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ReproTracker assay results. Methotrexate exposure during cell differentiation led to a concentration-dependent decrease in expression of multiple biomarkers, including late 

biomarker AFP, within the ReproTracker assay. Additionally, it disrupted the morphology of hepatocytes and neural rosettes and stopped the contraction ability of cardiomyocytes. 

Consequently, based on the assay criteria, methotrexate was correctly categorized as a teratogen in ReproTracker.

DevTox GLR Endo assay results. 

Methotrexate exposure resulted in a 

minor increase in percentage activity 

relative to control for SOX17-positive 

cells in the DevTox GLR Endo assay. 

Since the observed effect did not exceed 

the baseline and noise band (gray 

striped box), methotrexate was 

misclassified as a non-teratogen in the 

assay. 

TeraTox assay results. Exposure 

to methotrexate resulted in a 

positive teratogenicity response 

coinciding with a decrease in cell 

viability. With a TeraTox score of 

-0.23, methotrexate was 

misclassified as a non-teratogen 

in the TeraTox assay. 

Developmental toxicity prediction for methotrexate

Teratogens

Non-teratogens

Summary of results

Conclusions
• Here, we compared three human pluripotent stem cell-based in vitro assays of 

distinct assay duration for predicting developmental toxicity.

• Opposed to the DevTox GLR Endo and TeraTox assays, ReproTracker could 
correctly predict teratogenic properties of multiple compounds (e.g. methotrexate 
and warfarin). The latter assay demonstrated pronounced effects on tissue-specific 
markers, underscoring the importance of incorporating late biomarkers as assay 
endpoints in detecting a wider range of potential teratogens.

• The current data demonstrates that the trilineage differentiation in ReproTracker 
provides a broader biological coverage and could possibly enhance teratogenicity 
prediction.

Compound
Teratox 
assay

DevTox GLR 
Endo assay

ReproTracker 
assay

In vivo 
classification

13-Cis Retinoic acid Not tested T T T
Acitretin T Not tested T T
Artesunate T Not tested T T
Boric acid Not tested NT NT T
Bosentan T Not tested T T
Busulfan T T T T
Carbamazepine T T T T
Dasatinib T T T T
Dexamethasone T NT T T
Hydroxyurea T NT T T
Imatinib T T T T
Isotretinoin T Not tested T T
Lenalidomide Not tested T T T
Methotrexate NT NT T T
Retinoic Acid T Not tested T T
Thalidomide T T T T
Valproic Acid T T T T
Warfarin NT T T T

Compound
Teratox 
assay

DevTox GLR 
Endo assay

ReproTracker 
assay

In vivo 
classification

Acrylamide Not tested NT NT NT
Amoxicillin NT Not tested NT NT
Ascorbic Acid T Not tested NT NT
Caffeine Not tested NT NT NT
Cetirizine T Not tested NT NT
D-Camphor Not tested NT NT NT
Dimethyl phthalate Not tested NT NT NT
Folic Acid Not tested NT NT NT
Metformin NT Not tested NT NT
Penicillin G NT NT NT NT
Progesterone T Not tested NT NT
Retinol Not tested T T NT
Saccharin Not tested NT NT NT
Sulfasalazine Not tested NT NT NT
1,2-Propylene glycol Not tested NT NT NT
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Dimethyl phthalate Not tested NT NT NT
Folic Acid Not tested NT NT NT
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76% 78% 94%
87% 69% 94%
50% 90% 93%
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Both replicates combined

BMP4 Average SD Threshold

0 1.00000 0.14932 0.85068

0.006 0.93035 0.50008

0.012 1.17835 0.33598

0.025 0.54406 0.15920

0.049 0.55003 0.06420

0.098 0.55298 0.11198

MYH6

0 1.00000 0.20626 0.79374

0.006 0.53856 0.14075

0.012 1.18749 0.42477

0.025 5.35735 2.08571

0.049 1.13311 0.18782

0.098 0.00000 0.00000

Both replicates combined

FOXA2 Average SD

0 1.00000 0.55499 0.44501

0.006 0.95030 0.48434

0.012 1.09615 0.48916

0.025 0.55763 0.15707

0.049 0.32907 0.14432

0.098 0.23686 0.06586

AFP

0 1.00000 0.24496 0.75504

0.006 0.99956 0.67326

0.012 0.79229 0.17684

0.025 0.26140 0.03837

0.049 0.09290 0.04332

0.098 0.15663 0.02469

Both replicates combined

PAX6 Average SD

0 1.00000 0.23968 0.76032

0.006 0.87312 0.04958

0.012 0.90174 0.04294

0.025 0.72998 0.04294

0.049 0.51528 0.08588

0.098 0.11451 0.16257

NESTIN

0 1.00000 0.21815 0.78185

0.006 0.70486 0.08258

0.012 0.54311 0.02945

0.025 0.58596 0.05195

0.049 0.76806 0.02510

BMP4

BMP4 expression (D7) MYH6 expression (D14) FOXA2 expression (D7) AFP expression (D21)

Cardiomyocyte markers Hepatocyte markers
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NESTIN expression (D13)PAX6 expression (D7)

Neural markers
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Morphology
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Morphology
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MorphologyContraction

Morphology

1

Introduction
• Exposure to teratogenic compounds during pregnancy can lead to significant birth defects. Given the considerable variation in drug responses across species, along with the financial and ethical challenges associated with animal testing, the development of advanced human cell-based assays is imperative 

for effectively identifying potential human teratogens. 

