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Cell hierarchy (Haemopoiesis schematic
representation)
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Presenter
Presentation Notes
Highly simplified diagram to demonstrate the stages of development of various cell types.
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HEMATOPOIESIS Lineages for Lymphopoiesis
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Sites of Haemopoiesis
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Presentation Notes
Embryonic haemopoietic stem cells-mesenchymal cells in yolk sac 
After 12 week fetal liver and spleen becomes the main site
From week 20, bone marrow starts to become important and by the time of birth it is the main haemopoietic organ
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BLOOD IS MADE
IN THE BONE MARROW

e Axial skeleton

* Inner spongy bone

e Bone marrow is in
the holes

* Bone marrow is a
highly organized /
regulated organ
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BONE MARROW: THE SOURCE OF

 All blood cells arise from “mother”
(stem) cells
—Self renewing
—Safe from harm
—Pluripotent

e Blood production is highly regulated

—Messages from the body (e.g.
erythropoietin from kidney)

—Microenvironments produce specific
cells
e Cytokines (SCF, IL3)
e Growth factors (G-CSF)

Normal bone
marrow



SCHEMATIC OF
HEMATOPOIESIS
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Introduction

e Limited Life span of :
* Granulocytes
e Erythrocytes
*Platelets
* Lymphocytes


Presenter
Presentation Notes
Every day 1013 myeloid cells must be produced. In steady state the number of cells which are required is equal to the body weight. All these cells are derived from the stem cells. Stem cells are relatively few in number, comprising 0.01% to 0.05% of the marrow cells.


Introduction

e Stem cells

* Self renewal

e Plasticity
* Progenitor cells

e Developmentally-restricted cells
 Mature cells

e Mature cell production takes place from
the more developmentally-restricted
progenitors



Stem cells

e Self-renewal
* Normally in G, phase of cell cycle

e The capacity for self-reproduction is vastly in
excess of that required to maintain cell
production for normal lifetime

e As cells increase in number they differentiate as
well

 Multipotentiality

e Capacity to generate cells of all the
lymphohaemopoietic lineages



. Differentiation |
and development |
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Progenitor cells

e Encompasses from immediate progeny of
stem cells to differentiation cells committed to
one lineage

* Progenitor cells become progressively more
restricted in their differentiation and
proliferation capacity

e Late progenitor cells eventually restricted to one
lineage



Regulation of Haemopoiesis

 There should be a balance between cell production
and cell death except at the times of requirement


Presenter
Presentation Notes
Cells in the different tissues of the body can signal the need of different levels of cell production e.g anoxic conditions lead to production of erythropoietin
The control of cell death by apoptosis is being increasingly acknowledged to be of critical importance


Regulation of Haemopoiesis
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Interaction of stromal cells, growth
factors and haemopoietic cells
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Local and Humoral regulation of
Haemopoiesis

Stem cells Progenitor cells Recognizable cells

Self-renewal / .
Differentiation

Y

¥
8]
O:*o
(0]
o &

 J

Stromal cells

Humoral regulation

Local control

Figure 1.3 The relative influence of local control and humoral regulation at different
stages of development.



Haemopoietic growth factors

e GM-CSF

e Granulocyte-Macrophage colony stimulating factor
e M-CSF

 Macrophage colony stimulating factor
e Erythropoietin

e Erythropoiesis stimulating hormone

(These factors have the capacity to stimulate the proliferation of their target
progenitor cells when used as a sole source of stimulation)

e Thrombopoietin

e Stimulates megakaryopoiesis



Haemopoietic growth factors

e Cytokines
e |IL 1 (Interleukin 1)
e IL3
e |IL4
e IL5
e IL6
°IL9
IL11
TGF-3

e SCF (Stem cell factor, also known as kit-ligand)

Cytokines have no (e.g IL-1) or little (SCF) capacity to stimulate cell
proliferation on their own, but are able to synergise with other cytokines
to recruit nine cells into proliferation
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Erythropoiesis and
erythrocytes

Lifespan — 120 days
Non nucleated
Biconcave disc

Production regulated
by Epo
Needs Fe, B12, folate

& other elements for
development
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ERYTHROPOIESIS .

