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ANNEX 4 
 

Stably Transfected Human Estrogen Receptor-α Transactivation Assay for Detection of Estrogenic 
Agonist and Antagonist Activity of Chemicals using the ERα CALUX cell line 

 
 
 
 

INITIAL CONSIDERATIONS AND LIMITATIONS (See also GENERAL INTRODUCTION, page 
1) 

 
1. The ERα CALUX transactivation assay uses the human U2OS cell line to detect estrogenic agonist 
and antagonist activity mediated through human estrogen receptor alpha (hERα). The validation study of the 
stably transfected ERα CALUX bioassay by BioDetection Systems BV (Amsterdam, the Netherlands) using 
the human U2OS cell line to detect estrogenic agonist and antagonist activity mediated through human 
estrogen receptor alpha (hERα) demonstrated the relevance and reliability of the assay for its intended 
purpose (1). The ERα CALUX cell line expresses stably transfected human ERα only (2) (3). 

 
2. This test method is specifically designed to detect hERα-mediated transactivation by measuring 
chemiluminescence as the endpoint. The use of chemiluminescence is commonly used in bioassays because 
of the high signal-to-noise ratio (4). 

 
3. Phytoestrogen concentrations higher than 1 µM have been reported to over-activate the luciferase 
reporter gene, resulting in non-receptor-mediated luminescence (5) (6). Therefore, higher concentrations of 
phytoestrogens or other similar compounds that can over activate the luciferase expression, have to be 
examined carefully in stably transfected ER transactivation assays (see Appendix 2). 

 
4. The “GENERAL INTRODUCTION” and “ER TA TEST METHOD COMPONENTS” (pages 
1-14) should be read before using this test method for regulatory purposes. Definitions and abbreviations 
used in this TG are described in Annex 1. 

 
PRINCIPLE OF THE TEST METHOD (See also GENERAL INTRODUCTION, page 1) 

 
5. The bioassay is used to assess ER ligand binding and subsequent translocation of the receptor-
ligand complex to the nucleus. In the nucleus, the receptor-ligand complex binds specific DNA response 
elements and transactivates a firefly luciferase reporter gene, resulting in increased cellular expression 
of luciferase enzyme. Following the addition of the luciferase substrate luciferine, the luciferine is 
transformed into a bioluminescent product. The light produced can easily be detected and quantified 
using a luminometer.  
 
6. The test system utilises stably transfected ERα CALUX cells.  ERα CALUX cells originated from the 
human osteoblastic osteosarcoma U2-OS cell line. Human U2-OS cells were stably transfected with 
3xHRE-TATA-Luc and pSG5-neo-hERα using the calcium phosphate co-precipitation method. The U2-OS 
cell line was selected as the best candidate to serve as the estrogen- (and other steroid hormone) responsive 
reporter cell line, based on the observation that the U2-OS cell line showed little or no endogenous receptor 
activity using reporter plasmids only. Furthermore, this cell line supported strong hormone-mediated 
responses when cognate receptors were transiently introduced (2) (3) (7). 
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7. Testing chemicals for estrogenic or anti-estrogenic activity using the ERα CALUX cell line include a 
prescreen run and comprehensive runs. During the pre-screen run, the solubility, cytotoxicity and a refined 
concentration-range of test chemicals for comprehensive testing are determined. During the comprehensive 
runs, the refined concentration-ranges of test chemicals, are tested in the ERα CALUX bioassays followed 
by classification of the test chemicals for agonism or antagonism.  
 
8. Criteria for data interpretation are described in detail in paragraph 59. Briefly, a test chemical is 
considered positive for agonism in case at least two consecutive concentrations of the test chemical show a 
response that is equal or higher than 10% of the maximum response of the reference standard 17β-estradiol 
(PC10). A test chemical is considered positive for antagonism in case at least two consecutive concentrations 
of the test chemical show a response that is equal or lower than 80% of the maximum response of the 
reference standard tamoxifen (PC80).  
 

 
PROCEDURE 

 
Cell Lines 

 
9. The stably transfected U2-OS ERα CALUX cell line should be used for the assay. The cell line can be 
obtained from BioDetection Systems BV, Amsterdam, the Netherlands with a technical licensing agreement. 
 
10. Only mycoplasma free cell cultures should be used. Cell batches used should either be certified 
negative for mycoplasma contamination, or a mycoplasma test should be performed before use. RT-PCR 
(Real Time Polymerase Chain Reaction) should be used for sensitive detection of mycoplasma infection (8). 
 