• Over the past decades, several assays were developed that use directed differentiation of human induced pluripotent or embryonic stem cells (hiPSCs/hESCs) to assess chemical exposure effects on expression of early germ-layer genes as a surrogate for teratogenicity assessment. These assays (e.g. 
TeraTox and the DevTox Germ Layer Reporter Platform (DevTox GLR)) are generally fast (2-7 days) and can be applied for high-throughput screening. Despite their good reliability and applicability in early developmental toxicity screening, these assays have limited predictivity for detecting embryotoxic 
compounds (60-75%). 

• ReproTracker follows the differentiation of hiPSCs into three germ layer cell lineages, ultimately leading to the development of specific cell lineages. This assay aims to capture the complex biology of early embryonic development. 

• Here, we evaluated three hiPSC-based developmental toxicity assays for their ability to predict the teratogenic properties of compounds.

Overview of in vitro assays
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Capturing complex biology is critical for accurate in vitro
prediction of developmental toxicity

Trilineage differentiation of hiPSCs towards specialized cell types within the ReproTracker assay. Pluripotent stem cells are differentiated through mesoderm, endoderm, and 
ectoderm, into cardiomyocytes, hepatocytes and neural rosettes, respectively. Morphological profiling and assessment of time-dependent expression patterns of cell-specific 
biomarkers following compound exposure provides a measure of teratogenicity. 

Differentiation of the transgenic RUES2-GLR cell line within the DevTox GLR 
Endo assay. Human iPSCs, expressing fluorescent reporter fusion protein 
biomarkers for SOX17 (endoderm marker), are differentiated towards definitive 
endoderm, after which protein expression is evaluated. The percentage of 
SOX17-positive cells is indicative for teratogenicity in the assay.

DevTox Germ Layer Reporter Platform (GLR) Endo assay

Note: figure adapted from Gamble et al. (2022)2

TeraTox assay

Differentiation of hiPSCs towards embryoid bodies (EBs) over a 7-day course within the 
TeraTox assay. Following differentiation, a TeraTox score for predicting teratogenicity is 
calculated based on cell viability, gene expression data, and machine-learning model. Here, the 
expression of 87 early biomarkers is used for compound classification.

Note: figure adapted from Jaklin et al. (2022)1

ReproTracker assay

Both replicates combined

BMP4 Average SD Threshold

0 1.00000 0.08496 0.91504

62.5 0.85407 0.18812

125 0.85910 0.09344

250 0.52721 0.07144

500 0.45514 0.05325

1000 0.00000 0.00000

MYH6

0 1.00000 0.30430 0.69570

62.5 2.02456 0.31914

125 1.52559 0.01357

250 0.44639 0.06527

500 0.38771 0.09305

1000 0.00000 0.00000

Both replicates combined

FOXA2 Average SD

0 1.00000 0.30718 0.69282

62.5 0.86221 0.30958

125 1.17182 0.22219

250 2.44227 0.07936

500 1.91204 0.30710

1000 0.99786 0.21264

AFP

0 1.00000 0.46695 0.53305

62.5 0.27358 0.09550

125 0.29258 0.26159

250 0.16802 0.03775

500 0.07657 0.01443

1000 0.00000 0.00000

Both replicates combined

PAX6 Average SD

0 1.00000 0.29837 0.70163

31.3 1.14286 0.08163

62.5 1.22449 0.10799

125 1.45578 0.02357

250 1.40136 0.06235

500 1.31973 0.02357

NESTIN

0 1.00000 0.30586 0.69414

31.3 0.94371 0.06235

62.5 0.88473 0.04771

125 0.90369 0.01896

250 0.93108 0.09078

BMP4

BMP4 expression (D7) MYH6 expression (D14) FOXA2 expression (D7) AFP expression (D21)
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Both replicates combined

