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Ch. 21 - Medical Implications of Developmental Biology

Genetic Errors of Human Development:

· most conceptions are so abnormal that do not implant, or they spontaneously abort (59% of monitored pregnancies)
· ½ - 2/3 of conceptions do not make it to term either
· 5% of human births have some sort of recognizable malformation (genetic event resulting from mutation/aneuploidy/translocations), ranging from mild to severe
· can be caused by intrinsic or extrinsic factors
· an example is Down's Syndrome, Trisomy 21
· up to 50% of human ova have defects that render them non-viable
· gene mapping and positional cloning help scientists and physicians to understand normal human development and causes of some malformations
· the most-studed group of genes are those involved in regulating transcription, because change in one signal can have dramatic effects downstream in a signaling cascade

Inbor Errors of Nuclear RNA Processing

· mutations to splice sites (due to point mutations); ie. congenital adrenal hyperplasia is a result of an effective enzyme that causes excess testosterone
· mutations in splicing factors: mutate small proteins and snRNAs important in cell-specific splicing; spinal neural atrophy is caused by mutation to a gene that results in splicing defect to nRNAs

Inborn Errors of Translation:

· many genetic diseases are due to transcription errors that create termination codons
· ie. androgen insensitivity syndrome - androgen-binding domain is lost because a Trp is changed to a stop codon
· ie. hemoglobin constant spring - mutate termination codon to an amino acid, so 31 extra codons are translated; this is destabilizing and results in 95% expression reduction, resulting in one type of alpha-thalassemia
· Fragile X syndrome results from mutation to cell-specific protein required for translation of certain nerve specific messages
· there's an expansion and hypermethylation of CGG repeats in the 5' UTR of FMR1 gene

Infertility: inability to become or remain pregnant

· not really a disease, but should not be taken lightly
· in vitro fertilization is an assisted reproductive technology developed to treat infertility; there are different variations:
· intracytoplasmic sperm injection: when there is a low viable sperm count, a single sperm is injected into cytoplasm of an egg to be absolutely sure of fertilization
· gamete intrafallopian transfer: sperm is injected into oviduct at ovulation, so fertilization is not verified
· zygote intrafallopian transfer: fertilization occurs in a petris dish, and zygote is placed in fallopian tube rather than uterus
· the steps of IVF include ovary stimulation, egg retrieval, fertilization in a petri dish, and embryo transfer (2-3 are put in to increase the chances that one will implant, but there is a risk of multiple births)
· success rates depend on quality of eggs, so chances of success diminish as woman gets older
· IVF opened the door for a new field, preimplantation genetics, wherein the embryo can be tested for genetic mutations while still in the dish
· at 6-8 cell stage, several blastomeres are removed and tested by PCR and fluorescent in situ hybridization (FISH)
· prenatal diagnoses can be done by: 
· chorionic villus sampling (taking sample of placenta), at 8-10 weeks
· amniocentesis (testing amniotic fluid) between 4th and 5th month of pregnancy

Teratogenesis: Environmental Assaults on Human Development

· 1962 was an important year in studying effects of environmental factors on embryonic development
· exogenous agents (teratogens) create abnormalities called disruptions
· the embryonic period (up to 8th week) of human development sees formation of most organs, and embryo is most sensitive to teratogens from wks 3-8; as opposed to the fetal period
· the central nervous system is sensitive to teratogens for essentially the whole gestation period (wks 3-40)
· ethanol is the most devastating teratogen; it inhibits L1-mediated cell adhesion
· fetal alcohol syndrome is the most frequent and costly to society; FAS babies are characterized by a small head, indistinct philtrum (ridge under the nose), narrow upper lip, and low nose bridge
· it is the third most prevalent form of mental retardation(due to cell death in several brain regions and defects in neuronal and glial migration)

Endocrine Disruptors
· they interfere with normal hormone functions by:
(1) mimicking effects of natural hormone/binding to its receptor (ie. diethylstilbestrol, DES)
· DES exposure represses Hoxa-10
· children of women who were exposed to DES have problems
(2) blocking the binding of a hormone to its receptor or block synthesis of hormone (ie. Finasteride)
(3) interfering with transport of a hormone or its elimination from the body (PCBs)

Other Teratogenic Agents

Heavy Metals (Zn, Pb, Hg) 

Pathogens: viruses (rubella, herpes), bacteria and protists (toxoplasma)

Ionizing Radiation: can cause chromosomal breakages and alter DNA

Gene Therapy

Somatic cell gene therapy: insert a wild-type copy of a gene by using a vector, hoping that it will be activated at appropriate time/place

- there are ethical concerns about what is appropriate to be treated this way

Germ line therapy: treats the individual and future generations, by:

a) modifying a germ cell or fertilized egg such that the new genome is present in every cell of resultant individual, or 

b) modifying embryonic stem cells so that the devloping body contains a high percentage of cells derived from genetically altered blastomeres

Vector types:

(a) retroviral - viral RNA undergoes reverse transcription, and DNA is integrated into host genome (don't know where in the genome)

(b) adenoviral - gene is expressed but not incorporated into host genome (may induce immune response)

(c) nonviral lipid capsule - must be inserted in host cell artificially

Stem cells and therapeutic cloning

· cloning is problematic and messy, physically and ethically
· embryonic stem cells are pluripotent and can be cultured indefinitely in an undifferentiated state
· five major ways of obtaining human pluripotent stem cells:

A. Cells from morula

B. Cells from inner cell mass

C. Primordial germ mass

D. Adult stem cells

E. Therapeutic cloning (putting somatic nucleus into enucleated oocyte, making  culture cells of inner cell mass)

· embryonic stem cells can be cultured to differentiate into lineage-specific stem cells and then transplanted into a host
· differentiation can be accomplished by altering the media in which the stem cells grow

Adult stem cells are not easy to use because:

- there's a low rate of division

- they are difficult to isolate/rare

- they are not actually pluripotent (can only give rise to a subset of organ types)

Transgenic stem cells: combining somatic cell nuclear transfer and gene therapy to cure genetic diseases affecting specific organs

Regeneration therapy: humans (outside of small children) cannot regenerate organs

· one idea is to find adult stem cells that can give rise to the wanted organ
· secondly, we need to find the environment that allows such cells to initiate cell and organ formation
· this has led to some development in:
· bone regeneration
· reformation occurs when a collagen matrix containing plasmids with human parathyroid hormone is placed on the edges of the break
· neuronal regeneration
· CNS has little or no regeneration compared to PNS, which can regenerate its axons by following the path made by Schwann cells to innervate original target
· trying to use adult stem cells to fix this problem, and create permissive environments for growth of CNS neurons


