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Site of hematopoiesis a3l S5 S
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O LYMPHADENOPATHY  4.dalll 232l Ui
Lymphadenopathy can be caused by benign or matignant disease. The clinica

points to clarify are shown in the box,
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fossa
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History

Supraciavicular

Aillary i)

® Speed of onset, rate of entargement

® Painful or painless

® Associated symploms: weight koss,
night sweats, itch

Examination  aadl)

— Inguinal iy Y

e Sites: localisad, generalised
® Size (cm)
® Character: hard, soft, rubbery

® Fixed, mobile

® Search area that node drains for
abnormalities (e.g. tooth abscess)
e Other general examination
(e.g. joints, rashes, clubbing)
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Pre-auricular 031 ¢4l

Parotid Al

Sutxmndibmar siad) Glall 4 ) 5 s
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Amenor cervical  AxelaY) 48 )
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@ EXAMINATION OF THE SPLEEN Jakll asd

¢ Move hand up from right iliac ¢ Keep hand still and ask patient to
fossa, towards laft upper take a deep breath through the
quadrant on expiration, mouth to feel spleen edge being
displaced downwards.

* Place your left hand around
patient’s lower rbs and approach
costal margin to pull spleen
forward.

¢ To help palpate small spleens,
roll patient on to the right side
and examine as before,

® [ull to percussion
o Cannot get batween ribs and splegn
® Moves well with respiration
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Fundi
Haemaorrhage
Hyperviscosity
Engorged veins
Papilloedema
i) | Haemorrhage
At

Conjunctiva A Fundal haemorrhage

Pallor
Jaundice

Neck, axilla
Lymph nodes

?SM Mouth
Lips: angular stomatitis,
telangiectasia

Gum hypertrophy
Tongue: colour,
smoothness

Buccal mucosa:
petechiae

Tonslls: size

Perfusion
Telangiectasia Z o S ﬁ Feet

f \ 0 Abdomen
Masses
Ascites
/ Hepatomegaly
Splenomegaly
/ Inguinal and femoral
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Gum hypertrophy A nodes
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Uil Pulse Joints
Rate Deformity
Swelling
Restricted movement
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-s-Plasma -

«Yhite blood cells, o<~
the “buffy coat”

~4-Red blood cells a0




'&l Hematopoietic Systems
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Reticuloendothelial System =
Sl (Sl el

Endothelial Cells 4:adl LAl m
Monocyte Derivatives <lua sl (e 42501 LAl m
Hepatocytes 4l LAl m

Bone Marrow skl 5 m
Liver ) m

Spleen Jxk!l m

Blood Vessels 4 sl dxc sV m
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Control of iron metabolism sl QLG Saill m
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Castrosplenic ligament

Posterior
pxfremity
]

Short Superior border
gaslric L
vessels Gastric
impression
Renal

impression Hilum
Inferior
border

Splenorenal
enorenal)
ligament
Splenic artery
Ledt gastro-omental
{gastroepiploic)
VEssEls

Splenic vein
Colic impression

Anlerioe extremily

Visceral surface

Serosa, or coat
(visceral
peritoneum)

Fibrous
capsule

Splenic pulp

Splenic
trabeculae

Splenic vein
and artery

Cross section
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FALCIFORM
LIGAMENT

ANTERIOR VIEW OF LIVER

We'll talk more
about the liver
next term
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Site of hematopoiesis al! ()9S5 ¢Skl

Fetus: 0-2 months Yolk sac (~=ll sl
2-7 months Liver, spleen Jadall 5 )
5-9 months Bone marrow skl &
Infants Bone marrow, practically all bones 2=l

Adults Vertebrae, ribs, sternum, sacrum and
pelvis, proximal ends of femur
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e oY) Ol sa<——marrow microcirculation < sall s3a ) dauzslill Lol
general circulation alall (5 geall G sall «— al) 8 448l
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Peripheral Blood Smear







Bone I\/Iarrow Asplratlon




Bone Marrow Biopsy
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STEM CELL

e dal) 410

STEM CELL
(e.g., hematopoietic
stem cell)

~.. SPECIALIZED CELL
_ \ (e.g., neuron)

haaiiall ( (D

FERRRIEX]

PROGENITOR CELL SPECIALIZED CELL

(e.g., myeloid utionhil
progenitor cell) (2.9 ne: eRi

=

SPECIALIZED CELL
(e.g., red blood cell)
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Multipotential hematopoletic
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Common lymphoid

PrOgenitor <. il Auialll Cardlud)

stem cell
(Hemocytoblast)
| l

by N
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Common myeloid
48 yidiall 4, g81l) Casu) Progenitor
=1 | b
Myeloblast

I s s —
Megakaryocyte . ‘) . w Q
Eosinophil

Basophil  Neutrophil Monocyte
.', K

Thrombocytes

\

Macrophage

. N
Small lymphocyte -'.?‘
/ \ Natural killer cell
. ‘ (Large granular lymphocyte)

B lymphocyte T lymphocyte
)

Plasma cell
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Band neutrophil Neutrophil
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Metamyelocyte

Promyelocyte Myelocyte m
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Myeloblast MARROW
(myelomonoblast)

Neutrophil
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TISSUES

Neutrophil

Immature
macrophage

Mature
macrophage
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| Self-renewal

Q il

Stem Progenitor cells
cells recognized by
culture techniques

(b)

Differentiation
and development

Mature
cells

== |

Recognizable
proliferating .
marrow
precursors

* SC has the capability of self-renewal -
cellularity remains constant in a normal

healthy steady state.




