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A. 研究目的

本研究は、化学物質やその混合物の安全

性を評価するための国際的な合意を推進す

る経済協力開発機構（OECD: Organisation 
for Economic Co-operation and Development）
の 試 験 法 ガ イ ド ラ イ ン （ TG ： Test 
Guideline）プログラム各国調整官作業グル

ープ（WNT: Working Group of National Co-
ordinators of the TGs programme）において、

1）日本で開発された種々のTGやガイダン

ス文書（GD：Guidance Document）、有害

性 発 現 経 路 （ AOP : Adverse Outcome

研究要旨

本研究は、化学物質やその混合物の安全性を評価するための国際的な合意を推進する

経済協力開発機構（OECD: Organisation for Economic Co-operation and Development）の試験

法ガイドライン（TG: Test Guideline）プログラム各国調整官作業グループ（WNT: 
Working Group of National Co-ordinators of the TGs programme）において、日本で開発され

た種々の TG やガイダンス文書（GD: Guidance Document）、有害性発現経路（AOP : 
Adverse Outcome Pathway）などの世界各国が必要とする成果物を公定化させることを目的

とする。

これまでの先行研究の成果として、我が国で開発された腐食性試験代替法、皮膚感作

性試験代替法、光毒性試験代替法、内分泌かく乱性スクリーニング法などに関する TG や

免疫毒性の AOP の公定化に寄与し、皮膚感作性試験の確定方式（DASS: Defined Approach 
for Skin Sensitisation）ガイドライン 497 の開発に関与してきた。 

本年度は、これらの成果を生かし、TG に関しては、既存の TG である皮膚感作性試験

代替法 ADRA（Amino acid Derivative Reactivity Assay）を含む TG442C の再改定をなすこ

とができた。GD として、In vitro 免疫毒性試験の総説（DRP: Detailed Review Paper）が

OECD に採択されたが、in vitro 生殖毒性試験の総説は論文投稿に留まった。 

31



Pathway）や評価のための戦略的統合方式

（IATA: Integrated Approaches to Testing and 
Assessment）などの世界各国が必要とする

成果物を公定化させることを目的とする。 
 

B. 研究方法 
B-1. AOP の開発 

EAGMST（Extended Advisory Group on 
Molecular Screening and Toxicogenomics）で

行われているOECDのAOP開発プロジェク

トの進捗に合わせ、班員を支援した。 

B-2. TG、DRP 及び IATA の開発 
OECDのTGの開発プロジェクトWNTの

進捗に合わせ、班員を支援した。 
 

B-2-1.  皮膚感作性試験 
研究協力者の笠原とともに、皮膚感作性

試験代替法 In Chemico Skin Sensitisation、
ADRA （ Amino acid Derivative Reactivity 
Assay）に混合物が評価できる重量法を加

えた TG442C の再改定に向け、尽力した。

また、DPRA（Directive Peptide Reactivity 
Assay）の重量法も同 TGに追加するため、

研究協力者の笠原及び小島に加え、他国の

機関（P&G 及び Givaudan）とともに共同

研究を主導した。具体的には、コード化し

た 10 物質を 4 施設に配布し、合計 20 物質

（分子量が大きく、バラツキが生じる可能

性の高い感作性物質）を用い、重量法の施

設間再現性を確認するとともに、既知法で

あるモル濃度法との比較研究を実施した。 
また、研究協力者の相場とともに、IL-

8 Luc assay TG442E の改定案を作成し、各

国からの改定要望に対処した。 
さらに、研究分担者の足利とともに、皮

膚 感 作 性 試 験 の 確 定 方 式 （ Defined 
Approach for Skin Sensitisation：DASS）ガイ

ドライン 497 の改定プロジェクトに参加し、

他国の専門家と議論した。 
 
B-2-2.  免疫毒性試験 
相場及び国際的な専門家とともに、in 

vitro免疫毒性に関するDRP (Detailed Review 
Paper)を作成した。 

DRPの承認を待って IL-2を指標とした免

疫毒性試験 IL-2 Luc assay の TG 案を提出し、

各国からの改定要望に対処した。 
 

B-2-3. 生殖毒性試験の DRP 
本分野の国内外の専門家とともに、in 

vitro 生殖毒性毒性に関する総説を作成し、

Current Research Toxicology に投稿した。 

B-3.  光毒性 IATA 開発 
研究分担者の尾上とともに OECD expert 

group からのコメントに従って光毒性 IATA
案を修正した。 

B-4. OECD に提出する資料の事前確認と

OECD からの意見募集への対応 
B-4-1. SPSF 

昨秋、日本から提出した SPSF（Standard 
Project Submission Form）の内容を検討した。 
 
B-4-2. Emerging technologies in the Test 
Guidelines Programme に関するワークショ

ップ 
代表研究者の平林とともに、emerging 

technologies in the Test Guidelines Programme
のワークショップに関与し、今後の TG の

在り方について議論した。 
 

（倫理面への配慮） 
 特になし。 
 
 

32



C. 研究結果 
C-1. AOP の開発 
免疫毒性、発がん性および光毒性のAOP

成立に向け、EAGMSTのメンバー及び開発

者の代理として、OECD事務局と交渉した。

「IL-1 receptor結合阻害：AOP277」の採択

に向け、足利研究分担者を支援した。 

C-2.  TG 及び DRP の開発 
C-2-1.  皮膚感作性試験 
一昨年度から検討を続けてきた in 

Chemico Skin Sensitisation、 ADRA の中に混

合物が評価できる重量法を加える TG442C
の再改定案を作成し、WNT で議論された

結果、重量法を加えた TG442C の再改定が

2022 年 9 月に公表された（添付資料１）。

引き続き、 OECD から要請を受け、

TG442C に追加する DPRA 重量法に関する

共同研究を主導した。その結果、表１に示

すように、20 物質すべてでモル濃度法と重

量法が一致した結果となることを確認した。 
また、IL-8 Luc assay TG442E の改定案を

作成し、7 月に OECD に提出し、改定に関

する議論を各国の専門家と行った。 
 一昨年 TG497として公表された DASSの

改定に引き続き参画し、日本の方法である

ADRA と IL-8 Luc assay をガイドライン 497
に加えるべく、協力した。 
 
C-2-2.  免疫毒性試験 

In vitro 免疫毒性試験の DRP の採択に向

けて尽力した結果、本年 9 月に公表された

(添付資料2)。また、IL-2を指標とした免疫

毒性試験 IL-2 Luc assay の TG 案を OECD に

提出し、WNT 意見募集を受けて改定した。 
 

C-2-3. 生殖毒性試験の DRP 
国際的な専門家とともに、in vitro 生殖

毒性毒性に関する DRP の作成を継続して

実施してきた。成果の一つとして論文が、

本年 5 月に Current Research Toxicology に

受理された。ただし、この論文をもとに

OECD で DRP を作成することは断念した。 

C-3. 光毒性 IATA の開発 
作成した AOP を基盤として、その枠組

みのなかで information sources をマッピン

グした。光毒性に関与する elements として

は、(i) Exposure consideration、 (ii) Chemical 
descriptors 、  (iii) Skin penetration 、  (iv) 
Photoexcitation、  (v) Oxidative stress、  (vi) 
Cell injury を定義し、それらに関わる 
information sources をリスト化した。この中

には in vitro 試験、in vivo 試験のみならず、

in silico や QSAR モデルも含めた。また、

OECD 専門家会議における有識者の助言に

従い、information source に対して詳細な記

述を加えることとし、具体的には  (1) 
Regulatory use、 (2) Validation & regulatory 
acceptance status、  (3) Potential role in the 
IATA、 (4) Description、 (5) Scientific basis 
including MoA、 (6) Protocol available、 (7) 
Strengths and weakness 、  (8) Applicability 
domain and limitations、 (9) Predictive capacity、 
(10) Reliability を各種文献情報やガイドラ

インを交えつつ追記した。また、これらの 
information sources を組み合わせた包括的光

安全性評価に関して decision tree を新たに

提案し、IATA にあくまでも一例として記

述した。 
アップデートした IATA 案はすでに 各

国からの意見募集期間に入ったので今後

はコメントや指摘事項に対応して修正作

業を行った。 

C-4. OECD に提出する資料の事前確認と

OECD からの意見募集への対応 
C-4-1. SPSF 
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昨年 11 月に日本から以下の SPSF を提

出した。提出にあたり、厚生労働省とも

内容を調整した。 
  
1) Proposal for α-Sens® as FBS-free test 

system for detecting Key Event 2 (ARE-
Nrf2 activation) of skin sensitization 

2) Proposal for TG 493 ((Performance-Based 
Test Guideline for Human Recombinant 
Estrogen Receptor (hrER) In Vitro Assays to 
Detect Chemicals with ER Binding 
Affinity) performance and acceptability 
criteria to make it realistic 

 
C-4-2. Emerging technologies in the Test 
Guidelines Programme に関するワークショ

ップ 
Lesson and Learned for a Validation Studyと

いう演題で8月31日に講演した。発表内容

を添付資料3に示した。この演題を含め20
以上の発表会が数か月に渡り事前に開催さ

れた。 
 

D. 考察 
免疫毒性や生殖毒性試験などの全身毒性

に関する in vitro TG の開発は前例がなく、

これまで以上に時間を要しており、費用も

嵩んでいる。OECD は、こうした前例のな

い TG を開発するために、まずは DRP の作

成を求めており、数年掛かりで免疫毒性と

生殖毒性試験の GD 作成を進めてきた。本

年、in vitro 免疫毒性試験の DRP を開発で

きたものの、生殖毒性試験のDRP開発を断

念した。その理由として、DRP の開発は in 
vitro 生殖毒性試験 Hand1-Luc EST の TG
開発を目指したものであったが、開発者の

住友化学株式会社がこれ以上の開発を望ま

ないと表明したことによる。新規試験法の

導入は、行政的には慎重であるべきとは思

うが、時間的なロスを解消しない限り、

Emerging technologies の導入は難しいと予

想している。 
一方、 OECD で今年から始 まった

Emerging technologies in the Test Guidelines 
Programme への対応は、まさしく日本が直

面している問題を解決するプロジェクトで

ある。研究代表者の平林および厚生労働省

の担当者とも連携を図り、引き続き、日本

として適切な対応を心掛けていく。 
 

E. 結論 
 TG に関しては、日本主導で取り組んで

きた in Chemico Skin Sensitisation、 ADRA 

TG442Cの再改定が公表された。GDに関し

ては、in vitro 免疫毒性試験の DRP が公表

された。引き続き、各国の専門家ともに、

TG、GD や IATA 開発を進めていく。 
 
F. 研究発表 
F-1. 論文発表 

1. Kimura Y, Yasuno R, Iwaki T, Fujimura C, 
Ohmiya Y, Nakajima Y, Omori T, Corsini E, 
Inoue T,  Rogen EL, Kojima H, Aiba S. An 
international validation study of the 
interleukin-2 luciferase leukocyte toxicity test 
(IL-2 Luc LTT) to evaluate potential 
immunesuppressive chemicals and its 
performance after use with the interleukin-2 
luciferase assay (IL-2 Luc assay), Toxicol In 
Vitro. 2022;88:105535.  

2. Imamura M, Yamamoto Y, Fujita M, 
Wanibuchi S, Nakashima N, Kojima H, Ono 
A, Kasahara T. Applicability of ADRA (4 
mM) for the prediction of skin sensitization by 
combining multiple alternative methods to 
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小野敦． in chemico 皮膚感作性試験 
ADRA 法のガイドライン改訂に向けたリ
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表１．DRPA モル濃度法および重量法の比較結果要約 

 

 
 

DRPA
prediction

DRPA
prediction

LLNA
call

Lab 1 Lab2
Molar approach Positive Positive
Gravimetric approach Positive Positive
Molar approach Positive Positive
Gravimetric approach Positive Positive
Molar approach Positive Positive
Gravimetric approach Positive Positive
Molar approach Positive Positive
Gravimetric approach Positive Positive
Molar approach Negative Negative
Gravimetric approach Negative Negative
Molar approach Positive Positive
Gravimetric approach Positive Positive
Molar approach n.a n.a
Gravimetric approach n.a n.a
Molar approach Positive Positive
Gravimetric approach Positive Positive
Molar approach Negative Negative
Gravimetric approach Negative Negative
Molar approach Positive Positive
Gravimetric approach Positive Positive
Molar approach Negative Negative
Gravimetric approach Negative Negative
Molar approach Negative Negative
Gravimetric approach Negative Negative
Molar approach Positive Positive
Gravimetric approach Positive Positive
Molar approach Positive Positive
Gravimetric approach Positive Positive
Molar approach Positive Positive
Gravimetric approach Positive Positive
Molar approach Positive Positive
Gravimetric approach Positive Positive
Molar approach Positive Positive
Gravimetric approach Positive Positive
Molar approach Positive Positive
Gravimetric approach Positive Positive
Molar approach Negative Negative
Gravimetric approach Negative Negative
Molar approach Negative Negative
Gravimetric approach Negative Negative

BADGE 1675-54-3

TCI

Fujifilm Wako

TCI
Bromothalonil

Benzyl cinnamate

Benzyl salicylate 118-58-1

Farnesal

512.6

388.3

Bis-GMA 1565-94-2

228.3

Iodocarb 55406-53-6

Imidazolidinyl urea 39236-46-9

281.09 >97.0%

Tetrachlorosalicylanilide 1154-59-2

302.5 >80%

338.4 >98%

<100%

<=100%

<=100%

351

340.4

613-29-6

19317-11-4

<=100%

<=100%

<=100%

<=100%

98%

98%

>99%

<=100%
Sigma-Aldrich

TCI

Fujifilm Wako
238.3

TCI

212.2

206.2

205.3

204.3

217.2

216

220.4

Fujifilm Wako

Sigma-Aldrich

Sigma-Aldrich

Sigma-Aldrich

Sigma-Aldrich

4-Nitrobenzyl bromide

Propyl gallate

Diphenylcyclopropenone

N,N-Dibutylaniline

Lilial

100-11-8

121-79-9

886-38-4

80-54-6

Oxazolone 15646-46-5

>96%

1B

1B

1A

1A

1A

1B

1A

1A

1A

1A

1B

1B

1A

1B

1B

1B

1A

1A

Curated.name CASRN MW Purity Approach

Dibenzoyl peroxide 94-36-0 Kanto Chemical 302.5 >80%

Supplier

Lauryl gallate 1166-52-5

Sigma-Aldrich

Sigma-Aldrich

ThermoFisher
Scientific（ACROS）

TCI

TCI

TCI

<=100%

Abietic acid 514-10-3

α-iso-Methylionone 127-51-5
TCI

206.3 >70%
1B

1BIsopropyl myristate 110-27-0

35691-65-7

103-41-3

95%
270.5

>98%265.9

No.

1

2

3

4

5
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OECD KEY EVENT BASED GUIDELINE FOR THE TESTING OF 

CHEMICALS 

In chemico skin sensitisation assays addressing the Adverse Outcome Pathway Key Event 

on Covalent Binding to Proteins 

INTRODUCTION  

Covalent binding to proteins Key Event based Test Guideline. 

1. A skin sensitiser refers to a substance that will lead to an allergic response following 
repeated skin contact as defined by the United Nations Globally Harmonized System of 
Classification and Labelling of Chemicals (UN GHS) (1). There is general agreement on 
the key biological events underlying skin sensitisation. The current knowledge of the 
chemical and biological mechanisms associated with skin sensitisation has been 
summarised as an Adverse Outcome Pathway (AOP) (2) starting with a molecular initiating 
event through intermediate events to the adverse effect, namely allergic contact dermatitis. 
This AOP focuses on chemicals that react with amino-acid residues (i.e. cysteine or lysine) 
such as organic chemicals. In this instance, the molecular initiating event (i.e. the first key 
event), is the covalent binding of electrophilic substances to nucleophilic centres in skin 
proteins. The second key event in this AOP takes place in the keratinocytes and includes 
inflammatory responses as well as changes in gene expression associated with specific 
cell signalling pathways such as the antioxidant/electrophile response element (ARE)-
dependent pathways. The third key event is the activation of dendritic cells, typically 
assessed by expression of specific cell surface markers, chemokines and cytokines. The 
fourth key event is T-cell proliferation. 

2. The assessment of skin sensitisation has typically involved the use of laboratory animals. 
The classical methods that use guinea-pigs, the Guinea Pig Maximisation Test (GPMT) of 
Magnusson and Kligman and the Buehler Test (OECD TG 406) (11) assess both the 
induction and elicitation phases of skin sensitisation. The murine tests, such as the LLNA 
(OECD TG 429) (12) and its three non-radioactive modifications — LLNA:DA (OECD TG 
442A) (13), LLNA:BrdU-ELISA, and BrdU-FCM (OECD TG 442B) (14) — all assess the 
induction response exclusively and have gained acceptance, since they provide an 
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advantage over the guinea pig tests in terms of animal welfare together with an objective 
measurement of the induction phase of skin sensitisation.  

3. Mechanistically-based in chemico and in vitro test methods addressing the first three key 
events of the skin sensitisation AOP have been adopted for contributing to the evaluation 
of the skin sensitisation hazard potential of chemicals: the present Test Guideline assesses 
covalent binding to proteins, addressing the first key event; the OECD TG 442D assesses 
keratinocyte activation (15), the second key event and the OECD TG 442E addresses the 
activation of dendritic cells (16), the third key event of the skin sensitisation AOP. Finally, 
the fourth key event representing T-cell proliferation is indirectly assessed in the murine 
Local Lymph Node Assay (LLNA) (12).  

 

Background and principles of the test methods included in the Key Event based 

Test Guideline  

4. This Test Guideline (TG) describes in chemico assays that address mechanisms described 
under the first key event of the AOP for skin sensitisation, namely covalent binding to 
proteins (2). The test methods currently included in this Test Guideline are:  

 The Direct Peptide Reactivity Assay (DPRA) (Appendix I),  

 The Amino Acid Derivative Reactivity Assay (ADRA) (Appendix II), and  

 The kinetic Direct Peptide Reactivity Assay (kDPRA) (Appendix III). 

5. The test methods are based on in chemico covalent binding to proteins and are considered 
to be scientifically valid. The DPRA has been evaluated in a European Union Reference 
Laboratory for Alternatives to Animal Testing (EURL ECVAM)-lead validation study and 
subsequent independent peer review by the EURL ECVAM Scientific Advisory Committee 
(ESAC) (3) (4) (5). The ADRA underwent a validation study coordinated by the Japanese 
Center for the Validation of Alternative Methods (JaCVAM) (6) (7) (8) (9) followed by an 
independent peer-review (10). The kDPRA underwent an industry-coordinated validation 
study followed by an independent peer-review (17). 

6. The test methods included in this Test Guideline might differ with regard to the procedures 
used to generate the data but can each be used to address countries’ requirements for 
test results on protein reactivity, while benefiting from the Mutual Acceptance of Data.  

7. The correlation of protein reactivity with skin sensitisation potential is well established (18) 
(19) (20). Nevertheless, since protein reactivity represents only one key event of the skin 
sensitisation AOP (2) (21), information generated with test methods developed to address 
this specific key event may not be sufficient as stand-alone methods to conclude on the 
presence or absence of skin sensitisation potential of chemicals. Therefore, data 
generated with the test methods described in this Test Guideline are proposed to be used 
within Integrated Approaches to Testing and Assessment (IATA), together with other 
relevant complementary information from in vitro assays addressing other key events of 
the skin sensitisation AOP as well as non-testing methods, including in silico modelling 
and read-across from chemical analogues (21). Examples on the use of data generated 
with these methods within Defined Approaches (DAs), i.e. approaches standardised both 
in relation to the set of information sources used and in the procedure applied to derive 
predictions, have been published (21) and are implemented in an OECD TG on defined 
approaches for skin sensitisation (22).  

8. The DPRA and ADRA described in Appendixes I and II to this Test Guideline, respectively, 
support the discrimination of skin sensitisers (Category 1) from non-sensitisers. Depending 
on the regulatory framework, positive results generated with these methods may be used 
on their own to classify a chemical into UN GHS Category 1. However, these test methods 
do not allow on their own, the sub-categorisation of skin sensitisers into subcategories 1A 
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and 1B (23), as defined by UN GHS (1) for authorities implementing these two optional 
subcategories, or potency prediction for safety assessment decisions.  

9. In contrast, the kDPRA described in Appendix III of this Test Guideline, allows 
discrimination of UN GHS subcategory 1A skin sensitisers from those not categorised as 
subcategory 1A (non-subcategory 1A) i.e., subcategory 1B or no category (1) but does not 
allow to distinguish sensitisers (Category 1) from non-sensitisers. Depending on the 
regulatory framework, positive results generated with the kDPRA may be used on their 
own to classify a chemical into UN GHS subcategory 1A. 

10. Definitions are provided in the Annex. Performance Standards for the assessment of 
proposed similar or modified in vitro skin sensitisation DPRA and ADRA test methods have 
been developed (24). 
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Annex 1.A. DEFINITIONS 

 

Accuracy: The closeness of agreement between test method results and accepted reference values. It is 

a measure of test method performance and one aspect of relevance. The term is often used 

interchangeably with concordance to mean the proportion of correct outcomes of a test method (1). The 

formula used to derive accuracy is shown under “Calculation” of predictive capacity. 

ADRA: Amino acid Derivative Reactivity Assay. 

AOP (Adverse Outcome Pathway): sequence of events from the chemical structure of a target chemical 

or group of similar chemicals through the molecular initiating event to an in vivo outcome of interest (2). 

Balanced accuracy: The average of sensitivity and specificity. This metric is particularly useful when a 

different number of in vivo positive and in vivo negative chemicals were tested. It is an important 

consideration in assessing the relevance of a test method. The formula used to derive balanced accuracy 

is shown under “Calculation” of predictive capacity. 

Calculation 

Calculating predictive capacity 

Sensitivity, specificity, accuracy, and balanced accuracy are calculated based on the true 

positive (TP), true negative (TN), false negative (FN), and false positive (FP) values as 

follows: 

Sensitivity = 
Number of true positives (TP)

Number of all positive chemicals (TP+FN) 
 x 100 

Specificity=  
Number of true negatives (TN)

Number of all negative chemicals (TN+FP) 
 x 100 

Accuracy =  
Number of correct predictions (TP+TN))

Number of all chemicals (TP+FN+TN+FP) 
 x 100 

Balanced accuracy = 
 Sensitivity + Specificity 

2
 

 

Calibration curve: The relationship between the experimental response value and the analytical 

concentration (also called standard curve) of a known substance. 

Coefficient of variation: a measure of variability that is calculated for a group of replicate data by dividing 

the standard deviation by the mean. It can be multiplied by 100 for expression as a percentage. 

Defined Approach (DA): a DA consists of a fixed data interpretation procedure (e.g. statistical, 

mathematical models) applied to data (e.g. in silico predictions, in chemico, in vitro data) generated with a 

defined set of information sources to derive a prediction. 

DPRA: Direct Peptide Reactivity Assay.  

EDTA: Ethylenediaminetetraacetic acid. 

EURL ECVAM: the European Union Reference Laboratory for Alternatives to Animal Testing. 
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Hazard: Inherent property of an agent or situation having the potential to cause adverse effects when an 

organism, system or (sub) population is exposed to that agent. 

IATA (Integrated Approach to Testing and Assessment): A structured approach used for hazard 

identification (potential), hazard characterisation (potency), and/or safety assessment (potential/potency 

and exposure) of a chemical or group of chemicals, which strategically integrates and weights all relevant 

data to inform regulatory decision regarding potential hazards, risks, and the need for further targeted and 

therefore minimal testing. 

JaCVAM: Japanese Center for the Validation of Alternative Methods. 

kDPRA: kinetic Direct Peptide Reactivity Assay.  

kmax: is the maximum rate constant (in s-1M-1) determined from the reaction kinetics for a tested substance 

in the kDPRA (see Appendix III, paragraph 24). 

LLNA: murine Local Lymph Node Assay issued as OECD TG 429 in 2010. 

Molecular Initiating Event: Chemical-induced perturbation of a biological system at the molecular level 

identified to be the starting event in the adverse outcome pathway. 

Mixture: A solid or liquid comprising two or more substances which do not react chemically (3). 

Mono-constituent substance: A substance, defined by its quantitative composition, in which one main 

constituent comprises at least 80% (w/w) of the whole. 

Multi-constituent substance: A substance, defined by its quantitative composition, in which two or more 

main constituents are present in concentrations ≥ 10% (w/w) and < 80% (w/w). Multi-constituent 

substances are the result of a manufacturing process. The difference between a mixture and a multi-

constituent substance is that a mixture comprises two or more substances which do not react chemically, 

whereas a multi-constituent substance comprises two or more substances that do react chemically. 

NAC: N-(2-(1-naphthyl) acetyl)-L-cysteine (4) (5) (6). 

NAL: α-N-(2-(1-naphthyl) acetyl)-L-lysine (4) (5) (6). 

Positive control: A replicate containing all components of a test system and treated with a substance 

known to induce a positive response. To ensure that variability in the positive control response across time 

can be assessed, the magnitude of the positive response should not be excessive. 

Pre-haptens: chemicals which become sensitisers through abiotic transformation. 

Pro-haptens: chemicals requiring enzymatic activation to exert skin sensitisation potential. 

Reference control: An untreated sample containing all components of a test system, including the solvent 

or vehicle that is processed with the test chemical treated and other control samples to establish the 

baseline response for the samples treated with the test chemical dissolved in the same solvent or vehicle. 

When tested with a concurrent negative control, this sample also demonstrates whether the solvent or 

vehicle interacts with the test system. 

Relevance: Description of relationship of the test to the effect of interest and whether it is meaningful and 

useful for a particular purpose. It is the extent to which the test correctly measures or predicts the biological 

effect of interest. Relevance incorporates consideration of the accuracy (concordance) of a test method 

(1). 

Reliability: Measures of the extent that a test method can be performed reproducibly within and between 

laboratories over time, when performed using the same protocol. It is assessed by calculating intra- and 

inter-laboratory reproducibility and intra-laboratory repeatability (1). 
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Reproducibility: The concordance of results obtained from testing the same substance using the same 

test protocol (see reliability). (1) 

Sensitivity: The proportion of all positive/active chemicals that are correctly classified by the test method. 

It is a measure of accuracy for a test method that produces categorical results and is an important 

consideration in assessing the relevance of a test method (1). The formula used to derive sensitivity is 

shown under ”Calculation” of predictive capacity. 

Specificity: The proportion of all negative/inactive chemicals that are correctly classified by the test 

method. It is a measure of accuracy for a test method that produces categorical results and is an important 

consideration in assessing the relevance of a test method (1). The formula used to derive specificity is 

shown under “Calculation” of predictive capacity. 

Substance: Chemical elements and their compounds in the natural state or resulting from a manufacturing 

process, including any additive necessary to preserve the stability of the product and any impurities 

deriving from the process, but excluding solvents that may be separated without affecting the stability of 

the substance or changing its composition (3). 

System suitability: Determination of instrument performance (e.g., sensitivity) by analysis of reference 

standards prior to running the analytical run (7). 

Test chemical: The term test chemical is used to refer to the substance being tested. 

TFA: Trifluoroacetic acid. 

United Nations Globally Harmonized System of Classification and Labelling of Chemicals (UN 

GHS): A system proposing the classification of chemicals (substances and mixtures) according to 

standardised types and levels of physical, health and environmental hazards, and addressing 

corresponding communication elements, such as pictograms, signal words, hazard statements, 

precautionary statements and safety data sheets, so that to convey information on their adverse effects 

with a view to protect people (including employers, workers, transporters, consumers and emergency 

responders) and the environment (3). 

UVCB: substances of unknown or variable composition, complex reaction products or biological materials. 

Valid test method: A test method considered to have sufficient relevance and reliability for a specific 

purpose and which is based on scientifically sound principles. A test method is never valid in an absolute 

sense, but only in relation to a defined purpose (1). 
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In Chemico Skin Sensitisation: Direct Peptide Reactivity Assay 
(DPRA) 

 
 

INITIAL CONSIDERATIONS, APPLICABILITY AND LIMITATIONS 

1. The DPRA is proposed to address the molecular initiating event of the skin 
sensitisation AOP, namely protein reactivity, by quantifying the reactivity of test chemicals 
towards model synthetic peptides containing either lysine or cysteine (1). Cysteine and 
lysine percent peptide depletion values are then used to categorise a substance in one of 
four classes of reactivity for supporting the discrimination between skin sensitisers and non-
sensitisers (2). 