Stability of the cell line 

 
11. To maintain the stability and integrity of the CALUX cells, the cells should be stored in liquid 
nitrogen (-800C). Following thawing of cells to start a new culture, cells should be sub-cultured at least 
twice before being used to assess the estrogenic agonist and antagonist activity of chemicals. Cells should 
not be sub-cultured for more than 30 passages.  
 
12. To monitor the stability of the cell line over time, the responsiveness of the agonistic and 
antagonistic test system should be verified by evaluating the EC50 or IC50 of the reference standard. In 
addition, the relative induction of the positive control sample (PC) and the negative control sample (NC) 
should be monitored. The results should be in agreement with the acceptance criteria for the agonistic 
(Table 3C) or antagonistic ERα CALUX bioassay (Table 4C). The reference standards, positive and 
negative controls are given in Table 1 and Table 2 for the agonistic and antagonistic mode respectively. 

 
Cell Culture and Plating Conditions 

 
13. The U2-OS cells should be cultured in growth medium (DMEM/F12 (1:1) medium with phenol red 
as pH indicator, supplemented with fetal bovine serum (7.5%), non-essential amino acids (1%), 10 
Units/ml of penicillin, streptomycin and geneticin (G-418) as selection marker). Cells should be placed in 
a CO2 incubator (5% CO2) at 370C and 100% humidity. When cells reach an 85-95% confluency, cells 
should either be subcultured or prepared for seeding in 96-wells microtiterplates. In case of the latter, 
cells should be resuspended at 1x105 cells/ml in estrogen-free assay medium (DMEM/F12 (1:1) medium 
without phenol red, supplemented with Dextran-Coated Charcoal treated fetal bovine serum (5%), non-
essential amino acids (1%), 10 Units/ml of penicillin and streptomycin) and plated into the wells of the 
96-wells microtiterplates (100 µl of homogenised cell suspension). Cells should be pre-incubated in a CO2 
incubator (5% CO2, 370C, 100% humidity) for 24 hours prior to exposure. Plastic ware should be 
estrogenic free. 
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Acceptability criteria 
 
14. Agonistic and antagonistic activities of the test chemical are tested in test series. A test series 
consists of a maximum of 6 microtiter plates. Each test series contains at least 1 full series of dilutions of a 
reference standard, a positive control sample, a negative control sample and solvent controls. In Figure 1 
and 2, the plate setup for agonistic and antagonistic tests series are given. 
 
15. All reference standards, test chemicals, solvent controls, positive controls and negative controls 
should be analysed in triplicate. Each of the triplicate analyses should fulfil the requirements given in Table 
3A and Table 4A). 
 
16. A complete series of dilutions of the reference standard (17β-estradiol for antagonism; tamoxifen 
for antagonism) is measured on the first plate in each test series. To be able to compare the analysis results 
of the remaining 5 microtiter plates with the first microtiter plate containing the complete concentration-
response curve of the reference standard, all plates should contain 3 control samples: solvent control, the 
highest concentration of the reference standard tested, and the approximate EC50 (agonism) or IC50 
(antagonism) concentration of the reference standard. The ratio of the average control samples on the first 
plate and the remaining 5 plates should fulfil the requirements as given in Table 3C (agonism) or Table 4C 
(antagonism). 
 
17. For each of the microtiter plates within a test series, the z-factor is calculated. A microtiter plate is 
considered valid in case it fulfils the requirements as stated in Table 3C (agonism) or Table 4C 
(antagonism). 
 
18. The reference standard should demonstrate a sigmodial dose-response curve. The EC50 or IC50 
derived from the response of the series of dilutions of the reference standard, should fulfil the requirements 
as indicated in Table 3C (agonism) or Table 4C (antagonism). 
 
19. Each test series should contain a positive control and negative control sample. The calculated 
relative induction of both the positive and negative control sample should fulfil the requirements as 
indicated in Table 3C (agonism) or Table 4C (antagonism). 
 
20. During all measurements, the induction factor of the highest concentration of the reference standard 
should be measured by dividing the average highest 17β-estradiol reference standard relative light unit 
(RLU) response by the average reference solvent control RLU response. This induction factor should fulfil 
the minimum requirements for the fold induction as indicated in Table 3C (agonism) or Table 4C 
(antagonism). 
 
21. Only microtiter plates that fulfil all above mentioned acceptance criteria are considered valid and can  
be used to evaluate the response of test chemicals. 
 
