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Executive Summary 
The Japanese Center for the Validation of Alternative Methods (JaCVAM) convened an 
independent scientific Peer Review Panel (PRP) to evaluate the validation status of the 
Hand1-Luc EST (Embryonic Stem Cell Test) as a non-animal test for evaluating the 
developmental toxicity of Chemicals in accordance with established international criteria 
(OECD, 2005) (1). The Hand1-Luc EST is an in vitro test for developmental toxicity, which 
could be used within an “Integrated Approach to Testing and Assessment” (IATA) for 
developmental toxicity in vitro.  
JaCVAM provided the members of the PRP with the validation report, all supporting 
documents of the study and a questionnaire with 14 evaluation criteria were sent to the 
members of the PRP before the first meeting of the PRP. In conducting its evaluation, the 
PRP addressed each of the evaluation criteria that correspond to internationally harmonized 
validation and acceptance criteria (OECD GD 34). 
On November 22 -23, 2016, in Osaka, Japan, the PRP met with the Validation Management 
Team (VMT) of the study and discussed all aspects of the validation study and in particular 
the evaluations and questions in the questionnaires submitted by the members of the PRP. 
The recommendations of PRP have been taken into account and the validation report of 
Hand1-Luc EST validation study was revised by the VMT (2, 3, 4, 5).  
Overall conclusion: The documents supporting the assessment of the new method are 
complete and allow a sufficient evaluation of the validity of the method. The management 
and conduct of the multi-center validation study by the VMT were excellent and they are 
exceeding the usual standard of multi-center studies as far as communication among 
participants. VMT is concerned and also data exchange and analysis and implementing 
quality assurance. 
Compared to in vivo testing for developmental toxicity the test does not require to sacrifice 
animals, considerably reduces cost, time and required expertise. With the high positive 
predictive value of the validated prediction model the new in vitro test is ideally fit to identify 
chemicals with a high potential of developmental toxicity within an IATA for assessing 
developmental toxicity. 
Regulatory rationale: At present, there is no in vitro test guideline available to assess 
developmental toxicity. Therefore, the Hand1-Luc EST has been developed to meet the 
requirements, which the original mEST could not satisfy (6). The validation study showed 
that Hand1-Luc EST test allows to identify positive developmental toxicants with high 
confidence and can be used as a high-throughput test for screening purposes. However, to 
predict developmental toxicity more accurately, this test will need to be combined with other 
assays within an IATA for in vitro developmental toxicity testing. 
Scientific rationale: In the Hand1-Luc EST mouse Hand1-ES (KOB1) cells are used, which 
are transfected with a vector containing the luciferase gene monitored by the Hand1 
promoter. Test chemicals are applied to the Hand1-ES cells from the start of differentiation, 
when the three primordial tissues are not yet formed (day 0= day 3.5 in vivo) until day 5 (=8.5 
in vivo), when ESC are differentiating into cardiomyocytes (mesoderm induction) (2, 3, 4, 5). 
Thus, depending on the mode of action of chemicals, it is possible to cover a large number of 
organs formed or specific organs only. Indeed, if the genes playing important roles in the 
three germ layer formation are affected by the chemical, then all the downstream genes 
governed may affect the ect-, endo- and mesoderm layer formation.The Hand1 gene is 
involved in the development and differentiation of heart, limbs and facial bones (7, 8, 9, 10). 
Therefore, chemicals triggering malformations in these organs may be detected with the 
Hand1-Luc assay.  
Limitations: Differentiation is measured by luciferase activity and thus chemicals interfering 
with luciferase protein should not be tested. Protease inhibitors cannot be detected in the 

sysusr
The certainty is very low when using may. It would be more appropriate to use “could”
OK HSp

Hakkinen, Pertti (NIH/NLM) [E]
I suggest rewording this to “The management and conduct of the multi-center validation study by the VMT were excellent and exceeded the usual standard of multi-center studies for communication among participants, data exchange and analysis, and implementation of quality assurance.”

Hakkinen, Pertti (NIH/NLM) [E]
I suggest changing  “to sacrifice animals” to “the sacrifice of animals”

Roland Buesen
This term might be misleading. You mean that the assay identified the strong embryotoxicants which were tested in this project, right?

Roland Buesen
Please specify these requirements in a few words. In addition, the assay was published in 2004, 13 years ago. Are there other publication from the recent years addressing this issue?

