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Human Data Table 2. Database for Potency Analysis of Figure 5. Classification of

Nonradiolabeled LLNA Methods “Strong” Sensitizers

The correct classification of strong skin sensitizers is critical because such substances are considered to LLNA: BrdU-ELISA Test Method
have a significant potential for causing allergic contact dermatitis (ACD) in humans. Because the prognosis

for ACD is poor, sensitizing substances must be labeled with a description of the potential hazard and the

These data were obtained from the literature as reported by ICCVAM (2011). Figures 3 and 4 show scatter plots for the human and LLNA: BrdU-ELISA or LLNA: DA data in Table 2.

— The assay measures the nucleotide analog bromodeoxyuridine (BrdU) using an enzyme-linked Table 3 shows classification rates for the nonradiolabeled LLNA assays to predict human potency based on

¢ The human repeat insult patch test (HRIPT) and the human maximization test (HMT) involve the Figure 5a. Cutoffs for the LLNA: BrdU-ELISA EC1.6

precautions necessary for workers and consumers to avoid development of ACD. A recent ICCVAM ;Eimllj?gsic))rbent assay (ELISA) to assess lymph node cell proliferation (Takeyoshi et al. 2001) administration of occluded patches loaded with test substance to the skin for 9 (HRIPT) or 5 (HMT) Substance Human DSA LLNA EC3® LLNA: BrdU-ELISA LLNA: DA ;Z%s:riggt;z:);rseogokrgg? ggs:::ezugﬁghziggi ;)r\r/]:r(t:\llvac;;%g:je? 2”2‘/\5?2')? nggfcllc:ars?i)f(ijeedd(toirllrll?ll(jsaitr?
evaluation found that the LLNA correctly classified 52% (14/27) of the strong human sensitizers when an 9 : on-and-off periods of 24 or 48 hours, respectively, in order to attempt to induce an allergic reaction (ug/em?)® ECLE" ECL8" lected cutoffs for the tw ELNAt t ' y ' P 9 LLNA EC3 < 2% |6/7
effective threshold concentration (EC) < 2% was used as the criterion. Thus, ICCVAM recommends that the —  ICCVAM recommended use of the LLNA: BrdU-ELISA to classify substances as potential (Kligman and Epstein 1975; Politano and Api 2008). 2,4-Dinitrochlorobenzene 3.4 004 0.02 0.02 selected cutoffs for the two ests. At
LLNA may be used as a screening test to classify substances as strong sensitizers, but that the sensitizers (stimulation index [SI] = 1.6) or nonsensitizers (ICCVAM 2010a). _ ) ) _ 5-Chloro-2-methyl-4-isothiazolin-3-one 50 001 0.07 0.01 { | | | _
classification of substances as other than strong sensitizers requires additional information. The OECD o , o ] »  Following a rest period of 10 to 14 days, volunteers are again exposed to the test substance in an — EC1.6 < 9% | 6/7
recently adopted two test guidelines for nonradiolabeled versions of the LLNA that could be used to classify — OECD Test Guideline 442B Skin Sensitization: Local Lymph Node Assay: BrdU-ELISA, which occluded patch on naive skin for 24 (HRIPT) or 48 (HMT) hours. p-Phenylenediamine %0 012 NC 0.04 (best performance) M 1)7
substances as sensitizers: the LLNA: BrdU-ELISA and the LLNA: DA. Although these LLNA methods use includes the SI 2 1.6 criterion to classify substances as skin sensitizers, was adopted on July 22, ] _ _ o Potassium dichromate 106 0.12 NT 0.06 - : ' i '
different decision criteria to classify substances for ACD hazard, their accuracy is comparable to that of the 2010 (OECD 2010a). ' igglzrr?; ;r;dr:g;rggd(lggug;?gvgi%gcet?é:: sicles, or bullae) observed after patch removal indicate Formaldehyde 191 1.40 0.08 0.47 5/7
; ; . : : : ECL.6 < 6%
LLNA. Of the 136 substagces used(;n the ICCVAI\/II (:)\llaI]:Jatlon of;he usefulne;s of the LLl\(le for potency « LLNA: DA Test Method (developed by Daicel Chemical Industries, Ltd.) P Cobalt chloride 279 057 0.32 0.38 bI I f - f d . . f I /7
categorization, LLNA: BrdU-ELISA data were available for 31 substances, and LLNA: DA data were — . - . «  For substances that produce no skin irritation, the HMT includes a patch pretreatment of the skin with - - -