22. The acceptance criteria are applicable to both prescreen runs and comprehensive runs. 
 
 

Table 1 Concentrations of reference standard, positive control (PC) and negative control (NC) for the 
agonistic CALUX bioassay 

 Substance CAS no. Test range (M) 

Reference standard 17β-estradiol 50-28-2 1.0*10-13 - 1.0*10-10 
Positive control (PC) 17α-methyltestosterone 58-18-4 3.0*10-06 
Negative control (NC) corticosterone 50-22-6 1.0*10-08 
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Table 2 Concentrations of reference standard, positive control (PC) and negative control (NC) for the 
antagonistic CALUX bioassay 

 Substance CAS no. Test range (M) 

Reference standard tamoxifen 10540-29-1 3.0*10-09 - 1.0*10-05 
Positive control (PC) 4-hydroxytamoxifen 68047-06-3 1.0*10-09 
Negative control (NC) resveratrol 501-36-0 1.0*10-05 

 
Table 3  Acceptance criteria for the agonistic ERα CALUX bioassay. 
A - individual samples on a plate Criterium 
1 Maximum %SD of triplicate wells (reference standard, test chemical, PC, NC) < 15% 
2 Maximum %SD of triplicate wells (reference standard and test chemical solvent controls (C0, CS) < 30% 
3 Maximum LDH leakage, as a measure of cytotoxicity. < 120% 
   
B - within a single microtiter plate  

4 Ratio of the reference standard solvent control (C0;  plate 1) and test chemical solvent control (CS; 
plates 2 to x) 0.5 to 2.0 

5 Ratio of the appr. EC50 and highest reference standard concentrations on plate 1 and the appr. EC50 
and highest reference standard concentrations on plates 2 to x (C4, C8) 0.70 to 1.30 

6 Z-factor for each plate >0.6 
   
C - within a single series of analyses (all plates within one series)  
7 Sigmoidal curve of reference standard  Yes (17ß-estradiol) 
8 EC50 range reference standard 17ß-estradiol 4*10-12 – 4*10-11 M 

9 Minimum fold induction of the highest 17ß-estradiol concentration, with respect to the reference 
standard solvent control. 5 

10 Relative induction (%) PC. > 30% 
11 Relative induction (%) NC <10% 
Appr.: approximative; PC: positive control; NC: negative control 
 
Table 4 Acceptance criteria for the antagonistic ERα CALUX bioassay. 
A - individual samples on a plate Criterium 
1 Maximum %SD of triplicate wells (reference standard, test chemical, PC, NC, solvent control (C0)) < 15% 

2 Maximum %SD of triplicate wells (vehicle control (VC), highest reference standard concentration 
(C8)) < 30% 

3 Maximum LDH leakage, as a measure of cytotoxicity. < 120% 
   
B - within a single microtiter plate  

4 Ratio of the reference standard solvent control (C0; plate 1) and test chemical solvent control (SC; 
plates 2 to x) 0.70 to 1.30 

5 Ratio of the appr. IC50 reference standard concentrations on plate 1 and the appr. IC50 reference 
standard concentrations on plates 2 to x (C4) 0.70 to 1.30 

6 Ratio of the highest reference standard concentrations on plate 1 and the highest reference standard 
concentrations on plates 2 to x (C8) 0.50 to 2.0 

7 Z-factor for each plate >0.6 
   
C - within a single series of analyses (all plates within one series)  
8 Sigmoidal curve of reference standard Yes (Tamoxifen) 
9 IC50 range reference standard (Tamoxifen) 1*10-8 - 1*10-7 M 

10 Minimum fold induction of the reference standard solvent control, with respect to the highest 
Tamoxifen concentration.  2.5 

11 Relative induction (%) PC. <70% 
12 Relative induction (%) NC >85% 
Appr.: approximative; PC: positive control; NC: negative control 
 

Vehicle/solvent control, reference standards, positive controls, negative controls 
 
23. For both the prescreen run and comprehensive runs, the same vehicle control, reference standards, 
positive controls and negative controls should be used. In addition, the concentration of reference standards, 
positive controls and negative controls should be the same. 
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Vehicle/solvent control 
24. The solvent used to dissolve the test chemicals should be tested as a vehicle/solvent control. 
Dimethylsulfoxide (DMSO, 1% (v/v); CASRN 67-68-5) was used as vehicle during the validation of the ERα 
CALUX bioassay. If a solvent other than DMSO is used, all reference standards, controls, and test chemicals 
should be tested in the same vehicle. 