Hakkinen, Pertti (NIH/NLM) [E]
I suggest changing this to “The Hand1-Luc EST mouse uses Hand1-ES (KOB1) cells”

sysusr
This phrase was not clear. This could be our fault. Sorry for the inconvenience.


Horst Spielmann
OK

Hakkinen, Pertti (NIH/NLM) [E]
Should this be “ecto-“ instead of “ect-“ ?
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Hand1-Luc EST, since protease activity is used to assess cell viability. The Hand1-Luc EST 
can also not evaluate the effect of metabolites due to the inability of ES cells to metabolize 
compounds.  
Validation study reference chemicals: A sufficiently number of representative, coded 
chemicals (28) was used in the validation study to evaluate the performance of method. 
Details of the chemical selection procedure are described in detail in the “chemical selection 
report”. The experts of the PRP concluded that the selection of test chemicals to 
demonstrate performance of the assay was appropriate. 
Assay Reproducibility: The experts of the PRP concluded that the validation report 
provides excellent information on variability (e.g. coefficient of variation, CV) of the data that 
were measured in the individual laboratories and on the CV of the within- and between-
laboratory reproducibility.  
Test method predictivity: The prediction model has been established with a high number of 
embryotoxicants (71) with different toxicological mechanisms (11). The experts of the PRP 
were satisfied with the determination of accuracy, predictive capacity and the way in which 
existing data on developmental toxicity of relevant species have been taken into account.  
Data quality: During the validation study quality checks were carefully conducted by an 
independent expert. All of the participating laboratories are GLP certified and the study was 
conducted in the spirit of Good Laboratory Practice (GLP). All data were available to the 
experts of the PRP for review.  
Test method protocols: As far as the identification of positive and negative results was 
concerned, detailed information is provided in the revised version of the protocol, including  
the acceptance criteria and the calculation used to fit curves to obtain IC50 and ID50 values. 
Therefore, the experts of the PRP concluded that the protocol is complete and sufficiently 
detailed for new laboratories to conduct the Hand1-Luc EST assay.  
Applicability domain: There is some evidence that the Hand1 gene and its functions are 
very similar between human and mouse. The applicability of the Hand1-Luc EST is restricted 
to the examination of all the pathways related to the Hand1 gene (formation of the heart, 
limbs and craniofacial bones) and the early period of development (from 3.5 to 8.5 days after 
fertilization in the mouse). The Hand1-Luc EST can also detect embryotoxicity by disruption 
of genes involved in the development of the three germ layers (Ectoderm, Mesoderm and 
Endoderm) due to the exposure to chemicals in and after the undifferentiated stage. 

Roland Buesen
This is a very critical paragraph. Thinking of new chemicals data on potentials to inhibit luciferase etc. will not be available.

Roland Buesen
Who knows when testing new chemicals?

Hakkinen, Pertti (NIH/NLM) [E]
I suggest 

Hakkinen, Pertti (NIH/NLM) [E]
“sufficient” instead of “sufficiently”

Hakkinen, Pertti (NIH/NLM) [E]
I suggest adding “the” to make this “”of the method” 

sysusr
71 is the number of chemicals evaluated in the lead lab to establish the prediction model. The actual number of chemicals used in the validation is 28 chemicals. 71 chemicals were used for making a prediction model.

Horst Spielmann
OK

GRIGNARD Elise (JRC-ISPRA)
I think this is an overstatement. I agree that the CV have now been provided. However, some data show CVs above 100%, for which a classification has been established (whereas such data should have been excluded).
Moreover the reply to our previous comment states that ", an acceptable CV of 70% has been arbitrarily fixed". The fact that there is no scientific rationale for this decision is very surprising. Moreover a CV of 70% is very high compared to what is usually accepted.

Roland Buesen
I strongly agree with this statement.

Hakkinen, Pertti (NIH/NLM) [E]
I suggest changing “data that were measured in ” to “data from the”

Roland Buesen
Indeed, I was satisfied with whole project performance, i.e. how it was managed and how the data were created. But the accuracy is still a matter of debate!