available for 30 substances. An EC < 9% for the LLNA: BrdU-ELISA and an EC < 0.8% for the LLNA: DA — The assay measures adenosine triphosphate content in draining auricular lymph nodes as an 506 sodium laurvl f? te for the 24-h iod before the inducti s ; ﬁ treatments in order to break Cinnamic aldehyde 382 1.00 481 063 Table 3. Classification Rates for Prediction o 87
classified strong human sensitizers at rates comparable to that of the LLNA. These results suggest that the estimate of cell number to assess lymph node cell proliferation (Yamashita et al. 2005; h N sto |tum aury’ su ge or e e tpur pegq K g ore t't? In(Kl:-C on pa Cd Ereei r.ne?gs7|5n) ordertobrea Dieth] maleat 200 307 8.0 0.89 e 2 N /7
" ’ ; e stratum corneum barrier, producting a “brisk dermatitis” (Kligman an stein . iethyl maleate . : ) . .
LLNA: BrdU-ELISA and the LLNA: DA may also be useful for classifying substances as strong human Idehara et al. 2008) (Figure 2). P d d P : H uman POtenCy - ;
sensitizers ; i i «  Induction thresholds (the mini trations that prod it fi ted Byl glycldy effer sl 309 il S
. - ICCVAM recommended use of the LLNA: DA to classify substances as potential sensitizers naucton thres r(]) Sf( e|'m(|1nlmgm concentrations tnat produce ]E)OE_I |v(e r?aczl;)ns) are reported as ———— o 20 o e 0%  20% 40%  60%  80%  100%
S| > 1.8) or nonsensitizers (ICCVAM 2010b). microgram weight of applied substance per square centimeter of skin (ug/cm?). yl acrylate ! : : - .
(51218) ( ) — = — — ™ Table 3a. LLNA EC3 and LLNA: BrdU-ELISA EC1.6 Cutoffs?for 31 Substances 8 Comrecly Classied W Undercasoified
— OECD Test Guideline 442A Skin Sensitization: Local Lymph Node Assay: DA, which includes the
Sl = 1.8 criterion to classify substances as skin sensitizers, was adopted on July 22, 2010 Isoeugenol 1016 1.40 4.93 0.82 S e N Abbreviations: EC1.6 = estimated concentration of a substance needed to produce a stimulation index of 1.6 in the LLNA: BrdU-
4 (OECD 2010b) Glutaraldehvd 1073 016 0.08 01 Sensitizersg (DSA,, €500 “Other” Human Sensitizers e v S ELISA; EC3 = estimated concentration of a substance needed to produce a stimulation index of 3 in the LLNA.
I n t r O d u Ct I O n : utaraidenyde ' i i Classification EUIOfffOF_"_SUOHQ" uglem?) ®= (DSAs > 500 pglcm?) 0V6ra||| Co_rf(ect_PoEency Note: Cutoffs are compared using values from Table 3a and Figure 3.
2-Mercaptobenzothiazole 1930 2.60 121 7.99 versus “Other” Sensitizers Classification
Aniline 2463 33.0 136 NT Correct Under Under Correct Over Over Correct . _
«  Allergic contact dermatitis (ACD) is a skin reaction characterized by redness, swelling, and itching that - Figure 5b. Cutoffs for the LLNA: DA EC1.8
can result from repeated contact with a sensitizing substance Cinnarmic alcoho 3002 209 2 S LLNA EC3 < 2% 86% 14% 8% 75% 17% 58% 42% 65%
P 9 ' Imidazolidinyl urea 3846 24.0 496 6.28 = (617) () (12) (9112) (2/12) (7112) (5/12) (20/31)
e Because the prognosis is poor (Hogan et al. 1990), preventing or limiting exposures to ACD hazards is . Data for analysis were identified from the corresponding ICCVAM evaluations of the LLNA: BrdU-ELISA
. ! . o o ilami 86% 14% 17% 58% 25% 50% 50% 61% LLNA EC3 < 2% 1w
important. Fl g ure 1 . L L N A . B rd U = E L I SA TeSt M et h @) d (ICCVAM 2010a), the LLNA: DA (ICCVAM 2010b), and the traditional LLNA for potency categorization Sulfanilamide 4310 NC NC NC LLNA: BrdU-ELISA EC1.6 < 9% (6,7; @ (2/12) (7/120) (3,13) (5/15) (6,120) (19/301) (reference) [N 2/9
P t | (ICCVAM 2011) (see Table 2) and included: Hydroxycitronellal 5237 230 17.1 8.67 -
71% % 17% 67% 17% 50% 50% 61%
. . E | 5926 11.0 6.8 2.63 LLNA: BrdU-ELISA EC1.6 < 6% EC1.8<2% 8/9
rotoco — 30 substances with traditional LLNA, human, and LLNA: BrdU-ELISA data 2geno 6 ) e (812) i) (&) (612) (19/31) (best performance) [l 2/
Benzocaine 10140 7.80 NT 311
) i ) 57% 43% 17% 75% 8% 50% 50% 61%
— 31 substances with traditional LLNA, human, and LLNA: DA data Phenyl benzoate 52500 950 169 065 LLNA: BrdU-ELISA EC1.6 < 2% @ @) (@12) ©12) w12) 612) 612) (19/31) o 1 1 : o