2. The DPRA test method proved to be transferable to laboratories experienced in 
high-performance liquid chromatography (HPLC) analysis. The level of reproducibility in 
predictions that can be expected from the test method is in the order of 85% within 
laboratories and 80% between laboratories (3). Results generated in the validation study 
(4) and published studies (5) overall indicate that the accuracy of the DPRA in 
discriminating sensitisers (i.e. UN GHS Category 1) from non-sensitisers is 80% (N=157) 
with a sensitivity of 80% (88/109) and specificity of 77% (37/48) when compared to LLNA 
results. The DPRA is more likely to under predict chemicals showing a low to moderate 
skin sensitisation potency (i.e. UN GHS subcategory 1B) than chemicals showing a high 
skin sensitisation potency (i.e. UN GHS subcategory 1A) (4) (5). However, the accuracy 
values given here for the DPRA as a stand-alone test method are only indicative since the 
test method should be considered in combination with other sources of information in the 
context of an IATA or a DA and in accordance with the provisions of paragraphs 7 and 8 in 
the General introduction. Furthermore when evaluating non-animal methods for skin 
sensitisation, it should be kept in mind that the LLNA test as well as other animal tests may 
not fully reflect the situation in the species of interest, i.e. humans. On the basis of the 
overall data available, the DPRA was shown to be applicable to test chemicals covering a 
variety of organic functional groups, reaction mechanisms, skin sensitisation potency (as 
determined in in vivo studies) and physico-chemical properties (1) (2) (3) (5). Taken 
together, this information indicates the usefulness of the DPRA to contribute to the 
identification of skin sensitisation hazard. 

3. The term "test chemical" is used in this Test Guideline to refer to what is being 

tested1 and is not related to the applicability of the DPRA to the testing of substances and/or 

mixtures (see a summary of the known limitations of the DPRA in Annex 1 of this Appendix). 
This test method is not applicable for the testing of metal compounds since they are known 
to react with proteins with mechanisms other than covalent binding. A test chemical should 
be soluble in an appropriate solvent at a final concentration of 100 mM (see paragraph 10). 

                                                
1 In June 2013, the Joint Meeting agreed that where possible, a more consistent use of the term “test chemical” 

describing what is being tested should now be applied in new and updated Test Guidelines. 

APPENDIX I 
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However, test chemicals that are not soluble at this concentration may still be tested at 
lower soluble concentrations. In such a case, a positive result could still be used to support 
the identification of the test chemical as a skin sensitiser but no firm conclusion on the lack 
of reactivity should be drawn from a negative result. Limited information is currently 
available on the applicability of the DPRA to mixtures of known composition (4) (5). The 
DPRA is nevertheless considered to be technically applicable to the testing of multi-
constituent substances and mixtures of known composition (see paragraph 4 and 10). 
When considering testing of mixtures, difficult-to-test chemicals (e.g. unstable), or test 
chemicals not clearly within the applicability domain described in this Appendix of the Test 
Guideline, upfront consideration should be given to whether the results of such testing will 
yield results that are meaningful scientifically. The current prediction model cannot be used 
for complex mixtures of unknown composition or for substances of unknown or variable 
composition, complex reaction products or biological materials (i.e. UVCB substances) due 
to the defined molar ratio of test chemical and peptide. For this purpose a new prediction 
model based on a gravimetric approach will need to be developed. In cases where 
evidence can be demonstrated on the non-applicability of the test method to other specific 
categories of chemicals, the test method should not be used for those specific categories 
of chemicals. 

4. The test method described in this Appendix of the Test Guideline is an in chemico 
method that does not encompass a metabolic system. Chemicals that require enzymatic 
bioactivation to exert their skin sensitisation potential (i.e. pro-haptens) cannot be detected 
by the test method. Chemicals that become sensitisers after abiotic transformation (i.e. pre-
haptens) are reported to be in most cases correctly detected by the test method (4) (9) 
(10). In the light of the above, negative results obtained with the test method should be 
interpreted in the context of the stated limitations and in the connection with other 
information sources within the framework of an IATA or a DA. Test chemicals that do not 
covalently bind to the peptide but promote its oxidation (i.e. cysteine dimerisation) could 
lead to a potential over estimation of peptide depletion, resulting in possible false positive 
predictions and/or assignment to a higher reactivity class (see paragraphs 21 and 22).  

5. As described, the DPRA assay supports the discrimination between skin sensitisers 
and non-sensitisers. However, it may also potentially contribute to the assessment of 
sensitising potency (6) (11) when used in integrated approaches such as IATA or DA (12). 
However further work, preferably based on human data, is required to determine how DPRA 
results may possibly inform potency assessment. 

 

PRINCIPLE OF THE TEST 

6. The DPRA is an in chemico method which quantifies the remaining concentration 
of cysteine- or lysine-containing peptide following 24 hours incubation with the test 
chemical at 22.5-30°C. The synthetic peptides contain phenylalanine to aid in the detection. 
Relative peptide concentration is measured by high-performance liquid chromatography 
(HPLC) with gradient elution and UV detection at 220 nm. Cysteine- and lysine peptide 
percent depletion values are then calculated and used in a prediction model (see paragraph 
21) which allows assigning the test chemical to one of four reactivity classes used to 
support the discrimination between sensitisers and non-sensitisers. 

7. Prior to routine use of the method described in this Appendix, laboratories should 
demonstrate technical proficiency, using the ten proficiency substances listed in Annex 2.  
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PROCEDURE 

8. This test method is based on the DPRA DB-ALM protocol n° 154 (7) which 
represents the protocol used for the EURL ECVAM-coordinated validation study. It is 
recommended that this protocol is used when implementing and using the method in the 
laboratory. The following is a description of the main components and procedures for the 
DPRA. If an alternative HPLC set-up is used, its equivalence to the validated set-up 
described in the DB-ALM protocol should be demonstrated (e.g. by testing the proficiency 
substances in Annex 2). 

Preparation of the cysteine or lysine-containing peptides 

9. Stock solutions of cysteine (Ac-RFAACAA-COOH) and lysine (Ac-RFAAKAA-
COOH) containing synthetic peptides of purity higher than 85% and preferably > 90%, 
should be freshly prepared just before their incubation with the test chemical. The final 
concentration of the cysteine peptide should be 0.667 mM in pH 7.5 phosphate buffer 
whereas the final concentration of the lysine peptide should be 0.667 mM in pH 10.2 
ammonium acetate buffer. The HPLC run sequence should be set up in order to keep the 
HPLC analysis time less than 30 hours. For the HPLC set up used in the validation study 
and described in this test method, up to 26 analysis samples (which include the test 
chemical, the positive control and the appropriate number of solvent controls based on the 
number of individual solvents used in the test, each tested in triplicate), can be 
accommodated in a single HPLC run. All of the replicates analysed in the same run should 
use the identical cysteine and lysine peptide stock solutions. It is recommended to prove 
individual peptide batches for proper solubility prior to their use. 

Preparation of the test chemical 

10. Solubility of the test chemical in an appropriate solvent should be assessed before 
performing the assay following the solubilisation procedure described in the DPRA DB-
ALM protocol (7). An appropriate solvent will dissolve the test chemical completely. Since 
in the DPRA the test chemical is incubated in large excess with either the cysteine or the 
lysine peptides, visual inspection of the forming of a clear solution is considered sufficient 
to ascertain that the test chemical (and all of its components in the case of testing a multi-
constituent substance or a mixture) is dissolved. Suitable solvents are, acetonitrile, water, 
1:1 mixture water:acetonitrile, isopropanol, acetone or 1:1 mixture acetone:acetonitrile. 
Other solvents can be used as long as they do not have an impact on the stability of the 
peptide as monitored with reference controls C (i.e. samples constituted by the peptide 
alone dissolved in the appropriate solvent; see Annex 3). If the test chemical is not soluble 
in any of the solvents mentioned above, DMSO can be used as a last resort and in minimal 
amounts. It is important to note that DMSO may lead to peptide dimerisation and as a 
result, it may be more difficult to meet the acceptance criteria. If DMSO is chosen, attempts 
should be made to first solubilise the test chemical in 300 μL of DMSO and dilute the 
resulting solution with 2700 μL of acetonitrile. If the test chemical is not soluble in this 
mixture, attempts should be made to solubilise the same amount of test chemicals in 1500 
μL of DMSO and dilute the resulting solution with 1500 μL of acetonitrile. The test chemical 
should be pre-weighed into glass vials and dissolved immediately before testing in an 
appropriate solvent to prepare a 100 mM solution. For mixtures and multi-constituent 
substances of known composition, a single purity should be determined by the sum of the 
proportion of its constituents (excluding water), and a single apparent molecular weight 
should be determined by considering the individual molecular weights of each component 
in the mixture (excluding water) and their individual proportions. The resulting purity and 
apparent molecular weight should then be used to calculate the weight of test chemical 
necessary to prepare a 100 mM solution. For polymers for which a predominant molecular 
weight cannot be determined, the molecular weight of the monomer (or the apparent 
molecular weight of the various monomers constituting the polymer) may be considered to 
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prepare a 100 mM solution. However, when testing mixtures, multi-constituent substances 
or polymers of known composition, it should be considered to also test the neat chemical. 
For liquids, the neat chemical should be tested as such without any prior dilution by 
incubating it at 1:10 and 1:50 ratio with the cysteine and lysine peptides, respectively. For 
solids, the test chemical should be dissolved to its maximum soluble concentration in the 
same solvent used to prepare the apparent 100 mM solution. It should then be tested as 
such without any further dilution by incubating it at 1:10 and 1:50 ratio with the cysteine and 
lysine peptides, respectively. Concordant results (reactive or non-reactive) between the 
apparent 100 mM solution and the neat chemical should allow for a firm conclusion on the 
result.  

Preparation of the positive control, reference controls and coelution controls  

11. Cinnamic aldehyde (CAS 104-55-2; 95% food-grade purity) should be used as 
positive control (PC) at a concentration of 100 mM in acetonitrile. Other suitable positive 
controls providing mid-range depletion values may be used if historical data are available 
to derive comparable run acceptance criteria. In addition reference controls (i.e. samples 
containing only the peptide dissolved in the appropriate solvent) should also be included in 
the HPLC run sequence and these are used to verify the HPLC system suitability prior to 
the analysis (reference controls A), the stability of the reference controls over time 
(reference control B) and to verify that the solvent used to dissolve the test chemical does 
not impact the percent peptide depletion (reference control C) (see Annex 3). The 
appropriate reference control for each substance is used to calculate the percent peptide 
depletion for that substance (see paragraph 18). In addition, a co-elution control constituted 
by the test chemical alone for each of the test chemicals analysed should be included in 
the run sequence to detect possible co-elution of the test chemical with either the lysine or 
the cysteine peptide. 

Incubation of the test chemical with the cysteine and lysine peptide solutions 

12. Cysteine and lysine peptide solutions should be incubated in glass autosampler 
vials with the test chemical at 1:10 and 1:50 ratio respectively. If a precipitate is observed 
immediately upon addition of the test chemical solution to the peptide solution, due to low 
aqueous solubility of the test chemical, one cannot be sure how much test chemical 
remained in the solution to react with the peptide. Therefore, in such a case, a positive 
result could still be used, but a negative result is uncertain and should be interpreted with 
due care (see also provisions in paragraph 10 for the testing of chemicals not soluble up 
to a concentration of 100 mM). The reaction solution should be left in the dark at 22.5-30°C 

for 242 hours before running the HPLC analysis. Each test chemical should be analysed 
in triplicate for both peptides. Samples have to be visually inspected prior to HPLC analysis. 
If a precipitate or phase separation is observed, samples may be centrifuged at low speed 
(100-400xg) to force precipitate to the bottom of the vial as a precaution since large 
amounts of precipitate may clog the HPLC tubing or columns. If a precipitation or phase 
separation is observed after the incubation period, peptide depletion may be 
underestimated and a conclusion on the lack of reactivity cannot be drawn with sufficient 
confidence in case of a negative result.  

Preparation of the HPLC standard calibration curve 

13. A standard calibration curve should be generated for both the cysteine and the 
lysine peptides. Peptide standards should be prepared in a solution of 20% or 25% 
acetonitrile:buffer using phosphate buffer (pH 7.5) for the cysteine peptide and ammonium 
acetate buffer (pH 10.2) for the lysine peptide. Using serial dilution standards of the peptide 
stock solution (0.667 mM), 6 calibration solutions should be prepared to cover the range 
from 0.534 to 0.0167 mM. A blank of the dilution buffer should also be included in the 

standard calibration curve. Suitable calibration curves should have an r20.99. 
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HPLC preparation and analysis 

14. The suitability of the HPLC system should be verified before conducting the 
analysis. Peptide depletion is monitored by HPLC coupled with an UV detector (photodiode 
array detector or fixed wavelength absorbance detector with 220 nm signal). The 
appropriate column is installed in the HPLC system. The HPLC set-up described in the 
validated protocol uses a Zorbax SB-C-18 2.1 mm x 100 mm x 3.5 micron as preferred 
column. With this reversed-phase HPLC column, the entire system should be equilibrated 
at 30°C with 50% phase A (0.1% (v/v) trifluoroacetic acid in water) and 50% phase B 
(0.085% (v/v) trifluoroacetic acid in acetonitrile) for at least 2 hours before running. The 
HPLC analysis should be performed using a flow rate of 0.35 mL/min and a linear gradient 
from 10% to 25% acetonitrile over 10 minutes, followed by a rapid increase to 90% 
acetonitrile to remove other materials. Equal volumes of each standard, sample and control 
should be injected. The column should be re-equilibrated under initial conditions for 7 
minutes between injections. If a different reversed-phase HPLC column is used, the set-up 
parameters described above may need to be adjusted to guarantee an appropriate elution 
and integration of the cysteine and lysine peptides, including the injection volume, which 
may vary according to the system used (typically in the range from 3-10 μL). Importantly, if 
an alternative HPLC set-up is used, its equivalence to the validated set-up described above 
should be demonstrated (e.g. by testing the proficiency substances in Annex 2). 
Absorbance is monitored at 220 nm. If a photodiode array detector is used, absorbance at 
258 nm should also be recorded. It should be noted that some supplies of acetonitrile could 
have a negative impact on peptide stability and this has to be assessed when a new batch 
of acetonitrile is used. The ratio of the 220 peak area and the 258 peak area can be used 

as an indicator of co-elution. For each sample a ratio in the range of 90%mean2 area ratio 

of control samples100% would give a good indication that co-elution has not occurred.  

15. There may be test chemicals which could promote the oxidation of the cysteine 
peptide. The peak of the dimerised cysteine peptide may be visually monitored. If 
dimerisation appears to have occurred, this should be noted as percent peptide depletion 
may be over-estimated leading to false positive predictions and/or assignment to a higher 
reactivity class (see paragraphs 21 and 22).  

16. The HPLC analysis should be timed to assure that the injection of the first sample 
starts 22 to 26 hours after the test chemical was mixed with the peptide solution. The HPLC 
run sequence should be set up in order to keep the HPLC analysis time less than 30 hours. 
For the HPLC set up used in the validation study and described in this test method, up to 
26 analysis samples can be accommodated in a single HPLC run (see also paragraph 9). 
An example of HPLC analysis sequence is provided in Annex 3. 

DATA AND REPORTING 

Data evaluation  

17. The concentration of cysteine or lysine peptide is photometrically determined at 220 
nm in each sample by measuring the peak area (area under the curve, AUC) of the 
appropriate peaks and by calculating the concentration of peptide using the linear 
calibration curve derived from the standards.  

18. The percent peptide depletion is determined in each sample by measuring the peak 
area and dividing it by the mean peak area of the relevant reference controls C (see Annex 
3) according to the formula described below. 

 

                                                
2 For mean it is meant arithmetic mean throughout the document. 
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Acceptance criteria 

19. The following criteria should be met for a run to be considered valid:  

a) the standard calibration curve should have an r20.99,  

b) the mean percent peptide depletion value of the three replicates for the positive 
control cinnamic aldehyde should be between 60.8% and 100% for the cysteine 
peptide and between 40.2% and 69.0% for the lysine peptide (for other positive 
controls a reference range needs to be established) and the maximum standard 

deviation (SD) for the positive control replicates should be 14.9% for the percent 

cysteine depletion and 11.6% for the percent lysine depletion and 

c) the mean peptide concentration of reference controls A should be 0.500.05 mM 
and the coefficient of variation (CV) of peptide peak areas for the nine reference 

controls B and C in acetonitrile should be 15.0%.  

If one or more of these criteria is not met the run should be repeated. 

20. The following criteria should be met for a test chemical’s results to be considered 
valid:  

a) the maximum standard deviation for the test chemical replicates should be 

14.9% for the percent cysteine depletion and 11.6% for the percent lysine 
depletion,  

b) the mean peptide concentration of the three reference controls C in the 

appropriate solvent should be 0.500.05 mM. 

If these criteria are not met the data should be rejected and the run should be 
repeated for that specific test chemical. 

 

Prediction model  

21. The mean percent cysteine and percent lysine depletion value is calculated for 
each test chemical. Negative depletion is considered as “0” when calculating the mean. By 
using the cysteine 1:10/lysine 1:50 prediction model shown in Table 1, the threshold of 
6.38% average peptide depletion should be used to support the discrimination between 
skin sensitisers and non-sensitisers in the framework of an IATA or DA. Application of the 
prediction model for assigning a test chemical to a reactivity class (i.e. low, moderate and 
high reactivity) may perhaps prove useful to inform potency assessment within the 
framework of an IATA or DA. 
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Table 1: Cysteine 1:10/lysine 1:50 prediction model1 

Mean of cysteine and lysine % depletion Reactivity Class DPRA Prediction2 

0%  mean % depletion  6.38% No or minimal reactivity Negative 

6.38% < mean % depletion   22.62% Low reactivity 

Positive 22.62% < mean % depletion   42.47% Moderate reactivity 

42.47% < mean % depletion  100% High reactivity 

1 The numbers refer to statistically generated threshold values and are not related to the precision of the measurement (2). 
2 A DPRA prediction should be considered in the framework of an IATA and in accordance with the provisions of paragraphs 2 and 4. 

22. There might be cases where the test chemical (the substance or one or several of 
the components of a multi-constituent substance or a mixture) absorbs significantly at 220 
nm and has the same retention time of the peptide (co-elution). Co-elution may be resolved 
by slightly adjusting the HPLC set-up in order to further separate the elution time of the test 
chemical and the peptide. If an alternative HPLC set-up is used to try to resolve co-elution, 
its equivalence to the validated set-up should be demonstrated (e.g. by testing the 
proficiency substances in Annex 2). When co-elution occurs the peak of the peptide cannot 
be integrated and the calculation of the percent peptide depletion is not possible. If co-
elution of such test chemicals occurs with both the cysteine and the lysine peptides, or with 
the cysteine peptide only, then the analysis should be reported as “inconclusive”. In cases 
where co-elution occurs only with the lysine peptide, then the cysteine 1:10 prediction 
model reported in Table 2 can be used. 

 

Table 2: Cysteine 1:10 prediction model1 

Cysteine (Cys) % depletion Reactivity class DPRA prediction2 

0%  Cys % depletion  13.89% No or minimal reactivity Negative 

13.89% < Cys % depletion  23.09% Low reactivity 

Positive 23.09% < Cys % depletion  98.24% Moderate reactivity 

98.24% < Cys % depletion  100% High reactivity 

1 The numbers refer to statistically generated threshold values and are not related to the precision of the measurement. 
2 A DPRA prediction should be considered in the framework of an IATA and in accordance with the provisions of paragraphs 2 and 4. 

23. There might be other cases where the overlap in retention time between the test 
chemical and either of the peptides is incomplete. In such cases percent peptide depletion 
values can be estimated and used in the cysteine 1:10/lysine 1:50 prediction model, 
however assignment of the test chemical to a reactivity class cannot be made with 
accuracy. 

24. A single HPLC analysis for both the cysteine and the lysine peptide should be 
sufficient for a test chemical when the result is unequivocal. However, in cases of results 
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close to the threshold used to discriminate between positive and negative results (i.e. mean 
percent depletion falls in the range of 3% to 10% for the cysteine 1:10/lysine 1:50 prediction 
model or cysteine percent depletion falls in the range of 9% to 17% for the cysteine 1:10 
prediction model), additional testing is recommended. In particular, in case of negative 
results in these ranges (i.e. 3% to 6.38% for the cysteine 1:10/lysine 1:50 prediction model 
or 9% to 13.89% for the cysteine 1:10 prediction model), a second run should be 
conducted, as well as a third one in case of discordant results between the first two runs. 

 

Test report 

25. The test report should include the following information 

Test chemical and Controls (positive control and solvent/vehicle) 

 Mono-constituent substance (test and control chemicals) 

o Chemical identification, such as IUPAC or CAS name(s), CAS number(s), SMILES or 
InChI code, structural formula, and/or other identifiers; 

o Physicochemical properties such as physical state, appearance, water solubility, 
molecular weight, and additional relevant physicochemical properties, to the extent 
available; 

o Purity, chemical identity of impurities as appropriate and practically feasible, etc; 

o Treatment prior to testing, if applicable (e.g. warming, grinding); 

o Concentration(s) tested; 

o Storage conditions and stability to the extent available. 

 Multi-constituent substance, UVCB and mixture: 

o Characterisation as far as possible by e.g. chemical identity (see above), purity, 
quantitative occurrence and relevant physicochemical properties (see above) of the 
constituents, to the extent available; 

o Physical appearance, water solubility and additional relevant physicochemical properties, 
to the extent available; 

o Molecular weight or apparent molecular weight in case of mixtures/polymers of known 
compositions or other information relevant for the conduct of the study; 

o Treatment prior to testing, if applicable (e.g. warming, grinding); 

o Concentration(s) tested; 

o Storage conditions and stability to the extent available. 

 Additional information for positive control 

o Reference to historical positive control results demonstrating suitable run acceptance 
criteria, if applicable. 

 Additional information for solvent/vehicle control 

o Solvent/vehicle used and ratio of its constituents, if applicable; 

o Justification for choice of solvent for each test chemical; 

o For acetonitrile, results of test of impact on peptide stability. 

 

Peptides 
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 Supplier, lot, purity 

 

HPLC instrument setting and analysis 

 Type of HPLC instrument, HPLC and guard columns, detector, autosampler; 

 Parameters relevant for the HPLC analysis such as column temperature, injection volumes, flow 
rate and gradient.  

 

System suitability 

 Peptide peak area at 220 nm of each standard and reference control A replicate; 

 Linear calibration curve graphically represented and the r2 reported; 

 Peptide concentration of each reference control A replicate; 

 Mean peptide concentration (mM) of the three reference controls A, SD and CV; 

 Peptide concentration of reference controls A and C. 

 

Analysis sequence 

 For reference controls: 

o Peptide peak area at 220 nm of each B and C replicate; 

o Mean peptide peak area at 220 nm of the nine reference controls B and C in acetonitrile, 
SD an CV (for stability of reference controls over analysis time); 

o For each solvent used, the mean peptide peak area at 220 nm of the three appropriate 
reference controls C (for the calculation of percent peptide depletion); 

o For each solvent used, the peptide concentration (mM) of the three appropriate reference 
controls C; 

o For each solvent used, the mean peptide concentration (mM) of the three appropriate 
reference controls C, SD and CV. 

 For positive control: 

o Peptide peak area at 220 nm of each replicate; 

o Percent peptide depletion of each replicate; 

o Mean percent peptide depletion of the three replicates, SD and CV. 

 For each test chemical: 

o Appearance of precipitate in the reaction mixture at the end of the incubation time, if 
observed. If precipitate was re-solubilised or centrifuged; 

o Presence of co-elution; 

o Description of any other relevant observations, if applicable; 

o Peptide peak area at 220 nm of each replicate; 

o Percent peptide depletion of each replicate; 

o Mean of percent peptide depletion of the three replicate, SD and CV; 

o Mean of percent cysteine and percent lysine depletion values; 

o Prediction model used and DPRA prediction. 
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Proficiency testing 

 Statement that the testing facility has demonstrated proficiency in the use of the test method before 
routine use by testing of the proficiency chemicals. 
 

Discussion of the results 

 Description of any unintended modifications to the test procedure. 

 Discussion of the results obtained with the DPRA test method and if it is within the ranges 
described in paragraph 24. 

 

Conclusion  
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APPENDIX I, ANNEX 1 

KNOWN LIMITATIONS OF THE DIRECT PEPTIDE REACTIVITY ASSAY 

The table below provides a summary of the known limitations of the DPRA. 

Substance class / 

interference 

Reason for potential underprediction or 

interference 

Data interpretation Example substance 

Metals and inorganic 

compounds 

Known to react with proteins via 

mechanisms other than covalent binding 
Should not be tested  Nickel sulphate; 

7786-81-4 

Pro-haptens 

 

 

 

 

 

 

 

 

 

 

 

 

Pre-haptens 

 

Test Chemicals that require enzymatic 
bioactivation to exert their skin 

sensitisation potential; cannot be detected 

by the test method unless activation is 
caused by auto-oxidation to a similar 

degree as in vivo /in humans. It will 

however normally not be known whether 

this will be the case 

 

 

Chemicals that become sensitisers after 
abiotic transformation are reported to be in 

most cases correctly detected by the test 

method 

May lead to false negatives. 

Negative results obtained with the test method should 

be interpreted in the context of the stated limitations 
and in the connection with other information sources 

within the framework of an IATA or a DA  

 

Diethylenetriamine; 

111-40-0 (1A chez 

l’homme, LLNA n/a) 

 

 

 

 

 

 

 

 

 

 

Linalool: 78-70-6 

Test chemicals absorbing 
significantly at 220 nm and 

having the same retention 
time of the peptides (co-

elution) 

When co-elution occurs the peak of the 
peptide cannot be integrated and the 

calculation of the percent peptide 

depletion is not possible 

If co-elution of such test chemicals occurs with both 
the cysteine and the lysine peptides, or with the 

cysteine peptide only, then the analysis should be 
reported as “inconclusive” and alternative HPLC set up 

should be considered (see paragraph 22). In cases 

where co-elution occurs only with the lysine peptide, 
then the cysteine 1:10 prediction model reported in 

Table 2 can be used. 

Salicylic acid: 69-72-7 

Complex mixtures of 
unknown composition, 

substances of unknown or 
variable composition, 

complex reaction products or 

biological materials 

This is due to the need for defined molar 

ratio of test chemical and peptide 

n/a  

 

UVCBs, chemical 
emissions, products or 

formulations with variable 
or not fully known 

composition 

Test chemicals which cannot 
be dissolved in an 

appropriate solvent at a final 

concentration of 100 mM 

Not sure if sufficient exposure can be 

achieved 

Test chemicals that are not soluble at this 
concentration may still be tested at lower soluble 

concentrations. In such a case, a positive result could 
be used to support the identification of the test 

chemical as a skin sensitiser but no firm conclusion on 

the lack of reactivity should be drawn from a negative 

result. 

n/a 

Chemicals which precipitate 

in reaction solution 

Not sure if sufficient exposure can be 

achieved 

 

A conclusion on the lack of reactivity cannot be drawn 

with sufficient confidence in case of a negative result 
Isopropyl myristate 

CAS: 110-27-0 

 

Test chemicals that do not 
covalently bind to the 

cysteine-peptide but promote 

Could lead to a potential over-estimation 
of cysteine-peptide depletion, resulting in 

possible false positive predictions. 

 DMSO 

Oxidant 
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its oxidation (i.e. cysteine 

dimerisation) 

 

Test chemicals that are only 

soluble in DMSO 

DMSO causes excessive peptide 
depletion due to cysteine dimerization 
resulting in high background cysteine 

depletion. 