In developing from the stem cell, the RBC has to
undergo the most changes, which can be categorized
Into several morphological/stainable stages and into less

easily detected early stages *

0

gEhans RBC
N ORMOBLAST
basophilic |
Polychromatophilic
ERYTHROBLAST Orthochromatophilic

-blast i1s the common suffix for an immature form of a cell



ERYTHROPOIESIS
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This idea continues in the form of the reticulocyte

which is an RBC released to the blood, but still with a @
network of blue ribosomal material persisting

amongst the hemoglobin



ERYTHROPOIESIS 2
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Definition
History
Anatomy
Physiology

Lecture outline



Definition

e Hemopoiesis is the formation, development,
and specialization of cellular elements into
mature functional cells. .



History

e Mid 17% century red cells observed in
microscope

e 1868: Neumann demonstrated that red cells
arise from precursors in the BM.

e Previously derived from leucocytes and
platelets in the lymphoid system, adrenals and
embryonal liver



e There are three basic stages of hemopoiesis;
1] Mesoblastic phase,

2] Hepatic phase, and

3] Medullary phase




Mesoblastic

* Begins at 2"d to 7th week of gestation:
a. Embryonic;

b. In yolk sac;

c. Condensation of mesenchymal cells - form
blood islands;

d. nucleated blood cells form



Hepatic

* Begins 12t — 16t week of gestation

* In liver, thymus, and spleen, lymph nodes
somewhat latter;

e Forms anucleated RBCs



Myeloid

20th week to adulthood
In bone marrow;

Begins with establishment of ossification
centers in bones;

All blood cell types found in adults can be
produced by the bone marrow;



Anatomy

e Active marrow space in a child about 15Kgs is
1000 — 1400 g: total marrow = 1600 cc

e Adult : active 1200 — 1500 g Total marrow
2600 — 4000 cc

e Large space in the neonate progressively
decreases with age with the marrow
becoming increasingly filled with fat



4. Hemopoietic differentiation requires an
appropriate micro-environment

1. Commences in the yolk sac of the embryo in the 2@
to 7" month apparent in the liver in the 12t — 16t
week, in the bone: 20t — adult

2. Newborns: Most bone cavities are active with
increasing age upper shaft of femur, humerus and
pelvis and vertebra

3. Extra-medularly hemopoiesis in pathological states
liver, spleen, lymph nodes, adrenals, adipose tissue,
kidney



Microenvironment of the marrow cavity is a vast network of
vascular channels of sinusoids in which float fronds of
hemopoietic cells plus fat cells

Vascular and hemopoietic compartments are joined by
reticular fibroblastoid cells that form the adventitial surfaces
of the vascular sinuses and extend cytoplasmic processes to
create a lattice supportive framework on which the blood cells

are found



* Function of fibroblastoid cells
— Supportive framework

— Production of essential hemopoietic colony
stimulating factors



Marrow micro-circulation

Central and radial arteries ramify in the cortical capillaries
which in turn join the marrow sinusoids and drain into the
central sinus

Cells leave the BM sinusoids and then join the venous
circulation through the commit ant veins

Luminal surfaces of the vascular sinusoids is lined with
endothelial cells, the cytoplasmic extensions of which overlap,
inter-digitate.

Hemopoietic cells escape into the sinus for transport into the
general circulation occurs through gaps that develop in this
endothelial lining and thru’ endothelial cells cytoplasmic
pores

N/B: destruction of the BM micro-environment inhibits long
term marro cultures — aplastic anemia



Physiology

Maintenance of a constant no. of red cells,
white cells and platelets under regulatory
mechanisms

— 4-11x10' WBCs

— 4.5-5.5x10%2

— 150-450x 10° per microliter of blood \



1.  Asingle pleuropotent stem cell is capable of:
1.  Giving rise to many committed progenitor cells
2. Pleuropotent stem cells capable of self renewal