 
Reference standards 
25. The agonistic reference standard is 17β-estradiol (Table 1). The reference standards comprise a series 
of dilutions of eight concentrations of 17β-estradiol (1.0*10-13, 3.0*10-13, 1.0*10-12, 3.0*10-12, 6.0*10-12, 
1.0*10-11, 3.0*10-11, 1.0*10-10 M). 
 
26. The antagonistic reference standard is tamoxifen (Table 2). The reference standards comprise a series 
of dilutions of eight concentrations of tamoxifen (3.0*10-09, 1.0*10-08, 3.0*10-08, 1.0*10-07, 3.0*10-07, 1.0*10-

06, 3.0*10-06, 1.0*10-05 M). Each of the concentrations of the antagonistic reference standard is co-incubated 
with a fixed concentration of the agonistic reference standard 17β-estradiol (3.0*10-12 M). 
 
Positive control 
27. The positive control for agonistic studies is 17α-methyltestosterone (Table 1).  
 
28. The positive control for antagonistic studies is 4-hydroxytamoxifen (Table 2). The antagonistic 
positive control is co-incubated with a fixed concentration of the agonistic reference standard 17β-estradiol 
(3.0*10-12 M). 
 
Negative control 
29. The negative control for agonistic studies is corticosterone (Table 1).  
 
30. The negative control for antagonistic studies is resveratrol (Table 2). The antagonistic negative 
control is co-incubated with a fixed concentration of the agonistic reference standard 17β-estradiol (3.0*10-12 
M). 
 
 
Demonstration of Laboratory Proficiency (see paragraph 14 and Tables 3 and 4 in « ER TA TEST 
METHOD COMPONENTS» of this Test Guideline (pages 8-15)) 
 
 
Vehicle 
 
31. The solvent used to dissolve test chemicals should solubilise the test chemical completely and should 
be miscible with the cell medium. DMSO, water and ethanol (95% to 100% purity) are suitable solvents. In 
case DMSO is used as solvent, the maximum concentration of DMSO during incubation should not exceed 
1% (v/v). Prior to use, the solvent should be tested for absence of cytotoxicity and interference with the 
assays performance. 
 
 
Preparation of Reference Standards, Positive Controls, Negative Controls and Test Chemicals 
 
32. Reference standards, positive controls, negative controls and test chemicals are dissolved in 100% 
DMSO (or an appropriate solvent). Appropriate (serial) dilutions should then be prepared in the same solvent. 
Before being dissolved, all substances should be allowed to equilibrate to room temperature. Freshly 
prepared stock solutions of reference standards, positive controls, negative controls and test chemicals should 
not have noticeable precipitate or cloudiness. Reference standard and control stocks may be prepared in bulk. 
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Stock solutions of test chemical should be prepared fresh before each experiment. Final dilutions of reference 
standards, positive controls, negative controls and test chemicals should be prepared for each experiment 
fresh and used within 24 hours of preparation. 
 
 
Solubility, Cytotoxicity and Range Finding. 
 
33. During the prescreen run, the solubility of the test chemicals in the solvent of choice is determined. A 
maximum stock concentration of 0.1 M is prepared. In case this concentration shows solubility problems, 
lower stock solutions should be prepared until test chemicals are fully solubilized. During the prescreen run, 
1:10 serial dilutions of test chemical are tested. The maximum concentration for agonist or antagonist testing 
is 1 mM. Following prescreening, an appropriate refined concentration range for test chemicals is derived 
that should be tested during the comprehensive runs. The dilutions used for comprehensive testing should be 
1x, 3x, 10x, 30x, 100x, 300x, 1000x and 3000x. 
 
34. Cytotoxicity testing is included in the agonist and antagonist test method protocol (9). Cytotoxicity 
testing is incorporated in both the prescreen run and comprehensive runs. The method used to assess 
cytotoxicity during the validation of the ERα CALUX bioassay was the lactate dehydrogenase (LDH) 
leakage test in combination with qualitative visual inspection of cells (see Appendix) following exposure to 
test chemicals. However, other quantitative methods for the determination of cytotoxicity (e.g. tetrazolium-
based colorimetric (MTT) assay or cytotoxicity CALUX bioassay) can be used. In general, test chemical 
concentrations that show more than 20% reduction of cell viability are considered cytotoxic and therefore 
cannot be used for data evaluation. With respect to the LDH leakage assay, the concentration of the test 
chemical is regarded cytotoxic when the percentage LDH leakage is higher than 120%. 
 