Hakkinen, Pertti (NIH/NLM) [E]
“some” could be deleted.
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Introduction 
The Japanese Center for the Validation of Alternative Methods (JaCVAM) convened an 
independent scientific Peer Review Panel (PRP) to evaluate the validation status of the 
Hand1-Luc EST (Embryonic Stem Cell Test) as a non-animal test for evaluating the 
developmental toxicity of chemicals in accordance with established international criteria 
(OECD, 2005) (1). The Hand1-Luc EST is an in vitro test for developmental toxicity, which 
may be used within an “Integrated Approach to Testing and Assessment” (IATA) for 
developmental toxicity.  
JaCVAM provided the members of the PRP with the validation report and all supporting 
documents of the validation study and provided the members of the PRP with a 
questionnaire of 14 evaluation criteria before the first meeting of the PRP. During the 
evaluation the PRP discussed each of the evaluation criteria, which are addressing 
acceptance criteria of international validation studies. 
On November 22 -23, 2016, in Osaka, Japan, the PRP met with the Validation Management 
Team (VMT) of the Hand1-Luc EST validation study and discussed all aspects of the 
validation study and in particular the topics addressed in the questionnaires submitted to the 
PRP. The comments and recommendations of the PRP were taken into account in the 
revised version of the validation report and discussed during a teleconference of the PRP 
and the VMT on May 27, 2017.   
This report summarizes the final evaluation and conclusions of the experts of the PRP 
following the 14 criteria order submitted by JaCVAM.  
 
Evaluation Criterion 1: A rationale for the test method should be available, including 
description of toxicological mechanisms, a clear statement of scientific need, and 
regulatory application.   
Chemicals that exhibit the potential for developmental toxicity should be identified and 
eliminated in the early stages of the development of new chemicals to which consumers, 
patients and workers are exposed. All of the current guidelines for reproductive toxicity 
(OECD 414, 415, 416, 421, 422, 426, 443) are requiring to sacrifice a high number of 
pregnant animals. In addition, the cost triggered by all those experiments is high and specific 
expertise to conduct them is required. With the implementation of Directive 2010/63/EU, the 
need for validated alternative methods, in particular in vitro replacement methods, for the 
safety evaluation of cosmetic substances and products became crucial. This is maintained in 
the EU Cosmetics Directive (EC) No 1223/2009. However, there is presently no in vitro test 
guideline available to assess one of the endpoints, which are covered by in vivo reproductive 
toxicity tests, e.g. developmental toxicity. Therefore, the Hand1-Luc EST in vitro test for 
developmental toxicity has been developed to meet the requirements, which the original 
mEST could not satisfy (6). 
The validated protocol is using Hand1-ES (KOB1) cells transfected with a vector containing 
the luciferase gene monitored by the Hand1 promoter. Hand1-ES (KOB1) cells are 
differentiated into cardiomyocytes during 120 hrs of culture (5 days). The proposed protocol 
includes assays for estimating cytotoxicity followed by measurement of Hand1 promoter 
activity (differentiation toxicity). This test does not require to sacrifice any pregnant animals, 
and considerably reduces cost, time and required expertise (2). With the high positive 
predictive value of the validated prediction model the new in vitro test is ideally fit to identify 
chemicals with a high potential of developmental toxicity within a future IATA for in vitro 
developmental toxicity in vitro. 
Compared to the original EST, the Hand1-Luc EST is easier to perform, requires lower 
quantity of chemicals, has a wider applicability (because the prediction model is based on a 
higher number of chemicals and Hand1 gene alteration data can be used to create AOP) and 

Hakkinen, Pertti (NIH/NLM) [E]
Please  see my suggested wording in the Executive Summary

Hakkinen, Pertti (NIH/NLM) [E]
Should “order” be deleted or should another word be used?

Hakkinen, Pertti (NIH/NLM) [E]
I suggest changing “are requiring to sacrifice a high” to “are requiring the sacrifice of a large”

GRIGNARD Elise (JRC-ISPRA)
I would delete this term. Indeed, in most of the TGs listed animals are NOT sacrificed while pregnant

Roland Buesen
The paragraph needs more precision. The new legislation in Europe increased standards of animal welfare issues but does not directly deal with cosmetics regulation.

Roland Buesen
See above

Hakkinen, Pertti (NIH/NLM) [E]
I suggest changing “to sacrifice” to “”the sacrifice of”

Roland Buesen
2x in vitro

Hakkinen, Pertti (NIH/NLM) [E]
I suggest changing “lower quantity” to “a smaller number”

Roland Buesen
Agree, the number is higher. However, it should be mentioned that the number still needs to be increased and certain compound classes should be identified which might give a proof of this statement.