2. Committed progenitor cells:

1. Form differentiated recognizable precursors of the specific types of blood
cells

2.  Arelimited in proliferative potential and are not capable of indefinite self
renewal ‘die by differentiation’” and are repopulated on influx from
pluripotent stem cell pool

3.  Proliferative potential and differentiation of stem cells and committed
progenitor influenced by
1. Adventitial cells

2. Alpha HGF — produced in the reaction to the circulating levels of a particular
differentiated cell type



 Large reserve
— 2 x 101! Rbc/day and increased by x 4 when required
— WABC capacity can be increased to x 12 in normal demand

 Maintenance by regulatory substances — HGF
— Properties
— Lineage MAP
— Cytokine sources and actions
— Various maturation pathway



Leucopoiesis

— Myeloblast

— Promyelocyte
— Myelocyte

— Metamyelocyte
— Band or stab

— Polymorphonuclear granulocyte
e Eosinophil
e Basophil
* Monocyte



Erythropoiesis

Proerythroblast
— Loss of nucleolus, sideroblastic granules

Basophilic Erythroblast
Polychromatic normoblast
Intermediate (Orthochromatic)
— Loss of nucleus

Reticulocyte
— Matures in 2-3/7
Mature Erythrocyte

— No synthetic activity
— Hemoglobinisation in 2-4/7



Thrombopoiesis

e Pluripotent stem cell
—CFU-M
— Erythropoietin
— Thrombopoietin
 Megakarycyte precursor
— 4 —-8—-16—-32 Nucleus

e Megakarycyte
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Hemopoietic growth factors

e Colony stimulating factors (CSFs)

e Cytokines
— Interferons
— Interleukins

e HGFs
— FIK2 ligand
— GM CSF
— G CSF
— M GSF
— Erythropoietin
— Thrombopoietin



Sources

e Sources:
— Fibroblasts
— Endothelial cells, epithelial cells
— Activated T cells
— Monocytes, macrophages



Clinical Use

e Clinical use:
— EPO, GCSF, GMCSF



	Haemopoiesis �By�Dr Kibet P Shikuku�UON�
	Slide Number 2
	Cell hierarchy (Haemopoiesis schematic representation) 
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Sites of Haemopoiesis
	Slide Number 8
	BLOOD IS MADE�IN THE BONE MARROW
	BONE MARROW: THE SOURCE OF BLOOD AND OUR IMMUNE SYSTEM
	SCHEMATIC OF HEMATOPOIESIS
	Introduction
	Introduction
	Stem cells
	Slide Number 15
	Progenitor cells
	Regulation of Haemopoiesis
	Regulation of Haemopoiesis
	Interaction of stromal cells, growth factors and haemopoietic cells
	Local and Humoral regulation of Haemopoiesis
	Haemopoietic growth factors
	Haemopoietic growth factors
	Slide Number 23
	Slide Number 24
	Erythropoiesis and erythrocytes
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Hemopoiesis
	Lecture outline
	Definition
	History
	Slide Number 34
	Mesoblastic
	Hepatic 
	Myeloid 
	Anatomy
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Marrow micro-circulation
	Physiology
	Slide Number 44
	Slide Number 45
	Leucopoiesis
	Erythropoiesis
	Thrombopoiesis
	Slide Number 49
	Hemopoietic growth factors
	Sources 
	Clinical Use


Dr. Peter Maturi Mwamba				Monday 18th January, 2010

HEMATOPOIESIS

Overview 

· All the cells that circulate in the peripheral blood are derived from primitive mesenchymal cells referred to as pleuripotent hematopoietic stem cells

· In the adult, most of the cells are located in the bone marrow, but they are capable of circulating freely in the peripheral blood

· At any given moment in time, a relatively tiny portion of the total stem cell pool in a healthy person is made up of cells that are beginning to differentiate along one of the seve

· ral pathways of hematopoietic development through a process that ultimately gives rise to the wide diversity of cells that circulate in the peripheral blood. This process which generally is restricted to the bone marrow is referred to as hematopoiesis 

