Introduction
to teratology



Teratology is the study of birth defects, and a t@ratOgen is something that either

induces or amplifies abnormal embryonic or fetal development and causes birth defects.

) ,m,:dl

“Achondroplasia Gladiator"—
Bibliotheque Nationale, Paris



How to recognize a teratogen?
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Figure | Embryotoxicity of LAR in mouse embryo culture. (A) Abnormal embryonic development and anomalies were observed in treatment MHR ORIGINAL RESEANCH

groups from 0.5 1o 2 mg/ml of LAR, Representative embryos are presented. Closed arrows represent the normal structures, Open arraws represent

the malformed structures, inchuding microencephaly, opened neural tube defects and sacral regression. Magnification x 25, (B) Dose—response curve Molecular studies of the congenital
of LAR on embryo development. The minimum concentration of LAR which resulted in a 50% reduction in relative TMS in the embryos was indicated. malformation induced by Largehead
n = |0 embryos per each LAR concentration. Atractylodes Rhizome, the most

commonly used Chinese medicine for
threatened miscarriage

LY, Tang™, L UM, A Borchert?, Clara B.5. Law’, P.C, Leung’,
and C.C. Wang'**




How to confirm a teratogen?



Wilson’s Six Principles of Teratology as Presented in the Wilson and
Fraser Handbook of Teratology (Wilson, 1977)

1. Susceptibility to teratogenesis depends on the genotype of the conceptus and the manner in

which
this interacts with environmental factors.

2. Susceptibility to teratogenic agents varies with the developmental stage at the time of
exposure.

3. Teratogenic agents act in SpECifiC WayYS (mechanisms) on developing cells and tissues to
initiate abnormal embryogenesis (pathogenesis).

4. The final manifestations of abnormal development are death, malformation, growth
retardation, and functional disorder.

5. The access of adverse environmental influences to developing tissues depends on the NAture

of the influences (agent).

6. Manifestations of deviant development increase in degree as dosage increases from the no-
effect to the totally lethal level.
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Teratogens around us

physical ionizing irradiation (UV, RTG, a, B, y), temperature, mechanical factors (amnion
bands, pes equinus, ...)

chemical pharmacological drugs (antibiotics, antiepileptics, anticoagulans, cytostatics)
solvents, alcohol, heavy metals, ...

biological patogens (virus), disease of mother (diabetes, myasthenia gravis, PKU)
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Teratogen

Imeiuda

Teratogen Vrozena vada

Infekce

rubeola virus
cytomegalovirus
virus Herpes simplex
virus varicelly

HIV

Toxoplasma gondii

Fysikdlni ¢initelé
rtg zateni

hypertermie

Clu'mi(kc‘A idrlkrv

thalidomid

aminopterin

lenytoin
kyselina valproovi

trimethadion
lithium
amfetaminy
warfarin

ACE inhibitory’
kokain

ethanol

isotretinoin (analog
vitaminu A)

pramyslova
rozpoustédla

organicke sloudeniny
riut:

olovo

microcephalia, slepota, mentilni retardace, odumfeni fetu

microphthalmia, microcephalia, retindlni dysplasie

Treponema pallidum

katarakta, glaukom, srdedni vady, hluchota, abnormality zuba

hy poplasie koncetin, mentilni retardace, svalové atrofie

microcephalia, ristova retardace

hydrocephalia, mozkove kalcifikace, microphthalmia

mentalni retardace, hluchota

microcephalia, spina bifida, rozstép patra, detekty kondetin

anencephalia, spina bifida, mentilni retardace, defekty obliceje,
srdecni malformace, omphalokela, defekty koncetin

defekty kondetin, srdedmi vady, hluchota, slepota, malformace
dalsich vnitfnich organa

anencephalia, hydrocephalia, rozstép rtu a patra

fetalni hydantoinovy svadrom, defekty obliceje, mentilni
retardace

detekty nervové trubice, kraniofacidalni, srdecni a kondetinove
vy

rozstép patra, srdedni, urogenitdlni a kosterni vady

srdecni maltormace

rozStép rtu a patra, srdeéni malformace

chondrodysplasie, microcephalia

rustovi retardace, odumieni fetu

rustova retardace, microcephalia, abnormality chovini,
gastroschisis

fetdlni alkoholovy syndrom, kratké oéni dtérbiny, hypoplasie
maxily, sededni malformace, mentalni retardace

embrvopatie vyvoland vitaminem A: malé abnormalné tvaro-
vane usi, mandibulirni hypoplasie, roz3tép patra, srdeéni vady,
koncetinoveé vady