4 Ve ) _ . - - - 820, _ém
Lay: - ( ay 4 \1 * Human studies were used as the reference data. Benzalkonium chloride Negative 0.07 NT 0.4 Abbreviations: DSAys = induction dose per skin area, in ug/cm?, in a human repeat insult patch test or human maximization test that [ [
. . . : produces a positive response in 5% of the tested population; EC1.6 = estimated concentration of a substance needed to produce a 6/9
Apply 25 pl Test Substance —  Induction threshold concentrations from the HRIPT and HMT were expressed as the dose per unit Cyclamen aldehyde Negative 220 289 NT stimulation index of 1.6 in the LLNA: BrdU-ELISA; EC1.8 = estimated concentration needed to produce a stimulation index of 1.8 in the ECLESOSH o7 Jsf
— m NoTraatmant area that produced a 5% response in the population tested (DSAs). Diethyl phthalate Negative NC NC NC LLNA: DA; EC3 = estimated concentration of a substance needed to produce a stimulation index of 3, which is the threshold value for a
— Glveerol Negative NC NC NT substance to be considered a sensitizer in the LLNA; GHS = Globally Harmonized System of Classification and Labelling of Chemicals 0% 0% 40%  60%  80%  100%
—  “Strong” sensitizers (GHS 1A) are defined as having DSAy < 500 pg/cm2. “Other” sensitizers y g (UN 2011); LLNA = murine local lymph node assay. e °| Cossiied ® Underclaceiied ’
(GHS 1B) are defined as having DSA; > 500 pg/cm?. Hexane Negative NC 78.9 82.2 Note: Column headings are defined as follows: correct = correct classification; under = underclassification; over = overclassification. orrectly Classihe nderclassiie
Hexyl cinnamic aldehyde Negative 8.90 10.2 6.16 a Potency classification used cutoff values of <2%, 6%, or 9% for strong sensitizers and >2%, 6%, or 9% for other sensitizers. “Strong” or
- “other” sensitizers were identified using the respective EC values listed in the table for the traditional LLNA and nonradiolabeled LLNA
~ -~ Isopropanol Negative NC 5.33 NC assay. The comparable cutoff for the LLNA: BrdU-ELISA is indicated in the table (see row with the bold border for EC1.6 < 9%). Abbreviations: EC1.8 = estimated concentration of a substance needed to produce a stimulation index of 1.8 in the LLNA: DA,
| | istatt Negati 44.0 NC NT b The overall correct classification rate is based on human data classifications for “strong” sensitizers, “other” sensitizers, and EC3 = estimated concentration of a substance needed to produce a stimulation index of 3 in the LLNA.
( - D Sopropy! myristate egative : nonsensitizers (UN 2011) ’ ’ Note: Cutoffs are compared using values from Table 3b and Figure 4.
AYS 9-¢ Linalool Negative 55.0 27.6 NT '
24 Hours Later Administer BrdU Methyl salicylate Negative 17.0 NC NC ]
- pos et Anal ySes —— — — — - Table 3b. LLNA EC3 and LLNA: DA EC1.8 at Various Cutoffsafor 30 Substances
- o) 7 injection)
The U.S. Consumer Product Safety Commission (CPSC), under the Federal Hazardous Substances Act : _ Resorcinol Negative 59 NT 3.9 “Strong” Human Sensitizers |  “Other” Human Sensitizers (DSAy, > 500 Human Nonsensiaers :
- i i i iti \ . .. - Classification Cutoff for “Strong” versus DSA5 S 500 pg/cm? lcm? Overall Correct Potency
(15 U.S.C. 1261-1278), requires hazard labeling of strong skin sensitizers (16 CFR 1500.3[0][9]). SN Collect Draining . The correct, underprediction, and overprediction rates for strong (GHS 1A) human sensitizers, other Salicylc acid Negative 120 NC 177 “Other” Sensitizers 0% =0 natem) Horem Classification® CO nc | usions
— Although the CPSC uses both human and animal data to determine that a substance is a strong Prepare Single Auricular ji e e (GHS 1B) human sensitizers, and nonsensitizers were calculated for multiple threshold induction PSST——— —— 0 23 ™ Correct Under Under Correct Over Over Correct
sensitizer, no quantitative criteria are currently applied (Table 1). Cell Suspension Lymph Nodes AN T concentrations for the LLNA: BrdU-ELISA EC1.62 and the LLNA: DA EC1.8P odium laury! sulfate egative i i : 8% 22% 8% 5% 17% 67% 33% 63%