 
Test Chemical Exposure and Assay Plate Organisation 
 
35. Following trypsination of a confluent flask of cultured cells, cells are re-suspended at 1x105 cells/ml 
in estrogen-free assay medium. Hundred µl of re-suspended cells are plated in the inner-wells of a 96-well 
microtiter plate. The outer wells are filled with 200 µl of Phosphate Buffered Saline (PBS) (see Figures 1 and 
2). The plated cells are pre-incubated for 24 hours in a CO2 incubator (5% CO2, 370C, 100% humidity).  
 
36. After pre-incubation, the plates are inspected for visual cytotoxicity (see Appendix), contamination 
and confluence. Only plates that show no visual cytotoxicity, contamination and have a minimum of 85% 
confluence are used for testing. The medium form the inner wells is carefully removed and replaced by 200 
µl of estrogen free assay medium containing appropriate dilutions series of reference standards, test 
chemicals, positive controls, negative controls and solvent controls (Table 5: agonist studies; Table 6: 
antagonist studies). All reference standards, test chemicals, positive controls, negative controls and solvent 
controls are tested in triplicate. In Figure 1, the plate layout for agonist testing is given. In Figure 2, the plate 
layout for antagonist testing is given. The plate layout for prescreen testing and comprehensive testing is 
identical. For antagonist testing, all inner-wells, except for the vehicle control wells (VC), also contain a fixed 
concentration of agonist reference standard 17β-estradiol (3.0*10-12 M). Note that reference standards C8 
and C4 should be added to each TC plate.  
 
37. Following exposure of the cells to all chemicals, the 96-wells microtiterplates should be incubated for 
another 24 hours in a CO2 incubator (5% CO2, 370C, 100% humidity). 
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Figure 1  Plate Lay-out of the of the 96 microtiter plates for prescreening and assessment of agonistic effect. 

 
C0 = reference standard solvent. 
C(1-8)   = series of dilutions (1-8, low-to-high concentrations) of reference standard. 
PC   =  positive control. 
NC  =  negative control. 
TCx-(1-8)   = dilutions (1-8, low-to-high concentrations) of test chemical for the prescreen run and assessment of 

agonistic effect of test chemical x.  
SC  = solvent control of the test chemical. 

 
Figure 2  Plate Lay-out of the of the 96 microtiter plates for antagonistic prescreening and assessment of 

antagonistic effect.  

 
C0 = reference standard solvent. 
C(1-8)   = series of dilutions (1-8, low-to-high concentrations) of reference standard. 
NC  =  negative control. 
PC   =  positive control. 
TCx-(1-8)   = dilutions (1-8, low-to-high concentrations) of test chemical for the prescreen run and assessment of 

agonistic effect of test chemical x. 
SC  = solvent control of the test chemical. 
VC = vehicle control. 

Note:  all inner-wells, except for the vehicle control wells (VC), also contain a fixed concentration of agonist reference standard 17β-estradiol 
(3.0*10-12 M) 
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Measurement of Luminescence 
 
38. The measurement of luminescence is described in detail in the agonist and antagonist test method 
protocol (9). The medium from the wells should be removed and the cells should be lysed following 24 hours 
of incubation.  
 
39. For measuring the luminescence, this procedure requires a luminometer equipped with 2 injectors. 
The luciferase reaction is started by injection of the substrate luciferin. The reaction is stopped by addition of 
0.2 M NaOH.  The reaction is stopped to prevent carry over of luminescence from one well to the other. 
 
40. Light emitted from each well is expressed as Relative Light Units (RLUs) per well.  
 
 
Prescreen run 
 

41. The prescreen analysis results are used to determine a refined concentration-range of test chemicals for 
comprehensive testing. Evaluation of prescreen analysis results and the determination of the refined 
concentration-range of test chemicals for comprehensive testing, is described in depth in the agonist and 
antagonist test method protocol (9). Here, a brief summary of the procedures for determining the 
concentration range of test chemicals for agonist and antagonist testing, is given. See Tables 5 and 6 for 
guidance of serial dilution design.  

 
Selection of concentrations for assessment of agonistic effects 
 
42. During the prescreen run, test chemicals should be tested using the series of dilutions series as 
indicated in Tables 5 (agonism) and 6 (antagonism). All concentrations should be tested in triplicate wells 
according to the plate layout as indicated in Figure 1 (agonism) or 2 (antagonism). 
 