Sites of Haemopoiesis

Fetus 

· 0 – 2 months – Yolk Sac

· 2 – 7 months – Liver, Spleen

· 5 – 9 months – Bone marrow

Infants 

· Bone marrow of all bones

Adults 

· Vertebrae, ribs, sternum, skull, sacrum, pelvis and proximal ends of femur



Extramedullary Hematopoiesis

· However, during periods of hematopoietic stress, the liver and spleen may revert to their fetal role and produce blood cells in the adult e.g. in metastatic cancer

· In certain malignancies of hematopoietic stem cells such as chronic myelogenous leukemia the liver and spleen may become massively enlarged owing to their reversion into blood forming organs

· Pathologic blood cell formation outside of the marrow is referred to as extramedullary hematopoiesis 

Hematopoietic Differentiation 

· The 1st step in hematopoietic differentiation involves a commitment of the pleuripotent stem cells to either of the large pathways, myeloid or lymphoid and are now referred to as committed progenitor cells

· The myeloid pathways subdivides into;

· Erythroid 

· Megakaryocyte

· Phagocytic

· The lymphoid pathway subdivides into;

· B cell pathway

· T cell pathway

· The ‘null’ cell or non B, non T cell pathway

Erythroid Pathway

· Gives rise to red blood cells which carry oxygen from the lungs to the tissues

Proerythroblast (Pronormoblast)



Basophilic Erythroblast



Polychromatic Erythroblast



Orthochromatic Erythroblast (Normoblast)



Reticulocyte



Red Blood Cell

Megakaryocytic 

· The megakaryocytic line does not undergo further subdivision, provides blood platelets which are the primary defence against hemorrhage and which play a major role in maintaining and repairing the endothelium





Megakaryoblast



Promegakaryocyte 



Megakaryocyte 



Thrombocyte 

Phagocytic Cell Line

The phagocytic pathway, however, undergoes complex subdivisions;

· Monocytic pathway; Blood monocytes which mature in the tissues to various classes of macrophages

Myeloblast 



Monoblast 



Promonocyte



Monocyte

Granulocytic Pathways

The granulocyte pathway divides into the neutrophilic, eosinophils and basophilic pathways;

· Neutrophils are the body’s main defence against bacterial infections

· Eosinophils play an important role in allergic states and in combating various parasitic infestations

· Basophils are the precursors of tissue mast cells


Myeloblast 



Promyelocyte 



Myelocyte 



Metamyelocyte 



Mature neutrophil 

The lymphoid pathway subdivides into the;

· B cell pathway: B lymphocytes differentiate further into plasma cells which secrete immunoglobulins

· T cell pathway: T lymphocytes play a critical role in cell mediated immunity

· The null cell or non B, non T cell pathway: the null cell pool and peripheral blood contains cytotoxic natural killer cells and a variety of immature lymphoid cells

Lymphoid Pathway

Lymphoblast 



Prolymphocyte 



Lymphocyte                           Natural Killer Cells



Plasma cells

The complex orchestration of hematopoiesis through which the elaborate array of blood cells described above is produced requires three physiologic components, each of which is essential. These are;

· The stem cell pool itself

· Hematopoietic cytokines which regulate hematopoiesis through both endocrine and paracrine mechanisms

· The hematopoietic inductive microenvironment, which is made up of the bone marrow stroma and vasculature. 

Stem cell pool

In summary, the major characteristics of the hematopietic stem cells are;

· The parent cells to all the of the cells circulate in the peripheral blood

· They are morphologically indistinguishable from small to medium sized lymphocytes

· While they reside primarily in the bone marrow, they migrate freely in the peripheral blood.

They may;

· Rest for long intervals without dividing in a so called prolonged interval

· Divide without differentiating further

· Differentiate down any one of the several myeloid or lymphoid pathways of development

Hematopoietic Cytokines 

· The hormones that regulate blood cell production are called hematopoietic cytokines

· Are produced by different cells and tissues e.g. 