LLNA EC3520%

. . (719) (219) (112) (9/12) (212) (619) (319) (19/30) o . i o . . "
In 2007 the CPSC requested that ICCVAM evaluate the usefulness and limitations of the LLNA as a = —  These results were compared to the prediction rates of the traditional LLNA EC3 for the same Abbreviations: DSAys = induction dose per skin area, in pg/cm?, in a human repeat insult patch test or human maximization test that % T o o e 5 o o EC1.6 < 9% for the LLNA: BrdU-ELISA and EC1.8 < 0.8% for the LLNA: DA classified strong sensitizers

stand-alone test method for potency determinations. substances produces a positive response in 5% of the tested population; EC1.6 = estimated concentration of a substance needed to produce a LLNA: DA EC18=2% (&) (19) @12) (812) @12) (69 (39 (19/30) at rates comparable to that of the LLNA EC3 < 2%.
. . o . ' stimulation index of 1.6 in the LLNA: BrdU-ELISA; EC1.8 = estimated concentration of a substance needed to produce a stimulation index 78% 2006 8% 75% 17% 67% 33% 63% . . e
— Following the CPSC request, the Globally Harmonized System for Classification and Labelling of .’ of 1.8 in the LLNA: DA; EC3 = estimated concentration of a substance needed to produce a stimulation index of 3 in the traditional LLNA: LLNA: DA ECLE<08% (719) (209) (112) (9/12) (2112) (69) (309) (19/30) These results suggest that the LLNA: BrdU-ELISA and LLNA: DA may also be useful for classifying
Chemicals (GHS) was updated to include potency criteria for the LLNA (UN 2009, 2011) (Table 1). Mean BrdU Labeling Index NC = not calculated because the substance was negative; NT = not tested. LLNA: DA ECLB<0.5% 67% (33/0/; (3%) 83% e/%) 67/% 33% 63% substances as strong sensitizers.
; =0 (6/9) 319 12 (1012) (112 (619) (319) (19/30)

for Treatment Group aEC1.6 is an estimated concentration of a substance needed to produce a stimulation index of 1.6 in LLNA: BrdU-ELISA. a Listed in order of decreasing human potency.

Si= . . . o ) ,
Mean BrdU Labeling Index PEC1.8 is an estimated concentration of a substance needed to produce a stimulation index of 1.8 in LLNA: DA. bIf more than one value per substance was identified, values represent a geometric mean.
for Control Group

Based on an evaluation of 136 substances with LLNA and human data, ICCVAM recommended ) When relative potency information is required, these nonradiolabeled tests should
that LLNA with an EC3 < 2% could be used to classify substances as strong sensitizers (GHS 1A) _ - E‘

but that LLNA with EC3 > 2% could not be used alone to classify substances as other (than strong)

sensitizers (GHS 1B) (ICCVAM 2011). Measure Proliferation Sl 2 1.6 = Sensitizer (Positive) a Potency classification used cutoff values of <0.5%, 0.8%, or 2% for “strong” sensitizers and >0.5%, 0.8%, or 2% for “other” sensitizers.