GRIGNARD Elise (JRC-ISPRA)
What is the link with applicability

Hakkinen, Pertti (NIH/NLM) [E]
Should AOP be spelled-out here since seems to be the first time it is mentioned in this document?
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considers concentrations in the culture medium close to the saturated free concentration in 
fetuses measured in developmental toxicity studies in vivo. Therefore, the test allows to 
identify positive embryotoxicants with high confidence and could become a high-throughput 
test for eliminating true developmental toxicants and serve as a tool for screening purposes. 
However, to predict developmental toxicity more accurately, this test will need to be 
combined with other in vitro assays in an IATA. 
A short summary is provided to describe the mechanism of developmental toxicity, which is 
covered by the Hand1-Luc assay. 
 
Figure 1 shows the possible pathways and genes related to Hand1.  

 
 
If a chemical affects one of these genes, it may be detectable by measuring Hand1 gene 
expression. In downstream pathways, Hand1 is related to the development of different 
organs and the depletion or reduction of its expression is reported to have a negative effect 
on development. Chemicals have different individual modes of action, since some may affect 
specific pathways (enzyme inhibition), others may affect a particular physiological function 
(for example, ion channel inhibition), and others that may affect DNA synthesis (enzyme 
inhibition or intercalating agent).  
In the Hand1-Luc EST, chemicals are applied to the cells from the beginning of differentiation 
when the three primordial tissues are not yet formed (day 0= day 3.5 in vivo) until day 5 (=8.5 
in vivo) when mESC are differentiated into cardiomyocytes (mesoderm induction). Thus, 
depending on the mode of action of chemicals, it would be possible to cover a large number 
of organs formed or specific organs only. Indeed, if the genes playing important roles in the 
three germ layer formation are affected by the chemical, then all the downstream genes 
governed may affect the ect-, endo- and mesoderm layer This may be measured by an 
alteration of the Hand1 gene expression since the mesoderm would be also affected.  
In this assay, the measurements are performed 120 hrs after inducing the ES cells into 
cardiomyocytes. During this time window, the heart, the placenta, the neural tube and the ear 
are formed. The somite segmentation has begun and the first branchial arch has maxillary 

Roland Buesen
Please give an example to support this statement.

GRIGNARD Elise (JRC-ISPRA)
I am not sure this term is appropriate, as it suggests a link to the previous sentence, which is not obvious to me.

Hakkinen, Pertti (NIH/NLM) [E]
It seems like :Therefore” could be deleted.

Hakkinen, Pertti (NIH/NLM) [E]
“, which is” could be deleted.

GRIGNARD Elise (JRC-ISPRA)
The colors should be explained

Hakkinen, Pertti (NIH/NLM) [E]
Same comment as I made earlier --- should this be “ecto” ?

GRIGNARD Elise (JRC-ISPRA)
It seems strange to mention placenta here

Roland Buesen
Agree. The paragraph should distinguish more precisely between in vivo and in vitro.
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and mandibular components at day 8.5. The limb buds are however not yet visible until day 9. 
Hand1 gene is involved in the development and differentiation of heart, limbs and facial 
bones (7, 8, 9, 10). Thus, chemicals triggering malformations in these organs may be 
detected with the Hand1 assay. However, some chemicals may alter genes expressed 120 
hrs. (5 days) after the beginning of differentiation and may not be detected by this assay.  
Concerning species differences, the Hand1 gene is well preserved among different mammal 
species and the amino acid sequence homology between mouse and human is 92% (NCBI 
homology alignment browser; Basic Local Alignment Search Tool (BLAST)).  
As suggested before, a combination with other tests analyzing the development of other 
organs (bones, neurons, digestive gut) will be crucial to be able to cover prenatal 
development. For example, three different tests covering the three different germ layers 
(endo-, meso-, ectoderm) would allow for the understanding of the possible pathways 
involved in abnormal development and provide information for identifying AOPs.  
 