· Erythropoietin which is the hormone that fine tunes red blood cells production, is produced primarily by cells in the kidney that can perceive hypoxia. When the oxygen delivered to these cells diminishes, they produce erythropoietin which then circulates in the blood in the bone marrow where it binds to receptors on the surface of erythroid precursor cells cause them to divide and mature

· Cytokines that stimulate neutrophil production are 

Examples 

· Erythropoietin – Red blood cells

· G-CSF – Neutrophils 

· Thrombopoietin – Megakaryocyte 

· Interleukin 4 – T Cells and basophils

· Interleukin 5 – B cells and eosinophils

· M-CSF – Monocyte/Macrophages 

· Others: stem cell factor, GM-CSF

Hematopoietic Inductive Microenvironment 

The microenvironment of the bone marrow is an essential ingredient of hematopoiesis. Several important aspects of blood cell production are managed by the stroma of the marrow.

· A number of cells that comprise the stroma (e.g. endothelial cells, fibroblasts, macrophages) are rich sources of hematopoietic cytokines that act on stem cells and early committed progenitor cells

· The marrow provides an important sorting mechanism that permits only the most mature cells (e.g. red blood cells, neutrophils, platelets) to exit the marrow

· The bone marrow serves as an important reservoir for mature neutrophils

· In a healthy individual, over 95% of the mature neutrophils in the body are in the bone marrow ready to be released on a moment’s notice should a bacterial infection occur

[bookmark: _GoBack]
Dr. Abdallah

HAEMOGLOBIN

STRUCTURE AND FUNCTION

Objectives 

· Definition 

· Detailed structure of Hb

· Embryology and development of Hb

· Functions of Hb

· Normal values

Definition 

It is a large molecule found in red blood cells. Myoglobin is related to it and is found in muscles

Structure 

· Is a tetramer 

· Is also a conjugated protein 

· Has 4 haem groups

· Hb A = 2 alpha, 2 beta having141 and 146 amino acids respectively

· 1o structure – as alpha chain 

· 2o structure – folding polypeptide chain

· 3o structure – folding protein – niche H

· 4o structure – coming together of 4 chains

Genetics 

· Chromosome coding is on number 11 (only codes the alpha and 16 for non alpha chains)

· Embryology has;

· Hb gower 1 – Zeta and Epsilon

· Hb gower 2 – Alpha and Epsilon

· Hb Portland – Zeta and Beta

· Foetus has;

· HbF – alpha and delta

· 3rd trimester has;

· Hb A1 – alpha (2) and beta (2); mainly found in majority of cases

· Hb A2 – alpha (1) and delta (2)

Functions 

· Oxygen transport

· Carbon dioxide transport 

· Acid base balance

Reference values

· Female: 11.5 – 16.5g/dl (Low due to menstrual cycle as compared to men)

· Male: 13.5 – 18g/dl

· Full term: 13.6 – 19.6g/dl (Highest due to scarcity in the uterus hence high to grab the little oxygen available)

· 1 year: 11 – 13g/dl

· 10 – 12 years: 11.5 – 14.8g/dl

Abnormal Hb

Qualitative Abnormalities

· HbS – 6th B, glu – val (This is sickle haemoglobin and the red blood cells take a sickle shape; abnormality is not in the alpha chain but due to the beta chain at the 6th position where glutamic acid is replaced by valine)

· HbC – 6th B, glu – lys (Abnormality is in the same position like sickle cell Hb, glutamic acid is replaced by lysine)

· HbE – 26th B, glu – lys (Glutamic acid replaced by Lysine)

Quantitative Abnormalities 

· Thalassemia: Chain deficiency e.g. in alpha thalassemia major, no alpha chains are synthesized hence death. Alpha thalassemia minor means that the alpha chain is present but is shorter and not enough. The same principle applies to Beta chain but in absence of beta chain, the individual may still be alive though is a very rare case

Other abnormalities include;

· Increased oxygen affinity of oxygen, Hb does not want to let go off the oxygen e.g. Hb Capetown 

