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Introduction
Birth defects are the leading cause of infant mortality but approximately 70%
of birth defects have no known cause (CDC, 2005). Between 2 and 3% of
birth defects are caused by teratogens, or substances that cause birth
defects (Finnell, 1999). Pharmaceutical companies screen for developmental
toxicity using animal models, yet these screens are only as little as 62%
concordant with human response (Reproductive and Developmental
Toxicology, 1998). Stemina has developed the first all-human developmental
toxicity screen using human embryonic stem (hES) cells and metabolomics:
devTOX. Small molecules secreted from hES cells upon teratogen exposure
are utilized to form a statistical model of teratogenicity. A test of this model
resulted in the prediction of 7 out of 8 (87.5%) of blinded drugs. Stemina is
currently translating this assay to a high-throughput format with NSF funding.

Methods
H9 hES cells were cultured on Matrigel (BD Biosciences) and in mTeSR1
medium (Stem Cell Technologies, Inc.). Cells were dosed with the drugs
listed in Table 1 at concentrations corresponding to the serum concentrations
of those drugs found in literature. Dosing entailed feeding hES cells with
medium containing the drug under study. Control cells were grown in parallel
to dosed cells and following four days of drug dosage, spent medium was
collected and quenched with 40% acetonitrile, which halts metabolic
processes. Samples were prepared for mass spectrometric analysis
following collection. The quenched sample was added to a 3 kDa molecular
weight cut-off column (Centricon, Millipore), which was then centrifuged. The
sample was dried overnight in a Speed Vac and reconstituted in 50µL 0.1%

formic acid in water. Data was acquired for the samples using an Agilent LCESI-QTOF-MS with a HILIC Phenomenex Luna column and gradient. Data
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Table 1. List of drugs used in our studies. Drugs used in the EST study were whose
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Results

Figure 1. Illustration of protocol. Spent medium is removed and analyzed using mass spectrometry in order to
determine small molecules whose abundances are altered in response to teratogen exposure.

By analyzing the spent medium from hES cells dosed with the drugs listed in
Table 1, we have detected mass features whose abundances are modulated
in
response
to teratogen
exposure. The Random Forest
statistical model based on a
metabolic
signature
of
teratogenicity predicted 7 of
the 8 blinded drugs. Several of
the
biomarkers
of
teratogenicity have also been
identified and validated for
their chemical identity. This
blinded study, thus, has shown
devTOX
to
be
87.5%
predictive, making devTOX a
more predictive test than
current
tests
for
Table 2. Results of blinded study.
developmental toxicity.
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Figure 2. Partial least square determinant analysis (PLSDA) of mass features
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that were measured from dosing hES cells with the drugs in Table 2. The
yet
within
the
data point that corresponds to Thalidomide clusters with other teratogens.
decade of Thalidomide’s release, over 10,000 babies were born with birth
defects, with limb defects among the most common. While animal models do
not predict thalidomide as a teratogen, Figure 2, showing partial least
squares determinant analysis (PLSDA) results from Stemina's devTOX
assay, classifies Thalidomide as a teratogen.

Conclusion

Stemina’s devTOX assay is the first all-human in vitro assay for
developmental toxicity and has currently been shown to have a predictive
potential of 87.5%. The ability of devTOX to indicate Thalidomide as a
teratogen further supports concordance between devTOX and human
response. Not only does devTOX appear to out-perform animal models, but it
also
exhibits
advantages
over
other in vitro tests
including
greater
predictiveness
and
quantitative
molecular end points
rather than subjective
observations.
Stemina is currently
translating devTOX
to a high-throughput
format,
which
is
currently underway. Table 3. Comparison of devTOX with other in vitro developmental toxicity
This project
will tests.
include two other hES cell lines (H1 and H7) and will involve dosing of
compounds in Table 1 at three different concentrations. Cell viability and
differentiation data will also be collected a the end of each experiment. This
high-throughput form will allow a 27-fold increase in throughput compared to
the 6-well low-throughput method.
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