nizka porodni hmotnost, kraniofacialni defekty, defekty nervo-
ve trubice

neurologicke poruchy pfipominajici mozkovou obrnu

rastova retardace, neurologicke poruchy

Hormony

androgeny (ethisteron,
norethisteron)

maskulinisace zenskeho zevniho genitilu: splvnuli labia, hy-
pertroficky Klitoris

diethylstilbestrol hypoplasie varlat, malformace délohy, vejicovodi s horni casti

vaginy, v dospélosti karcinom pochvy

fada malformact, hlavné srdecnich, defekty nervoveé trubi
ce, syndrom kaudalni regrese spojeny s hypoplasii dolnich
kondetin

diabetes mellitus

obesita

srdecni vady, omfalokela

“ACE -~ sngrotensin-konvertujici enzym

e Growth retardation

* Failure of histogenesis,
organogenesis

 Embryonic/fetal death




Mechanisms of action?



Classification criteria?
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FDA classification

Category A: Controlled studies in women fail to demonstrate a risk to the fetus
in the first trimester (and there is no evidence of a risk in later trimesters), and the
possibility of fetal harm appears remote.

Category B: Either animal-reproduction studies have not demonstrated a fetal
risk but there are no controlled studies in pregnant women or animal-reproduction studies
have shown an adverse effect (other than a decrease in fertility) that was not confirmed
in controlled studies in women in the first trimester (and there is no evidence of a risk in
later trimesters).

Category C: Either studies in animals have revealed adverse effects on the fetus
(teratogenic or embryocidal, or other) and there are no controlled studies in women or
studies in women and animals are not available. Drugs should be given only if the
potential benefit justifies the potential risk to the fetus.

Category D: There is positive evidence of human fetal risk. but the benefits from
use in pregnant women may be acceptable despite the risk (e.g., if the drug is needed in a
life-threatening situation or for a serious disease for which safer drugs cannot be used or
are ineffective).

Category X: Studies in animals or human beings have demonstrated fetal
abnormalities, or there is evidence of fetal risk based on human experience, or both. and
the risk of the use of the drug in pregnant women clearly outweighs any possible benefit.
The drug is contraindicated in women who are or may become pregnant.

https://www.govinfo.gov/content/pkg/FR-2008-05-29/pdf/E8-11806.pdf



https://www.govinfo.gov/content/pkg/FR-2008-05-29/pdf/E8-11806.pdf
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Countries and territories showing historical time-line of Zika virus spread (1947 - 2016)
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Evidence for ZIKV induced microcephaly?

_ _Typical Head Size _ _Typical Head Size

Baby with Typical Head Size Baby with Microcephaly Baby with Severe Microcephaly



Bradford Hill criteria

Strength (effect size): A small association does not mean that there is not a causal effect, though the larger the
association, the more likely that it is causal.

Consistency (reproducibility): Consistent findings observed by different persons in different places with different
samples strengthens the likelihood of an effect.

Specificity: Causation is likely if there is a very specific population at a specific site and disease with no other likely

explanation. The more specific an association between a factor and an effect is, the bigger the probability of a causal
relationship.l

Temporality: The effect has to occur after the cause (and if there is an expected delay between the cause and
expected effect, then the effect must occur after that delay).

Biological gradient: Greater exposure should generally lead to greater incidence of the effect. However, in some

cases, the mere presence of the factor can trigger the effect. In other cases, an inverse proportion is observed: greater
exposure leads to lower incidence.

PIausibiIity: A plausible mechanism between cause and effect is helpful (but Hill noted that knowledge of the
mechanism is limited by current knowledge).

Coherence: coherence between epidemiological and laboratory findings increases the likelihood of an effect. However,
Hill noted that "... lack of such [laboratory] evidence cannot nullify the epidemiological effect on associations".

Experiment: "Occasionally it is possible to appeal to experimental evidence".
Analogy: The use of analogies or similarities between the observed association and any other associations.

Reversibility: If the cause is deleted then the effect should disappear as well
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https://en.wikipedia.org/wiki/Bradford_Hill_criteria#cite_note-bh65-1
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ZKV transmission
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ZKV mechanism of action
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Take home message

* Teratology, teratogens — Wilson’s principles

* Maechanisms of action — any embryology and/or cell biology textbook

* Classification & examples — any embryology textbook, FDA (EU) categories
* Identification, validation — ZIIKA forest virus story & Bradford Hill criteria



Thank you for attention

QT i D5 CRANLND @ wwew davegraniund.com