43. Only analysis results that fulfil the acceptance criteria (Table 3) are considered valid and can be used 
to evaluate the response of test chemicals. In case one or more microtiter plates in an analysis series fail to 
fulfil the acceptance criteria, the respective microtiterplates should be re-analysed. In case the first plate 
containing the complete series of dilutions of the reference standard fails the acceptance criteria, the complete 
test series (6 plates) have to be re-analysed. 
 
44. Initial concentration ranges of test chemicals should be adjusted and the prescreen run should be 
repeated in case: 
- cytotoxicity is observed. The prescreen procedure should be repeated with lower non-cytotoxic 
concentrations of the test chemical. 
- the prescreen of the test chemical does not show a full dose-response curve. The concentrations tested 
do not generate induction at background levels (no induction observed). The prescreen run should be repeated 
using lower concentrations of the test chemical. 
 
45. When a valid dose-related response is observed, the (lowest) concentration at which maximum 
induction is observed and does not show cytotoxicity, should be selected. The highest concentration of the 
test chemical to be tested in the comprehensive runs, should be 3-times this selected concentration. 
  
46. A complete refined dilution series of the test chemical should be prepared with dilutions steps as 
indicated in Table 5, starting with the highest concentration as determined above. 
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47. A test chemicals that does not elicit any agonistic effects, should be tested in the comprehensive runs 
starting with the highest, non-cytotoxic concentration tested during prescreening.  
 
 
Selection of concentrations for assessment of antagonistic effects 
 
48. Only analysis results that fulfil the acceptance criteria (Table 4) are considered valid and can be used 
to evaluate the response of test chemicals. In case one or more microtiter plates in an analysis series fail to 
fulfil the acceptance criteria, the respective microtiterplates should be re-analysed. In case the first plate 
containing the complete series of dilutions of the reference standard fails the acceptance criteria, the complete 
test series (6 plates) have to be re-analysed. 
 
49. Initial concentration ranges of test chemicals should be adjusted and the prescreen run should be 
repeated in case: 
- cytotoxicity is observed. The prescreen procedure should be repeated with lower non-cytotoxic 
concentrations of the test chemical. 
- the prescreen of the test chemical does not show a full dose-response curve. The concentrations tested 
do not generate maximum induction (no inhibition observed). The prescreen should be repeated using lower 
concentrations of the test chemical. 
 
50. When a valid dose-related response is found, the (lowest) concentration at which maximum inhibition 
is observed and does not show cytotoxicity, should be selected. The highest concentration of the test chemical 
to be tested in the comprehensive runs, should be 3-times this selected concentration.  
 
51. A complete refined dilution series of the test chemical should be prepared with the dilutions steps as 
indicated in Table 6, starting with the highest concentration as determined above. 
 
52. Test chemicals that do not elicit any antagonistic effects, should be tested in the comprehensive runs 
starting with the highest, non-cytotoxic concentration tested during prescreening.  
 
Comprehensive runs 
 
53. Following the selection of the refined concentration ranges, test chemicals should be tested 
comprehensively using the series of dilutions as indicated in Tables 5 (agonism) and 6 (antagonism). All 
concentrations should be tested in triplicate wells according to the plate layout as indicated in Figure 1 
(agonism) or 2 (antagonism). 
 
54. Only analysis results that fulfil the acceptance criteria (Table 3 and 4) are considered valid and can be 
used to evaluate the response of test chemicals. In case one or more microtiter plates in an analysis series fail 
to fulfil the acceptance criteria, the respective microtiterplates should be re-analysed. In case the first plate 
containing the complete series of dilutions of the reference standard fails the acceptance criteria, the complete 
test series (6 plates) have to be re-analysed. 
 
55. At least two independent comprehensive runs should be conducted for each test chemical. In case the 
analysis results of the test chemicals contradict each other (e.g. one test is positive, the other negative), or if 
one of the tests is inadequate, a third additional and independent test should be conducted. 
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Table 5 Concentration and dilutions of reference standards, controls and test chemicals used for 
agonist testing 

Reference 17β-estradiol TCx - prescreen run TCx - comprehensive run Controls 
conc. (M) dilution dilution conc. (M) 