BMP4 Average SD Threshold

0 1.00000 0.08496 0.91504

62.5 0.85407 0.18812

125 0.85910 0.09344

250 0.52721 0.07144

500 0.45514 0.05325

1000 0.00000 0.00000

MYH6

0 1.00000 0.30430 0.69570

62.5 2.02456 0.31914

125 1.52559 0.01357

250 0.44639 0.06527

500 0.38771 0.09305

1000 0.00000 0.00000

Both replicates combined

FOXA2 Average SD

0 1.00000 0.30718 0.69282

62.5 0.86221 0.30958

125 1.17182 0.22219

250 2.44227 0.07936

500 1.91204 0.30710

1000 0.99786 0.21264

AFP

0 1.00000 0.46695 0.53305

62.5 0.27358 0.09550

125 0.29258 0.26159

250 0.16802 0.03775

500 0.07657 0.01443

1000 0.00000 0.00000

Both replicates combined

PAX6 Average SD

0 1.00000 0.29837 0.70163

31.3 1.14286 0.08163

62.5 1.22449 0.10799

125 1.45578 0.02357

250 1.40136 0.06235

500 1.31973 0.02357

NESTIN

0 1.00000 0.30586 0.69414

31.3 0.94371 0.06235

62.5 0.88473 0.04771

125 0.90369 0.01896

250 0.93108 0.09078

BMP4

BMP4 expression (D7) MYH6 expression (D14) FOXA2 expression (D7) AFP expression (D21)

Cardiomyocyte markers Hepatocyte markers
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ASSAY:   AEID3094 (CCTE_Deisenroth_DEVTOX_RUES2−GLR_Sox17_dn)

NAME:    Methotrexate hydrate(1:x)
CHID:    1017640 CASRN: 133073−73−1
SPID(S): ES211_45_45
M4ID:    42675948  

HILL MODEL (in red):
      tp       ga       gw
val:  18.5     −0.579   7.99     
sd:   1.67     4.87     136      

GAIN−LOSS MODEL (in blue):
      tp       ga       gw       la       lw
val:  18.5     −0.582   7.93     2.78     17.7     
sd:   1.67     4.81     131      606      20800    

      CNST        HILL        GNLS
AIC:  313.19      251.23      255.23
PROB: 0           0.88        0.12
RMSE: 17.19       6.77        6.77

MAX_MEAN: 22.4      MAX_MED: 24.6      BMAD: 6.75

COFF: 20.3   HIT−CALL: 0    FITC: 20   ACTP: 1

FLAGS: 8; 12

                  HILL
                  251.23
                  0.88
                  6.77

Note: figure adapted from Gamble et al. (2022)2Note: figure adapted from Jaklin et al. (2022)1

A) B)

C)

ReproTracker assay results. Warfarin exposure during cell differentiation led to a concentration-dependent decrease in expression of cardiomyocyte-specific markers BMP4 and 

MYH6, and hepatocyte-specific marker AFP. Additionally, warfarin disrupted the morphology of hepatocytes  and stopped the contraction ability of cardiomyocytes. Consequently, 

based on the assay criteria, warfarin was correctly categorized as a teratogen in ReproTracker.

DevTox GLR Endo assay results. 

Warfarin exposure resulted in an 

increase in percentage activity relative 

to control for SOX17-positive cells in the 

DevTox GLR Endo assay. Based on the 

obtained data, warfarin was correctly 

classified as a teratogen in the assay. 

TeraTox assay results. 

Exposure to warfarin resulted 

in a negative teratogenicity 

response coinciding with a 

minor decrease in cell viability. 

With a TeraTox score of 0.00, 

warfarin was misclassified as a 

non-teratogen in the TeraTox

assay. Concentration (µM)
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ASSAY:   AEID3094 (CCTE_Deisenroth_DEVTOX_RUES2−GLR_Sox17_dn)

NAME:    Warfarin
CHID:    23742   CASRN: 81−81−2
SPID(S): ES211_65_65
M4ID:    42675958  

HILL MODEL (in red):
      tp       ga       gw
val:  26.8     1.91     8        
sd:   3.14     0.0471   46.7     

GAIN−LOSS MODEL (in blue):
      tp       ga       gw       la       lw
val:  26.8     1.91     8        3.9      7.79     
sd:   NA       NA       NA       NA       NA       

      CNST        HILL        GNLS
AIC:  286.97      259.79      263.79
PROB: 0           0.88        0.12
RMSE: 12.59       7.94        7.94

MAX_MEAN: 26.8      MAX_MED: 26.9      BMAD: 6.75

COFF: 20.3   HIT−CALL: 1    FITC: 41   ACTP: 1

FLAGS: 7; 17

                  HILL
                  259.79
                  0.88
                  7.94

Note: figure adapted from Gamble et al. (2022)1Note: figure adapted from Jaklin et al. (2022)1

TeraTox assay DevTox GLR Endo assay ReproTracker assay In vivo
Non-teratogen Non-teratogen Teratogen Teratogen

TeraTox assay DevTox GLR Endo assay ReproTracker assay In vivo
Non-teratogen Teratogen Teratogen Teratogen

TeraTox assay DevTox GLR Endo assay ReproTracker assay In vivo
Non-teratogen Non-teratogen Teratogen Teratogen

TeraTox assay DevTox GLR Endo assay ReproTracker assay In vivo
Non-teratogen Teratogen Teratogen Teratogen