. . . Sensitizers were identified using the respective EC values listed in the table for the traditional LLNA and the two nonradiolabeled LLNA
0, 0 ses 5
" A% (13/.2.7) of strang human sensitizers were classified as other sensitizers (EC3 > 216) or as (BrdU Content by ELISA) Sl < 1.6 = Nonsensitizer (Negative) assays. The cutoff for the LLNA: DA is indicated in the table (see row with bold border for EC1.8 < 0.8%.)
nonsensitizers by the LLNA. ' Y,

This poster examines the accuracy of two nonradiolabeled versions of the LLNA, the LLNA: BrdU- F I g u re 3 E L L NA B rd U - E L | SA an d H U m an POte n Cy h :gss(;\;esﬁggrosrzﬁcr\tl Czjgﬁi)f.icaﬁon raie s based on human data classiieations for "strong” sensiizers, “other sensitzers. and

ELISA and the LLNA: DA, for classifying substances as strong human skin sensitizers. Abbreviations: SI = stimulation index.

Abbreviations: See Table 3a. —  Further reduce and refine animal use for ACD hazard assessments in comparison to guinea pig
Note: Column headings are defined as follows: correct = correct classification; under = underclassification; over = overclassification. test methods, while ensuring human safety

— Reduce costs and environmental hazards associated with the use of radioactive substances
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— measurement as an endpoint. AATEX 11: 136-144.

LLNAEC3 <2%

Positive? response in humans at< 500 ug/cm? sj= Mean RLU for Treatment Group Notes: A red vertical line indicates a classification cutoff of 9% for the LLNA: BrdU-ELISA EC1.6. A red horizontal line shows a

Positive® response in humans at - cutoff of 500 pg/cm? for the human DSA,; — a cutoff applied by GHS to differentiate “strong” sensitizers from “other” sensitizers.

> 500 pg/cm? ] D Mean RLU for Control Group Negative results were assigned a single value >100% for the LLNA: BrdU-ELISA and >100,000 ug/cm?for the human DSA. Six LLNA: DAEC 1.8
- S5 e Senali R PobE) true negatives are overplotted in the unshaded area in the upper right corner of the graph, and the number of false positives and 0/ C .

Abbreviations: CPSC = U.S. Consumer Product Safety Commission; EC3 = estimated concentration of a substance needed to produce Determine Proliferation il o i = false negatives (relafive to human data) are indicated on the graph. ( o 0ncentrat|0n)

a stimulation index of 3 in the LLNA; GHS = Globally Harmonized System for Classification and Labelling of Chemicals; LLNA = murine (Measure ATP Content by Sl < 1.8 = Nonsensitizer (Negative)

local lymph node assay. \LuciferlnILuciferase Assay) -,

a Human evidence can also include (1) diagnostic patch test data with a relatively high incidence of reactions in a defined population in

Abbreviations: DSAys = induction dose per skin area, in ug/cm?, in a human repeat insult patch test or human maximization test that

) : ! h ) . . NS h . produces a positive response in 5% of the tested population; EC1.8 = estimated concentration needed to produce a stimulation index
relation to relatively low exposure or (2) other epidemiology evidence with a relatively high incidence of allergic contact dermatitis in . ) ) ) ) o ) of 1.8 in the LLNA: DA.
relation to relatively low exposure. Abbreviations: RLU = relative luminescence unit; SI = stimulation index; SLS = sodium lauryl sulfate.

b Human evidence can also include (1) diagnostic patch test data with a relatively low but substantial incidence of reactions in a defined NOIES:Z/-\ red vertical line indicates a classification cutoff of 0.8% for the“LLNA: ’PA EC1.8. Ared Torlzo?tal line shows a cutoff of 500
population in relation to relatively high exposure or (2) other epidemiology evidence with a relatively low but substantial incidence of ng/cm?for the human DSAs — a cutoff applied by GHS to differentiate “strong” sensitizers from “other” sensitizers. Three true
allergic contact dermatitis in relation to relatively high exposure. zzgzt:xgz ?rreel;thleerpt)(l)ogleji;\ntzzt;;lz?:?s;:;teez|gr:rlﬁeugf:£hnght corner of the graph, and the number of false positives and false
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