71 for LLNA and HMT, respectively, still
not reflective of strong correlation. The fact that HMT
was the superior predictor of potency was to be expected
since it is done in human tissue and, thus, is much more
reflective of the human experience. However, in this
analysis we quantitatively showed that LLNA is only 80%
as accurate as HMT in predicting potency, as the cor-
relation values of LLNA were only approximately 80%
of the correlation values of HMT, both before and after 2
outliers were excluded from the sample. Assuming that
HMT is not 100% accurate at predicting potency, this
would suggest that the LLNA has a possible error margin
of over 20% in predicting a substance’s allergic potency,
at least for the allergens used in our sample.

The data also suggest that other factors play up to a
30% role in the determination of the frequency of an
allergeninthe general population, asthebest correlation
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Figure 1. Graph of the human maximization test (HMT) EC3 (con-
centration of allergen leading to a 3-fold increase of baseline prolif-
eration rate) value versus clinical frequency.
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Figure 2. Graph of local lymph node assay (LLNA) value versus clin-
ical frequency.
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value for a potency assay was only -0.71. The effects
of such factors on clinical frequency can best be seen
by comparing individual substances with each other.
For example, nickel has an HMT value of 28, while p-
phenylene-diamine has an HMT value of 16.4, suggest-
ing the p-phenylene-diamine is about a 50% stronger
allergen. However, nickel has over a 4-fold higher clini-
cal frequency of 17.1% compared with p-phenylene-
diamine’s 3.7%, the opposite of what would have been
expected based on potency data alone. Nickel is han-
dled much more frequently by the general public, which
allows for a greater chance of first exposure and, thus,
a higher rate of allergic reaction than p-phenylene-
diamine.

Discussion

The error margin in LLNA’s ability to predict potency
can best be explained by the way in which the LLNA
data are gathered—through exposure to mouse tissue.
Obviously, one cannot fully mimic the human response
to an allergen by using a nonhuman model.

The age of the patch test patients could have affected
our results, as a disproportionate number of patch
patients are elderly, and elderly patients are more likely
to have a positive patch test. Furthermore, patch test data
may not be representative of the general population (6).

While the LLNA and HMT are presumably adequate
predictors of the allergic potency of a substance, there
has yet to be created a model that accurately reflects the
human experience as regards exposure to an allergen.
This could be changed by adding an exposure frequency
factor to the LLNA or HMT calculation or creating a new
weighted value that takes into account various envi-
ronmental factors. This could be done by measuring
exposure rates of certain substances and then weighting
them with their current LLNA or HMT value to create a
new number. Such a number would be more relevant in
predicting actual allergic frequencies as well as how a
change in the demographics of exposure could lead to
changes in allergic frequency rates.

We note the numerous limitations of this exercise.
Data from different laboratories, investigators, locations,
and years were pooled and the limited test chemical data
set can or did produce inaccuracies. The end points vary:
1) Patch test positivity was uncorrected for chemical
interpretation (contact allergy rather than clinical aller-
gic contact dermatitis); 2) the guinea pig data may have
often shown poor reproducibility in different laborato-
ries; and 3) the LLNA offers potency information rather
than the elicitation data present in the other 2 systems.
Proposals in 2005 by the LLNA teams (7) offer potential
methods to move the LLNA data (induction and hazard
identifiers) into a clinically relevant realm.
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Attempts to decrease contact dermatitis in humans

date back to the 1943 Draize publications. However,
we have not yet prevented new allergies from reaching
humans, nor have we always identified safe concentra-
tions of allergens for which adequate alternatives are
not available (8). Hopefully, the expanding tools listed
here and their sophisticated interpretation will lead in
the next decades to decreasing frequency of contact
dermatitis.
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