May lead to false negative results n/a 
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APPENDIX I, ANNEX 2 

PROFICIENCY SUBSTANCES 

In Chemico Skin Sensitisation: Direct Peptide Reactivity Assay 

Prior to routine use of the test method described in this test method, laboratories should demonstrate 

technical proficiency by correctly obtaining the expected DPRA prediction for the 10 proficiency substances 

recommended in Table 1 and by obtaining cysteine and lysine depletion values that fall within the 

respective reference range for 8 out of the 10 proficiency substances for each peptide. These proficiency 

substances were selected to represent the range of responses for skin sensitisation hazards. Other 

selection criteria were that they are commercially available, that high quality in vivo reference data and 

high quality in vitro data generated with the DPRA are available, and that they were used in the EURL 

ECVAM-coordinated validation study to demonstrate successful implementation of the test method in the 

laboratories participating in the study.  

Table 1: Recommended proficiency substances for demonstrating technical proficiency with the 
Direct Peptide Reactivity Assay 

1The in vivo hazard and (potency) predictions are based on LLNA data (5). The in vivo potency is derived using the criteria proposed by ECETOC 

(8). 
2 A DPRA prediction should be considered in the framework of an IATA and in accordance with the provisions of paragraphs 2 and 4. 
3 Ranges determined on the basis of at least 10 depletion values generated by 6 independent laboratories.  

Proficiency substances CASRN Physical 

state 

In vivo 

prediction1 

DPRA 

prediction2 

Range3 of % 
cysteine peptide 

depletion  

 

Range3 of % 

lysine peptide 

depletion  

 

2,4-Dinitrochlorobenzene 97-00-7 Solid Sensitiser 

(extreme) 

Positive 90-100 15-45 

Oxazolone 15646-46-5 Solid Sensitiser 

(extreme) 

Positive 60-80 10-55 

Formaldehyde 50-00-0 Liquid Sensitiser 

(strong) 

Positive 30-60 ≤ 24 

Benzylideneacetone 122-57-6 Solid Sensitiser 

(moderate) 

Positive 80-100 ≤ 7 

Farnesal 19317-11-4 Liquid Sensitiser 

(weak) 

Positive 15-55 ≤ 25 

2,3-Butanedione 431-03-8 Liquid Sensitiser 

(weak) 

Positive 60-100 10-45 

1-Butanol 71-36-3 Liquid Non-sensitiser Negative ≤ 7 ≤ 5.5 

6-Methylcoumarin 92-48-8 Solid Non-sensitiser Negative ≤ 7 ≤ 5.5 

Lactic Acid 50-21-5 Liquid Non-sensitiser Negative ≤ 7 ≤ 5.5 

4-Methoxyacetophenone 100-06-1 Solid  Non-sensitiser Negative ≤ 7 ≤ 5.5 
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APPENDIX I, ANNEX 3 

EXAMPLES OF ANALYSIS SEQUENCE 

 
Calibration standards and reference controls STD1 

STD2 

STD3 

STD4 

STD5 

STD6 

Dilution buffer 

Reference control A, rep 1 

Reference control A, rep 2 

Reference control A, rep 3 

Co-elution controls Co-elution control 1 for test chemical 1 

Co-elution control 2 for test chemical 2 

Reference controls Reference control B, rep 1 

Reference control B, rep 2 

Reference control B, rep 3 

First set of replicates Reference control C, rep 1 

Cinnamic aldehyde, rep 1 

Sample 1, rep 1 

Sample 2, rep 1 

Second set of replicates Reference control C, rep 2 

Cinnamic aldehyde, rep 2 

Sample 1, rep 2 

Sample 2, rep 2 

Third set of replicates Reference control C, rep 3 

Cinnamic aldehyde, rep 3 

Sample 1, rep 3 

Sample 2, rep 3 

Reference controls Reference control B, rep 4 

Reference control B, rep 5 

Reference control B, rep 6 

Three sets of reference controls (i.e. samples constituted only by the peptide dissolved in the appropriate 

solvent) should be included in the analysis sequence: 

Reference control A: used to verify the suitability of the HPLC system. 

Reference control B: included at the beginning and at the end of the analysis sequence to verify stability 

of reference controls over the analysis time. 

Reference control C: included in the analysis sequence to verify that the solvent used to dissolve the test 

chemical does not impact the percent peptide depletion.  
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In Chemico Skin Sensitisation: Amino acid Derivative Reactivity 
Assay (ADRA) 

 

INITIAL CONSIDERATIONS, APPLICABILITY AND LIMITATIONS 

1. The ADRA is proposed to address the molecular initiating event of the skin 
sensitisation AOP - namely, protein reactivity - by quantifying the reactivity of test chemicals 
towards model synthetic amino acid derivatives containing either lysine or cysteine (1) (2) 
(3). Depletion values of the cysteine derivative N-(2-(1-naphthyl)acetyl)-L-cysteine (CAS. 
32668-00-1), which is known as NAC, and the lysine derivative α-N-(2-(1-naphthyl)acetyl)-
L-lysine (CAS. 397841-92-8), known as NAL are then used to support the discrimination 
between skin sensitisers and non-sensitisers (1) (2) (3). 

2. The reproducibility and transferability of the ADRA protocol were confirmed using 
validation studies coordinated by the Japanese Center for validation of alternative methods 
(JaCVAM) (4) (5) (6) (7) (8) (9) (10). There are two detection types of ADRA: ultraviolet 
(UV) detection and fluorescence (FL) detection (11) (12). Within-laboratory reproducibility 
(WLR) and between-laboratory reproducibility (BLR) of ADRA were 100% each determined 
using both the UV detection and fluorescence detection (9) (10). Prediction of skin 
sensitisation potential based on local lymph node assay (LLNA) data indicated that ADRA 
with UV-detection identified sensitisers and non-sensitisers with an accuracy of 76 % 
(104/136), a sensitivity of 76% (74/98), a specificity of 79% (30/38) and a balanced 
accuracy of 77% (8). In addition, the prediction of the skin sensitisation potential based on 
human data indicated that ADRA with UV detection has an accuracy of 84% (67/80), a 
sensitivity of 83% (48/58), a specificity of 86% (19/22) and a balanced accuracy of 84% (8). 
However, the accuracy values given here for ADRA as a stand-alone test method are for 
reference only, since it is recommended that the test method be used in combination with 
other sources of information in the context of an IATA and in accordance with the provisions 
of paragraphs 7 and 8 in the General Introduction. Furthermore, when evaluating non-
animal methods for skin sensitisation, it should be kept in mind that the LLNA as well as 
other animal tests may not fully reflect the situation in humans. On the basis of the overall 
data available, ADRA’s applicability domain was shown to include a variety of organic 
functional groups, reaction mechanisms, skin sensitisation potencies (as determined in in 
vivo studies), and physicochemical properties (1) (2) (3) (4). Following an independent peer 
review, the ADRA validation studies were considered to demonstrate that this method 
should be acceptable as part of an integrated testing strategy for the predictive identification 
of skin sensitisation hazard (6) (13) (14). 

3. Co-elution occurs when the test chemical (the substance or one or several of the 
constituents of a multi-constituent substance or a mixture) was detected significantly at an 
OD of 281 nm (UV detector) or Ex/Em 284/333 nm (FL detector) and has the same retention 
time as NAC or NAL (15). Co-elution of UV absorbing-compounds using with the 
nucleophiles NAC and NAL can lead to inconclusive results when using conventional 
ultraviolet (UV) detection (11) (12). This problem can be prevented by an alternative or 
parallel measurement using a fluorescence (FL) detector; thus, the depletion values 

APPENDIX II 
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obtained by simultaneous measurement using both detectors were also collected in the 
validation studies (9) (10) and equivalent results to those obtained with UV-detection were 
obtained, indicating that both detection methods are valid, but FL-detection may lead to 
fewer inconclusive results. Known limitations of the ADRA are tabulated in Appendix II, 
Annex 1. 

4. The term "test chemical" is used in this Test Guideline to refer to what is being 

tested3. This test method is not applicable to the testing of metal compounds, which are 

known to react with proteins via mechanisms other than covalent binding. The test method 
described in this Appendix of the Test Guideline is an in chemico method that does not 
encompass a metabolic system. Chemicals that require enzymatic bioactivation to exert 
their skin sensitisation potential (i.e., pro-haptens) cannot be detected by the test method. 
Chemicals that become sensitisers after abiotic transformation (i.e., pre-haptens) are 
reported to be in some cases correctly detected by the test method (1) (2) (3) (4) (7) (8). In 
the light of the above, negative results obtained with the test method should be interpreted 
in the context of the stated limitations and in the connection with other information sources 
within the framework of an IATA. Test chemicals that promote the oxidation of the N-(2-(1-
naphthyl)acetyl)-L-cysteine (NAC) reagent (i.e. cysteine dimerisation) could lead to a 
potential over-estimation of NAC depletion, resulting in possible false positive predictions 
(see paragraph 22 and Appendix II, Annex 1); it may be possible to detect and quantify any 
NAC dimer formed by high-performance liquid chromatography (HPLC) using a UV 
detector, thus confirming or ruling out that the NAC reagent has been depleted via oxidative 
dimerisation as opposed to reaction and covalent bonding to the test item substance(s). 

5. The ADRA test method allows testing of poorly soluble chemicals (16). To be 
tested, a test chemical should be soluble in an appropriate solvent at a final concentration 
of 4 mM (see paragraph 14). Test chemicals that are not soluble at this concentration may 
still be tested at lower concentrations. In such cases, a positive result could still be used to 
support identification of the test chemical as a skin sensitiser but no firm conclusion on the 
lack of reactivity should be drawn from a negative result. 

6. The nucleophilic reagents used in ADRA are quantified at 281 nm (1) (2). In the 
case of co-elution of the nucleophilic reagent and the UV-absorbing test chemical, this 
might result in inconclusive predictions.  However, substances that absorb UV in this range 
of the spectrum are generally limited to those having conjugated double bonds, which 
significantly lowers the potential for inconclusive results due to co-elution of UV-absorbing 
components (15). Furthermore, NAC and NAL are fluorescent and thus, they can be 
detected using a FL detector (11) (12). Since test chemicals rarely have fluorescence at 
the specific excitation/emission wavelengths, it is possible to further reduce frequency of 
inconclusive results by using a FL detector. This is particularly useful in the case of multi-
constituent substances with UV absorbance. 

7. When assessing the sensitisation potential of a test chemical by using ADRA, there 
are two options for the preparation of the stock solution (see Figure 1 and paragraphs 15-
16): a) If the test chemical is a mono-constituent substance with a known molecular weight 
or a mixture or multi-constituent substance of known composition, ADRA should be 
performed using a stock solution prepared at a concentration of 4 mM (8); b) If the test 
chemical is a mono-constituent substance of unknown molecular weight or a mixture and 
there is no defined molecular weight (mixtures of unknown or variable composition, 
complex reaction products, or biological materials (UVCB)), ADRA should be performed 
using a gravimetric approach based on a stock solution prepared at 0.5 mg/mL. In addition, 
the gravimetric approach with ADRA (0.5 mg/mL) can also be used for polymers. 
Assessment of the predictive capacity of ADRA conducted with this gravimetric approach 
indicated that ADRA (0.5 mg/mL) identified sensitisers and non-sensitisers with an 
accuracy of 76 % (103/136), a sensitivity of 74% (73/98), a specificity of 79% (30/38) and 

                                                
3 In June 2013, the Joint Meeting agreed that where possible, a more consistent use of the term “test chemical” 

describing what is being tested should now be applied in new and updated Test Guidelines. 
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a balanced accuracy of 77% when compared to LLNA data (8). In addition, the predictive 
capacity for human data indicated that the gravimetric ADRA (0.5 mg/mL) has an accuracy 
of 83% (66/80), a sensitivity of 81% (47/58), and a specificity of 86% (19/22) (8). The 
molecular weight range of the test chemicals used in the validation study of ADRA (0.5 
mg/mL) was 60.10 - 388.29, and the ratio of nucleophilic reagent to test chemical in the 
reaction solution at that time was 1:416 - 1:64 (9). 

8. ADRA can be used to support the discrimination between skin sensitisers and non-
sensitisers. Further work, preferably based on human data, is necessary to determine 
whether ADRA results can contribute to potency assessment when considered in 
combination with other information sources (13) (14). 

 

PRINCIPLE OF THE TEST 

9. ADRA is an in chemico test method that quantifies residual concentrations of the 
NAC and NAL, following a 24±1 hour incubation at 25±1ºC in the presence of a test 
chemical. Both these derivatives include a naphthalene ring that is introduced to their N-
terminal in order to facilitate UV detection and FL detection. The relative concentrations of 
NAC and NAL are measured by HPLC using UV detection (optical density, 281 nm), 
optionally in combination with FL detection (excitation/emission [Ex/Em], 284/333 nm) and 
with gradient elution (see paragraph 19). To ultimately support the discrimination between 
skin sensitisers and non-sensitisers, percent depletion values are then calculated for both 
NAC and NAL and compared to a prediction model (see paragraph 27).  

10. Prior to routine use of the method described in this test method, laboratories should 
demonstrate technical proficiency, using the ten proficiency substances listed in Appendix 
II, Annex 2. 

 

PROCEDURE 

11. This test method is based on the protocol (17) used for the JaCVAM-coordinated 
ADRA validation study and is recommended for use when implementing ADRA at a 
laboratory. The main components and procedures for the ADRA are described below. 
Before using an alternative HPLC set-up, its equivalence to the validated set-up described 
in the protocol should be demonstrated, preferably by testing the proficiency substances in 
Appendix II, Annex 2. 

Quality of NAC and NAL 

12. The Nucleophilic Reagents can be obtained as an ADRA Kit for Skin Sensitisation 
Test, from FUJIFILM Wako Pure Chemical Corporation, Catalogue No. 296-80901. The 
use of NAC/NAL as reagent for detecting sensitisation is patented in Japan only, by Fujifilm 
Corporation. Therefore, in other countries, NAC/NAL can be used without permission. In 
case other manufacturer’s NAC/NAL are used, these should satisfy three quality criteria 
described below. Quality checks can be obviated and ADRA testing can be performed 
without delay by purchasing NAC and NAL that have been manufactured specifically to 
satisfy these quality criteria. 

Quality required for NAC and NAL: 

1) Purity: Both NAC and NAL are to be at least 98% pure.  
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2) Stability: Using NAC and NAL stock solution, prepare a reference control free of 

any test chemical and quantify the residual levels of NAC and NAL both immediately 

after preparation (0 hours) and after a 24 hour incubation. The residual level of NAC 

and NAL is calculated as follows: 

 

Residual levels of NAC = 

Peak area of NAC 

x 100 

Total peak area of NAC and NAC dimer 

Residual levels of NAL = 

Peak area of NAL at 24 hour 

x 100 

Peak area of NAL at 0 hour 

The main cause of NAC stability degradation is dimerisation, which may affect reactivity 

with the test chemical and test reproducibility (3). Therefore, the residual level of NAC 

should be calculated with respect to the total amount of NAC and dimer. Since the dimers 

may be formed over time or may have already been formed during the preparation of the 

stock solution, residual level of NAC is calculated at the time of stock solution preparation 

and after 24 hours. Residual levels of NAC (both of 0 hour and 24 hour) and NAL (24 hour) 

should be a minimum of 90% in either case (17).  

3) Reactivity: NAC and NAL are to be evaluated for reactivity with the ten 

proficiency substances given in Appendix II, Annex 2 and should satisfy the 

requirement given therein. 

Preparation of the NAC and NAL stock solution 

13. The solubility of individual NAC and NAL batches should be verified prior to use. 
NAC stock solution should be prepared to a concentration of 2 mM in 100 mM of pH 8.0 
phosphate buffer, including 0.333 μM of EDTA, as well as NAL stock solution to a 
concentration of 2 mM in 100 mM of pH 10.2 phosphate buffer. These two stock solutions 
are then diluted in buffer to prepare 6.667 μM stock solutions. Both NAC and NAL stock 
solutions should be used as soon as possible after preparation (3). In the event that they 
are to be stored, these stock solutions may be frozen and stored for up to twelve months 
time at less than -75°C prior to use. The final concentration of the NAC in the incubation 
mixture is 5 μM in pH 8.0 phosphate buffer, and the final concentration of the NAL in the 
incubation mixture is 5 μM in pH 10.2 phosphate buffer. 

Preparation of the test chemical solution 

14. Solubility of the test chemical in an appropriate solvent should be assessed before 
performing the assay in accordance with the solubilisation procedure described in the 
ADRA JaCVAM protocol (17). An appropriate solvent should dissolve the test chemical 
completely. Since the ADRA protocol stipulates that either NAC or NAL are incubated in 
an excess volume of the test chemical, visual inspection of the clear test chemical solution 
is considered sufficient to confirm that the test chemical (and all its constituents, if testing 
a multi-constituent substance or a mixture) is dissolved (17). Suitable solvents are distilled 
water, acetonitrile and acetone. If the test chemical is not soluble in any of the solvents 
mentioned above, DMSO can be used as a last resort and in minimal amounts (19). It is 
important to note that DMSO may lead to dimerisation of the nucleophilic reagent NAC (18) 
(19) and as a result, it may be more difficult to meet the acceptance criteria. If a DMSO-
acetonitrile solvent is chosen (5% DMSO in acetonitrile), the test chemical should be 
dissolved at 80 mM in DMSO, and then this solution should be diluted 20-fold with 
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acetonitrile to prepare a 4 mM test chemical solution. In case the use of DMSO leads to 
increased dimerisation of the NAC reagent, this can be checked analytically as the NAC 
dimer can be detected by HPLC. If a solvent other than those already considered 
appropriate for the ADRA is used for the test chemical, it is necessary to confirm that the 
solvent itself does not lead to NAC or NAL depletion (e.g., dimerisation, oxidation) and does 
not degrade or disrupt the integrity of the test subtances or mixture components. The test 
chemical should be pre-weighed into a disposable polypropylene tube and dissolved 
immediately before testing in an appropriate solvent to prepare a 4 mM stock solution (See 
paragraph 5).  

15. This molecular weight approach should apply if the test chemical is a mono-
constituent substance with a known molecular weight or a mixture or multi-constituent 
substance of known composition (See Figure 1). For mixtures and multi-constituent 
substances of known composition, a single aggregated purity value should be determined 
by the sum of the proportion of its constituents (excluding water), and a single aggregated 
molecular weight should be determined by considering the individual molecular weights of 
each component in the mixture (excluding water) and their individual proportions. The 
resulting purity and aggregated molecular weight should then be used to calculate the 
weight of test chemical necessary to prepare a 4 mM solution. 

16. Mono-constituent substances of unknown molecular weight should be tested based 
on a test chemical stock solution at a concentration of 0.5 mg/mL rather than 4 mM (7) (See 
Figure1 and paragraph 7). Polymers can also be tested at a concentration of 0.5 mg/mL. 
For mixtures and multi-constituent substances of unknown composition (i.e. UVCB 
substances of unknown or variable composition, complex reaction products or biological 
materials), the test solution can be prepared with a gravimetric approach. The substance 
should then be dissolved in the stock solution at 0.5 mg/mL on the basis of the weight of 
the total components (excluding solvent) in an appropriate solvent (See paragraph 14 and 
Figure 1). This 0.5 mg/mL of test chemical concentration corresponds to a molecular weight 
of 125 g/mol when ADRA (4 mM) is performed. The ADRA gravimetric approach with 
ADRA (0.5 mg/mL) has been shown to be almost as accurate in prediction as ADRA (4 
mM) for 136 chemicals in a wide molecular weight range (30.03 - 512.60) (8) (see 
paragraph 7). This assessment of the predictive capacity of the gravimetric approach is 
based on testing chemicals with defined molecular weight and not based on the testing of 
mixtures, as no reference data for mixtures are available. Therefore, if the mixture to be 
investigated is known to contain a chemical class with a typical molecular weight which is 
significantly higher, this default molecular weight and the test solution concentration should 
be adjusted accordingly [see e.g. approach for agrochemical formulations in (24)]. The 
gravimetric approach should only be applied as a last resort if no aggregated molecular 
weight can be calculated. As for any testing with mixtures, as much as possible, information 
should be gathered on the sensitization potential and reactivity of individual constituents.  

Preparation of the positive control, reference controls and co-elution controls 

17. Either phenylacetaldehyde (CAS 122-78-1, purity ≥ 90%) or squaric acid diethyl 
ester (CAS 5231-87-8, purity > 95%) should be used as the positive control (PC) at a 
concentration of 4 mM in acetonitrile (10). Phenylacetaldehyde is prone to oxidation and 
polymerisation and integrity of the sample has to be assured by proper storage or by using 
fresh samples. Squaric acid diethyl ester should be stored protected from high temperature 
or humidity, since it is prone to hydrolysis. Other suitable positive controls that provide mid-
range depletion values may be used if historical data are available to derive comparable 
run acceptance criteria. In addition, reference controls comprising only NAC or only NAL 
dissolved in the appropriate solvent should also be included in the HPLC run sequence, 
and these are used to verify the HPLC system suitability prior to analysis (Reference 
Control A), the stability of the reference controls over time (Reference Control B), and any 
effects of the solvent used on depletion of NAC or NAL (Reference Control C) (See 
Appendix II, Annex 3). The percent NAC and NAL depletion for a test chemical is calculated 
using an appropriate reference control for that test chemical (see paragraph 23). Also, a 
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co-elution control comprising only the test chemical should be included in the run sequence 
to detect possible co-elution of the test chemical with either the NAC or NAL. 

Incubation of the test chemical with the NAC and NAL solutions 

18. Both the NAC and the NAL stock solutions are incubated with the test chemical 
stock solution in a 3:1 ratio in a 96-well microplate. For the 4 mM test chemical stock 
solution this gives a final concentration of 1 mM test chemical and 5 µM NAC/NAL (17). 
For the 0.5 mg/ml test chemical stock solution, the final level of the test chemical is 0.125 
mg/ml. The observation of precipitate immediately upon addition of the test chemical 
solution to the NAC and the NAL solutions is an indication of poor solubility, which means 
that there is no way to know exactly how much test chemical is contained in the solution. 
Thus, although positive results can be used with confidence, negative results are uncertain 
and no firm conclusion on the lack of reactivity should be drawn from a negative result (see 
also paragraph 5 regarding the testing of chemicals not soluble at concentrations as high 
as 4 mM). The reaction solution should be incubated in the dark at 25±1ºC for 24±1 hours 

before performing HPLC analysis. After incubation, trifluoroacetic acid (TFA) (≥ 98%) 

should be added to reaction solution as a fixing solution to stop the reaction (3). 2.5% (v/v) 
TFA aqueous solution is added to the reaction solution in a 1:4 ratio. Thus, final 
concentration of NAC/NAL and TFA are 4 μM and 0.5%, respectively. 

HPLC preparation and analysis 

19. NAC/NAL depletion is monitored by HPLC coupled with an UV-detector. In case of 
co-elution of NAC/NAL with an UV-absorbing component in the test chemical solution, a 
fluorescence detector is used (11) (12). There are two options for NAC/NAL detection: 
Successive measurement should be started with UV-detection and fluorescent detection is 
used only if inconclusive results due to co-elution are obtained. Alternatively, simultaneous 
measurement is performed by connecting both the UV and FL detector to the HPLC system 
for parallel detection. If no co-elution of UV-absorbing components is observed, only the 
UV data are used. If inconclusive results due to co-elution are observed, FL data will be 
used (see Figure 1). In the unlikely event that a co-elution also appears in ADRA-FL, the 
operation should be performed according to paragraph 28. Each test chemical should be 
analysed in triplicate to determine percent depletion for both NAC and NAL. Although 
adding the fixing solution does stop the reaction, measurement of the reaction solution is 
to be performed as soon as possible and in any case within three days after adding the 
fixing solution. For example, when HPLC analysis of NAC and NAL are performed 
separately using two 96-well microplates, up to 34 samples may be analysed at one time, 
including the test chemical, the positive control, and the appropriate number of solvent 
controls based on the number of individual solvents used in the test, each in triplicate. All 
of the replicates analysed in a single run should use identical batches of NAC and NAL 
stock solution. Test chemical and control solutions are to be visually inspected prior to 
HPLC analysis and may be centrifuged at low speed (100–400 × g) to force any precipitate 
to the bottom of the vial as a precaution against large amounts of precipitate clogging the 
HPLC tubing or columns. Observation of precipitation or phase separation after the 
incubation period is an indication that NAC and NAL depletion could be misleading, and 
negative results in that case are uncertain and should be interpreted with due care, as well 
as for any precipitate observed at the beginning of the incubation period (see above).  
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Figure 1: Procedure to assess NAC/NAL depletion in ADRA including a gravimetric approach for 
mixtures and alternative fluorescent detection in case of co-elution with UV-absorbing 
components. 

 

MW, molecular weight; ADRA, amino acid derivative reactivity assay; UV, ultraviolet; FL, 

fluorescence 

20. A standard calibration curve should be generated for both NAC and NAL. Standard 
solutions of both NAC and NAL should be prepared in 20% acetonitrile in buffer and 
containing 0.5% trifluoroacetic acid. For NAC, a phosphate buffer at pH 8.0, and for NAL, 
a phosphate buffer at pH 10.2 should be used. Using the NAC and NAL stock solutions 
(6.667 μM), six calibration solutions should be prepared in concentrations from 5.0 to 0.156 
μM. A blank of the dilution buffer should also be included in the standard calibration curve. 
Suitable calibration curves should have an R2 > 0.990. 

21. The suitability of the HPLC system should be verified before conducting the 
analysis. Both NAC and NAL depletion is monitored by HPLC coupled with an UV-detector 
(photodiode array detector or fixed wavelength absorbance detector with 281 nm signal) 
and a FL detector (Ex, 284 nm and Em, 333 nm) (see paragraph 19). The appropriate 
column is installed in the HPLC system. The recommended HPLC set-up described in the 
validated protocol uses a column with the following specifications. Base particle: core-shell 
type silica gel, Particle size: 2.5~2.7 μm, column size: 3.0 × 150 mm as preferred column. 
With this reversed-phase HPLC column, the entire system should be equilibrated for at 
least 30 minutes at 40ºC with 50% phase A (0.1% (v/v) trifluoroacetic acid in water), 50% 
phase B (0.1% (v/v) trifluoroacetic acid in acetonitrile) before use. Then, the column is 
conditioned by running the gradient at least twice before actual use. The HPLC analysis 
should be performed using a flow rate of 0.30 mL/min and a linear gradient from 30% to 
55% acetonitrile for NAC and from 25% to 45% acetonitrile for NAL within 10 minutes, 
followed by a rapid increase to 100% acetonitrile to remove other materials. Equal volumes 
of the standard solutions, test chemical solutions, and control solutions should be injected. 
The column should be re-equilibrated under initial conditions for 6.5 minutes between 
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injections. If a different reversed-phase HPLC column is used, the set-up parameters 
described above may need to be adjusted to guarantee an appropriate elution and 
integration of the NAC and NAL, including the injection volume, which may vary according 
to the system used (typically in the range from 10–20 μL). Importantly, if an alternative 
HPLC set-up is used, its equivalence to the validated set-up described above should be 
demonstrated, preferably by testing the proficiency substances in Appendix II, Annex 2. 
Using the UV detection method, absorbance is monitored at 281 nm. If a photodiode array 
detector is used, absorbance at 291 nm should also be recorded. It should be noted that 
some batches of acetonitrile could have a negative impact on NAC and NAL stability and 
this has to be assessed when a new batch of acetonitrile is used. The ratio of the 281 nm 
peak area and the 291 nm peak area can be used as an indicator of co-elution. For each 
sample a ratio in the range of 90% < mean area ratio of control samples < 100% would 
give a good indication that co-elution has not occurred. An example of HPLC analysis 
sequence is provided in Appendix II, Annex 3. 

22. There are some test chemicals that could potentially promote oxidation of NAC. 
The peak of the dimerised NAC may be monitored visually in the case of ADRA-UV. 
However, since the NAC dimer does not exhibit fluorescence, it cannot be detected in the 
fluorescent detection mode. Any apparent dimerisation should be noted, since 
overestimation of NAC depletion could result in false-positive predictions (See paragraphs 
4, 14 and Appendix II, Annex 1). 