C0 0 TCx-1 10000000 x TCx-1 3000 x PC 3.0*10-06 
C1 1.0*10-13 TCx-2 1000000 x TCx-2 1000 x NC 1.0*10-08 
C2  3.0*10-13 TCx-3 100000 x TCx-3 300 x C0 0 
C3 1.0*10-12 TCx-4 10000 x TCx-4 100 x SC 0 
C4 3.0*10-12 TCx-5 1000 x TCx-5 30 x   
C5  6.0*10-12 TCx-6 100 x TCx-6 10 x   
C6 1.0*10-11 TCx-7 10 x TCx-7 3 x   
C7 3.0*10-11 TCx-8 1 x TCx-8 1 x   
C8 1.0*10-10             

TCx - test chemical x 
PC - positive control (17α-methyltestosterone) 
NC - negative control (corticosterone) 
C0 - reference standard solvent control 
SC - test chemical solvent control 
 
Table 6 Concentration and dilutions of reference standards, controls and test chemicals used for 
antagonist testing 

Reference tamoxifen TCx - prescreen run TCx - comprehensive run Controls 
conc. (M) dilution dilution conc. (M) 

C0 0 TCx-1 10000000 x TCx-1 3000 x PC 1.0*10-09 
C1 3.0*10-09 TCx-2 1000000 x TCx-2 1000 x NC 1.0*10-05 
C2 1.0*10-08 TCx-3 100000 x TCx-3 300 x C0 0 
C3 3.0*10-08 TCx-4 10000 x TCx-4 100 x SC 0 
C4 1.0*10-07 TCx-5 1000 x TCx-5 30 x   
C5 3.0*10-07 TCx-6 100 x TCx-6 10 x Supplemented agonist 
C6 1.0*10-06 TCx-7 10 x TCx-7 3 x conc. (M) 
C7 3.0*10-06 TCx-8 1 x TCx-8 1 x  17β-estradiol  3.0*10-12 
C8 1.0*10-05           

TCx - test chemical x 
PC - positive control (4-hydroxytamoxifen) 
NC - negative control (resveratrol) 
C0 - reference standard solvent control 
SC - test chemical solvent control 
VC -  vehicle control (does not contain fixed concentration of the agonistic reference standard 17β-estradiol (3.0*10-12 M) 

 
 
Collection of Data and Data Analysis 
 

56. Following the prescreen and comprehensive runs, the EC10, EC50, PC10, PC50 and maximum induction 
(TCxmax) of a test chemical should be determined for agonistic testing. For antagonistic testing, the IC20, IC50, 
PC80, PC50 and minimum induction (TCxmin) should be calculated. In Figure 3 (agonism) and 4 (antagonism), 
a graphical representation of these parameters are given. The required parameters are calculated based on the 
relative induction of each test chemical (relative to the maximum induction of the reference standard 
(=100%)). Non-linear regression (variable slope, 4 parameters) should be used for evaluation of data 
according to the following equation: 

 

 

 
X =  Log of dose or concentration 
Y =  Response (relative induction (%)) 
Top =  Maximum induction (%) 
Bottom =  Minimum induction (%) 

 
 
LogEC50 =  Log of concentration at which 50% 

of maximum response is observed 
HillSlope =  Slope factor of Hill slope

57. Raw data from the luminometer, expressed as Relative Light Units (RLUs), should be transfer to the 
data analysis spreadsheet designed for the prescreen and comprehensive runs. Raw data should meet the 
acceptance criteria as indicated in Table 3a and 3b (agonism) or 4a and 4b (antagonism). In case the raw data 
meet the acceptance criteria, the following calculations are performed to determine the required parameters: 

( )
( )( )( )HillSlopexLogEC

BottomTopBottomy *50101 −+
−

+=
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Agonism   

- Subtract the average RLU of the reference standard solvent blank from each of the raw analysis 
data of the reference standard s. 

- Subtract the average RLU for the test chemical solvent blank from each of the raw analysis data 
of the test chemicals. 

- Calculate the relative induction of each concentration of the reference standard. Set the induction 
of the highest concentration of the reference standard at 100%. 

- Calculate the relative induction of each concentration of test chemical using the highest 
concentration of the reference standard as 100%. 

- Evaluate the analysis results following non-linear regression (variable slope, 4 parameters). 
- Determine the EC50 and EC10 of the reference standard . 
- Determine the EC50 and EC10 of the test chemicals. 
- Determine the maximum relative induction of the test chemical (TCmax). 
- Determine the PC10 and PC50 of the test chemicals. 
 

For test chemicals, a full dose-response curve may not always be achieved due to e.g. cytotoxicity or 
solubility problems.  Hence, the EC50, EC10 and PC50 can not be determined. In such case, only the PC10 and 
TCmax can be determined. 
 
