Vessel Development

1) In development, splanchnic mesoderm: hemangioblasts give rise to blood vessels and hematopoietic stem cells
a) Hemangioblasts is from the mesoderm

b) Blood supply to extraembryonic tissues occurs first to connect the embryo with the mother

c) Blood islands form with yolk sac blood vessels

d) Lateral plate mesoderm on yolk sac will generate vessels

e) In 1 week, primitive heart tube established

f) Major elements of fetal circulation by 4th week

2) Terms

a) Vasculogenesis – de novo patterning of blood vessels

b) Angiogenesis – maturation and sprouting from existing vessels

3) Default pathway is vein

a) Extra signal from notch pathway needed to develop arteries

b) Gridlock mutants fail to form a dorsal aorta – gridlock is a downstream notch signaling element

4) Notch also plays important role in branching of vasculature

a) Notch inhibits branching during angiogenesis – helps regulate normal branching, without it, profuse, uncontrolled branching occurs

5) Angiopoietin signaling is required for vessel stabilization
a) Decrease in signaling results in defective vessel sprouting

b) Increased signaling results in overproliferation

6) TGF-B signaling promotes differentiation of endothelial cells and pericytes

7) PDGF signaling from endothelial cells recruits new pericytes during sprouting process

8) Critical roles of VEGF in development and disease

a) Required for initial formation of endothelial and hematopoietic precursors
b) Acts upstream of Notch to specify arteries

c) Required for neovascularization in tumor growth and diabetic retinopathy

9) VEGF inhibitors are used to treat both solid tumors and diabetic retinopathy
10) Sites of hematopoiesis during development

a) Starts from yolk sac

b) Major part of fetal life – liver

c) Colonization of bone marrow at 10.5 weeks

11) Globin gene switching parallels changes in sites of hematopoiesis

a) Alpha chain synthesis starts after bone marrow colonization
b) Gamma occurs before birth – binds O2 more strongly than Beta, allows it to pull off O2 from placenta circulation

c) Beta afterwards

12) Primitive vs. definitive hematopoiesis

a) Primitive – occurs on the yolk sac and generates nucleated RBCs
b) Definitive – occurs primarily in live or bone marrow

i) Generates enucleate RBCs
ii) Source of hematopoietic stem cells originate from elsewhere and migrate to the liver and bone marrow

(1) Thought to be from AGM region or placenta possibly
13) Genes involved in leukemias play crucial roles in hematopoietic development
a) SCL: involved in recurrent translocation leading to T-cell leukemia, required for formation of primitive and definitive HSCs

b) AML-1 involved in recurrent translocation leading to acute myelogenous leukemia, required only for development of definitive HSCs

14) Activated notch expands the HSC population, but runx1 is required for notch function.  Activated Notch will thus speed recovery from sublethal irradiation
15) Summary
a) VEGF is an important signal for hemangioblasts
b) Runx1, notch, scl genes are responsible for preservation of HSC cells