 

DATA AND REPORTING 

Data evaluation 

23. The concentration of both NAC and NAL is photometrically determined at 281 nm 
(UV detector) and if needed by fluorescence detection with Ex/Em, 284/333 nm (FL 
detector) (see paragraph 21) in each sample by measuring the peak area (area under the 
curve, AUC) of the appropriate peaks and by calculating the concentration of both NAC 
and NAL using the linear calibration curve derived from the standards.  

24. The percent depletion for both NAC and NAL is determined in each sample by 
measuring the peak area and dividing it by the mean peak area of the relevant Reference 
Controls C (See Appendix II, Annex 3) according to the formula described below. 

 

Acceptance criteria 

25. The following criteria should be met for a run to be considered valid: 

a) the standard calibration curve should have an R2 > 0.990, 

b) the mean percent NAC and NAL depletion value and the maximum standard 

deviation (SD) of the three replicates for the positive control (phenylacetaldehyde or 

squaric acid diethyl ester) should meet the following criteria: 

 NAC depletion:  

Phenylacetaldehyde: 30 - 80%; Squaric acid diethyl ester: 30 - 80 % 

 NAL depletion:  

NAC or NAL peak area in replicate injection 

Mean NAC or NAL peak area in reference controls C 
Percent NAC or NAL depletion = 1- x100 
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Phenylacetaldehyde: 70 - 100%; Squaric acid diethyl ester: 70 - 100 % 

 Maximum standard deviation (SD) for NAC and NAL depletion for both 
phenylacetaldehyde and squaric acid diethyl ester: < 10%,   

c) the mean NAC and NAL concentration of both Reference Controls A and C should 

be 3.2–4.4 μM and the coefficient of variation (CV) of NAC and NAL peak areas for the 

nine Reference Controls B and C in acetonitrile should be < 10%. 

If one or more of these criteria is not satisfied, the data should be rejected and the run 

should be repeated for that specific test chemical. 

26. The following criteria should be satisfied for a test chemical’s results to be  accepted 
as valid: 

a) the maximum standard deviation for the test chemical replicates should be < 10% for 

the percent depletion of both NAC and NAL, 

b) the mean NAC and NAL concentration of the three Reference Controls C in the 

appropriate solvent should be 3.2–4.4 μM. The permissible range of the mean NAC 

concentration of Reference Control C when 5% DMSO in acetonitrile is used as a 

solvent is 2.8 to 4.0 μM (19). 

If one or more of these criteria is not satisfied, the data should be rejected and the run 

should be repeated for that specific test chemical. 

Prediction model 

27. The mean percent depletion of NAC and NAL is calculated for each test chemical. 
Negative depletion is considered to be “0” when calculating the mean. By using the 
NAC/NAL prediction model shown in Table 1, the threshold of 4.9% mean depletion should 
be used to support the discrimination between skin sensitisers and non-sensitiser in the 
framework of an IATA or a DA. The 4.9% of cut-off value for the mean percent depletion of 
NAC and NAL was set by using 2 class classification model so that the sensitizer and non-
sensitizer could be predicted most appropriately. 

Table 1: NAC/NAL prediction model1 

Mean NAC and NAL percent depletion ADRA prediction2 

Less than 4.9% Negative  

4.9% or higher Positive 

1 The numbers refer to statistically generated threshold values and are not related to the precision of the measurement.  
2 An ADRA prediction should be considered in the framework of an IATA and in accordance with the provisions of paragraphs 13 and 14. 

28. If co-elution is observed using either the UV or the FL detector, the depletion value 
measured using the detector in which co-elution is not observed should be used (See 
Figure 1). If co-elution is observed with both detectors, co-elution may be resolved by 
slightly adjusting the HPLC set-up in order to further separate the elution time of the test 
chemical and NAC or NAL. If an alternative HPLC set-up is used to try to resolve co-elution, 
its equivalence to the validated set-up should be demonstrated, preferably by testing the 
proficiency substances in Appendix II, Annex 2. When co-elution occurs, it is not possible 
to integrate the peak of the NAC or NAL, thereby preventing calculation of the percent 
depletion of NAC or NAL. If co-elution of test chemicals occurs with both the NAC and NAL 
and separation of elution time is not feasible, then the analysis should be reported to be 
inconclusive. In cases where co-elution occurs only with NAL and separation of elution time 
is not feasible, the NAC-only prediction model (See Table 2) can be used to make a 
prediction. In this case, the NAC data of ADRA-UV should still be preferentially adopted 

71



            OECD/OCDE                        442C 

  
© OECD, (2022) 

than that of ADRA-FL. The 5.6% cut-off value for the percent depletion of NAC was set by 
using 2 class classification model so that the sensitizer and non-sensitizer could be 
predicted most appropriately. 

Table 2: NAC-only prediction model1 

Mean NAC percent depletion ADRA prediction2 

Less than 5.6% Negative  

5.6% or higher Positive 

1 The numbers refer to statistically generated threshold values and are not related to the precision of the measurement. 
2 An ADRA prediction should be considered in the framework of an IATA (13) (14). 

29. When a result is unequivocal, a single HPLC analysis for both NAC and NAL should 
be sufficient for a test chemical. However, in case of results close to the threshold used to 
discriminate between positive and negative results (i.e. in the range of 3% to 10% for 
NAC/NAL prediction model or NAC percent depletion falls in the range of 4% to 11% for 
NAC-only prediction model), additional testing is recommended. In particular, in case of 
negative results in these ranges (i.e. 3% to 4.9% for NAC/NAL prediction model or 4 % to 
5.6% for NAC-only prediction model), a second run should be conducted, as well as a third 
one in case of discordant results between the first two runs. In the above cases, the majority 
of the three test results is adopted. 

 

Test report 

30. The test report should include the following information: 

Test chemical and Controls (positive control and solvent/vehicle) 

 For all mono-constituent substance (test and control chemicals) 

o Chemical identification, such as IUPAC or CAS name(s), CAS number(s), SMILES 
or InChI code, structural formula, and/or other identifiers 

o Physicochemical properties such as physical state, appearance, water solubility, 
molecular weight, and additional relevant physicochemical properties, to the 
extent available 

o Purity, chemical identity of impurities as appropriate and practically feasible, etc. 

o Treatment prior to testing, if applicable (warming, grinding) 

o Concentration(s) tested 

o Storage conditions and stability to the extent available 

 Multi-constituent substance, UVCB, and mixtures 

o Characterisation by chemical identity (see above), purity, quantitative occurrence 
and relevant physicochemical properties (see above) of the constituents, to the 
extent available 

o Physical appearance, water solubility, and additional relevant physicochemical 
properties, to the extent available 

o Molecular weight (or apparent molecular weight) for mixtures or polymers of known 
composition, or other information relevant to the study 

o Treatment prior to testing, if applicable (warming, grinding) 

o Concentration(s) tested 
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o Storage conditions and stability, to the extent available. 

 Additional information for positive control 

o Reference to historical positive control results demonstrating suitable run 
acceptance criteria, if applicable. 

 Additional information for solvent/vehicle control 

o Solvent used and ratio of its constituents, if applicable 

o Justification for choice of solvent for each test chemical 

o Impact on NAC and NAL stability when using acetonitrile 
 

Preparation of NAC and NAL, positive control and test chemical solution 

 Characterisation of NAC and NAL solutions (supplier, lot, exact weight of NAC and NAL, 
volume added for the stock solution) 

 Characterisation of positive control solutions (exact weight of positive control reagent, 
volume added for the control solution) 

 Characterisation of test chemical solutions (exact weight of test chemical, volume added 
for the test chemical solution) 

 

HPLC instrument setting and analysis 

 Type of HPLC instrument, HPLC and guard columns, UV or FL detector, autosampler 

 Parameters relevant for the HPLC analysis such as column temperature, injection 
volumes, flow rate and gradient 

 

System suitability 

 NAC and NAL peak area at OD 281 nm (UV detector) or Ex/Em 284/333 nm (FL detector) 
of each standard and reference control A replicate 

 Linear calibration curve graphically represented and the R2 reported 

 NAC and NAL concentration of each Reference Control A replicate 

 Mean NAC and NAL concentration (μM) of the three reference controls A, SD and CV 

 NAC and NAL concentration of Reference Controls A and C. 

 

Analysis sequence 

 For Reference Controls 

o NAC and NAL peak area at an OD of 281 nm (UV detector) or an Ex/Em of 284/333 
nm (FL detector)of each replicate of Reference Controls B and C 

o Mean NAC and NAL peak area at an OD of 281 nm (UV detector) or an Ex/Em of 
284/333 nm (FL detector) of the nine Reference Controls B and C in acetonitrile, 
SD and CV (for stability of reference controls over analysis time) 

o For each solvent used, the mean NAC and NAL peak area at an OD of 281 nm 
(UV detector) or an Ex/Em of 284/333 nm (FL detector) of the three appropriate 
Reference Controls C (for the calculation of percent NAC and NAL depletion) 

o For each solvent used, the NAC and NAL concentration (μM) of the three 
appropriate Reference Controls C 
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o For each solvent used, the mean NAC and NAL concentration (μM) of the three 
appropriate Reference Controls C, SD and CV. 

 For positive controls 

o NAC and NAL peak area at an OD of 281 nm (UV detector) or an Ex/Em of 284/333 
nm (FL detector) of each replicate 

o Percent NAC and NAL depletion of each replicate 

o Mean percent NAC and NAL depletion of the three replicates, SD and CV. 

 For each test chemical 

o Appearance of precipitate in the reaction mixture at the end of the incubation time, 
if observed. If precipitate was re-solubilised or centrifuged; 

o Presence of co-elution 

o Description of any other relevant observations, if applicable 

o NAC and NAL peak area at an OD of 281 nm (UV detector) or an Ex/Em of 284/333 
nm (FL detector) of each replicate 

o Percent NAC and NAL depletion of each replicate 

o Mean of percent NAC and NAL depletion of the three replicate, SD and CV 

o Mean of percent NAC and percent NAL depletion values 

o Prediction model used and ADRA prediction 
 

Proficiency testing 

 Statement that the testing facility has demonstrated proficiency in the use of the test 
method before routine use by testing of the proficiency chemicals 

 

Discussion of the results 

 Description of any unintended modifications to the test procedure. 

 Discussion of the results obtained with the ADRA test method and if it is within the ranges 
described in paragraph 29. 

 

Conclusion 
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APPENDIX II, ANNEX 1 

Known limitations of the Amino acid Derivative Reactivity Assay (ADRA) 

The table below provides a summary of the known limitations of the ADRA. 

 

Substance class / interference Reason for potential underprediction or 

interference 

Data interpretation Example 

substance 

Metals and inorganic compounds Known to react with proteins via 

mechanisms other than covalent binding 
Should not be tested  Nickel sulphate; 

7786-81-4 

Pro-haptens 

 

 

 

 

 

 

 

 

 

 

 

Pre-haptens 

Test Chemicals that require enzymatic 
bioactivation to exert their skin 

sensitisation potential cannot be detected 

by the test method unless activation is 
caused by auto-oxidation to a similar 

degree as in vivo /in humans. It will 

however normally not be known whether 

this will be the case 

 

Chemicals that become sensitisers after 

abiotic transformation are reported to be in 
some cases correctly detected by the test 

method 

May lead to false negatives. 

Negative results obtained with the test method should 

be interpreted in the context of the stated limitations 
and in the connection with other information sources 

within the framework of an IATA 

 

Diethylenetriamine; 

111-40-0 (human 

1A, LLNA n/a) 

 

 

 

 

 

 

 

 

 

 Linalool: 78-70-6 

Test chemicals that have a UV 
absorption (OD, 281 nm) or FL 

(Ex/Em, 284/333 nm) and have the 

same retention time  than NAC or 

NAL  (co-elution) 

When co-elution occurs the peak of the 
NAC or NAL cannot be integrated and the 

calculation of the percent NAC or NAL 

depletion is not possible. 

 

The substances that absorb UV in this range of the 
spectrum are generally limited to those having 

conjugated double bonds, which significantly lowers 

the potential for co-elution. The substances that have 
a FL in this range are generally limited to polyaromatic 
or polyheterocyclic compounds, including naphthalene 

derivatives. If co-elution of such test chemicals occurs 
with both the NAC and the NAL or with the NAC 

only, then the analysis should be reported as 

“inconclusive” and alternative HPLC set up should be 
considered (see paragraph 28). In cases where co-

elution occurs only with the NAL, then the NAC-only 

prediction model reported in Table 2 can be used.” 

Safranal; 116-26-7 

 

Complex mixtures of unknown 
composition, substances of 

unknown or variable composition, 

complex reaction products or 

biological materials 

ADRA using a 4 mM chemical solution 
needs for defined molar ratio of test 

chemical and nucleophilic reagent, but 

ADRA using a 0.5 mg/mL solution does 
not need the defined molar ratio of a test 

chemical and can predict sensitisation for 

test chemicals, which are prepared at a 
weight concentration of 0.5 mg/mL. When 

the mixture is a liquid, the evaluation of 

sensitisation using ADRA cannot be 
performed if the total weight  of the mixture 

components dissolved in solvent (water, 

dissolving solution, extraction solvent, etc) 
is not known, since it is then impossible to 

prepare a 0.5 mg/mL test chemical 

solution. 

Since plant extract contains various polyphenols, 
which react with NAC, it may be judged as a sensitiser 
when a solution containing a high concentration of the 

plant extract is evaluated using ADRA. Therefore, 
these results should be considered with reference to 
results obtained using alternative methods for other 

key events and in vivo results of similar substances. 

n/a 

Test chemicals which cannot be 
dissolved in an appropriate solvent 

Not sure if sufficient exposure can be 

achieved 

The ADRA test method allows testing of poorly soluble 
chemicals. Test chemicals that are not soluble at this 

n/a 
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at a final concentration of 4 mM   

If the mixture is liquid and the total weight 
of the mixed components dissolved in a 

solvent (e.g., water, dissolving solution, 
extraction solvent) is not known, it is not 

possible to prepare a 0.5 mg/mL test 

substance solution, and thus the 
sensitisation potential cannot be evaluated 

by ADRA. 

concentration though may still be tested at lower 

soluble concentrations.  In such a case, a positive 
result could be used to support the identification of the 

test chemical as a skin sensitiser but no firm 

conclusion on the lack of reactivity should be drawn 

from a negative result. 

 

Chemicals which precipitate in 

reaction solution 

Not sure if sufficient exposure can be 

achieved 

Test chemicals that precipitate in the reaction solution 
even if dissolved in the solvent may still be tested at 

lower soluble concentrations. In such a case, a 
positive result could still be used to support the 

identification of the test chemical as a skin sensitiser 
but no firm conclusion on the lack of reactivity should 

be drawn from a negative result. 

Isopropyl myristate 

CAS: 110-27-0 

 

Test chemicals that do not 
covalently bind to the NAC but 

promote its  oxidation (i.e. NAC 

dimerisation)  

 

 

Could lead to a potential over-estimation of 
NAC depletion, resulting in possible false 

positive predictions. 

 

It may be possible to detect and quantify any NAC 
dimer formed by HPLC (UV detector), thus confirming 
or ruling out that the NAC reagent has been depleted 
via oxidative dimerisation as opposed to reaction and 

covalent bonding to the test item substance(s) 

Therefore, ADRA may prevent erroneous judgement 

due to the oxidizing action of the test chemical. 

However, since the NAC dimer does not have 

fluorescence, it can only be detected by ADRA-UV. 

 DMSO 

Oxidant 

Test chemicals that are only 

soluble in DMSO 

DMSO causes excessive NAC depletion 
due to NAC dimerization resulting in high 

background NAC depletion. 

DMSO is allowed to be contained in the test chemical 
solution up to 5%. If DMSO is chosen, attempts should 

be made to solubilise the test chemical in a 1:20 

mixture of DMSO and acetonitrile (5% DMSO in 

acetonitrile). 

n/a 
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APPENDIX II, ANNEX 2 

 

Proficiency Substances 

In Chemico Skin Sensitisation: Amino acid Derivative Reactivity Assay (ADRA) 

Prior to routine use of the test method, laboratories should demonstrate technical proficiency by correctly 

obtaining the expected ADRA prediction for the 10 proficiency substances recommended in Table 1 and 

by obtaining NAC and NAL depletion values that fall within the respective reference ranges for 8 out of the 

10 proficiency substances. The test to demonstrate technical proficiency in ADRA is basically ADRA with 

4 mM (10). If ADRA with 4 mM has been proven to be mastered by performing proficiency substances, 

ADRA with 0.5 mg/mL can be exempt from demonstrating the technical proficiency (9). These proficiency 

substances were selected to represent the full range of responses for skin sensitisation hazards. Other 

selection criteria were that they are commercially available, that high quality in vivo reference data and 

high quality ADRA data are available, and that they were used during the JaCVAM-coordinated validation 

study to demonstrate successful implementation. 

Table 1. Recommended chemicals for demonstrating technical proficiency with ADRA_4 mM 

No. Test chemicals CAS No. 
Physical 

state 

Molecular 

weight 

In vivo 

Prediction1 

ADRA 4 mM 

prediction2 

Range of % depletion 

NAC3 NAL3 

1 p-Benzoquinone 106-51-4 Solid 108.09 
Sensitiser 

(extreme) 
Positive 90-100 70-100 

2 Diphenylcyclopropenone 4886-38-4 Solid 206.24 
Sensitiser  

(strong) 
Positive 50-90 ≤ 10 

3 2-Methyl-2H-isothiazol-3-one 2682-20-4 Solid 115.15 
Sensitiser  

(moderate) 
Positive 80-100 ≤10 

4 Palmitoyl Chloride 112-67-4 Liquid 274.87 
Sensitiser 

(moderate) 
Positive ≤ 40 70-100 

5 Imidazolidinyl urea 39236-46-9 Solid 388.29 
Sensitiser 

(weak) 
Positive 40-70 ≤ 20 

6 Farnesal 19317-11-4 Liquid 220.35 
Sensitiser 

(weak) 
Positive 60-100 5-40 

7 Glycerol 56-81-5 Liquid 92.09 Non-sensitiser Negative ≤ 7 ≤ 7 

8 Isopropanol 67-63-0 Liquid 60.10 
Non-  

sensitiser 
Negative ≤ 7 ≤ 7 

9 Dimethyl isophthalate 1459-93-4 Solid 194.19 Non-sensitiser Negative ≤ 7 ≤ 7 

10 Propyl paraben 94-13-3 Solid 180.20 Non-sensitiser Negative ≤ 7 ≤ 7 

1The in vivo hazard (and potency) predictions are based on LLNA data (20) (21) (22). The in vivo potency is derived using the criteria proposed 

by ECETOC (23). 
2 An ADRA prediction should be considered in the framework of an IATA and in accordance with the provisions of paragraphs 3 and 5. 
3 Ranges determined on the basis of at least 10 depletion values generated by 5 independent laboratories. 
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APPENDIX II, ANNEX 3 

EXAMPLES OF ANALYSIS SEQUENCE 

Each sample of HPLC analysis should be analysed in number order below. Refer to the table showing 

Examples of HPLC Sample Analysis Sequences for more practical sequences about HPLC analysis.  

1. Start to analyse calibration standards and Reference Control A (N = 3). 

2. The co-elution Control does not need to be analysed by turns if it is analysed after analysis of standard 

solution and Reference Control A. 

3. Reference Control B should be analysed three times (total six times) before and after the analysis of 

sample, Reference Control C and Positive Control. 

4. The Reference Control C, Positive Control and Test chemical solutions are analysed. (After the first set 

of replicates of each sample is analysed, the second set of replicates of each should be analysed). 

Calibration standards and reference controls  STD1  

STD2  

STD3  

STD4  

STD5  

STD6  

Dilution buffer  

Reference control A, rep 1  

Reference control A, rep 2  

Reference control A, rep 3  

Co-elution controls  Co-elution control 1 for test chemical 1 Co-elution control 2 for test 

chemical 2  

Reference controls  Reference control B, rep 1  

Reference control B, rep 2  

Reference control B, rep 3  

First set of replicates  Reference control C, rep 1  

Positive control, rep 1  

Sample 1, rep 1  

Sample 2, rep 1  

Second set of replicates  Reference control C, rep 2  

Positive control, rep 2  

Sample 1, rep 2  

Sample 2, rep 2  

Third set of replicates  Reference control C, rep 3  

Positive control, rep 3  

Sample 1, rep 3  

Sample 2, rep 3  

Reference controls  Reference control B, rep 4  

Reference control B, rep 5  

Reference control B, rep 6  

Three sets of reference controls (NAC or NAL dissolved in the appropriate solvent) should be included in 

the analysis sequence: 

Reference control A: Control for verifying validity of the HPLC system. Reference Control A is used to 

verify concentration of NAC and NAL from each calibration curve after addition of acetonitrile rather than 

test chemical. 
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Reference control B: Control for verifying stability of reaction solution under analysis. Reference Control 

B is used to verify variability (CV) of each three NAC/NAL peak areas in the solution after addition of 

acetonitrile rather than test chemical at the start of analysis and at the end of analysis. 

Reference control C: Control for calculating NAC/NAL depletion of each test chemical solution. To 

calculate depletion of NAC/NAL, measure three Reference Controls C after addition of solvent instead of 

test chemical. Prepare reference Control C for all solvents used to dissolve the test chemicals. 
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In Chemico Skin Sensitisation: kinetic Direct Peptide Reactivity 
Assay (kDPRA) 

 

INITIAL CONSIDERATIONS, APPLICABILITY AND LIMITATIONS 

1. The kDPRA is proposed to address the molecular initiating event of the skin sensitisation 
AOP - namely, protein reactivity - by quantifying the reactivity of test chemicals towards 
a synthetic model peptide containing cysteine in a time- and concentration dependent 
manner (1) (2). Kinetic rate constants are calculated and the logarithm of the maximum 
rate constant (log kmax value in s-1M-1) for a tested substance is then used to support the 
discrimination of UN GHS subcategory 1A skin sensitisers (subcategory 1A) from those 
not categorised as subcategory 1A (non-subcategory 1A) i.e., subcategory 1B or no 
category according to UN GHS (3). Based on theoretical consideration, the rate constant 
of the reaction between a test chemical and skin proteins will determine the amount of 
epitope formed from a given amount of chemical or, vice-versa, determine the dose 
needed to form the amount of epitope needed for induction of sensitization to occur and 
it is thus a rate limiting and potency determining step. Based on empirical evidence when 
evaluating 180 chemicals, the rate constant was shown to be the strongest determinant 
of potency among all evaluated parameters measured in OECD 442C, 442D and 442E 
(3).  

2. The kDPRA proved to be transferable to laboratories without hands-on training (4). For 
the 24 test chemicals tested during the validation study, the overall within-laboratory 
reproducibility of kDPRA for assigning UN GHS subcategory 1A was 96% and the 
average between-laboratory reproducibility was 88% (4). Results from the validation 
study (4) as well as from other published studies (3) encompassing 180 test chemicals 
that fall within kDPRA’s applicability domain indicate that kDPRA allows to discriminate 
UN GHS subcategory 1A skin sensitisers from those not categorised as subcategory 1A 
(non-subcategory 1A) according to UN GHS with a balanced accuracy of 85%, a 
sensitivity of 84% (38/45), and a specificity of 86% (116/135) relative to LLNA results 
(3). Similar performances were obtained when comparing kDPRA outcomes with the 
OECD LLNA database compiled within the context of the Test Guideline on Defined 

Approaches for Skin Sensitization (15)4. In addition, the prediction for 123 test chemicals 

(out of the 180) having human skin sensitisation data (5) (6) has a balanced accuracy of 
76%, a sensitivity of 64% (21/33), and a specificity of 89% (80/90) (3), although the 

human reference data are subject to a significant uncertainty5. Furthermore, when 

evaluating non-animal methods for skin sensitisation, it should be kept in mind that the 

                                                
4 A balanced accuracy of 85%, a sensitivity of 82% (31/38), and a specificity of 88% (102/116) were found relative to 

LLNA dataset compiled within the context of the Test Guideline on Defined Approaches for Skin Sensitization (15).  

5 A balanced accuracy of 67%, a sensitivity of 53% (9/17), and a specificity of 81% (25/31) were found relative to 

human skin sensitisation dataset compiled within the context of the Test Guideline on Defined Approaches for Skin 

Sensitization (15). 
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LLNA test as well as other animal tests may not fully reflect the situation in the species 
of interest, which is humans. For comparison, based on a data set of 123 chemicals 
used to evaluate the kDPRA vs. human sensitising potential, the LLNA showed a 73% 
balanced accuracy, a 55% (18/33) sensitivity and a 91% (82/90) specificity for the 
identification of UN GHS subcategory 1A. On the basis of the overall data available, 
kDPRA’s applicability domain was shown to include a variety of organic functional 
groups, reaction mechanisms, skin sensitisation potencies (as determined in in vivo 
studies), and physicochemical properties (3). Following an independent peer review 
(16), the kDPRA was considered to be scientifically valid to discriminate UN GHS 
subcategory 1A skin sensitisers from those not categorised as 1A (non-subcategory 1A) 
according to UN GHS (7). The kDPRA can therefore be used (i) as a follow-up test 
method for sub-categorisation of chemicals identified as UN GHS Category 1 skin 
sensitisers, or (ii) on its own by using positive results for direct classification of a 
chemical into UN GHS subcategory 1A, depending on the regulatory framework. 

3. The term "test chemical" is used in this Test Guideline to refer to what is being tested 
and is not related to the applicability of the kDPRA to the testing of substances and/or 
mixtures. This test method is not applicable to the testing of metal compounds, which 
are known to react with proteins via mechanisms other than covalent binding. 
Furthermore, kDPRA only measures reactivity with the cysteine peptide, so that strong 
sensitisers having an exclusive lysine-reactivity, such as some acyl-halides, phenol-
esters or aldehydes are outside of the applicability domain of kDPRA. However, only 
few UN GHS subcategory 1A skin sensitisers are known currently to react exclusively 
with lysine residues. In addition, considering exclusive strong Lysine-reactivity from the 
DPRA or ADRA in a tiered strategy may reduce this uncertainty. Test chemicals that do 
not covalently bind to the peptide but promote its oxidation (i.e. cysteine dimerisation) 
could lead to a potential over estimation of peptide depletion, resulting in possible false 
positive predictions and/or assignment to a higher reactivity class. The test method 
described in this Appendix of the Test Guideline is an in chemico method that does not 
encompass a metabolic system. Reactivity of chemicals that require enzymatic 
bioactivation to exert their skin sensitisation potential (i.e. pro-haptens) cannot be 
reliably detected by the test method. However, the limitation for detecting pro-haptens 
was found to be less pronounced when identifying strong sensitisers as compared to the 
identification of weak sensitisers (3). The majority of chemicals that become sensitisers 
after abiotic transformation (i.e. pre-haptens) were reported to be correctly detected by 
in chemico test methods (8) (9). However, spontaneously rapidly oxidizing pre-haptens 
may be under-predicted by kDPRA (as in any in vitro skin sensitisation assay) due to a 
lag-phase for oxidation which reduces the overall reaction rate. In the light of the above, 
results obtained with the test method that do not lead to subcategory1A categorisation 
should be interpreted in the context of the currently known limitations (see also Annex 1 
of this Appendix), i.e.:  

  aromatic amines, catechols or hydroquinones may require further data to confirm 
their weak reactivity even under oxidizing conditions, and  

  acyl-halides, phenol-esters or aldehydes specifically reacting with Lysine-residue 
according to e.g. the DPRA or ADRA, may require further data to confirm their 
weak reactivity. 