Evaluation Criterion 2: The relationship between the test method endpoint(s) and the 
biological effect and to the toxicity of interest should be addressed, describing 
limitations of the test methods.  
Differentiation is measured by luciferase activity and thus chemicals interfering with 
luciferase protein should not be tested. Protease inhibitors cannot be detected in the Hand1-
Luc EST since protease activity is used to assess cell viability.  
Another limitation is that the Hand1-Luc EST can not evaluate the effect of metabolites due 
to the inability of ES cells to metabolize compounds. Metabolism is an important issue of all 
in vitro toxicity tests.  
The experts of the PRP concluded that users of the test must be aware of these general 
limitations of all of the currently available in vitro developmental toxicity tests. 
 
Evaluation Criterion 3: A detailed test method protocol should be available  
Questions of the experts addressed the appropriateness of the final volume of the vehicles. 
This point has been detailed in the revised version of the protocol. The highest concentration 
of PBS (-) that does not alter differentiation is 5% and for DMSO it is 0.1% (lead laboratory 
data). Moreover, in many in vitro tests the highest test concentration is 1000μg/ml. Thus, if 
the molecular weight of a test chemical is 200, then the final concentration would be 
equivalent to 5mM, a very high concentration.  
As far as the identification of positive and negative results is concerned, detailed information 
is provided in the revised version of the protocol, including the acceptance criteria and the 
calculation used to fit curves to obtain the IC50 and ID50 values. 
The experts of the PRP concluded that the protocol appears complete and adequate in detail 
for a laboratory to conduct the study. 
 
Evaluation Criterion 4: Within- and between-laboratory reproducibility of the test 
method should be demonstrated  
Since in the first draft provided no measure of variability (e.g. coefficient of variation), all CV 
values have been added in the appropriate appendix to the revised validation report.  
Moreover, the report mentioned several times discrepancies between the laboratories 
regarding the establishment of the maximum dose. Therefore, a paragraph has been added 
to warn the experimenter to pay particular attention during the precipitation evaluation 
especially for DMSO dissolved liquids where small bubbles could be hard to distinguish 
inside the assay medium.  

Roland Buesen
Does this fact make sense here?

GRIGNARD Elise (JRC-ISPRA)
This aspect is not addressed 

Roland Buesen
Completely agree. Should also be cited in one of the first paragraphs.

Roland Buesen
Isn’t this in contradiction to the above mentioned similarity to in vivo concentrations?
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The experts of the PRP concluded that the additional improvements provide excellent 
information on the within- and between-laboratory reproducibility. 
 
Evaluation Criterion 5: Demonstration of the test method’s performance should be 
based on testing of representative, preferably coded reference chemicals  
The PRP concluded that a sufficiently high number of representative, coded chemicals (28) 
was used in the validation study to evaluate the performance of the method. Details of the 
chemical selection procedure are described in detail in the “chemical selection report”. 
Some misclassifications have been noted when comparing in vitro and in vivo data. The most 
obvious reason is when the chemical interferes with a pathway not related to Hand-1. 
Another reason is when the chemical disturbs the development during a period which is not 
covered by the Hand-1 Luc test. However, this cannot yet be taken into account due to lack 
of information on AOPs in the field of developmental toxicity both in experimental animals 
and humans. 
The experts of the PRP concluded that the selection of test chemicals to demonstrate 
performance of the assay was appropriate. 
  
Evaluation Criterion 6: Accuracy or predictive capacity should be demonstrated using 
representative chemicals.  The performance of test methods should have been 
evaluated in relation to existing relevant toxicity data as well as information from the 
relevant target species.  
The comments of the experts were quite positive, e.g., the prediction model uses only one 
equation and the solubility of the chemicals is taken into account for the prediction which 
becomes a way to express the solubility of chemicals in the body fluids. The prediction model 
has been established with a high number embryotoxicants (71) covering a wide spectrum of 
mechanisms of toxicity (11). 
An evaluation in relation to the target species is quite difficult since the developmental toxicity 
of chemicals is very variable among different animal species and humans. However, in the 
current validation study all data banks and publications that are publicly available and 
covering the endpoint developmental toxicity have been properly taken into account by the 
managers of the validation study in order to determine the performance of the test method. 
Thus, the members of the PRP were satisfied with the determination of accuracy, predictive 
capacity and the way in which existing data on developmental toxicity data from relevant 
species were taken into account.  
 
