BLOOD PHYSIOLOGY II
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Hematopoiesis: the formation of blood cells

Adematopoiesis is the process that generates blood cells of
all lineages.

ACalculations based on the blood volume and the level and
half-life of each type of blood cell in the circulation indicate
that each day an adult produces ~ 200 billion erythrocytes,
100 billion leukocytes, and 100 billion platelets.

AThese rates can increase by a factor of 10 or more when
the demand for blood cells increases.




HEMATOPOIESIS: THE FORMATION OF BLOOD

GEL/S
Stages:

- embryonic: up to 2 months T yolk sac

- fetal: 2-7 months 1 liver, spleen, lymph nodes
after 3 months 1 start in the bone marrow

- after birth: in the bone marrow.

Lymphocytes are also produced in other lymphoid tissues;

monocytes also in spleen, mostly when there is an excess demand
for bood cell formation (extramedullary hemopoiesis).

- up to 5 years: bone marrows of essentially all bones

- after 20 years: bone marrows of the membranous bones (vertebrae,
sternum, ribs, iliac); proximal portions of femural bones.
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HEMATOPOIESIS IN THE BONE MARROW
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The blood vessels constitute a barrier, inhibiting immature blood cells from leaving the bone marrow
Only mature blood cells contain the membrane proteins required to attach to and pass the blood
vessel endothelium. Hematopoietic stem cells may also cross the bone marrow barrier, and may thu
be harvested from blood.

There is biologic compartmentalization in the bone marrow, in that certain cell types tend to
aggregate in specific areas. For instance, erythrocytes, macrophages, and their precursors tend to
gather around blood vessels, while granulocytes gather at the borders of the bone marrow.




BONE MARROW

In the adult bone marrowd is located inside spongy
bone

In a normal adult, %2 of the bone marrow is
hematopoietically active fed marrow) and %z is inactive,
fatty marrow {ellow marrow.

The marrow contains both Erythroid (RBC) and leukocyte
(WBC) precursors as well as platlet precursors.

Early in life most of the marrow is red marrow and it
gradually decreases with age to the adult level of 50%.

In certain pathologic states the bone marrow can
Increase Its activity t05-10X its normal rate.

When this happens, the bone marrow is said to be
hyperplasticbecause it replaces the yellow marrow
with red marrow.




BONE MARROW

This occurs in conditions where there Is
Increased or ineffective hematopoiesis.

The degree to which the bone marrow
becomes IS related to the
severity and duration of the pathologic
State.

Pathologic states that cause this include:

Acute blood loss in which there is a temporary
replacement of the yellow marrow

Severe chronic anemia erythropoiesis (RBC
production) may increase to the extent that the
marrow starts to erode the bone itself.

Malignant diseased both normal red marrow
and fatty marrow may be replaced by
proliferating abnormal cells.




BONE MARROW

The hematopoletic tissue may also
become Inactive othypoplastic This
may be due to:

Chemicals

Genetics

Myeloproliferative disease that replaces
hematopoietic tissue with fibrous tissue
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STEM CELLS

All stem cells 2 fundamental properties:
- selfrenewal producing more stem cells through mitosis

A more stem cells (a mouse that has had all its blood stem
cells killed by a lethadose of radiation can be saved by the
injection of a single living stem cell !).

- differentiation and commitmentinto a mature specialized blood

cell

Stem cells are attached to osteoblastslining the inner surface of
bone cavities (probably by adherens junctions), their number
gecrea?leswuh age. With time their capability for selfrenewal

iminishes




A All hematopoietic cells arise from a single type of cell i the
hematopoietic stem cell (HSC).

A HSCs are pluripotent (can give rise to differentiated blood
cells of all [ineages

A HSCs are rare (1 in every 10° nucleated cells in adult bone
marrow)

A Are undifferentiated cells that on occasion produce by
mitosis 2 kinds of progeny (asymmetric division) :

Amore stem cells (HSCs have a limited ability to self-
renew)

Aprogenitor cells that can undergo further divisions and
become progressively more differentiated and more
restricted in their capacity for self renewal




Progenitor cells and precursor cells

Progenitor cells
A are multipotent
A do not self-renew or have only an extremely limited capacity
A respond best to multiple cytokines

A'is a compartment of hematopoiesis that expands the number of cells
dramatically

A are named by the types of colonies they give rise to:

The pluripotent HSC gives rise to lymphoid and myeloid stem cells, the
latter of which gives rise to CFU-GEMM

CFU-GEMM is a multipotent cell giving rise to granulocyte, erythroid,
monocyte, and megakaryocyte colonies

CFU-GM gives rise to both granulocyte and monocyte colonies




Progenitor cells and precursor cells

Precursorcells( nCommi tt edo precur sor

A blast cells committed to unilinear differentiation i much
more mature than progenitor cells

A do not self-renew
A respond best to one or 2 cytokines

A still replicate until near terminal differentiation

A progeny increasingly acquire specific differentiation
markers and functions

Ainclude CFU-G, CFU-M, BFU,- E, CFU-E, and CFU-Baso,
giving rise respectively to granulocytes, monocytes,
eosinophils, and basophils