4. To be tested, a test chemical should be soluble in an appropriate solvent at a final 
concentration of 20 mM (see paragraphs 12-13). Test chemicals that are not soluble at 
this concentration may still be tested at lower concentrations as long as a kmax value 
(i.e., the maximum rate constant (in s-1M-1) determined from the reaction kinetics for a 
tested substance in the kDPRA (see paragraph 24)), can be derived. In such a case, a 
positive result leading to a UN GHS subcategory 1A skin sensitization prediction (i.e. log 
kmax ≥ -2.0) could still be used, but no firm conclusion should be drawn from a negative 
result (i.e., non-reactive or log kmax < -2.0 outcome). 
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5. The kDPRA uses a fluorescence readout which requires attention for potential test 
chemical autofluorescence, fluorescence quenching or interaction with the reagent 
(monobromobimane). In particular, it is important to include the respective test chemical 
controls as described in paragraph 16 and to assess the incubation time dependence of 
the determined peptide depletion. Furthermore, test chemicals with primary SH-group 
(thiols) cannot be tested with the kDPRA as the thiol group can interact with the 
monobromobimane (see paragraph 8) leading to enhanced fluorescence. Finally, 
chemicals decomposing under the conditions of the assay (neutral, aqueous conditions) 
and releasing a free SH-group will be prone to the same limitations.  

6. The kDPRA is considered to be technically applicable to the testing of multi-constituent 
substances and mixtures of known composition, although such substances were not 
tested during the validation studies. In this case, a single purity may be determined by 
the sum of the proportion of its constituents (excluding water), and a single apparent 
molecular weight may be determined by considering the individual molecular weights of 
each component in the mixture (excluding water) and their individual proportions. The 
resulting purity and apparent molecular weight can then be used to calculate the weight 
of test chemical necessary to prepare a 20 mM solution. Results obtained with mixtures 
and multi-constituent substances of known composition can lead to a non-linear 
behaviour, so that the provisions described in paragraph 27(ii) should be used. 
Regarding mixtures and substances of unknown or variable composition, complex 
reaction products or biological materials (i.e. UVCB substances), the current model 
cannot be used due to the need for defined molar ratios. In any case, when considering 
testing of mixtures, difficult-to-test chemicals (e.g. unstable), or test chemicals not clearly 
within the applicability domain described in this Guideline, upfront consideration should 
be given to whether the results of such testing will yield results that are meaningful 
scientifically. Finally, in cases where evidence can be demonstrated on the non-
applicability of the test method to specific categories of chemicals, the test method 
should not be used for those specific categories of chemicals. 

7. The kDPRA can be used for the discrimination of UN GHS subcategory 1A skin 
sensitisers from those not categorised as subcategory 1A (non-subcategory1A) 
according to UN GHS (3). As for any key-event based test method, the performance of 
kDPRA will have to be further assessed when used in combination with other assays 
such as DPRA or ADRA, and within integrated approaches such as IATA or DA for a 
more comprehensive analysis of skin sensitisation (3) (10).  

 

PRINCIPLE OF THE TEST 

8. The kDPRA is a modification of the in chemico test method DPRA (described in 
Appendix I of this Test Guideline). The kDPRA uses the cysteine peptide (Ac-
RFAACAA-COOH) also used in the DPRA, while it does not use a lysine containing 
peptide. The final concentration of the test peptide (0.5 mM) and the reaction medium 
(25% acetonitrile in phosphate buffer) is identical in the kDPRA and in the DPRA. While 
the DPRA measures only at one concentration of the test chemical (5 mM for the 
cysteine peptide) and at one time point (≥ 24 h), the kDPRA performs parallel reactions 
at five concentrations (5, 2.5, 1.25, 0.625 and 0.3125 mM) and at six time-points (10, 
30, 90, 150, 210 and 1440 min) at 25±2.5ºC. Residual concentration of the cysteine 
peptide after the respective reaction time is measured after stopping the reaction by the 
addition of monobromobimane (mBrB; CAS 74235-78-2). The highly reactive and non-
fluorescent mBrB rapidly reacts with unbound cysteine moieties of the model peptide to 
form a fluorescent complex which is measured in order to quantify the non-depleted 
peptide concentration. If the depletion of the highest concentration surpasses the 
threshold of 13.89% (cut-off used in the DPRA for positivity in the cysteine only 
prediction model) and this depletion is statistically significant vs. controls with peptide 
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only, further calculations are performed (otherwise the test chemical is considered to be 
non-reactive according to the prediction model shown in paragraph 28). The natural 
logarithm of the non-depleted peptide concentrations is plotted vs. the concentration of 
the test chemical at each time point. If a linear relationship is observed (correlation 
coefficient > 0.90), the slope of this curve is determined and divided by the incubation 
time to calculate the rate constant in [min-1mM-1]. This value is transformed to the rate 
constant in [s-1M-1] and the logarithm is calculated. The maximum value observed at any 
time point is taken as the log kmax, and this maximum rate constant is the primary read-
out of the test. It gives a quantification of the maximum kinetic rate of the reaction of the 
test chemical with the test peptide. Kinetic reaction rates of the cysteine peptide 
depletion are then used to discriminate UN GHS subcategory 1A skin sensitisers from 
those not categorised as 1A (non-subcategory 1A) according to UN GHS. Chemicals 
with a log kmax ≥ -2.0 are predicted as UN GHS subcategory 1A. The kinetic rate constant 
may be further used in integrated approaches such as IATA or DA to assess the skin 
sensitisation potency of a test chemical in a continuous scale as needed for risk 
assessment (3) (10). 

9. Prior to routine use of this test method, laboratories should demonstrate technical 
proficiency, using the nine proficiency substances listed in Annex 2 of this Appendix. 

 

PROCEDURE 

10. This test method is based on the kDPRA DB-ALM protocol no 217 (11) which represents 
the protocol used for the industry-coordinated validation study. It is recommended that 
this protocol is used when implementing and using the method in a laboratory. The main 
components and procedures for the kDPRA are described below.  

Preparation of the cysteine-peptide 

11. The stock solution of the cysteine containing synthetic peptide (Ac-RFAACAA-COOH) 
of purity equal to or higher than 95% should be freshly prepared just before the 
incubation with the test chemical. The final concentration of the cysteine peptide should 
be 0.667 mM in pH 7.5 phosphate buffer for test chemical soluble in acetonitrile and 1.0 
mM for chemicals soluble in pH 7.5 phosphate buffer.  

Preparation of the test chemical  

12. Solubility of the test chemical in an appropriate vehicle should be assessed before 
performing the assay. A non-reactive, water-miscible vehicle able to completely dissolve 
the test chemical should be used. Solubility is checked by visual inspection where the 
forming of a clear solution is considered sufficient to ascertain that the test chemical is 
dissolved. The preferred vehicle is acetonitrile. When a substance is not soluble in 
acetonitrile, solubilisation in pH 7.5 phosphate buffer should be assessed. Further 
vehicles have not been tested yet but may be used if it is demonstrated that the vehicle 
does not interfere with the assay, e.g. all controls should be prepared using the same 
vehicle, and the reaction rates obtained for the positive control and for the proficiency 
chemicals should fall within the ranges described in paragraph 26 and Annex 2 of this 
Appendix, respectively. It is important to note that use of DMSO as a vehicle should be 
avoided as it may lead to peptide dimerisation. 

13. The test chemical should be pre-weighed into glass vials and dissolved immediately 
before testing to prepare a 20 mM solution using the appropriate vehicle as described 
in paragraph 12. Test chemical dilutions are prepared by serial dilution to obtain 
concentrations of 20, 10, 5, 2.5 and 1.25 mM. 
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Preparation of controls 

14. Cinnamic aldehyde (CAS 104-55-2; 95% food-grade purity) should be used as positive 
control (PC). It is dissolved at a concentration of 20 mM in acetonitrile immediately 
before testing. Serial dilutions are then prepared to obtain PC concentrations of 20, 10, 
5, 2.5 and 1.25 mM. Use of other positive controls is not recommended since in this 
assay an exact reaction rate is measured and consistent use of the positive control 
allows quantitative comparison between laboratories, with validation study data and as 
intra-laboratory historical control. 

15. A vehicle control (VC), considered as the negative control, includes the peptide 
dissolved in buffer and vehicle respectively but no test chemical nor PC. The peptide-
depletion of test chemical or PC incubated samples is calculated relative to the 
respective VC. 

16. The assay also includes test chemical controls at the respective test chemical 
concentration in the vehicle and buffer but without peptide. This set of controls is used 
for the identification of interference of the test chemical with the fluorescence 
measurement (autofluorescence and quenching) to assess e.g., interference with 
monobromobimane and as a background measurement. 

17. A blank control (BC) is used as a background measurement and is prepared with vehicle 
and buffer but without test chemical, PC, or peptide. 

Incubation of the test chemical with the cysteine peptide solution 

18. Serial dilutions of the test chemical and PC are prepared in a 96-well microtiter plate 
referred to as the application plate. Further, a 96-well black assay plate for each 
exposure time is prepared, referred to as the assay plates, by adding the relevant 
reagents (i.e., peptide stock solution, vehicle and buffer solution) according to a 
predefined plate layout such as recommended within the kDPRA protocol (11). Each 
test chemical concentration should be analysed in triplicate. The reaction is started by 
adding the test chemical and PC dilutions from the application plates to the assay plates. 
If a precipitate is observed immediately upon addition of the test chemical solution to the 
peptide solution, due to low aqueous solubility of the test chemical, one cannot be sure 
how much test chemical remained in the solution to react with the peptide. In such a 
case, a positive result (i.e. log kmax ≥ -2.0) could still be used, but a negative result (i.e., 
non-reactive or log kmax < -2.0 outcome) should be interpreted with due care (see also 
provisions in paragraph 4 for the testing of chemicals not soluble up to a concentration 
of 20 mM in the kDPRA). After adding the test chemical and PC, plates are sealed with 
gas-tight adhesive foil and shaken at least 200 rpm for 5 min. Assay plates solution 
should be incubated in the dark at 25 ± 2.5° C for several incubation (exposure) times, 
i.e. 10, 30, 90, 150, 210, and 1440 min before addition of mBrB solution. Incubation 
times may be adapted to investigate the most relevant time points for a specific chemical 
(e.g., shorter incubation times might be more suitable for fast reacting chemicals). 
However, 1440 min should always be tested, as it corresponds to the incubation time of 
the DPRA. The incubation (exposure) time is the time interval from the application of the 
test chemical and PC dilutions to the assay plate until the addition of mBrB. 

Fluorescence measurement 

19. When the desired incubation (exposure) time is reached, freshly prepared mBrB solution 
(3 mM in acetonitrile) is added rapidly to the wells of the assay plates (one per exposure 
time) in the dark. Plates are sealed with gas-tight adhesive foil and shaken at least 200 
rpm for 5 min. Fluorescence intensity is then determined using an excitation filter of 390 
nm and an emission filter of 480 nm. 

87



            OECD/OCDE                        442C 

  
© OECD, (2022) 

DATA AND REPORTING 

Data evaluation  

20. An automated Excel-evaluation spreadsheet is available with the DB-ALM protocol and 
should be used for data evaluation. Detailed instructions are provided in the DB-ALM 
protocol no. 217 (11). 

21. For each incubation (exposure) time ‘t’ the following parameters are calculated: 

• The arithmetic mean and standard deviation of the fluorescence intensity of the 12 
blank controls (BC); 

• The arithmetic mean and standard deviation of the fluorescence intensity of the 12 
vehicle controls (VC);  

• The mean BC value is subtracted from the VCs to obtain corrected VC values. 

• For each test chemical and PC concentration, the respective test chemical control 
value is subtracted from their obtained values to calculate corrected test chemical or 
PC values. 

22. To determine the relative peptide depletion in % for each test chemical concentration 
per exposure time, the following calculation is performed: 

𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑝𝑒𝑝𝑡𝑖𝑑𝑒 𝑑𝑒𝑝𝑙𝑒𝑡𝑖𝑜𝑛 [%]    = [1 − ( 
𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑡𝑒𝑠𝑡 𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙 𝑜𝑟 𝑃𝐶 𝑣𝑎𝑙𝑢𝑒

𝑚𝑒𝑎𝑛 𝑜𝑓 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑉𝐶
)] 𝑥100% 

23. For each test chemical concentration, the arithmetic mean and standard deviation of the 
three replicates is calculated (per exposure time). A student’s t-test is performed to test 
whether the peptide concentrations measured in the three replicates is statistically 
significantly lower as compared to the concentration in the 12 VC wells. 

24. In the kDPRA, reaction kinetic rate constants are determined as explained below if (i) a 
peptide depletion of ≥ 13.89% is observed at the highest test chemical concentration 
(final test chemical concentration 5 mM) at a given time and if (ii) the difference is 
statistically different from the VC. This ‘positivity criterion’ is based on the ‘positive’ 
criterion for peptide reactivity in the cysteine only prediction model of the DPRA 
described in Appendix I of this test guideline. If the positive criterion is not met, the test 
chemical is considered to be non-reactive according to the prediction model shown in 
paragraph 28. 

The natural logarithm of the non-depleted peptide concentrations (100-relative peptide 

depletion (%)) is plotted vs. the concentration of the test chemical at each time point. If 

a linear relationship is observed (correlation coefficient > 0.90), the slope of this curve 

is determined. The absolute value of this negative slope corresponds to the observed 

reaction kinetic constant (pseudo first order rate constants kobserved in mM-1). From the 

kobserved value for each exposure time, the reaction kinetic constant (kt) per concentration 

and incubation (exposure) time ‘t’ is calculated as follows: 

 𝑘𝑡  [𝑀−1𝑠−1] = 𝑘𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 ∙
1000 

60 ∙𝑡 
 

with ‘t’ being the exposure time in minutes. If no linear relationship is observed (i.e., 

correlation coefficient < 0.90), the recommendations within paragraph 27.ii should be 

followed. 

25. For each exposure time ‘t’ with a correlation > 0.90, the decimal logarithm (log k t) is 
calculated and the highest value is determined as log kmax. 

 

88



OECD/OCDE                        442C             

  
© OECD, (2022) 

 

Acceptance criteria 

26. The following criteria should be met for a run to be considered valid. If one or more of 
these criteria is not met the run should be repeated.  

a. PC: the log k of the PC at 90 min (log k90 min) should be within the following range: -
1.75 to -1.40 M-1s-1. If no log k90 min is obtained in case of e.g., reactivity is not yet 
statistically significant, the value at 150 min (log k150 min ) can be taken into account 
and should lie in the following range: -1.90 to -1.45 M-1s-1. 

b. VC: The coefficient of variance of the 12 VC values of a plate should be < 12.5% for 
at least 5 of the 6 exposure times. 

 

27. The data obtained for the test chemical are further assessed to check for possible 
conditions which may affect results: 

(i) Interrupted time-course: If significant peptide depletion is observed at early time-
points but not at following time points, there is either an intrinsic non-linear reaction 
for the test chemical or an experimental variation. In such cases the run is repeated. 
If the same pattern is reproducible, a non-linear kinetic is proven and the rate-
constant observed at early time points is accepted. 

(ii) Non-linear concentration-response: There are few cases where the concentration-
response is not linear, but clear depletion is noted. In such cases no rate constant 
is calculated by the slope method, as regression coefficient is R2 < 0.90. 
Alternatively, rate constants can also be calculated based on individual depletion 
values according to the formula:  

𝑘 = [ln (100/(100 − 𝑑𝑝))]/(𝐸 × 𝑡) 

Where ‘dp’ is depletion in %, ‘E’ is the concentration of test chemical and ‘t’ is the 

incubation (exposure) time. Rate constants according to this formula are calculated 

at each time point ‘t’ and at each concentration ‘E’ with depletion values above the 

threshold of 13.89%. For each time point ‘t’ the average of the values for the different 

concentrations is taken, and then again the log kmax for the highest rate at any given 

time point is reported. 

In such a case a repetition should be performed to check whether this non-linear 

behaviour is intrinsic to the test chemical, or whether an experimental variation is 

the cause. If the non-linearity is reproducible, this alternative rate calculation based 

on the individual depletion values is used for the final rating. 

(iii) Fluorescence interference, namely autofluorescence or fluorescence quenching: 
Based on the control wells with test chemical only in absence of the test peptide, 
incidences of autofluorescence and fluorescence quenching by the test chemical 
can be detected. As the values are corrected for the autofluorescence recorded in 
the test chemical control wells, this shall not be a problem for low autofluorescence, 
but with a high autofluorescence, the fluorescence of the peptide-adduct and the 
autofluorescence may not be fully additive, and subtraction of autofluorescence may 
lead to apparent depletion, which is not due to loss of peptide signal but to this non-
additivity. Thus, one should check whether the observed depletion is time 
dependent. If this is not the case and autofluorescence is observed, then depletion 
from autofluorescence is assumed to occur. Fluorescence quenching can also lead 
to ‘pseudo-depletion’, but this would happen immediately and resulting depletion 
would not increase with time. If both conditions are met, it is assumed that depletion 
from quenching occurs. These cases are rare. If this is not clear from the results a 
run may be repeated, but if the effect is clear-cut no repetition is needed. In such a 
case, the test chemical cannot be assessed in the kDPRA (technical limitation) 
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unless the reaction can be measured with an alternative fluorescent probe not 
leading to autofluorescence or quenching (see Section II of the Annex 1 to DB-ALM 
protocol (11)). 

(iv) All above cases are detailed in the DB-ALM protocol and automatic alerts appear in 
the Excel template provided with the DB-ALM protocol when evaluating the data. 

Prediction model  

28.  The kDPRA uses kinetic rates of cysteine peptide depletion for discrimination of UN GHS 
subcategory 1A skin sensitisers from those not categorised as subcategory 1A (non-
subcategory 1A) according to UN GHS (3). Results obtained with the test method that 
do not lead to subcategory 1A categorisation should be interpreted in the context of the 
limitations stated in paragraph 3 and Annex 1 of this appendix. 

Table 1: kDPRA prediction model 

Reaction rate kDPRA Prediction 

log kmax ≥ -2.0 UN GHS subcategory 1A 

Non-reactive or log kmax < -2.0 
Not categorised as UN GHS subcategory 1A* 

(non-subcategory 1A) 

* Further information is needed to discriminate UN GHS subcategory 1B from UN GHS No Category. Depending on the context (e.g. IATA, DA) 

this information can be generated prior to or after performing the kDPRA. 

 

29. In cases of a log kmax result close to the -2.0 threshold falling in the borderline range 
calculated for kDPRA (i.e., between -1.93 and -2.06 (12)), no conclusive prediction can 
be made. In this case, re-testing and/or additional data/information is needed before a 
conclusive prediction can be made.  

30. The kinetic rate constant may be further used in integrated approaches such as IATA or 
DA to assess the skin sensitisation potency of a test chemical in a continuous scale as 
needed for risk assessment (3) (10).  
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Test report 

31. The test report should include the following information 

Test chemical and Controls (positive control and solvent/vehicle) 

For all mono-constituent substance (test and control chemicals) 

Chemical identification, such as IUPAC or CAS name(s), CAS number(s), SMILES or InChI 
code, structural formula, and/or other identifiers; 

Physicochemical properties such as physical state, appearance, water solubility, molecular 
weight, and additional relevant physicochemical properties, to the extent available; 

Purity, chemical identity of impurities as appropriate and practically feasible, etc; 

Treatment prior to testing, if applicable (e.g. warming, grinding); 

Concentration(s) tested; 

Storage conditions and stability to the extent available. 

Additional information for positive control 

Reference to historical positive control results demonstrating suitable run acceptance criteria, 
if applicable. 

Additional information for solvent/vehicle control 

Solvent/vehicle used and ratio of its constituents, if applicable; 

Justification for choice of other solvent than acetonitrile and experimental assessment of the 
solvent effect on peptide stability. 

Peptide  

Supplier, lot, purity 

 

Fluorescence analysis 

Fluorimeter used (e.g., model and type), including wavelengths settings 

 

Proficiency testing 
 
Statement that the testing facility has demonstrated proficiency in the use of the test method before 
routine use by testing of the proficiency chemicals. 

 

Discussion of the results 

Description of any unintended modifications to the test procedure. 

Discussion of the results obtained with the kDPRA test method and if it is within the ranges described 
in paragraph 29.  

Description of any relevant observations made, such as appearance of precipitate in the reaction 
mixture at the end of the incubation time, if precipitate was resolubilised or centrifuged. 

 

Conclusion  
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APPENDIX III, ANNEX 1 

KNOWN LIMITATIONS OF THE KINETIC DIRECT PEPTIDE REACTIVITY ASSAY 

The table below provides a summary of the known limitations of the kDPRA. 

 

Substance class / 

interference 

Reason for potential 

underprediction or interference 

Data interpretation Example substance 

Metals and inorganic 

compounds 

Known to react with proteins via 
mechanisms other than covalent 

binding 

Should not be tested  Nickel sulphate; 

7786-81-4 

Hydroquinones, catechols 

and aromatic amines 

Lag time of oxidation may reduce 

apparent reaction rate 

Results with log kmax < - 2.0 can only be accepted if low 

reactivity can be confirmed after oxidation 

Para-

phenylenediamine;  

106-50-3; Human and 

LLNA 1A 

Thiols or thiol-releasers Test chemicals with primary SH-
groups and those decomposing under 

the conditions of the assay can react 

with the detection probe 

Test chemical cannot be tested in the kDPRA with 
derivatisation by thiol reactive probes: other kinetic data with 

the test peptide e.g. by HPLC may need to be generated (not 

part of this guideline) 

Thioglycerol; 

96-27-5; LLNA UN 

GHS category 1B; 

Human n/a 

 

Test chemicals having an 
exclusive lysine-reactivity as 

observed in DPRA or ADRA  

kDPRA only measures reactivity with 

the cysteine peptide 

Results with log kmax < - 2.0 for chemicals which specifically 
deplete NH2-groups, but not SH-groups in DPRA or ADRA are 

not conclusive  

 

Some acyl-halides, 
phenol-esters or 

aldehydes, 

Dihydrocoumarin, 119-
84-6; LLNA UN GHS 
category 1B; Human 

n/a, Glutaric aldehyde; 

111-30-8; Human and 

LLNA UN GHS 

category 1A 

Pro-haptens Test chemicals for which there is 
evidence that they strictly require 

enzymatic bioactivation to exert their 

skin sensitizing potential  

Strict pro-haptens may be underestimated. However chemicals 
which are i) strict pro-haptens (i.e. test chemicals not also 

acting as direct haptens or prehaptens, too) and ii) strong 

allergens were found to be rare 

Diethylenetriamine; 

111-40-0 (human 1A, 
LLNA UN GHS 

category 1) 

Fluorescent chemicals with 
excitation in the range of the 

fluorescent probe 

If fluorescence of test chemicals and 
of the mBrB-peptide adduct is not 

additive, pseudo-depletion is 

observed 

Follow the considerations in the DB-ALM Protocol n° 217 to 

evaluate assay interference 

Tetrachlorosalicylanilid
e; 1154-59-; Human 
and LLNA UN GHS 

category 1A 

Test chemicals absorbing in 
the emission range of the 

probe 

If test chemical quenches 
fluorescence emission of the mBrB-
peptide adduct, pseudo-depletion is 

observed 

Follow the considerations in the DB-ALM Protocol n° 217 to 

evaluate assay interference 

Vanillin, 121-33-5; 

LLNA NC; Human n/a 

 

Mixtures of unknown 
composition, substances of 

unknown or variable 
composition, complex 

reaction products or 

biological materials 

no information on applicability of 
kDPRA is available in the published 

literature 

n/a UVCBs, chemical 
emissions, products or 

formulations with 
variable or not fully 

known composition 

 

Test chemicals which cannot 
be dissolved in water or 

Not sure if sufficient exposure can be 

achieved 

In such cases, a log kmax > -2.0 could still be used to support 
the identification of the test chemical as a UN GHS subcategory 

n/a 
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acetonitrile or a compatible 

water-miscible solvent 

1A skin sensitiser but no firm conclusion should be drawn in 

case log kmax is < -2.0. 

Alternative vehicle may be used according to the prescriptions 

given in paragraph 12. 

Test chemicals which 
precipitate in reaction 

solution 

Not sure if sufficient exposure can be 
achieved: If a precipitate is observed 
immediately upon addition of the test 

chemical solution to the peptide 
solution, due to low aqueous solubility 

of the test chemical, one cannot be 

sure how much test chemical 
remained in the solution to react with 

the peptide.  

In such a case, a positive result (i.e. log kmax ≥ -2.0) could still 
be used, but a negative result (i.e., non-reactive or log kmax < -

2.0 outcome) should be interpreted with due care (see also 

provisions in paragraph 4 for the testing of chemicals not 

soluble up to a concentration of 20 mM in the kDPRA). 

 

Methyl-2-nonynoate6; 

111-80-8; LLNA NC 

Test chemicals promoting 

cysteine-peptide oxidation 

 May lead to a potential over estimation of peptide reactivity. DMSO 

    

 
  

                                                
6 Roberts, D.W. and A. Natsch, High throughput kinetic profiling approach for covalent binding to peptides: Application to skin 

sensitization potency of michael acceptor electrophiles. Chem. Res. Toxicol., 2009. 22(3): p. 592-603 
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APPENDIX III, ANNEX 2 

PROFICIENCY SUBSTANCES 

In Chemico Skin Sensitisation: kinetic Direct Peptide Reactivity Assay (kDPRA) 

Prior to routine use of the test method described in this appendix, laboratories should demonstrate 

technical proficiency by correctly obtaining the expected kDPRA prediction for at least 8 of the 9 

proficiency substances recommended in Table 1 and by obtaining cysteine rate constants log kmax that 

fall within the respective reference range for 7 out of the 9 proficiency substances. These proficiency 

substances were selected to represent the range of responses for skin sensitisation hazard and 

potency. Other selection criteria were that they are commercially available, that high quality in vivo 

reference data and high quality in vitro data generated with the kDPRA are available, and that they 

were used in the industry-coordinated validation study to demonstrate successful implementation of 

the test method in the laboratories participating in the study.  

Table 1: Recommended proficiency substances for demonstrating technical proficiency with the 
kinetic Direct Peptide Reactivity Assay 

  

1The in vivo hazard and (potency) predictions are based on LLNA data (13). The in vivo potency is derived using the criteria proposed by 

ECETOC (14). 
2 Rounded ranges determined on the basis of at least 14 log kmax determinations generated by 7 independent laboratories. 
3 Non sensitisers according to the UN GHS. 

 

Proficiency substances CASRN 
Physical 

state 

In vivo 

prediction1 

UN GHS 
Category 

LLNA 

UN GHS 
Category 

human 

kDPRA 

prediction 2 

Range of log kmax 2 

 

2,4-Dinitrochlorobenzene 97-00-7 Solid 
Sensitiser 

(extreme) 
1A 1A 1A (-0.8) – (-0.4) 

Methylisothiazolinone 2682-20-4 Solid 
Sensitiser 

(extreme) 
1A 1A 1A (-0.5) – (-0.1) 

Oxazolone 15646-46-5 Solid 
Sensitiser 

(extreme) 
1A No data 1A (-0.3) – (0.0) 

Methyl-2-octynoate 111-12-6 Liquid 
Sensitiser 

(strong) 
1A 1A 1A (-1.6) – (-1.2) 

Isoeugenol 97-54-1 Liquid 
Sensitiser 

(moderate) 
1A 1A 1A (-1.4) - (-1.1) 

2,3-Butanedione 431-03-8 Liquid 
Sensitiser 

(weak) 
1B No data 

non-1A  

(1B or NC) 
(-3.2) – (-2.1) 

Ethylene glycol dimethacrylate 

(EGDMA) 
97-90-5 Liquid 

Sensitiser 

(weak) 
1B 1B 

non-1A  

(1B or NC) 
(-2.8) – (-2.1) 

4-Methoxyacetophenone 100-06-1 Solid  Non-sensitiser No Cat.3 No Cat.3 
non-1A  

(1B or NC) 
Not reactive 

Chlorobenzene 108-90-7 Liquid Non-sensitiser No Cat.3 No Cat.3 
non-1A  

(1B or NC) 
Not reactive 
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FOREWORD  

 

The project to develop a Detailed Review Paper (DRP) on non-animal approaches that could be used 

to test chemicals for their potential immunotoxic effects was initiated by the Japanese Center for the 

Validation of Alternative Methods (JaCVAM), who submitted a Standard Project Submission Form 

(SPSF) proposing the preparation of this DRP to OECD. Japan had already investigated the potential 

relevance and reproducibility of certain in vitro assays used in specific combinations to inform the 

assessment of immunotoxicity. Given the absence of standardized in vitro methods in this particular 

area of chemical safety testing, the Working Party of the National Coordinators of the Test Guidelines 

Programme recommended to start with a DRP to enable an overview of the state-of-the-science, 

techniques, and methods available. 