· Decreased affinity for oxygen hence less oxygen is picked instead of a certain amount resulting to less oxygen e.g. Hb Kansas

· Unstable Hb include Hb Zurich, Hb Kologne and Hb Sydney

· Metallic iron ferrate is Fe3+ instead of Fe2+








HEMOPOIESIS

e Hemopoiesis is the formation, development and specialization of cellular
elements into mature functional cells.
e There are 3 basic stages of hemopoiesis:
o0 Mesoblastic:
* Begins at 2™ to 7" week of gestation.
* Embryonic
" In yolk sac
* Condensation of mesenchymal cells to form blood islands
" Nucleated blood cells form
o Hepatic:
* Begins at 12" to 16" week of gestation
* In liver, thymus and spleen, lymph nodes somewhat latter
* Forms anucleated RBCs
o Myeloid:
= 20" week to adulthood
* In bone marrow
" Begins with establishment of ossification centres in bone
= All blood cell types found in adults can be produced by the

bone marrow.

Anatomy:

e Active marrow space in child of about 15kg is 1000 to 1400g, total marrow
1s 1600cc.
e Adult: active marrow space is 1200-1500 g, total marrow is 2600 to 4000cc.
e Targe spaces in the neonate progressively decrease with age with the marrow
becoming increasingly filled with fat.
e Tunction of fibroblastic cells:
o Supportive framework
o Production of essential hemopoietic colony stimulating factors.

Physiology:

e Maintenance of a constant number of red cells, white cells and platelets
requires regulatory mechanisms:
o 3-11x10" WBCs
o 4.5-5.5x10" RBCs
o 150-450 x10” platelets





Origins of hemopoiesis:

e Single pluripotent (multipotent) stem cell is capable of:
o Giving rise to many committed progenitor cells
o Self-renewal
e Committed progenitor cells:
o Form differentiated recognizable precursors of the specific types of
blood cells
o Are limited in proliferative potential and are not capable of indefinite
self-renewal ‘die by differentiation’ and are repopulated on influx
from pluripotent cell pool
o Proliferative potential and differentiation of stem cells and committed
progenitor influenced by:
* Adventitial cells
* Alpha HGF — produced in reaction to circulating levels of a
particular differentiated cell type.

Regulation of hemopoiesis:

e Large reserve
o 2x10" RBC/day and increased x4 when required.
o WBC capacity can be increased x12 in normal

e Maintenance by regulatory substances — HGF
o Properties
o Lineage map
o Cytokine sources and actions
o Various maturation pathways

Leucopoiesis:

Myeloblast
Promyelocyte
Metamyelocyte
Band/stab
Polymorphonuclear granulocyte
o Eosinophil
o Basophil
o Neutrophil
@

AR A

Monocyte* (produced in this manner, but is not a granulocyte)





Erythropoiesis:

e Proerythroblast:
o Loss of nucleolus, sideroblastic granules

e Basophilic erythroblast
e Polychromatic normoblast
e Intermediate (Orthochromatic)
o Loss of nucleus
e Reticulocyte
o Matures in 2-3 days
e Mature erythrocyte
o No synthetic activity
o Hemoglobinisation in 2 to 4 days.

Thrombopoiesis:

1. Pluripotent stem cell
o Colony-forming unit (CFU)
o Erythropoietin
o Thrombopoietin
2. Megakaryocyte precursor
o 4to 8 to 16 to 32 nuclei
3. Megakaryocyte

Lymphopoiesis

1. Lymphoid stem cell
2. Prolymphoblast

3. Lymphoblast

4. Lymphocyte.

Hemopoietic growth factors:

e Colony stimulating factors:
e Cytokines

o Interferons

o Interleukins

e HGFs

o FIK2 ligand
GM-CSF
G-CSF
M-CSF
Erythropoietin
Thrombopoietin
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e Sources of HGFs
o Fibroblasts
o Endothelial cells epithelial cells
o Activated T cells
o Monocytes, macrophages
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