Evaluation Criterion 7: All data supporting the assessment of the validity of the test 
method should be available for expert review  
All data were available to the experts for review. The experts noted that, in several 
experiments, ID50 values were higher than IC50 and that this this particular issue was not 
discussed in the validation study. Therefore, the relevance of such data should be explained 
and their relevance for determination of the performance of the test. 
It was explained that this phenomenon was also observed in the original EST especially for 
negative chemicals that do not show a gap between the IC50 and the ID50. The VMT tried to 
improve this point by operating measurements in the same plate which was proved to be a 
good way. During the validation study, they also faced this problem and tried to correct it as 
much as possible by implementing the curve fitting (2 and 3 parameter curve fittings) 
according to recommendations by VMT members. As a result, a better ratio IC50/ID50 (see the 
validation report) was obtained. However, in some cases the IC50 value was still lower than 
the ID50. This may be due to the fact that since two different devices were used (luminometer 
and fluorometer) measuring two different endpoints (cytotoxicity and luciferase activity), the 

GRIGNARD Elise (JRC-ISPRA)
See comment in the executive summary

sysusr
71 is the number of chemicals evaluated in the lead lab to establish the prediction model. The actual number of chemicals used in the validation is 28 chemicals.

Horst Spielmann
OK

Roland Buesen
Yes, but more need to be tested.

Hakkinen, Pertti (NIH/NLM) [E]
I suggest changing “in relation” to “of the relevance”

Roland Buesen
Yes, but maybe not with the accuracy itself.

Hakkinen, Pertti (NIH/NLM) [E]
I suggest changing “The VMT tried to improve this point by operating measurements in the same plate which was proved to be a good way” to “The VMT tried to improve this by making measurements in the same plate.”
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resulting measurements were not identical for IC50 and ID50. Although this may happen, the 
gap observed when the ID50 was higher than the IC50 is not dramatically high and does not 
compromise the validity of the data. 
Thus the members of the PRP were satisfied with the availability of the data and the 
explanations given by the VMT. 
 
Evaluation Criterion 8: Ideally, all data supporting the validity of a test method should 
have been obtained in accordance with the principles of Good Laboratory Practice 
(GLP)   
Since there were some doubts that the validation study had been conducted according to 
principles of GLP, the VMT provided the following explanation: 
The validation report has been corrected in part 2.5 (Quality Check monitoring). According to 
the OECD guidance 34, p21: “Clear and comprehensive standardized test method protocols, 
preferably in compliance with GLP Principles, together with standard operating procedures 
(SOP), as appropriate. This should include a description of the test system, exposure 
conditions, dose selection procedures, endpoint(s) assessed, measurements taken, 
specialized equipment or supplies that may be needed, measures of variability, the way in 
which the results are calculated and expressed, and the use of positive and negative controls 
and other performance checks.” (1)  
During the validation, the quality check was carefully operated by an independent expert. An 
example of an empty quality check sheet is available for each phase. The QC sheet, the 
protocol and the calculation sheet contain, what is required by the OECD GD 34: 
- Description of the test system: Described in the protocol and in the validation report   
- exposure conditions: described in the protocol  
- dose selection procedures: described in the protocol  
- endpoint(s) assessed: described at the end of the protocol and revealed by the calculation 
sheet provided  
- measurements taken: described in the protocol  
- specialized equipment or supplies that may be needed: described in the protocol  
- measures of variability: defined and calculated automatically in the calculation sheet  
- the way in which the results are calculated and expressed: described at the end of the 
protocol and the calculations used in the excel sheet were validated  
- the use of positive and negative controls and other performance checks: 5-FU was used as 
a positive control. No negative control was used. 
Finally, since all the participating laboratories possess the GLP certification, the following 
sentence was added at the end of part 2.5:”Finally, all the participating laboratories possess 
the GLP certification. The present study was conducted in the spirit of Good Laboratory 
Practice (GLP).” 
Taking into account these detailed explanations, the experts of the PRP concluded it appears 
that the answer is “yes.”  
 
Evaluation Criterion 9: Applicability domain of the validity of the test method should 
be defined for expert review  
There is some evidence that the Hand1 gene and its function is very similar between human 
and mouse. The applicability of the Hand1-Luc EST is restricted to the examination of all the 
pathways related to the Hand1 gene (formation of the heart, limbs and craniofacial bones) 
and the early period of development (from 3.5 to 8.5 days after fertilization in the mouse). 
The Hand1-Luc EST can also detect embryotoxicity by disruption of genes involved in the 
development of the three germ layers (Ectoderm, Mesoderm and Endoderm) due to the 

GRIGNARD Elise (JRC-ISPRA)
What does it mean?