The Detailed Review Paper was prepared by an international team of subject matter experts. A 

dedicated OECD Expert Group was formed to provide input into the draft DRP and two WNT 

commenting rounds were organized in 2020 and 2021 to subject the document to broad review and 

comments from the regulatory science community.  

The Working Party of the National Coordinators of the Test Guidelines Programme approved this 

Detailed Review Paper at its 34th meeting in April 2022. This document is published under the 

responsibility of the Chemicals and Biotechnology Committee. 
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EXECUTIVE SUMMARY 

This Detailed Review Paper (DRP) aims to present and discuss the application and interpretation of in 

vitro immunotoxicity assays, mainly covering immunosuppression, and to define an in vitro tiered 

approach to testing and assessment. This project was led by Japan, as Japan has developed three 

Adverse Outcome Pathways (AOPs) for immunotoxicity in the OECD Extended Advisory Group on 

Molecular Screening and Toxicogenomics (EAGMST). Japan also coordinated a validation study of the 

Multi-ImmunoTox Assay (MITA), based on one of the proposed AOPs.  

A well-functioning immune system is essential for maintaining the integrity of an organism. Immune 

cells are an integral part of other systems including the respiratory, dermal, gastrointestinal, 

neurological, cardiovascular, reproductive, hepatobiliary, musculoskeletal system, and endocrine 

systems. As such, exposure to immunotoxic compounds can have serious adverse health 

consequences affecting responses to both communicable and non-communicable diseases. It is 

therefore important to understand the immunotoxic potential of xenobiotics and the risk(s) they pose to 

humans.  

In contrast to the in vivo testing batteries traditionally used to investigate systemic chemical toxicity, in 

vitro methods have historically been used to generate focused mechanistic information. When using in 

vitro assays for screening purposes it is likely that several assays will be required to identify 

immunotoxicants because of the different components of the immune system and their influences on 

other systems. A tiered testing strategy is proposed to assess immunotoxicity in vitro. In the proposed 

tiered approach, pre-screening for direct immunotoxicity in vitro begins by evaluating myelotoxicity (Tier 

1). Compounds capable of damaging or destroying bone marrow cells will most likely have immunotoxic 

effects, as the majority of immune cells are derived from a common precursor located in the adult bone 

marrow. If compounds are not potentially myelotoxic, they should be tested for direct leukotoxicity, as 

defined as toxicity to any  cell of the lymphoid or myeloid lineages (Tier 2). Compounds should then be 

tested for immunotoxicity at non-cytotoxic concentrations using various approaches, such as cytokine 

production, T cell–dependent antibody response, lymphocyte proliferation assay, mixed leukocyte 

reaction, and natural killer cell assay (Tier 3).  

Despite the need for an in vitro tiered system to evaluate immunotoxicity, at present there is no 

consensus on which assays to use, nor how, and there are no Organisation for Economic Co-operation 

and Development (OECD) Test Guidelines to detect chemical immunosuppression in vitro. It is clear 

that one assay alone will not be able to cover all of the potential adverse effects of chemicals on the 

immune system and that a larger set of assays that will cover the spectrum of immunotoxicity is needed. 

The MITA is one example of such an integrated testing strategy which may be used to predict the 

immunotoxicity of chemicals, and may be even more powerful when combined with complementary 

assays. More research and investigation are needed to develop candidate assays amenable to detect 

immunotoxic substances without the use of animals, but available tools can already be used in an 

integrated fashion for that purpose.   
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1. Since the early 1980s, there has been increasing recognition that some natural and synthetic 

substances to which humans may be exposed are able to interfere with the function of the immune 

system (e.g. Vos, 1977; Dean et al 1982). As an adequately functioning immune system is essential for 

maintaining the integrity of an organism, immune dysregulation can have serious adverse health 

consequences, ranging from reduced resistance to infection and neoplasia to allergic and autoimmune 

conditions. For example, it is well-known in clinical practice that treatment of patients with 

immunosuppressive drugs, such as those intended to prevent rejection of organ transplants, is often 

associated with increased numbers of infections or tumors. In addition to drugs, environmental 

contaminants and food additives can also target the immune system, resulting in immune dysregulation. 

Originally the emphasis of immunotoxicology, which is defined as the study of toxicological effects of 

xenobiotics on the immune system, was on immunosuppression. Later, more attention was given to 

chemical-induced allergies, inadvertent immunostimulation, and chemical-induced autoimmunity. The 

immune system comprises a complex network of different cell types located in various organs and their 

mediators, which operate to maintain homeostasis. Because of its complex nature, influences of 

chemical exposure can occur on different components of the immune system, with different 

mechanisms, eventually leading to adverse health outcomes. For this reason, testing has been done 

most often in the intact animal if not in humans themselves, and in vitro testing was predominantly used 

to unravel specific mechanisms of immunotoxicity. 

2. Current practices in immunotoxicity testing are still varied and employ either or both 

unchallenged and challenged immune systems. Although useful information can be obtained by the 

histopathology of immune organs and enumeration of immune cells obtained from regular 28-day 

general toxicity tests, most immunotoxicity testing historically has been organized into tiers (Hinton 

2000; Luster et al. 1988). Functional immune tests, which may be used in various tiers, enable the 

generation of data of increased quality and specificity.  

3. There are several regulatory guiding principles in immunotoxicology published as 

pharmaceutical industry guidances (eg. ICH S8 guidance) or chemical industry guidelines for 

immunotoxicity. In addition to the specific OECD Test Guidelines for skin sensitizing activity (in vivo 

OECD TG 406, in vivo TG 429, in vivo TG 442A-B, in vitro TG 442C-E, in silico/in vitro GL 497), other 

OECD guidelines for toxicity testing include assays for assessing immunotoxic potential in the context 

of more general toxicity testing, such as the 28-Day Repeated Dose Toxicity Study (OECD 407), the 

90-Day Repeated Dose Toxicity Study (OECD 408), and the Extended One Generation Reproduction 

Toxicity Study (OECD 443). The World Health Organisation/International Programme on Chemical 

Safety (WHO/IPCS) has published the Guidance for Immunotoxicity Risk Assessment for Chemicals 

(IPCS Harmonization project No. 10) oriented at immunosuppression, inadvertent immunostimulation, 

and autoimmunity caused by chemical exposure.  

4. A workshop hosted by the International Life Sciences Institute-Health and Environmental 

Sciences Institute (ILSI-HESI) was held to share perspectives on immunotoxicity testing, developmental 

immunotoxicity, and integrated approaches to testing and assessment (IATA1) of immunotoxicity. The 

 
1 IATA Are pragmatic, science-based approaches for chemical hazard characterization that rely on an integrated 

analysis of existing information coupled with the generation of new information using testing strategies [See OECD 

. Introduction 
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workshop summarized that standard toxicity studies, combined with trigger-based functional immune 

testing approaches, represent effective approaches to evaluate immunotoxic potential (Boverhof et al. 

2014). To date, the chemical risk assessment practice in OECD member countries has relied to a large 

extent on animal data. However, these animal models and assays have many drawbacks: they are 

resource intensive (time, costs, and animal numbers), pose ethical problems, and have varying ability 

for predicting human health outcomes. For these reasons, there is a clear societal desire to minimize 

the use of experimental animals for toxicity testing, while ensuring adequate protection to human health 

and the environment. Efforts have been and are being made to replace, reduce, or refine animal-based 

assays as much as possible. The EU Directive (2010/63/EU) was sanctioned to achieve these goals, 

and some US regulatory agencies aim to phase out animal testing by 2035 (EPA, 2019). 

5. In the regulatory context, while animal models for hypersensitivity (respiratory and skin 

sensitization for type 1 and type 4 hypersensitivity, respectively) and immunosuppression show an 

overall good correlation with human data, currently available animal models and assays are not valid 

to assess the potential for systemic hypersensitivity (type 2 and type 3 hypersensitivity) and 

autoimmunity. Because we understand the mechanism of dermal sensitization to a large degree, there 

has been success with the development of in vitro methods for hypersensitivity. Additional efforts for 

the development of in vitro assays to detect other forms of immunotoxicity (e.g. immunosuppression) 

are needed. One aim is that this DRP, which is focused on immunosuppression, will trigger further 

development of methods and approaches in those immunotoxicological aspects not covered by the 

current Test Guidelines. Several non-animal–based testing methods for immunotoxicity have been 

published, although few have reached the stage of validation and acceptance by international regulatory 

bodies. A workshop hosted by the European Centre for the Validation of Alternative Methods (ECVAM2) 

in 2003 focused on what was at that time the current status of in vitro systems for evaluating 

immunotoxicity (Gennari et al. 2005). In this workshop, a tiered approach for in vitro immunotoxicity 

testing (similar to that used for in vivo immunotoxicity testing) was proposed. The proposed tiered 

approach would begin with pre-screening for direct immunotoxicity by evaluating myelotoxicity (Tier 1). 

Compounds capable of damaging or destroying bone marrow will most likely have immunotoxic effects. 

If compounds are not potentially myelotoxic, they should be tested for leukotoxicity (Tier 2). Compounds 

should then be tested for immunotoxicity using various approaches, such as T cell–dependent antibody 

response (TDAR), lymphocyte proliferation assay, mixed leukocyte reaction (MLR), natural killer (NK) 

cell assay, dendritic cell (DC) maturation assay, human whole-blood cytokine release assay 

(HWBCRA), and fluorescent cell chip (FCC) assay (Tier 3).  

6. The T lymphocyte (T cell), being a crucial cell type in function and regulation of many aspects 

of the immune system, has been a prime target in in vitro assays for immunotoxicity testing. The IL-2 

Luc assay developed by Dr. S. Aiba from the Department of Dermatology at Tohoku University School 

of Medicine in Japan is one such assay that has reached a level of validation (Kimura, 2020). Yet, it is 

clear that one assay alone will not cover the entire spectrum of potential adverse effects of chemicals 

on the immune system. Any validated test will therefore be part of a larger set of different assays that 

could potentially assess all types of immunotoxicity including immunosuppression, sensitization, and 

autoimmunity, which together will be able to adequately predict immunotoxic action of chemicals. An 

integral battery of tests to achieve this goal, designated as Multi-ImmunoTox Assay (MITA), is being 

developed by the same institute, and is described in this document as an example of how to integrate 

multiple tests.   

 
(2016) Guidance Document for the Use of Adverse Outcome Pathways in Developing Integrated Approaches to 

Testing and Assessment (IATA), Series on Testing and Assessment No. 260].   
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7. This DRP reviews developments made in the field of non-animal-based immunotoxicity testing. 

Immunotoxicity by drugs or chemicals can be manifested in various ways, including dysregulation of 

the immune response, which could lead to immunosuppression or inappropriate immunostimulation. 

The latter can include unintended immune stimulation, sustained inflammation, hypersensitivity 

reactions and autoimmune disease. With reference to chemical-induced immunotoxicity, the effect may 

not be exclusively in one direction and the same substance can produce immunosuppression or 

immune stimulation, depending on the dose and the cellular target. Thus, it may be more appropriate 

to define an immunotoxic substance as any agent that can alter one or more immune functions resulting 

in an adverse effect for the host. In this way we focus not on the direction of the effect, but on its 

consequence. For this reason, we prefer to use the term immunotoxicant/immunotoxicity throughout 

the document, although the primary focus of this DRP will be on immunosuppression. This document 

is not meant to be an extensive review of immunology but does include a brief overview of the immune 

system, a description of commonly available assays and data that have been used to determine 

suppressive effects of chemicals on immune responses, and considerations for establishing assays for 

immunotoxicity testing. Thus, the purpose of this DRP is to provide a brief overview of the complicated 

nature of the immune system and assessment of immunotoxicity using cell-based methods from a 

regulatory standpoint. The focus of this DRP is thus on in vitro test methods that are considered ready 

for standardisation as OECD Test Guidelines. Although there is on-going research to further develop 

computational approaches, organ-on-a-chip and other technologies, these are not covered in this DRP 

since the level of readiness for regulatory application in the area of immunotoxicity may still be limited. 
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8. The immune system is responsible for providing protection against foreign invaders while not 

reacting to self-entities. The responses required to eliminate a threat occur at the same time that 

responses to a non-threat must be quelled. For these reasons, immunity is dynamic, with constant 

surveillance needed to determine whether to initiate an immune response or to not respond. Immunity 

can therefore be considered a continuum along which the actions of initiating a response, resolving a 

response, or not responding at all are carefully balanced to achieve immune homeostasis. A tip of the 

balance can lead to morbidity or mortality; suppression of immune responses renders an individual 

susceptible to infections or cancer, while enhancement can result in hypersensitivity or autoimmune 

disease.  

9. The immune system is comprised not only of specific immune organs, but also specialized 

immune cells present in most tissues. It is therefore an integral part of other systems including the 

respiratory, dermal, gastrointestinal, neurological, cardiovascular, reproductive, hepatobiliary, 

musculoskeletal, and endocrine systems. An immune response occurs through the coordination of 

many different cell types and can involve several tissues. The thymus and bone marrow are critical for 

immune cell development, while the lymph nodes and spleen are organs in which many immune 

responses occur.  

10. Initially, the cells that are involved in detecting a threat are those belonging to the innate arm of 

the immune response. Innate cells, such as macrophages and neutrophils, express receptors that 

specifically recognize pathogen-specific patterns of proteins or lipids on foreign invaders. These innate 

cells can release directly cytotoxic proteins, or produce cytokines or chemokines to recruit other immune 

cells to the area of insult. Macrophages and dendritic cells (DCs) also serve as antigen presenting cells 

(APCs), which provide a bridge between the innate and adaptive arms of the immune response. The 

most critical APC is the DC. DCs are capable of antigen uptake, allowing for removal and destruction 

of pathogens. The DCs also process the antigen and present antigenic epitopes to T cells, allowing for 

activation of the adaptive arm of the immune response.  

11. The adaptive immune response includes actions by T cells and B cells, which express receptors 

that recognize antigenic epitopes. Pathogen-specific T cells and B cells then undergo robust 

proliferation, known as clonal expansion, to ensure that a large population of cells is present to react to 

the current threat. Specialized subsets of T cells aid in the immune response by recruiting or activating 

other immune cells (TH1 or TH2 cells) or by directly killing infected cells (cytotoxic T cells, CTL). Other 

specialized T cells include TH17 cells, which produce high levels of pro-inflammatory cytokines that 

recruit innate cells, and regulatory T cells (Tregs), which help to regulate the immune response and 

prevent autoimmune responses. The primary role of the B cell in an adaptive response is to produce 

antibodies, which can neutralize foreign invaders, initiate cytolysis of infected cells, or enhance the 

actions of innate cells, such as phagocytosis. There are also specialized cells called innate lymphoid 

cells (iLCs) that play a critical role in early responses in part through robust cytokine production. Both 

the innate and adaptive arms of an immune response can contribute to inflammation, and even though 

inflammation is a normal process of pathogen destruction, it can also produce tissue damage.  

12. It is clear from the above that the immune system has the functional mechanisms to eradicate 

threats but must also be tightly regulated to avoid inappropriate reactions. Thus, the immune system is 

. Basic concept of immunotoxicity 
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susceptible to toxic insults in part because of: 1) the need to maintain the delicate balance between 

activation, regulation, and silencing; 2) its dependence on regeneration of cells from hematopoietic stem 

cells in the bone marrow; 3) its requirement of clonal expansion of T cells and B cells by cellular 

proliferation during the adaptive response; 4) the required maintenance of appropriate levels of 

lymphocyte subsets, including effector, memory and regulatory subsets; and 5) its interaction with other 

physiological systems (i.e., gut microbiota) to maintain immune homeostasis.  

13. In considering how a drug or chemical exhibits immunosuppression, the agent might alter the 

number of cells (innate or adaptive), the ability of the cells to produce cytokines, chemokines, antibodies 

or growth factors, the composition of the subpopulations of cells present at the site of the response, or 

the function of the cells (i.e., kill infected cells or proliferate).  Signs of immunotoxic potential of agents 

in standard animal toxicology studies can be defined by hematological changes (i.e., 

leukocytopenia/leukocytosis, granulocytopenia/granulocytosis, or lymphopenia/lymphocytosis), 

alterations in immune system organ weights or histology, changes in serum antibodies, or changes in 

incidence of infections or tumors (Galbiati, et al., 2010).  

14. Once it has been determined that an agent possesses immunosuppressive potential, the 

mechanism(s) by which an agent acts can be investigated. First, given the extensive involvement of 

different cell types and organs in an immune response, the cellular target(s) must be defined, which 

could identify that the innate or adaptive (or both) arms are sensitive to alteration by a drug or chemical. 

Second, it is important to define whether the parent compound or a metabolite is mediating the 

immunotoxic effects. Immune cells have limited capacity to metabolize chemicals, but immune cells 

may be targeted by metabolites generated in other organs, such as the liver. Third, it is important to 

determine whether the agent is directly or indirectly producing immune system toxicity. For example, 

there are critical interactions between the immune system and endocrine systems such that immunity 

is regulated by various neurotransmitters and hormones (Karmaus et al 2015). Thus, the mechanisms 

by which an immunotoxicant acts might be different in males versus females, or the mechanism of 

immune suppression might involve induction of stress, as high glucocorticoid levels suppress immunity. 

Fourth, an immunotoxicant might alter the gut microbiome, subsequently alerting immune homeostasis. 

Finally, the intracellular components altered by the agent that led to immune alteration should be 

defined. For instance, identification of whether a drug or chemical alters specific cytokines could dictate 

if the agent will affect all T cells, T cells and B cells, or subpopulations of one or both cells (i.e., TH1, 

TH2, TH17, and/or Tregs). 

15. In summary, a robust immune response requires the careful coordination of cellular 

interactions, subsequent recruitment and/or activation of various cells, and mechanisms for regulation 

at all steps. There are several cell types, immune cellular functions, and/or changes in distinct 

physiological systems that influence immune homeostasis and might be disrupted by an 

immunotoxicant. Thus, in vitro immune toxicity tests are critical tools for deciphering whether a drug or 

chemical suppresses the immune response, but it is just as important to use a battery of tests to fully 

characterize how an agent exhibits immunotoxicity. 
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16. An Adverse Outcome Pathway (AOP) describes a logical sequence of causally linked events 

at different levels of biological organization, which follows exposure to a chemical and leads to an 

adverse health effect in humans or wildlife. AOPs are the central element of a toxicological knowledge 

framework, promoted by member countries through OECD, built to support chemical risk assessment 

based on mechanistic reasoning (OECD, 2020a). These AOPs are available in the AOP Wiki (OECD, 

2020b), an interactive and virtual encyclopedia for AOP development.  

17. All AOPs on immunosuppression currently available in the OECD work plan are on-going and 

shown in Table 1. Project 1.74: Inhibition of JAK3 leading to impairment of TDAR is under development 

and will not be discussed. However, two of the proposed AOPs, Project 1.38 “ No. 154: Inhibition of 

Calcineurin Activity Leading to Impaired T-Cell Dependent Antibody Response” and Project 1.48 “No. 

277: Inhibition of IL-1 binding to IL-1 receptor leading to increased susceptibility to infection” are 

undergoing peer review. No. 154 shows calcineurin (CN) activity is inhibited when CN inhibitors bind to 

CN with their respective immunophilins, which interferes with the nuclear localization of nuclear factor 

of activated T cells (NFAT), a substrate of CN. As a result, the formation of functional NFAT complexes 

with activator protein-1 (AP-1) that bind at the site of IL-2, IL-4 and other T cell-derived cytokine 

promoters is reduced, thereby suppressing production of these cytokines. Among the affected cytokines 

from each of the helper T cell subsets, reduced production of IL-2 and IL-4 affects the proliferation and 

differentiation of B cells to suppress the TDAR. AOP 277 addresses one Molecular Initiating Event 

(MIE), impaired IL-1 receptor signaling. The biological plausibility of the signaling cascade from the 

activation of IL-1 receptor to the activation of nuclear factor B (NF-B) is already confirmed (Verstrepen 

et al., 2008). In addition, the biological plausibility that suppressed NF-B activation leads to impaired 

T cell activation and antibody production leading to increased susceptibility to infection is supported by 

several published works (OECD, 2020b). To recapitulate some aspects of the in vivo immunotoxic 

responses by using in vitro methods, it will be very important to more closely mimic respective in vivo 

situations based on individual AOPs, although this may be complicated and laborious. 

  

. Current status of AOPs on 

immunotoxicity testing 
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Table 1. Ongoing AOPs for Immunosuppression in the OECD work plan 

 
Project 1.38: The Adverse Outcome Pathway on Binding of FK506-binding protein (FKBP12) by calcineurin inhibitors leading to 

immunosuppression 

Lead: 

Inclusion in work plan: 

Current situation: 

Japan 

2015 

No. 154: Inhibition of Calcineurin Activity Leading to Impaired T-Cell Dependent Antibody 
Response , External review completed as presented in EAGMST meeting 2020. 

Project 1.48: The Adverse Outcome Pathway on Dysregulation of IL-1 transcription leading to immunotoxicity 

Lead:  

Inclusion in work plan:  

Current situation: 

Japan 
2016 

No. 277: Inhibition of IL-1 binding to IL-1 receptor leading to increased susceptibility to 
infection, External review completed as presented in EAGMST meeting 2020. 

Project 1.74: Inhibition of JAK3 leading to impairment of TDAR 

Lead: 

Inclusion in work plan: 

Current situation: 

Japan 

2018 

No. 315: Inhibition of JAK3 leading to impairment of T-Cell Dependent Antibody Response, 
Under Development 
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18. As mentioned in the previous sections, an immunotoxic compound is a compound that can alter 

one or more immune functions resulting in an adverse effect for the host (Luster et al., 1992). Any 

alteration in immune functions (e.g., antigen presentation, cytokine production, cell proliferation) that 

significantly deviates from control values and that can be linked to a downstream immunotoxic effect, 

should be considered as adverse if the immunomodulation is unintended. Considering this definition 

and that many functional immune tests following in vivo exposure are de facto ex vivo tests, attempts 

are being made to recapitulate the immune response following chemical exposure in vitro considering 

as much as possible the complexity of immune function and integration with multiple cells and soluble 

mediators. When interpreting the in vitro results, as discussed in section V, any limitations of the 

assay(s) (e.g. metabolic capacity) should be taken into consideration.   

19. Although outside the scope of this DRP, the success in replacing animal testing for assessment 

of skin sensitization is a noteworthy accomplishment in the field of immunotoxicology. In the past two 

decades, thanks to the mechanistic understanding of the skin sensitization process that made it possible 

to define the first AOP (OECD (2014), The Adverse Outcome Pathway for Skin Sensitisation Initiated 

by Covalent Binding to Proteins, OECD Series on Testing and Assessment, No. 168, OECD Publishing, 

Paris, https://doi.org/10.1787/9789264221444-en) incredible progress has been made into the 

development and validation of non-animal models to detect skin sensitizers, and several OECD test 

guidelines have been published (TG 442C-E and GL 497). In addition, several reviews have been 

recently published on this topic (de Avila, 2019; Casati et al., 2018; Corsini et al., 2018).  

20. With the successful development of new approach methodologies for the assessment of skin 

sensitization, the next step must be the development of a strategy to address immunosuppression 

without the use of animals. We recognize that the level of complexity and our understanding of the 

mechanistic pathways that lead to immunosuppression are less clear than those for hypersensitivity, 

and additional studies are needed to prove the possibility and feasibility to address immunotoxicity using 

in vitro approaches (Corsini and Roggen, 2009; Lankveld et al., 2010; Galbiati et al., 2010; Luster and 

Gerberick, 2010; Hartung and Corsini, 2013). Nevertheless, we must acknowledge that important 

progress has been made in the development of in vitro assays for the assessment of immunotoxicity, 

with the HWBCRA and the MITA representing significant achievements (Langezaal et al., 2001; Kimura 

et al., 2018).  

 

In vitro opportunities to identify immunosuppressive agents 

21. As noted above, factors such as age at onset, gender, dose, duration, and route of exposure 

may result in differing effects on the immune system and skew the adverse response in the direction of 

immunosuppression or immunostimulation. Thus, while this DRP focuses on immunosuppression, all 

. State-of-the-art knowledge in the field of 

in vitro or non-animal assays 
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the assays described in this section could lead to results demonstrating either no effect, 

immunosuppression and/or immune enhancement when compared to a control group, with the last two 

indicating an immunotoxic effect. Before beginning any evaluation, it would be useful to collect all 

available information in the literature, including information from sources such as the CompTox 

Dashboard, and the Integrated Chemical Environment data integrator, which include data from multiple 

endpoints, several of which may be relevant for immunotoxicity (Bell et al., 2017; Naidenko et al., 2021).  

22. Due to the complexity and diversity of the immune responses, it was generally assumed that it 

would be very difficult to reproduce all the key events and processes in vitro. To a large extent, in vitro 

systems do not consider the interactions of the different cellular and soluble components involved in 

the immune response, nor the potential for neuro-immuno-endocrine interactions. Therefore, the 

assessment of in vitro immunotoxicity has often been valuable only in the cases of a direct 

immunotoxicant (Gennari et al., 2005). Several isolated processes can be studied in vitro including 

antigen presentation, lymphocyte proliferation, cytokine production, phagocytosis, lytic functions, and 

even primary antibody production, offering the possibility to assess immunotoxicity in vitro. Recently 

there has been incredible progress in 3D models with engineered immune tissues and organs, such as 

bone marrow, thymus, lymph nodes and spleen being described (see review by Gosselin et al., 2018), 

and microfluidic body-on-a-chip, and in the future it may be possible to identify both direct and indirect 

immunotoxicants using an integrated model of the whole human immune system (Shanti et al., 2018). 

23. Primary human immune cells such as monocyte-derived DCs, T cells, and B cells obtained 

from human peripheral blood may be useful materials for in vitro testing and are highly clinically relevant. 

However, the use of human primary cells for developing a testing assay may have several issues 

regarding ethics, donor-to-donor variability, versatility, and reproducibility. Variability reflects diversity 

in individual immune capability that requires consideration, and it is important to understand and ensure 

that it is reflected in in vitro systems developed using non-primary cells. Variability and predictive 

capacity are important considerations for establishing scientific confidence for individual or 

combinations of in vitro methods. Use of induced pluripotent stem cells (iPSC) technology may further 

improve the versatility of in vitro assays. Several human immune cells including T cells, B cells, DCs, 

and NK cells have been generated from iPSC (Vizcardo et al., 2013; French et al., 2015; Senju et al., 

2011; Kitayama et al., 2016). In the future, iPSC technology might be used to provide different 

populations of bone marrow cells such as iPSC-derived hematopoietic stem cells and mesenchymal 

stem/stromal cells to obtain a more complete picture of myelotoxicity in vitro.  

24. When assessing the potential immunotoxicity of xenobiotics, bioavailability should also be 

considered as part of in vitro testing. If a compound is not systemically available, a direct adverse effect 

on the immune system should not be expected as the compound would not reach immune cells or 

tissues. However, local effects at the site of exposure would still be possible. For example, it is important 

to consider that the immune system is closely linked and influenced by the microbiota. A substance 

taken orally could influence the microflora and mucosal DCs, and even if it is not absorbed into the 

systemic circulation, it may in turn influence the immune response (Belkaid and Hand, 2014). In vivo 

toxicokinetic studies, if available, or physiologically based pharmacokinetic (PBPK) models should be 

used to assess or predict absorption. For consistency, any alternative means to obtain information on 

systemic bioavailability without in vivo animal data should be preferred. At this regard, the ECHA 

Guidance in information requirements and chemical safety assessment Chapter R.7c (available at: 

https://echa.europa.eu/documents/10162/13632/information_requirements_r7c_en.pdf/e2e23a98-

adb2-4573-b450-cc0dfa7988e5) contains a section on how information on systemic bioavailability can 

be gathered.  

