Developmental Disorders

General Principles
Causes:
Genetic

Environmental (Maternal, Physical, Chemical)

Mechanisms (Retinoic Acid)

General Principles

Teratology — “Study of Monsters”
Teratogen — agent that produces birth defects

2-3% of all newborns show at least one recognizable
congenital malformation

4-6% after a few years — due to unrecognizable
malformations at birth

Over 20% of infant mortality is linked to congenital
malformations

Congenital Malformations

Range — Enzyme deficiency (point mutation) to gross anatomical
malformations

Interaction between genetic make-up and the environment

Penetrance — severity of a defect — influenced by genetic
background: Different mice strains react differently to a
specific teratogen.

Factors:
Parental Age
Race
Country of Residence
Time of the year
Familial Tendencies

Maternal Age

nn il
IR

i

Incidence/1000 births

T 1
015 W 25 30 35 40 45
Maternal age (yr)

Paternal Age

E I T R
Paterral age ()

Apert’s syndrome (Acrocephalosyndactyly)
Premature suture closure = Abnormal head shape
Webbed fingers and toes
Mutation: Chromosome 10
FGFR2 gene (Fibroblast Growth Factor Receptor 2)

Relative incidence
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Achondroplasia (Short-limbed dwarfism)
Normal trunk — Short arms and legs
Disproportionately large head
Mutation: Chromosome 4
FGFR3 gene (Fibroblast Growth Factor Receptor 3)
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Windows of Susceptibility

0%”@@ Z@ )’ Developmental Disorders

[ U!mae 5 £ rwbmm w»odml Fesal ;-lmd{m\ General Principles

Causes:
|y Genetic
Dreath e
regulation

Environmental (Maternal, Physical, Chemical)

—— Mechanisms (Retinoic Acid)
I Highly sensithee period I Less sensitive period
[magar structural smamalies) {hunctional andjor mince

structunal anomales]




Causes

Chremosomal
_10%

Major
environmental
7%

Mutations

Most genetic mutations are known based on morphological
abnormalites — Specific gene is unknown

Recent advances in molecular genetics have uncovered the
molecular basis for some disorders.

Many morphological abnormalities involve mutations of
transcription factors or cell-cell signals

One example is Synpolydactyly caused by a mutation in
the HOXD13 gene.

Genetic - Chromosomal

Sex chromosome
Clinical factors
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Abnormal Structure —
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Digit fusions
Supernumerary carpals

Transformation of metacarpal to carpals
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Synpolydactyly / HOXD13

Digit fusions
Supernumerary carpals

Transformation of metacarpal to carpals
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Environmental Causes

Maternal Infections

Infectious agent Dissase Congenital defects

VIRUSES

FRubela vius (German measles Cataracts, deafness, cardiovascular defects, fetal growth
retardation

5 ; oyl Pt Mirocephel Pt i
trautering growth retardation

SPIROCHETES

Traponama palicum (syphlls)  Syphilis Dx deafness, shin and
bone lesions, meningits

PROTOZOA

Taxgplesma gonci rebral caicification, micropt-

thalmia, mental retardation, prematurity

Physical Causes (ABS)

Chemical Causes

cwmmmum iariaty of major snomales throughout body'

Alcchal Growth and mantal s . various of face and trunk
Androgens 4 in malos
dicumarol  Shesstal broad hands with short firgers; nasal iypoglasis; anomales of
wye. nec, central nervous system
Aritithyroid urmlux prooyh Fatal goter, hypothyrowdism
thiourach,

of cigits
defects, cieft paiate, sar and rervous
Streptomycin Hearing loss, auditory rerve
Tatracycion Hypopiasis and staining of tooth snamel, staining of bones




Fetal Alcohol Syndrome
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* Growth deficiency
* Low IQ (average = 63)
* Mild to moderate microcephaly

 Short nose, smooth philtrum, thin upper lip
* Heart murmur
* Small distal phalanges

Thalidomide History

1954 — Chemists synthesize thalidomide — trying
to produce a new anti-histomine — instead they
discover that it is an effective sedative

1956 — Free samples to workers at the
manufacturing plant — a baby without ears

1957 —Marketed by Chemie Grunenthal in
Germany — as a wonder drug — no side effects.
It was prescribed to women to combat morning
sickness associated with pregnancy

CO\
N Thalidomide has no effect on
/ rodent embryos (standard
co N testing).
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Thalidomide History

1961 (December) — First published correlation
between Thalidomide and birth defects
— based on 3 babies

1962 (Summer) — Thalidomide taken off the
market

12,000 Thalidomide babies born / 8,000 Thalidomide babies survived
Many are alive today — they are in their late 30’s and early 40’s

Spectrum of malformations (besides limbs): Absence of ears, deafness,
Defects of eye and facial muscles, Malformations of heart, bowel,
uterus, gallbladder

2-Week sensitive period - 35 days to 49 days

Thalidomide

Phocomelia (short limbs)

Amelia (no limbs)
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Thalidomide was sold over the counter in some countries, it was
immediately popular and taken like aspirin

Babies born with severe limb defects began to increase.

Spatial correlation of defects — spreading from Germany to regions
of high use

Thalidomide History

1965 — Thalidomide is found to be a significant
treatment for Leprosy patients that develop
severe skin lesions assoicated with an
inflammatory reaction (erythema nodosum
leprosum, ENL) — Thalidomide is the
treatment of choice

Brazil begins manufacturing Thalidomide for use with leprosy
treatment.

Brazil now has a new generation of Thalidomide children.




Thalidomide History Thuﬁdomide

1980’s — Thalidomide is shown to be a bk L)
effective in treating other diseases
involving ulceration or lesions,
including HIV-related symptoms.

1990’s — A black market for Thalidomide
emerges in the US

Thalidomide is in clinical trials as an anti-
angiogenesis agent for the
treatment of Cancer

1998 — FDA approves Thalidomide for
treatment of ENL

Today — Thalidomide’s mechanism of action in embryopathy or
in clinical treatment is unknown
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Mechanisms — Retinoic Acid

Vitamin A — Retinol and its derivatives are called Retinoids
They are essential for the embryo and the adult
Too little — abortions
Too much - malformations

Retinoic Acid is a Teratogen and also a Morphogen for the
vertebrate embryo

Retinoic Acid is used widely for treatment of skin disorders,
and some Cancers.

Tradename: Accutane

Vitamin A and Human Teratology

Recommended Daily Intake (RDI) — 5,000 TU

Morphological Defects are reported at >10,000 IU (controversial)
and 25,000 IU (generally accepted)

Defects: Cranial neural crest cell migration, axial patterning.

Accutane (isotretinoin) = 13-cis-RA; used to treat severe cystic acne
Therapeutic doses — 0.5-1.5 mg/kg.
Defects during 1% trimester: spontaneous abortion and severe
malformations

Etretinate (synthetic retinoid) — used to treat psoriasis,
Defects: spontaneous abortion, severe malformations
One case of an infant conceived 1 yr after termination of
treatment — stored in maternal adipose tissue

Accutane

13-cis-retinoic acid

Licensed in 1982; Recognized as human teratogen in 1983

Hydrocephalus — problems with cortical and cerebellar cell
migration (IQ ~70)

Craniofacial — facial assymetry, ear defects

Heart defects
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RA Controls Some Hox Genes

RA-RAR Conserved Hinge
amino region Acidic
terminus Variable region tail

61 amino acids*.COOH
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DNA-binding helix
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