  Final February 2018 

10 

 

exposure to chemicals in and after the undifferentiated stage.  
The PRP experts concluded that the documents provided are demonstrating that the VMT of 
the validation study have extensively evaluated the applicability domain of the test method 
and that the applicability domain is sufficiently described in the revised validation report and 
that, therefore, the answer is “yes”. 
 
Evaluation Criterion 10: Proficiency chemicals should be set up in the proposed 
protocol   
Apparently due to language problems the VMT misunderstood this point. As a consequence, 
a list of proficiency chemicals has been added to the protocol. Therefore, the PRP experts 
concluded that the apparent error has been corrected properly in the revised protocol.  

 
Evaluation Criterion 11: Performance standard should be set up with proposed 
protocol  
As described for the proficiency chemicals definition, apparently due to language problems 
the VMT misunderstood this point. As a consequence, the performance standards have been 
added in Appendix 44 of the revised validation report. 
Therefore, the PRP experts concluded that the apparent error has been corrected properly in 
the revised protocol.  

GRIGNARD Elise (JRC-ISPRA)
It is unclear to me why 8 out of the 10 chemicals to be used for proficiency testing should have values within the expected range. The demonstration of proficiency should require that the 10 chemicals are classified correctly.

GRIGNARD Elise (JRC-ISPRA)
In the draft PS, the Hand1Luc method is referred to as a TG. It is not the case yet.
The predictive capacity expected from the me-too methods is much higher than what was obtained for the Hand1Luc during the validation. This seems "unfair".
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Evaluation Criterion 12: Advantages in terms of time, cost and animal welfare 
Since this information is missing in the validation report, the VMT provided the following 
information on the Hand1-Luc EST, which the PRP experts accepted as adequate: 

The following table shows the approximate cost for one run with one chemical 

Material 
Original EST Hand1-Luc EST 

 price 

Cells D3 (600$/vial) 600$ / 

3T3 (600$/vial) 600$ / 

KOB1-ES (Hand1) 
(2200$/vial) 

/ 2200$ 

Plates 1$/Petri dish 8$ / 

1$/ 60cm plate 8$  

11$/ 24 well plate 88$ / 

6$/ 96 well plate  100$ / 

15$/96U well white 
plate  

/ 15$ 

Chemical  50$/100mg ~300 mg(=150$) ~30 mg (=15$) 

Assay Medium 2$/ml 500 ml (=1000$) 30ml 0$ (contained in 
the 2200$ kit) 

Maintenance 
medium 

3$ +1$(LIF)/ml  

 

2$ + 1$(LIF)/ml  

/ 

 

30$ 

50 ml 0$ (contained in 
the 2200$ kit) 

/ 

MTT assay 70$/100mg 15mg=21$ / 

Cell titer fluor 8$/µl / 80$ 

Steady glo 13$/ml / 104$ 

Total with cells 
purchase 

 2605$ 2414$ 

Total without cells 
purchase 

 1405$ 214$ + ~300$ (medium) 

= 514$ 

 

 
 

Roland Buesen
This is not discussed here.

Hakkinen, Pertti (NIH/NLM) [E]
Should this be spelled-out as “CellTiter Fluor Cell Viability Assay” ?

Hakkinen, Pertti (NIH/NLM) [E]
Should this be spelled-out as “Steady-Glo Luciferase Assay” ?
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Furthermore, with the time that can be saved the human resources becomes much cheaper 
for the Hand1-Luc EST as shown below. 

  Original EST Hand1-Luc EST 

Time  4 days with 4 hours 
per day: 16 hours 

2 days, 1 hours per 
day: 2 hours 

Human 
resources ($) 

1hr ~ 90$ 1440$ 180$ 

In a near future, the kit should be cheaper than it is and an option available is to sell cells 
only once by conclusion of Material Transfer Agreement that allows the user to create its own 
stock. 

Finally, raising the number of chemicals does not affect very much the time to conduct the 
Hand1-Luc EST especially during cell seeding. 

  
Evaluation Criterion 13: Completeness of all data and documents supporting the  
assessment of the test method  
The data and documents supporting the assessment of the new method are complete and 
allow a sufficient evaluation of the validity of the method. The experts of the PRP have 
therefore concluded that in general the documents are complete. 
 