Antagonism   

- Subtract the average RLU of the highest reference standard concentration from each of the raw 
analysis data of the reference standard s. 

- Subtract the average RLU of the highest reference standard concentration from each of the raw 
analysis data of the test chemicals. 

- Calculate the relative induction of each concentration of the reference standard. Set the induction 
of the lowest concentration of the reference standard at 100%. 

- Calculate the relative induction of each concentration of test chemical using the lowest 
concentration of the reference standard as 100%. 

- Evaluate the analysis results following non-linear regression (variable slope, 4 parameters). 
- Determine the IC50 and IC20 of the reference standard . 
- Determine the IC50 and IC20 of the test chemicals. 
- Determine the minimum relative induction of the test chemical (TCmin). 
- Determine the PC80 and PC50 of the test chemicals. 
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Figure 3  Overview of parameters determined in the agonist assay.  

EC10 = concentration of a substance at which 10% of its maximum response is observed. 
EC50   = concentration of a substance at which 50% of its maximum response is observed. 
PC10  =  concentration of a test chemical at which its response is equal to the EC10 of the reference standard . 
PC50   =  concentration of a test chemical at which its response is equal to the EC50 of the reference standard . 
TCxmax   = maximum relative induction of test chemical. 
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Figure 4  Overview of parameters determined in the antagonist assay.  

IC20 = concentration of a substance at which 80% of its maximum response is observed (20% inhibition). 
IC50   = concentration of a substance at which 50% of its maximum response is observed (50% inhibition). 
PC80  =  concentration of a test chemical at which its response is equal to the IC20 of the reference standard . 
PC50   =  concentration of a test chemical at which its response is equal to the IC50 of the reference standard . 
TCxmin   = minimum relative induction of test chemical. 

 
 
For test chemicals, a full dose-response curve may not always be achieved due to e.g. cytotoxicity or 
solubility problems.  Hence, the IC50, IC20 and PC50 can not be determined. In such case, only the PC20 and 
TImin can be determined. 
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Data Interpretation Criteria 
 
 
58. For the interpretation of data and the decision whether a test chemical is considered positive or 
negative, the following criteria are to be used: 
 
Agonism 
For each comprehensive run, a test chemical is considered positive in case: 
1 The TCmax is equal or exceeds 10% of the maximum response of the reference standard (REF10). 
2 At least 2 consecutive concentrations of the test chemical are equal to or exceed the REF10. 
 
For each comprehensive run, a test chemical is considered negative in case: 
1 The TCmax does not exceed 10% of the maximum response of the reference standard (REF10). 
2 Less than 2 concentrations of the test chemical are equal to or exceed the REF10. 
 
Antagonism 
For each comprehensive run, a test chemical is considered positive in case: 
1 The TCmin is equal or lower than 80% of the maximum response of the reference standard (REF80 = 

20% inhibition). 
2 At least 2 consecutive concentrations of the test chemical are equal to or lower than the REF80. 
 
For each comprehensive run, a test chemical is considered negative in case: 
1 The TCmin exceeds 80% of the maximum response of the reference standard (REF80 = 20% 

inhibition). 
2 Less than 2 concentrations of the test chemical are equal to or lower than the REF80. 
 
59. To characterise the potency of the positive response of a test chemical, the magnitude of the effect 
(agonism: TCmax; antagonism: TCmin) and the concentration at which the effect occurs (agonism: EC10, EC50, 
PC10, PC50; antagonism: IC20, IC50, PC80, PC50) should be reported. 
 
 
TEST REPORT 
 
60. See paragraph 20 of “ER TA TEST METHOD COMPONENTS” (Pages 8-14 of this Test 
Guideline)  
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Appendix 1: Visual inspection of cell viability 

  
<5% confluency. Cells have just been seeded. 100% cell 
viability.  
Classification: “no cytotoxicity” 

 

  
> 85% confluency. At this stage, cells are exposed to test 
items. > 95% cell viability. 
Classification: “no cytotoxicity” 

 

 
> 95% confluency. Cells are densely packed and start to 
overgrow. > 95% cell viability. 
Classification: “no cytotoxicity” 

  

  
< 25% cell viability. Cells become detached and contact 
between cells decreases. Cells are rounded. 
Classification: “cytotoxicity 

 

< 5% cell viability. Cell are fully detached and 
contact between cells is broken. Cells are rounded. 
Classification: “cytotoxicity” 
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