25. As a general strategy, in vitro testing for direct immunotoxicity should be done in a tiered 

approach (adapted from Gennari et al., 2005; Corsini and Roggen, 2009), with the first tier measuring 

myelotoxicity (Tier 1). Myelotoxicity or bone marrow toxicity represents the decrease in production of 

cells responsible for providing immunity (leukocytes), carrying oxygen (erythrocytes), and/or those 
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responsible for normal blood clotting (thrombocytes). In the context of immunotoxicity, myelotoxicity 

would refer to toxicity to precursors of immune cells. Compounds that are capable of damaging or 

destroying the bone marrow will have a profound immunotoxic effect, since the effectors of the immune 

system itself will no longer be available. Therefore, if a compound is myelotoxic, according to the 

specific assay performed, the chemical will de facto be an immunotoxicant. Ex vivo colony forming 

assays are used to assess bone marrow toxicity in animal models. The methodologies for evaluating 

myelotoxicity in vitro using bone marrow culture systems are well-characterized and scientifically 

validated for reproducibility and predictive capacity (Pessina et al., 2003; 2005; Rich and Hall, 2005; 

Haglund et al., 2010), but they are not required for regulatory testing or widely accepted as a standard 

screening tool due to technical challenges. Results of a pre-validation study showed that the in vitro 

colony forming unit-granulocyte-macrophage assay (CFU-GM) is linear and highly reproducible within 

and between laboratories (Pessina et al., 2001; Pessina et al., 2010). In an international blind trial 

(Pessina et al., 2002), the model correctly predicted the human maximum tolerated dose (MTD) for 20 

drugs out of the 23 tested (87%).  

26. Compounds that are not directly myelotoxic may still selectively damage leukocytes (defined 

as cells of lymphoid or myeloid lineage), which are the primary effectors and regulators of immunity, so 

the next step in evaluating potential immune toxicity in vitro is testing for leukotoxicity (Tier 2).  If the 

agent is cytotoxic to immune cells at concentrations relevant for human exposure, the agent should be 

considered an immunotoxicant. If not, data on leukotoxicity will be used for the selection of the 

concentration range to be used in Tier 3, in which only non-cytotoxic concentrations should be used 

(cell viability > 80%). The choice of the cellular model to be used in Tier 3 will depend on the target 

identified in Tier 2 and the functional test to be performed (e.g., B or T cells, DCs, NK cells). There are 

several methods that can be used to assess cytotoxicity, among which the fluorometric microculture 

cytotoxicity assay to screen for leukotoxicity can be mentioned. This assay is based on measurement 

of fluorescence generated from hydrolysis of fluorescein diacetate to fluorescein by cells with intact 

plasma membranes. 20This method has been used in primary peripheral blood mononuclear cells (from 

different species) by Hassan et al. (2007) to measure cell survival following exposure to cytotoxic drugs 

and shown to correlate well with CFU-GM data. Cytotoxicity may result from the destruction of rapidly 

dividing cells by necrosis or apoptosis. Alternatively, chemicals may cause cell death by interfering with 

cell activation by affecting signal transduction pathways. A variety of well-established and accepted 

methods are available for assessing cell viability (e.g., colorimetric, flow cytometric assays), and several 

of these assays are integral parts of currently accepted OECD TGs. If leukotoxicity occurs at 

concentrations relevant to the expected in vivo human exposure, then cytotoxicity remains a relevant 

effect associated with immunosuppressive potential. If expected in vivo concentrations are unknown, 

the use of PBPK models should be considered to predict pharmacokinetic parameters. After 

consideration of myelotoxicity and leukotoxicity, which if positive are sufficient to classify the compound 

as immunotoxic, basic immune cell functionality may then be assessed by performing specific functional 

assays that identify targeted cells and processes (Tier 3). These assays (i.e., proliferative responses, 

lytic activity, cytokine production), should be conducted using concentrations of the test chemical that 

are not cytotoxic and provide acceptable viability for the specific assay. 

27. Alternative in vitro methods have the potential to reduce animal use and testing cost, to facilitate 

immunotoxicity screening, and prioritization efforts (Luebke, 2012). Several in vitro assays that evaluate 

specific functions or functional correlates of the immune system (e.g., CTL activity, NK cell activity, 

antibody production, cytokine production, cell proliferation) have been used to assess immunotoxicity. 

A significant response in any of these assays should be interpreted as the chemical possessing the 

potential for immunotoxicity and should warrant further investigation. In Table 2, relevant immune 

components, and opportunities for in vitro assessment of immunotoxicity (immunosuppression) are 

reported, and readers are referred to the cited works for further details. The tests shown in Table 2 refer 

to what has been published with the specific purpose of identifying immunotoxic substances in vitro. 

Other aspects of immune function may be evaluated (e.g,. phagocytosis, production of lysozyme, 
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microbicidal activity) to identify the immunotoxic potential of a substance, but have been used less 

frequently for screening purposes. In addition, while there are numerous immune cell subtypes, (e.g., 

Th subpopulations or DC subsets), involved in the different immune responses, there is a need to 

establish validated methods to study how alterations in their functional capabilities contribute to 

immunotoxicity. Considering the complexity of the immune response, more than one in vitro test will 

likely be needed to define the immunotoxic potential of a xenobiotic. Table 2 also includes the source 

of cell used (i.e. human vs animal, or primary vs cell line). While some of the methods reported involve 

the use of primary cultures of animal origin, the partial replacement still allows for a reduction and 

refinement in the use of animals. Currently, the main issue for most of the in vitro models mentioned in 

Table 2 is the limited number of chemicals tested. Some of the most promising tests will be described 

in more detail in the following paragraphs, either because they have been validated or are in the process 

of validation or because they measure the production of antibodies, which in animal models is 

considered the most predictive parameter. 

 

Table 2. Key targets in chemical-induced immunosuppression and in vitro test opportunities 

 
KEY IMMUNOLOGICAL 

TARGETS (TIER)  IN VITRO OPPORTUNITIES CELL MODEL REFERENCES 

Bone marrow (Tier 1) Human lympho-hematopoietic 

colony-forming assay for 
myelotoxicity (e.g. CFU-GM) 

Human bone marrow and umbilical 

cord blood; rodent bone marrow 

Pessina et al., 2003; 2005; 2010; 

Rich and Hall, 2005; Haglund et al., 
2010 

Leukotoxicity (Tier 2) Cell viability (e.g., MTT, LDH 

release assay, flow cytometry) 

 

Rodent splenocytes; human 

peripheral blood mononuclear cells 
Hassan et al 2007; GIVIMP, 2018 

Innate immunity  

(Tier 3) 

NK cell activity Rodent splenocytes; human 

peripheral blood mononuclear cells 

Lebrec at al., 1995 

Monocytes/macrophages cytokines Human peripheral blood 

mononuclear cells (e.g. whole 
blood assay); rodent splenocytes; 

cell lines (e.g. THP-1) 

Langezaal et al., 2001; Langezaal et 

al., 2002; Carfì et al., 2007; Vessillier 
et al., 2015; Kimura et al., 2018 

Mast Cells/Basophils Human basophils McGowan et al., 2013 

Cell mediated immunity 

(Tier 3) 
T cell proliferation Rodent splenocytes; human 

peripheral blood mononuclear cells 
Lebrec at al., 1995; Carfì et al., 2007 

Mixed leukocyte response (MLR)  Rodent splenocytes; human 

peripheral blood mononuclear cells 

Lebrec at al., 1995 

Cytotoxic T lymphocyte (CTL)   Rodent splenocytes; human 

peripheral blood mononuclear cells 
Lebrec at al., 1995 

Cytokine production Rodent splenocytes; human 

peripheral blood mononuclear cells 
(e.g. HWBCRA); human cell lines 

(e.g. Jurkat T cells) 

Langezaal et al., 2001; Langezaal et 

al., 2002; Ullerås et al., 2005; Carfì et 
al., 2007; Ringerike et al., 2005; 

Stølevik et al., 2010; Kimura et al., 

2018 

Transcriptomic profiles Human peripheral blood 

mononuclear cells; human cell 
lines (e.g. Jurkat T cells) 

Hochstenbach et al., 2010; Shao et 

al., 2014; Schmeits et al., 2015  

In vitro antigen presentation to T 

cells 

Mouse cell lines (e.g. 3A9; Ch27B) Lehmann and Williams, 2018 
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Humoral immunity (Tier 3) B cell proliferation Rodent splenocytes; human 

peripheral blood mononuclear cells 
Carfì et al., 2007 

In vitro antibody production Rodent splenocytes; human 

peripheral blood mononuclear cells 

Keoper and Vohr, 2009; Lu et al., 

2009; Collinge et al., 2010; Fischer et 
al., 2011 

The table reports methods that have been proposed as alternatives to animals for the identification of immunotoxicants. 

 

28. Among these assays, the HWBCRA has the advantage of comprising multiple cell types in their 

natural proportion and environment, allowing the evaluation of both monocyte and lymphocyte functions 

by using selective stimuli (Langezaal et al., 2001 and 2002), while “omics” techniques can provide 

additional mechanistic understanding and hold promise for the characterization of classes of 

compounds and prediction of specific toxic effects (Hochstenbach et al., 2010; Shao et al., 2014; 

Schmeits et al., 2015). The IL-2 Luc assay also allows high-throughput analysis (Kimura et al., 2018), 

which will greatly expand the opportunities for in vitro testing. The CFU-GM assay, the HWBCRA as a 

pyrogen test, and the IL-2 Luc assay have undergone validation for reproducibility and predictive 

capacity.  

29. The whole blood assay provides a more physiological environment, as compared to isolated 

peripheral mononuclear cells, which may allow for a broader assessment of immune functions. In 

addition to cytokine production as in the HWBCRA, the whole blood assay can be used to address 

many other relevant immunological endpoints, including NK cell activity, lymphocyte proliferation, and 

antibody production. The cost of performing these assays depends on the endpoints, but it is overall 

relatively inexpensive compared to in vivo studies, and feasibility is high due to extensive use of this 

methodology (Hartung and Corsini, 2013). In the in vitro pyrogen test (i.e., HWBCRA), which is used in 

the same way as the Limulus test to analyze the possible presence of contamination of Gram negative 

bacteria or their remnants in drugs, and in the analysis of water and industrial raw materials, samples 

are incubated with fresh or cryopreserved human whole blood for the detection of the production of the 

proinflammatory cytokine IL-1β by enzyme-linked immunosorbent assay (Hartung and Wendel, 1995). 

In addition, the HWBCRA has also been adapted for immunotoxicity testing, to permit the potency 

testing of immunostimulants and immunosuppressants (Langezaal et al., 2001 and 2002). In this case, 

tested compounds are incubated in the presence of lipopolysaccharide (LPS) to activate monocytes or 

staphylococcal enterotoxin B to activate lymphocytes (mainly CD4+), and the release of IL-1β and IL-

4, respectively, are subsequently measured by ELISA. Results are then expressed as IC50 values for 

immunosuppression, or SC(4) (stimulatory concentration resulting in a four-fold increase) values for 

immunostimulation, depending on the results observed. Thirty-one pharmaceutical compounds were 

used to 2222optimize and standardize the method. The in vitro results correlated well with in vivo data, 

and the test appears to reflect immunomodulation, meaning that both immunosuppression and 

immunostimulation can be detected. Results were reproducible (CV = 20 +/- 5%), and the method could 

be successfully transferred to another laboratory. A sensitivity of 67% and a specificity of 100% for the 

combined endpoints were calculated, where “sensitivity” refers to correctly identifying positive 

immunotoxicants, and “specificity” refers to correctly identifying negative immunotoxicants (reviewed in 

Hartung and Corsini, 2013). 

30. Progress in in vitro testing for direct immunotoxicity includes validation of existing assays and 

selection of the assay (or combination of assays) that performs best, as described in the last section of 

this document (section VIII). In particular, the two luciferase assays that comprise the MITA are 

undergoing official validation studies; the IL-2 Luc assay that evaluates the effects of chemicals on the 

IL-2 promoter activity in response to stimulation with phorbol 12-myristate 13-acetate (PMA) and 

ionomycin (Io), and the IL-1 Luc assay that evaluates the effects of chemicals on the IL-1β promoter 

activity in response to stimulation with LPS. During the validation studies, the lead laboratory evaluated 
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the predictivity of the IL-2 Luc assay by examining 25 chemicals in the validation studies and 60 

chemicals in the test data set. The predictivity of the IL-2 Luc assay was 75% in 25 chemicals and 

82.5% in 60 chemicals, respectively. This predictivity is not optimal to predict immunotoxicity of 

chemicals as a stand-alone test method. Combination with other immune function tests, in particular 

myelotoxicity tests or leukotoxicity tests, will increase thepredictivity of the IL-2 Luc assay, as it is unable  

to detect myelotoxicity or antiproliferative effects (Kimura et al., 2014; Kimura et al., 2018￼. 

31. In experimental animals, the TDAR is considered the “gold standard” to identify immunotoxic 

compounds (Luster et al., 1992; Lebrec et al., 2014). The TDAR has been the consensus choice for a 

functional endpoint to identify immunotoxicity hazard in most, if not all, regulatory guidelines, because 

the TDAR requires many of the cellular components of an immune response and thus, is a sensitive 

indicator of the overall immunotoxic potential of chemicals. Koeper and Vohr (2009), Lu et al. (2009), 

Collinge et al. (2010, 2020), and Fischer et al. (2011) reported the possibility to assess in vitro antibody 

production in the context of immunotoxicity. Antibody production provides a holistic summation of 

antigen processing, presentation and recognition, gene transcription and rearrangement, cell 

proliferation and differentiation, and ultimately, the production of antibodies, the effector molecules 

(Luebke, 2012). Koeper and Vohr (2009) and Fischer et al. (2011) used the in vitro antibody response 

(Mishell-Dutton culture) as an alternative to the existing animal tests to predict different 

immunosuppressants. Using this model, they were able to show that cell sources from both rats and 

mice were able to correctly predict all of 11 tested compounds and to clearly distinguish 

immunosuppressants from negative control substances. In another model proposed by Lu et al. (2009) 

a polyclonal immunoglobulin M (IgM) antibody-forming cell (AFC) response model to directly 

characterize immunotoxicity in primary mouse or human B cells was developed. CD40 ligand (CD40L) 

is used to activate B cells and to mimic T cell-dependent antibody responses in vivo. Antibody 

production, proliferation, and phenotypic changes characteristic of B cell activation as well as the 

plasma cell phenotype are measured. Two well-characterized immunotoxicants, arsenic and 

benzo[a]pyrene-7,8-dihydrodiol-9,10-epoxide, were tested. The novel model proposed by Lehmann and 

Williams (2018) to evaluate effects on antigen presentation, which is a key step in successful 

immunization is also of interest. Even if it is based on the use of two mouse T and B cell lines (3A9 hen 

egg lysozyme-specific I-Ak restricted T cell hybridoma cell line and the mouse Ch27 B lymphoma cell 

line), the method allows the evaluation of the effect of chemical exposure on several integrated events 

critical for immunization, including uptake, processing and presentation of antigen by antigen presenting 

cells, and antigen recognition and IL-2 production and secretion by T cells (Lehmann and Williams, 

2018). However, these assays do not address all aspects of the humoral immune response, and it will 

be necessary to develop methods which assess the ability of B cells to undergo somatic hypermutation, 

affinity maturation, and class-switch. In the future, the gold standard TDAR might be replaced with in 

vitro coculture systems using iPSC-derived DCs, T cells, and B cells, or ultimately a microphysiological 

system of human immune system-on-a-chip consisting of these cell types to capture all aspects of 

humoral immunity (Miller at al., 2020). Further explorations of these models are recommended.  

  

32. Finally, the BioMapTM Diversity Plus platform can be mentioned (Singer et al., 2019). The 

BioMap Diversity Plus platform consists of several human primary cell-based assays modeling 

complex tissue and disease biology of organs (vasculature, immune system, skin, lung) and general 

tissue biology. Among the 12 systems, monocyte activation (readouts: MCP-1, VCAM-1, TM, TF, CD40, 

E-selectin, CD69, IL-8, IL-1α, M-CSF, sPGE2, SRB, sTNFα), T cell activation (readouts: MCP-1, CD38, 

CD40, E-selectin, CD69, IL-8, MIG, PBMC Cytotoxicity, Proliferation, SRB), and B and T cell 

autoimmunity (readouts: B cell Proliferation, PBMC Cytotoxicity, Secreted IgG, sIL-17A, sIL-17F, sIL-2, 

sIL-6, sTNFα) are likely to be relevant to identify chemical-induced immunotoxicity. However, its 

predictivity and reproducibility for chemicals inducing immunotoxicity, has not been demonstrated with 

a diverse set of environmental contaminants. Further explorations are recommended. 
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33. To be appropriate for regulatory use, alternative in vitro assay(s) examining immunotoxicity 

should be characterized using the Reference Compound List (Table 3). The list is not exhaustive but is 

a compilation of environmental contaminants and drugs that have been shown to induce immunotoxicity 

in non-clinical studies and/or humans. When evaluating assay performance, to be in line with other 

validation studies, typically at least 20 compounds in total should be considered, but the required 

number of chemicals will depend on the specific test being performed and the regulatory guidance for 

the assay type. Compounds other than those in the reference list may be included, but their use should 

be justified according to the selection factors listed in section VII. The compounds in Table 3 have been 

selected from multiple classes, covering a wide range of biological and chemical modalities that have 

multiple immune targets. While it is beneficial to use compounds from multiple classes with different 

immune-related targets, some consideration of the cell type or response evaluated in the assay is 

necessary to interpret the sensitivity and specificity of each test. An approximate 2:1 ratio of positive to 

negative compounds, selected from different chemical classes, should be tested to ensure selectivity 

with the limited number of reference materials available.  

34. A range of concentrations should be tested in each assay, and clearly described, as the same 

compound may be immuno-stimulatory or immunosuppressive depending on the concentration level. A 

certain degree of toxicity is expected at the highest concentration tested, which indicates that the 

chemical is doing something to the cells (similarly to the maximum tolerated dose in animal studies). 

However, significant toxicity should be avoided as it is difficult to ascertain whether the compound is 

toxic to a particular cell type, or if it decreases the proliferative capacity of those cells in the assay. 

When available, information on internal dose from in vivo exposure should be used to guide dose 

selection.  Ideally, sensitivity and specificity would be 100%. However, these levels cannot be 

standardized and are dependent on the assay and chemicals being used. In general, the sensitivity to 

detect a positive compound in an assay(s), when applied on chemicals from the Reference Compound 

List (Table 3), should be at least 75%, with evidence of sufficient specificity (i.e., differentiating between 

true positives and true negatives, OECD GD286, 2018). 

35. Inter-laboratory reproducibility and transferability between laboratories is required for the 

purpose of validation to establish an OECD test guideline if a particular assay is to be used in more 

than one laboratory. The minimum and maximum number of laboratories needed for a comprehensive 

assessment of the validity of the test method will depend on the type of test, the questions being 

addressed, and/or the overall amount of testing required of each laboratory. In many cases, three or 

four laboratories per test method may be an adequate number for an assessment of the inter-laboratory 

reproducibility (OECD GD34, 2005).  Evaluation should also include assessments of accuracy and 

reproducibility over time. The performance characteristics of each assay, as well as the performance of 

the combined battery (if used) should be specified.   

36. When interpreting results, the applicability domain and any limitations of the assay(s) should 

be taken into consideration (i.e., solubility, stability in culture media, metabolism). If the compound 

requires metabolism to exert its effects, but the system lacks metabolic enzymes, the results need to 

be considered in this context. Immune cells are generally considered to have low metabolic capacity, 

therefore, the use of S9 or other alternative metabolic activation systems should be considered by test 

. Performance factors of in vitro assay(s)  
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developers (Ooka et al, 2020). If not, it must be clearly stated that compounds that require metabolic 

activation fall outside the applicability domain of the test, and in case of negative results, one must be 

sure before classifying the compound as non-immunotoxic that the compound does not undergo 

bioactivation.  
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37. To enable evaluation of an alternative assay(s) for use in immunotoxicity risk assessment for 

regulatory purposes, the following information should be provided: a detailed description of the 

predictive model including the in vivo endpoints for which it is trying to predict an outcome, and its use 

in the context of a tiered approach and integrated testing strategy. The in vitro model can consist of a 

single assay or a battery of assays together (a battery of tests measuring different immune endpoints 

is more likely to be predictive). If a battery of tests is used, each individual endpoint should be fully 

described with how the assessment of validity is made, including how the endpoints were selected.  

38. The details of the prediction model used for determining positive and negative outcomes from 

the assay, including the borderline results and their interpretation should be presented for each assay. 

The model should correlate concentrations tested in the in vitro assays to the in vivo internal dose  

required to result in immunotoxicity in the species being predicted. For example, concentrations 

associated with immunotoxic effects should be interpreted in the context of expected in vivo exposure 

parameters such as Cmax or AUC. If available, PBPK models can also inform concentration ranges.   

39. The compound list used to qualify the assay performance should be presented. For purposes 

of establishing the predictive capacity (i.e., sensitivity, specificity and accuracy) of proposed test 

methods to be used by several laboratories, typically at least 20 compounds encompassing multiple 

chemical classes (examples listed in Table 3) in total should be tested by multiple laboratories, 

recognizing that the number of chemicals and testing laboratories will depend on the variability of the 

specific test being performed. In each laboratory, the chemicals should be tested in three independent 

runs performed with different cell batches on multiple days. Each run should consist of at least three 

concurrent replicates for each test chemical, negative, and positive control.   

40. The calculation of the accuracy, sensitivity, and specificity values of the proposed in vitro test 

method for a single assay or battery of assays, should be equal to or better than the target values 

derived from the validated in vivo reference method(s). If a battery of assays is being proposed, the 

above information for each individual test method should be included. The combined accuracy, 

sensitivity, and specificity of the battery of assays should be greater than that of each of the individual 

assays. Typically, the sensitivity should be ≥75% (OECD 286). Any participating laboratory may 

misclassify an in vivo non-immunotoxic chemical as long as the final specificity of the test method is 

within the acceptable range.  

41. The source of all reagents, biologic materials, and test compounds should be included. Test 

compound purity, stability and CAS number should be documented if available. The source/reference 

of all in vivo exposure data used for comparison should also be provided. Assays should be developed 

with the understanding that regulatory studies should generally be conducted in compliance with current 

. Performance information of in vitro 

assay(s) to be provided to health 

authorities  
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Good Laboratory Practice (GLP).  Consultation with the relevant health authority(ies) is highly 

recommended to determine the level of validation needed. 
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42. The Reference Compound List (Table 3) contains environmental contaminants and drugs that 

have been shown to induce immunotoxicity in nonclinical studies and/or humans. The list includes 

representative chemicals from a number of classes of compounds that have been demonstrated to be 

immunotoxic (i.e. perfluoroalkyl substances, polycyclic aromatic hydrocarbons, organotins), known 

immunosuppressive therapeutics and other substances, but is not a comprehensive listing of all 

immunotoxicants. These compounds, as well as others, can be used to support qualification of an 

alternative assay or battery of assays. Many of the suggested reference compounds have been 

evaluated using tiered testing panels of in vivo assays in rodents (Luster et al., 1988; Vos and Van 

Loveren, 1989) and have been reported to suppress functional immune responses or modulate disease 

resistance. Modulation of observational measures, such as organ weights and cell subpopulations have 

also been described. It should be noted that while these compounds generally have 

immunosuppressive effects, depending on the exposure concentration and experimental design, some 

of these compounds may exhibit immunostimulatory effects, particularly when they act upon regulatory 

cells. In addition, positive control compounds may have different potency or target different cell types 

in vitro and an understanding of their mode of action and in vivo exposure parameters such as internal 

dose and metabolism may inform effects on specific cell populations. For a limited number, there is 

evidence from human epidemiology (i.e. ethanol, lead, and 2929 perfluoroctanoic acid) or clinical 

studies (cyclosporine A, dexamethasone, and diethylstilbestrol). In addition, there is a growing body of 

in vitro evidence supporting the immunotoxicity of these reference materials, and for many there are 

data with human cells or cell lines. The selected compounds target a variety of cell types and processes 

and will thus be useful to identify defined approaches for the in vitro assessment of immunotoxicity. The 

proposed negative compounds have been tested in a full battery of immune function assays in rodents 

as described in Luster et al (1988) and were negative under the conditions of those studies. 