Evaluation Criterion 14: Validation management and conduct  
The management and conduct of the multi-center validation study of the Hand1-Luc EST by 
the VMT were excellent and they are exceeding the usual standard of multi-center studies as 
far as communication among participants and VMT is concerned and also data exchange 
and analysis and implementing quality assurance. 
Therefore, the experts of the PRP are concluding that the answer is “yes” based on the 
summaries of the face-to-face meetings and the conference calls. 

 
Conclusions 
The panel concluded that the reproducibility and predictivity of the Hand1-Luc EST assay is 
sufficient to support its use as an in vitro test to identify with high confidence chemicals which 
are toxic to prenatal development. It could become a high-throughput test for eliminating 
developmental toxicants early within the screening of chemicals to be used in patents and 
consumers and to which workers and the environment are exposed. The panel also 
concluded that compared to in vivo testing for developmental toxicity the new in vitro test 
does not require to sacrifice pregnant animals, considerably reduces cost, time and required 
expertise. The panel proposed that with the high positive predictive value of the validated 
prediction model the new in vitro test ideally fits to identify chemicals with a high potential of 
developmental toxicity within an IATA for assessing developmental toxicity in vitro. In this 
integrated strategy, negative results in the Hand1-Luc EST assay would require further 
testing in vitro or in vivo animals.  
Thus, it should not be used as a stand-alone assay. 

Roland Buesen
What about overhead costs?

Hakkinen, Pertti (NIH/NLM) [E]
I suggest stating: “The kit is expected to soon decrease in cost.  An option is to sell cells via aMaterial Transfer Agreement that allows the user to create its own stock

Hakkinen, Pertti (NIH/NLM) [E]
I suggest stating : Finally, increasing the number of chemicals will only have a small impact on the time needed to conduct the Hand1-Luc EST,  especially during cell seeding.


GRIGNARD Elise (JRC-ISPRA)
The sensitivity is very low. This should be explaines/discussed.

Hakkinen, Pertti (NIH/NLM) [E]
I suggest changing “to identify with high confidence” to “with high confidence to identify”

Hakkinen, Pertti (NIH/NLM) [E]
I suggest changing “to sacrifice pregnant animals” to “the sacrifice of pregnant animals”

Hakkinen, Pertti (NIH/NLM) [E]
Could delete “animals” and just state “or in vivo.”
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Appendix 3 
Glossary 

 
5-FU   5-Fluorouracil 
3T3   BALB/c 3T3 cells derived from mouse embryonic fibroblast cells  

(American Type Culture Collection) 
BfR Bundesinstitut für Risokobewertung, Federal Institute for Risk   

Assessment (G) 
BASF   Badische Anilin und Soda Fabrik AG, Ludwigshafen (G)    
CellTiter fluor  Cell Viability Assay is a non-lytic, single-reagent-addition fluorescence  

assay  that measures the relative number of viable cells in a population. 
D3   Mouse embryonic stem cells clone D3  
DMSO   Dimethyl Sulfoxide 
EST   Embryonic Stem Cell Test 
EURL ECVAM  European Union Reference Laboratory at the JRC, Ispra (I)  
Hand1   Heart and neural crest derivatives expressed 1  
ICCVAM  Interagency Coordinating Committee on the Validation of Alternative 
   Methods 
IC50   Cytotoxicity was expressed as the concentration of chemical that  

reduces the viability of cells to 50% 
ID50   The inhibition of differentiation was expressed as the concentration of  

the test chemical that reduces the luminescence by 50% 
JaCVAM  Japanese Center for the Validation of Alternative Methods  
KoCVAM  Korean Center for the Validation of Alternative Methods 
METI   Ministry of Economy Trade and Industry 
NEDO   New Energy Development Organization 
NICEATM  NTP Interagency Center for the Evaluation of Alternative   
           Toxicological Methods 
OECD   Organization for Economic Co-Operation and development 
PBS   Phosphate Buffer Saline 
Steady-Glo  Product designed for a high-throughput quantitation of luciferase  

expression in  mammalian cells is commonly performed by batch  
processing of 96- and 384-well plates. 

VMT   Validation Management Team 

 

sysusr
Is the country indication necessary?
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