  

. Selection factors for the reference 

compounds to be used in development 

of the in vitro assay(s)    
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Table 3. Reference Compound List 

 

Positive Controls CAS Number Reported Immune Targets  

Aflatoxin B1* 1162-65-8 DTH, Cell Proliferation, Innate Immunity  

2-Amino-1-methyl-6-phenylimidazo[4,5-b]pyridine* 105650-23-5 
Cell Proliferation, Antibody Response, Cytokine 

Production 
 

Atrazine 1912-24-9 
Cell Proliferation, Lymphoid Organ Weights, Clinical 

Pathology 
 

Azathioprine* 446-86-6 Antibody Response, CTL  

Benzidine* 92-87-5 
Antibody Response, NK Cell Activity, Cell Proliferation, 

CTL 
 

Benzo(a)pyrene* 50-32-8 
Antibody Response, Cell Proliferation, Host Resistance, 

NK Cell Activity, Lymphoid Organ Weights 
 

Cadmium Chloride 10108-64-2 
Antibody Response, Cell Proliferation, Cytokine 

Production 
 

Chloroquine* 54-05-7 Innate Immunity  

Chrysene* 218-01-9 Antibody Response  

Cyclophosphamide* 50-18-0 
Antibody Response, Cell Proliferation, DTH, Lymphoid 

Organ Weights 
 

Cyclosporine A 59865-13-3 Antibody Response  

Deoxynivalenol 51481-10-8 Antibody Response, Cytokines  

Dexamethasone 50-02-2 
Macrophage Function, NK Cell Activity, Clinical 

Pathology, Lymphoid Organ Weights, Cytokines 
 

2,4 Diaminotoluene* 95-80-7 Antibody Response, DTH  

Dibromoacetic acid 631-64-1 Antibody Response, NK Cell Activity, CTL  

Dichlorodiphenyltrichloroethane (DDT) 50-29-3 
Antibody Response, Cell Proliferation, Cytokine 

Production, Lymphoid Organ Weights 
 

Dideoxyadenosine 4097-22-7 Antibody Response, Cell Proliferation  

Diethanolamine 111-42-2 Antibody Response, CTL, Clinical Pathology  

Di(2-Ethylhexyl) Phthalate 117-81-7 Antibody Response, Innate Immunity, Cytokines  

Diethylstilbestrol* 56-53-1 
Antibody Response, Cell Proliferation, Cytokine 

Production 
 

Dimethylbenz(a)-anthracene* 57-97-6 
Antibody Response, Cell Proliferation, Lymphoid Organ 

Weights 
 

Diphenylhydantoin* 630-93-3 NK Cell Activity, Lymphoid Organ Weights  

Ethanol* 64-17-5 
Antibody Response, NK Cell Activity, Cytokine 

Production 
 

Ethyl carbamate* 51-79-6 Antibody Response, Cell Proliferation  

Ginseng 50647-08-0 NK Cell Activity, Lymphoid Organ Weights  
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Glycidol 556-52-5 Antibody Response, NK Cell Activity, Clinical Pathology  

Hexachlorobenzene* 118-74-1 Antibody Response  

Hexachlorobiphenyl 153 35065-27-1 Antibody Response, CTL, DTH  

-Hexachlorocyclohexane (Lindane)* 58-89-9 Cell Proliferation, CTL, NK Cell Activity  

1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin 57653-85-7 
Antibody Response, Cell Proliferation, DTH, Lymphoid 

Organ Weights 
 

Indomethacin 95-83-0 Cell Proliferation  

Lead acetate 6080-56-4 Antibody Response, DTH  

Methadone Hydrochloride 1095-90-5  NK Cell Activity, Lymphoid Organ Weights  

2-Methyoxyacetic Acid 625-45-6 
Antibody Response, Cell Proliferation, Lymphoid Organ 

Weights 
 

Morphine Sulfate 64-31-3 
Antibody Response, NK Cell Activity, Cell Proliferation, 

Lymphoid Organ Weights 
 

Mycophenolic Acid 24280-93-1 Antibody Response, Cell Proliferation  

Nitrobenzene* 98-95-3 Antibody Response, NK Cell Activity, Cell Proliferation  

n-Nitrosodimethylamine* 62-75-9 
Antibody Response, NK Cell Activity, Cell Proliferation, 

DTH 
 

m-Nitrotoluene* 99-08-1 Antibody Response, Cell Proliferation, DTH  

Ochratoxin A 303-47-9 NK Cell Activity, Lymphoid Organ Weights  

Parathion 56-38-2 Host Resistance, Antibody Response  

Pefluorooctanoic Acid 335-67-1 
Antibody Response, NK Cell Activity, Cytokine 

Production 
 

Perfluorooctanesulfonic acid 1763-23-1 
Antibody Response, NK Cell Activity, Cell Proliferation, 

Cytokine Production 
 

3,3’,4,4’,5-Pentachlorobiphenyl* 57465-28-8 
Antibody Response, NK Cell Activity, Cell Proliferation, 

Lymphoid Organ Weights 
 

Pentachlorophenol* 87-86-5 Antibody Response, NK Cell Activity, Cell Proliferation  

Prednisolone 50-24-8 
Macrophage Function, NK Cell Activity, Clinical 

Pathology, Lymphoid Organ Weights, Cytokines 
 

Propanil* 709-98-8 
Antibody Response, NK Cell Activity, CTL, Cell 

Proliferation, Cytokine Production 
 

Tetrabromobisphenol A 79-94-7 Cytokines, Innate Immunity  

2,3,7,8-Tetrachlorodibenzo-p-dioxin 1746-01-6 Antibody Response, CTL, Thymus Weight,   

 9- Tetrahydrocannabinol 1972/8/3 
Antibody Response, Cell Proliferation, Cytokine 

Production 
 

Thalidomide 50-35-1 Antibody Response, CTL, Clinical Pathology  

Tributyltin 56-24-6   
Antibody Response, Lymphoid Organ Weights, 

Cytokine Production  

Tributyltin Chloride 1461-22-9 
Antibody Response, NK Cell Activity, CTL, Cell 

Proliferation, Lymphoid Organ Weights 
 

Tributyltin Oxide 56-35-9 
Antibody Response, NK Cell Activity, CTL, Cell 

Proliferation, DTH, Lymphoid Organ Weights   
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Negative Controls 

Chloramine  10599-90-3    

4-Chloro-o-phenylenediamine 95-83-0    

Dichloroacetic acid 79-43-6    

Methyl carbamate 598-55-0    

Nitrofurazone 59-87-0    

Oxymethalone 434-07-1    

Patulin 149-29-1    

Sodium Bromate 7789-38-0    

Sodium Chlorite 7758-19-2   
 

*Denotes compounds which require metabolic activation for immunotoxicity to manifest. Because there is a large body of literature for each 

of these individual compounds the reader is referred to compilations of information or data on immuntoxicity that review these effects 

including: Cohen et al 2000; Corsini and van Loveren, 2015; Descotes 2004; Dewhurst et al 2015; House et al 2007; Kaplan et al 2019; 

Kimura et al 2020; Luster et al 1988; 1992; Tryphonas et al 2005; Vohr 2005, WHO 1996 
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8.1. Lessons from immunotoxicological assessments using rodents 

43. The use of tiered testing panels of in vivo assays in rodents has been the most common 

methodology for assessment of immunotoxicity since the inception of the discipline (Luster et al., 1988; 

Van Loveren and Vos, 1989). The in vivo tiered approach proposed by the National Toxicology Program 

at the NIH contains both screening assays to detect immunologic effects (Tier I) and a comprehensive 

suite of assays to provide an in-depth assessment of immune function and host resistance endpoints 

(Tier II), as listed in Table 4 (modified from  (Luster 1998)). Chemicals are judged as immunotoxicants 

based on whether they produced a significant dose-response effect (p<0.05) in a measure of a 

functional immune response (rather than an observational measure such as a change in body or organ 

weights), or if they significantly altered two or more test results at the highest dose of chemical tested 

(p<0.05). Based on the ability of various immune tests to predict increased susceptibility in disease 

resistance assays, Luster et al. (1992), demonstrated that: 1) a number of the immune tests provided a 

relatively high association with changes in host resistance (i.e., > 70%), such as the TDAR, delayed 

hypersensitivity response (DHR), cell surface immunophenotyping markers, and CTL assay. In 

contrast, several of the tests, such as leukocyte counts and lymphoproliferative response to LPS were 

poor predictors, with concordance values of approximately 50%; and 2) the combination of two immune 

tests significantly increased the predictive value from that obtained using individual tests. Pair-wise 

combinations which included either the plaque forming cell (PFC) response (a TDAR endpoint), cell 

surface immunophenotyping markers, or DHR gave consistently higher concordances and 

combinations of two or three immune tests involving these measures could give more than 90% 

concordance with effects on disease resistance. 

44. Several regulatory guidelines or guidance documents have since been developed for the 

assessment of immunotoxicity of pharmaceuticals or industrial products (e.g. ICH S8). The majority of 

these suggest that standard toxicity studies, combined with trigger-based functional immune testing, 

represent an effective approach to evaluate immunotoxic potential (Boverhof et al., 2014). Among the 

various functional immune tests, the TDAR has been the consensus choice for a functional endpoint to 

identify immunotoxicity hazard in most, if not all, regulatory guidelines (Fischer et al., 2011; Koeper and 

Vohr, 2009). These approaches affirm the need to evaluate multiple aspects of the immune response 

to accurately predict immunotoxicity. 

 
  

. In vitro immunotoxicological 

assessments using combinations of cell 

types or cell lines 
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Table 4. In vivo tiered approach for detecting immune alterations in rodents 
 

Procedures 

Tier I   

 Hematology 

 Organ Weights – Spleen, thymus 

 Cellularity – Spleen and bone marrow 

 Histology of lymphoid organs 

 IgM antibody plaque-forming cells (PFCs) 

 Lymphocyte blastogenesis 

 Natural killer cell activity 

Surface markers (peripheral or tissue immunophenotyping) 

Tier II  

   

 IgG antibody PFC response 

 Cytotoxic T lymphocyte cytolysis  

 Delayed hypersensitivity response (DHR) 

Macrophage/neutrophil functional assays 

  Host resistance (syngeneic tumors, bacterial, viral, and parasite models) 

 

2.  In vitro immunotoxicological assessments using primary cells 

45. To maximize relevance to human immunotoxicology and to avoid inter-species extrapolation, it 

is recommended to use human cells for all in vitro tests. Although the use of primary human cells, which 

are available from peripheral blood or from buffy coats, are of highest clinical relevance, consideration 

can be given to the use of sufficiently well-characterized and largely used cell lines for certain aspects 

of the test systems (Gennari et al., 2005). Although continuous cell lines are not physiologically 

equivalent, many have proven to be valid surrogates but require appropriate characterization to ensure 

they are accurately recapitulating the normal immunological responses and functions (Boverhof et al., 

2014). However, as cell lines are subject to genetic drift over excessive passages, it is important to 

control the stability of the cell line used. Another aspect that should not be disregarded, is that some 

compounds’ immunotoxicity, especially drug-induced hypersensitivity, has been associated with 

specific HLA-types (Fan et al. 2017). Thus, the haplotype of the cell lines used should also be 

considered. If human cells are not available or human cell lines cannot be used, the use of non-human 

cells may be considered if the method proves to have acceptable predictive capacity or if the same 

response is expected both qualitatively and/or quantitatively, similar to what is expected using animals 

in toxicology (Corsini and Roggen, 2017; Lankveld et al., 2010). 

 

3.  In vitro immunotoxicological assessments using cell lines 

46. Most of the in vitro immune tests described in section IV use animals or human samples to 

obtain immune cells. The use of primary human cells for in vitro tests can entail challenges and 
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inconsistencies due to constraints around securing human samples, large variability among donors, 

poor reproducibility, inability to control donors’ disease state and environmental factors, or the need to 

differentiate progenitor cells. Although continuous cell lines are not the physiological equivalent of 

primary cells or animals, many have proven to be valid surrogates if appropriately characterized to 

ensure they are accurately recapitulating the normal immunological responses and functions (Boverhof 

et al., 2014). 

47. Almost a decade ago, a luciferase reporter assay system, MITA, was established to evaluate 

the effects of chemicals on the human immune system using stable reporter cell lines instead of primary 

human cells (Figure 1). The MITA is composed of 3 stable reporter cell lines: 1) 2H4 derived from Jurkat 

cells containing luciferase genes regulated by the IL-2, IFN and G3PDH promoters (Saito et al. 2011), 

2) THP-G8 cells derived from THP-1 cells containing luciferase genes regulated by the IL-8 and G3PDH 

promoters (Takahashi et al., 2011), and 3) THP-G1b cells derived from THP-1 cells containing 

luciferase genes regulated by the IL-1 and G3PDH promoters (Kimura et al. 2018). Using these cell 

lines, it has been demonstrated that MITA can reflect the effects of immunosuppressive drugs on 

cytokine expression by T cells or macrophages, and that the evaluation of drugs using the MITA was 

consistent with those obtained using the mother cell lines (Jurkat and THP-1 cells) or by using 

stimulated human whole blood cells ((Kimura et al. 2014) and Table 5). 

 

Figure 1. Multi-ImmunoTox Assay (MITA)  

 
MITA is an approach to detect immunotoxic chemicals using a combination of 3 luciferase reporter cell 

lines. 2H4 cells are used to evaluate the effects of chemicals on IL-2 and IFN promoter activity under 

stimulation with PMA/ionomycin. THP-G1b cells evaluate IL-1 promoter activity under stimulation with 
LPS, while THP-G8 cells evaluate IL-8 promoter activity under stimulation with LPS. The IL-8 Luc assay 
(OECD 442E) is an in vitro skin s35ensitization test that determines the induction of IL-8 promoter 
activity by chemical-treated THP-G8 cells. A modified version of the MITA (mMITA) is composed of the 
MITA and the IL-8 Luc assay (OECD 442E).  In support of the initiative to increase the number of 
available in vitro immunotoxicity assays, two of the four reporter assays comprising MITA (IL-2 Luc and 
IL-1 Luc) are currently undergoing validation studies (Kimura et al. 2020). 
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48. When the performance of the IL-2 reporter assay was evaluated by examining 

immunosuppressive drugs whose effects in humans have been well-established (Table 5, reviewed by 

Allison 2000), the results demonstrated that the majority of the known agents caused reductions in IL-

2 transcription including tacrolimus, cyclosporine A, dexamethasone, chloroquine, minocycline, 

sulfasalazine, ruxolitinib, tofacitinib, and baricitinib.  However, decreased IL-2 transcription was not 

observed with several immunosuppressants whose mechanism of action is dependent on the inhibition 

of DNA synthesis or anti-proliferative effects on T cells, such as rapamycin, cyclophosphamide, 

azathioprine, mycophenolic acid, mizoribine, and methotrexate. Thus, it is critical to define the 

applicability domain for any proposed in vitro testing strategy to understand if the assay can 

appropriately assess the effects of certain compounds (e.g., those that require metabolism or target 

particular pathways). 

 
 

Table 5. Evaluation of immunomodulatory drugs by MITA (modified from the original report by 
Kimura et al 2014 and Kimura et al 2018) 

 

Principal Mechanism of Action 
Drug 

Effects of Transcriptional Activity 

IL-2 IFN IL-1 IL-8 

IMMUNOSUPPRESSIVE DRUGS 

Regulation of gene expression Dexamethasone ↓ ─ ↓ ↓ 

Kinase and phosphatase inhibitors 

Cyclosporin A ↓ ↓ ─ ─ 

Tacrolimus ↓ ↓ ─ ─ 

Rapamycin ↑ ─ ─ ─ 

JAK inhibitors 

Ruxolitinib ↓ N N N 

Tofacitinib ↓ N N N 

Baricitinib ↓ N N N 

Nrf-2 inhibitor Dimethyl fumarate ↓ N N N 

PDE4 inhibitor Apremilast ↑ N N N 

Alkylation Cyclophosphamide ─ ─ ─ ─ 

Inhibition of de novo purine synthesis 

Azathioprine ─ ─ ─ ─ 

Mycophenolic acid ↑ ↑ ─ ─ 

Mizoribine ─ ─ ↑ ↑ 

Inhibition of pyrimidine and purine 

synthesis 
Methotrexate ↑ ↑ ─ ─ 

OFF-LABEL IMMUNOSUPPRESSIVE DRUGS 

 Sulfasalazine ↓ ↓ ↓ ↓ 

 Colchicine ↑ ─ ↑ ↑ 

 Chloroquine ↓ ─ ─ ↓ 

 Minocycline ↓ ↓ ─ ─ 

 Nicotinamide ↑ ─ ↓ ↓ 

NON-IMMUNOMODULATORY DRUGS 

 Acetaminophen ↑ ─ ─ ↑ 

 Digoxin ↓ ↓ ─ ─ 

 Warfarin ↑ ─ ↓ ↓ 

JAK=Janus kinase, Nrf-2=nuclear factor erythroid 2-related factor 2, 
PDE4=phosphodiesterase 4 

↑=stimulation, ↓=suppression, ─=no effect, N=not tested 
 
 

132



ENV/CBC/MONO(2022)16  37 

  
Unclassified 

4.  Combination of in vitro assays and clustering analysis has the potential to 

increase predictivity 

49. As stated throughout this document it is likely that several assays will need to be used in 

combination to increase the ability to predict immunotoxicity using in vitro tests. For example, while the 

predictivity of the IL-2 Luc assay is high when testing T cell-targeting chemicals, combination with other 

immune function tests, in particular myelotoxicity tests or leukotoxicity tests, will be essential to cover 

global immunotoxicity. Methods for evaluating myelotoxicity in vitro using bone marrow culture systems 

(Haglund et al., 2010; Pessina et al., 2003) could be combined with the MITA to provide a more 

complete assessment. In addition, a novel luciferase assay designated as the IL-2 Luc LTT has recently 

been developed, that can detect the antimitotic effects of chemicals and can correctly identify 

immunosuppressive chemicals that were negative in the IL-2 assay (Kimura et al., 2021). Thus, the 

combination of the IL-2 Luc assay and the IL-2 Luc LTT can overcome some of the limitations of the IL-

2 Luc assay alone (Kimura et al., 2021) and may be even more predictive when combined with a 

myelotoxicity assay.  

50. Another example of this combinatorial approach is the addition of the MITA (IL-2 reporter assay 

in response to PMA/ionomycin [IL-2LA] plus the IL-8 reporter assay in response to LPS [IL-8+LPS]) 

with the IL-8 reporter assay for skin s37ensitization test (IL-8-LPS, OECD 442E), denoted as the 

modified MITA (mMITA). Sixty chemicals with well-known immunotoxic profiles were examined by the 

mMITA and were classified based on multiple approaches into a final group of six clusters with distinct 

characteristics. Cluster 1: chemicals that preferentially suppressed IL-8+LPS and showed a negative 

IL-8-LPS (preferential IL-8+LPS suppression); Cluster 2: those that suppressed IL-2LA and showed a 

positive IL-8-LPS, but did not affect IL-8+LPS (IL-2LA suppression and IL-8-LPS(+)); Cluster 3: those 

that suppressed both IL-2LA and IL-8+LPS and showed a positive IL-8-LPS (IL-2LA and IL-8+LPS 

suppression and IL-8-LPS(+)); Cluster 4: those that did not suppress either IL-2LA or IL-8+LPS and 

showed a negative IL-8-LPS (all negative); Cluster 5: those that suppressed both IL-2LA and IL-8+LPS 

but showed a negative IL-8-LPS (IL-2LA and IL-8+LPS suppression); and Cluster 6: those that 

preferentially suppressed IL-2LA and showed a negative IL-8-LPS (preferential IL-2LA suppression). 

The power of this approach is highlighted by the fact that although there were less well characterized 

chemicals tested, their potential in vivo effects could be inferred by comparing to well understood 

medicinal drugs that landed in the same cluster, such as sulfasalazine for Cluster 1, chloroquine for 

Cluster 2, colchicine for Cluster 3, acetaminophen for Cluster 4, dexamethasone for Cluster 5, and 

cyclosporine A and FK506 for Cluster 6 (Kimura et al., 2014; Kimura et al., 2018).  

51. Overall, it is crucial to examine the correlation between in vitro assays and their in vivo effects. 

As demonstrated using the example of the mMITA, the clustering of chemicals using only three 

parameters may be inadequate to detect every aspect of their immunotoxic effects. However, such 

clustering in the context of a battery of complementary assays can be a first step to profile the 

immunotoxicity of chemicals.  
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52. Besides the presence of specific immune organs, immune cells are an integral part of other 

systems including the respiratory, dermal, gastrointestinal, neurological, cardiovascular, reproductive, 

hepatic, and endocrine systems. Consequently, exposure to immunotoxic compounds can have 

detrimental effects on the response to both communicable and non-communicable diseases. It is 

therefore important to understand the immunotoxic potential of xenobiotics and the risk they pose to 

humans.  

53. Current practices in overt immunotoxicity testing are still varied and employ either experimental 

animals or humans themselves, while in vitro testing has predominantly been used to study specific 

mechanisms of immunotoxicity. There are several regulatory guiding principles in immunotoxicology, 

including IPCS/WHO Guidance for Immunotoxicity Risk Assessment for Chemicals (Harmonization 

project No. 10). All of these guidelines involve animal testing, and the current practice of risk 

assessment of chemical exposure is based to a large extent on animal testing.  

54. While a number of non-animal-based testing methods for immunotoxicity have been published, 

not many have reached the stage of validation and acceptance. In accordance with the promotion of 

alternative testing methods and the global desire to reduce the use of laboratory animals, the purpose 

of this document is to provide the state-of-the-art knowledge for non-animal testing in 

immunotoxicology, and a way forward. Currently, a tiered approach is the most appropriate means to 

assess immunotoxicity, as described above. In the proposed tiered approach pre-screening for direct 

immunotoxicity in vitro begins by evaluating myelotoxicity (Tier 1). Compounds capable of damaging or 

destroying bone marrow cells will most likely have immunotoxic effects, as all immune cells derive from 

a common precursor located in the adult bone marrow. If compounds are not myelotoxic, they should 

be tested for direct leukotoxicity (Tier 2). Compounds should then be tested for immunotoxicity using 

various approaches, such as TDAR, lymphocyte proliferation assay, MLR, and NK cell assay (Tier 3).  

55. It is likely that multiple assays will be required to define immunotoxicants because of the 

complexity and varied components of the immune system (e.g,. innate or adaptive immune responses). 

The combined use of several in vitro assays in IATAs or defined approaches, such as those used for 

skin sensitization, should increase the ability to predict immunotoxicity over an individual assay. It is 

critical to define whether the parent compound or a metabolite is mediating the immunotoxic effects, as 

immune cells have limited capacity to metabolize drugs. Even upon determining that a compound is 

immunotoxic, it is important to remember that there are interactions between the immune, nervous, and 

endocrine systems such that immunity is regulated by various neurotransmitters and hormones, which 

could also result in sex differences in the sensitivity to immunotoxicity.  

56. At present there is no consensus on which assays to use, or how, and there are no OECD test 

guidelines to detect chemical immunotoxicity in vitro. Any validated test should therefore be part of a 

larger set of different assays that preferably covers all types of immunotoxicity including 

immunosuppression, sensitization, and autoimmunity. The MITA described in Section VIII, is one 

example of a combination of in vitro assays which may be used to predict the immunotoxicity of 

chemicals (and could be considered a potential future Tier 3 approach), with the potential for including 

additional endpoints which address gaps in the assessment of innate and humoral immunity. Comparing 

unknown chemicals to known immunotoxicants through clustered analyses such as those used in the 

. Discussion and Conclusion 

134



ENV/CBC/MONO(2022)16  39 

  
Unclassified 

mMITA, information can be obtained on potential cellular targets and mode of action. Considering the 

incredible progress in 3D models, with engineered immune tissues and organs, such as bone marrow, 

thymus, lymph nodes and spleen being described, and microfluidic body-on-a-chip, it is reasonable to 

think that in the future it will be possible to assess immunotoxicity in an integrated model of the whole 

human immune system. While additional studies are certainly needed to define the possibility of 

identifying immunotoxic substances without the use of animals, the road is being paved for the use of 

integrated testing strategies that together hold the promise of being able to adequately predict the 

immunotoxic action of chemicals in vitro.  
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Antibody Response: Alterations in antigen-specific T cell-dependent antibody responses.  

Antigens most commonly used include sheep erythrocytes and keyhole limpet hemocyanin. 

Cell Proliferation:  Alterations in the proliferative response following stimulation with 

mitogenic compounds such as concanavalin A, phytohemagluttinin, lipopolysaccharide or 

with allogenic leukocytes in a mixed lymphocyte reaction. 

Clinical pathology: Indicates alterations in the leukogram or hematology parameters, such as 

leukocytopenia/leukocytosis, granulocytopenia/granulocytosis or 

lymphopenia/lymphocytosis. 

CTL: The cytotoxic T lymphocyte assay measures cytotoxity against tumor or virally infected 

cells.  For the reference compounds above, the majority of studies used either ex vivo or in 

vitro assays.  

DTH: Alterations in delayed type hypersensitivity were measured by assessing the cell-

mediated immune response to a soluble antigen such as keyhole limpet hemocyanin following 

sensitization and secondary challenge. 

Lymphoid Organ weights: Decreases in the weight of spleen, thymus or relevant lymph 

nodes. 

NK cytotoxicity: Natural killer cell cytotoxicity was measured using either ex vivo or in vitro 

assays which quantitate cytotoxicity against tumor cell lines or virally infected cells. 
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Lesson and Learned for a Validation 
Study

Hajime Kojima, Ph. D.,
JaCVAM, CBSR, NIHS, Japan

1

OECD 3rd webinar
August 31th, 2022

Overview

CharacteristicsTarget organsStructure
Design/Manufacturing

Related device manufacturing
Name

(tentative name)

KidneyBBBIntestineLiver

• In addition to two‐organ coupling assays, it 
is also applicable to membranous 
tissue/organ assays.

• Applicable to 5 commercially available 
inserts.

• Adopt pump drive.
• Size complies with SBS standards.

◎◎Two‐organs
connected culture

Prof. Matsunaga’s Laboratory, 
Nagoya City University/
Shinko Chemical Co., Ltd.

Matsunaga 
Device

• Plastic is used as a chip material to low drug
adsorption.

• A unique manufacturing process enables 
flexible microchannel design change.

• Low cytotoxicity and good observability 
(fluorescence/phase‐contrast)

◎〇〇〇

Multi‐layered 
Microchannel with 
Porous Membrane
Experimental example
• Shear stress load
• Coculture of Epithelial 

and endothelial cells
• AP‐BL material 

transfer observation

Prof. Kimura’s Laboratory, 
Tokai University/
TOKYO OHKA KOGYO Co., Ltd.

Kimura Device
Fluid3D‐X

• A platform device that can accommodate a 
variety of organ models by flexible fluid 
channel design and on‐board inserts.

• A closed system fluid flow is possible by 
pressure driving.

〇〇Two‐organs
connected culture

National Institute of Advanced 
Industrial Science and 
Technology (AIST)/
Sumitomo Bakelite Co., Ltd.
Control and sensing unit: 
SHIMADZU CORPORATION・
SCREEN Holdings Co., Ltd.

PD‐MPS
(Pressure Driven‐
MPS) 〇〇

Flow culture 
(Medium flow under 
a membrane)

• An organ block type platform device that 
can accommodate various organ assays 
through recombination of various culture 
equipment (inserts and cell desk).

• Perfusion culture is possible by driving the 
device built‐in stirrer type pump.

• Oxygen permeable film, honeycomb 
structure membrane can be used for cell 
culture bottom in addition to conventional 
polystyrene.

〇〇Two‐organs
connected culture

Prof. Sakai’s Laboratory, Tokyo 
University; Prof. Kimura’s 
Laboratory, Tokai University/
Sumitomo Bakelite Co., Ltd.

Sakai/Kimura 
Device
(On‐chip pump 
type MPS device)

MPS Devices for Commercialization in AMED-MPS Project

Column for the target organs: It shows the combination of experimental systems in which cells derived from various organs are cultured on each device to evaluate the function of cells and the device. 
Available in all combinations. The cells not shown are also available. Liver: Liver cells ; Gut: Gut cells; BBB: Blood‐brain barrier cells; Kidney: Kidney cells. The current development status is shown as 
follows; ◎: Analysis data using the applicable cells have been obtained; ◯: An experiment using the applicable cells is desired based on  the user needs.

APout

BLi
nBLout

APin

http://www.scetra.or.jp/business/#section‐6

2

http://www.scetra.or.jp/business/

OECD成果物3
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Cell Criteria

MPS performance standard

Standard for material and equipment Standard Operating 
Procedures

Preparing Operating Procedure for Round-Robin Test

3S. Ishida, Sojo Univ.

4

Test developers have many concerns for a validation study

Complicated 
process

long-term 
restraint?

Excessive 
demands?

No 
budget

My protocol 
has already 
published.

Simple and easy study is only acceptable.

Why not a peer 
review after the 

validation︖

Cannot 
discussion 
in English
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Evaluation criteria for the validated 
novel test methods

1. Study objective and test method purpose

2. Biological and mechanistic relevance

3. Test method protocol

4. Appropriateness of the validation study management and conduct

5. Adequacy of chemicals selected for validation of the study objective

6. Quality of the reference data used for evaluation of the relevance

7. Training of naïve laboratories and transferability

8. Use of quality assurance system(s) during data generation

9. Within‐ and between‐laboratory reproducibility

10. Predictive capacity

11. Applicability domain and limitations

12. Completeness of data and documentation

5OECD GD34 (2005)

Simple validation study - Why now?

• A validation study for a novel test method is crucial
for the regulatory acceptance of new approach
methods.

• Limitations:
 Numerous evaluation criteria before acceptance
 Difficulty in performing an international study owing to limited

budget
 Members involved become exhausted while performing

several phases owing to revising immature protocols
 Availability of a poor database concerning several fields of

toxicology

6
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My proposal is based on Lessons and Learned 

• A detailed review paper including a performance standard should be
developed for each systemic toxicity by OECD.

• International experts who are familiar with TG development are
mandatory on the validation management team and peer review panel.

• The purpose of the study is limited to checking the robustness and
reliability of the protocol based on the performance standard.

• The chemical number is up to 30.

The bottleneck of the validation study is resolved simply and 
easily

7

Case study: EpisensA for skin sensitization 
validation study

Transferabili
ty

Phase IA Phase 1B Phase 1C Phase II
Validation 
report

For within- and between-lab 
reproducibility

with 15 chemicals
(3 times each)

For between‐lab
reproducibility

with 12 chemicals

Training in 
May 2018 

Experiment parts
completed
in March 2020

Report 
completed
in May 2022

#This validation study is a performance standard based on the ECVAM validation study. 
#The predictive capacity and applicability domain were evaluated based on the data by 
test developers in the validation report.

8

VMT meeting

Almost 2 years, 
under the COVID‐19 pandemic
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Short cut for evaluation criteria

1. Study the objective and purpose of test method

2. Need and benefits in comparison to those of the existing test methods

3. Comparison of the test method with the essential test method components in the Performance 
Standards

4. Biological and mechanistic relevance

5. Test method protocol

6. Appropriateness of the validation study management and conduct

7. Adequacy of chemicals selected for validation of the study objective 

8. Quality of the reference data used for the evaluation of relevance

9. Training of naive laboratories and transferability

10. Use of quality assurance system(s) during data generation

11. Within‐ and between‐laboratory reproducibility

12. Predictive capacity 

13. Applicability domain and limitations

14. Completeness of data and documentation

Mission during the 
validation study

Checkpoints prior to a validation study

9

After the validation study, the predictive capacity and applicable domain is 
evaluated by VMT members and peer review panel with the test developers. 

For NAM validation

• Test method is an important element for NAM.

• The purpose is limited to checking the robustness
and reliability of the test protocol.

• Before starting the validation study, the VMT
members should discuss the objective, benefit, and
biological and mechanistic relevance with the test
developers and the study plan, including
acceptance criteria, with a sponsor.

• The VMT members should discuss protocol
development and chemical selection during the
ongoing validation study.

10
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