Embryonic SC dsaadll dae 2l 4141

- totipotent < el 4kl - generate
all tissues 4awa¥) JS Al 55,
Evidence = adults SC (in different
organs) = pluripotent <l jaall 3aaaia,
Bone marrow aball &

— Hematopoietic SC

— Mesenchymal SC - clinical application
- th/mesenchymal disease _=! <l

Hoo—
o

{a) Embryonic stem cells

Myeloid and

lymphoid cells
AN . F
P - Epithelial
) stem cell
Haemopoletic S 2 Vi ¥ 7
stem cell TR =y $
;’ & e Neural
I 7 tissues
Muscle, *+— < £
tendon, 2 > 2 Neural
cartilage, S
etc. Mesenchymal stem cell

stem cell
(b) Adult stem cells




Pluripotent(ial) Hematopoietic Stem Cell
Gy Badnia adll 45 gSal) Ao dad) 404N

Give rise to the separate cell
lineage
Exact phenotype unkown -

Immunological testing: CD34+,
CD38-

Appearance ~ small/medium
size lymphocyte

Cell differentiation occurs from
the stem cell down the
erythroid, granulocytic and
other lineages via the
committed hematopoietic
progenitors cells = restricted
In their developmental
potential.
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Hematopoietic Stem & Progenitor Cells
aall 45 Kl dpe 3al) g daladl LA

Pluripotent -

CFUgemm
Mixed myeloid
progenitor cell

BFUE (o

Erythroid
progenitors Eosinophil

CFUGm progenitor
>, Granulocyte
) monocyte

/ progenitor

Thymus

e Baso-
phils phils phils
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Bone Marrow Stroma abal) & s

L sk 5 deaall L) gail dpnlio iy
cells stromal 4saw LIS (e (ST o

microvascular 4ass ie J A<l +
network
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cells

adipocytesisaill LAl o m
Fibroblast 4l cila s Y »

Reticulum 4.Suille

Endothelial cells 4xlay)
Macrophages ac Sulle

Extracellular molecules:

* Collagen

* Glycoprotein (fibronectin,
thrombospondin)

* Glycosaminoglycans
(hyaluronic acid &
chondroitin derivates)

* Growth factors - for cell
survival




Hemopoietic Growth Factors
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Hemopoietic Growth Factors(HGF)
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Leukopoiesis —>also stimulates by endotoxin
Ll 4050400 BN 2l il S (3955 (2 pa

bl Antigen
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Proliferation

Early cell

G-CSF <:

Monocyte
o)
w o
Differentiation
G-CSF @
Neutrophil
Suppression 7//@4
of apoptosis G-CSE
Maturation SCE b ‘
Late cell
G-CSE Activation of
Functional phagocytosis,
activation killing, secretion

Fig. 1.7 Growth factors may stimulate
proliferation of early bone marrow cells,
direct differentiation to one or other cell
type, stimulate cell maturation,
suppress apoptosis or affect the
function of mature non-dividing cells, as
illustrated here for G-CSF for an early
myeloid progenitor and a neutrophil.
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Red cells Platelets Monocytes Neutrophils Eosinophils
Site of action J&ll a8 54 HGF aall 43 5Sall gall) cilila
Stromal cell IL-1, TNF
Pluripotential stem cell Stem cell factor (SCF), Fit ligand (Flt-L)

Multipotential progenitor cell  IL-3, GM-CSF, IL-6, G-CSF, thrombopoietin

Committed progenitor cell G-CSF*, M-CSF, IL-5 (eosinophil-CSF),
erythropoietin, thrombopoietin*



Early-acting
hematopoietic Pluripotent
growth factors stem cell
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Apoptosis Ailaiuy!

:Homeostasis ity
cell destruction W&l =585 . production cell L) #1)
nghl\ & gall
Morphologically :4d8&l 4alil) ¢y
— Cell shrinkage 4.lall (il
— Condensation of nuclear chromatin s (il s SI) iS5
— Fragmentation of the nucleus 3! &l 3 a3
— Cleavage of intranucleosomal DNA 3l sl Gilesa Jala Ball jUalil
sk g aall S Al i) Jo dliblaall daly dules
) b glaall)



Pathway of apoptosis 4ilaiuy) dlu

APOPTOSIS

t

Caspases ' Death

Release of ——)T(—- v/ domain

cytochrome ¢

Procaspases
Increased
Inhibits <€« paxprotei v
7 Pf\ 053
Bl BAX gene T
expression :
Increased
BCL-2

== ) 4 Cytotoxic drugs
Radiation

\ Survival factor
e.g. growth factor

Fig. 1.9 Representation of apoptosis.
Apoptosis is initiated via two main stimuli:
(i) signalling through cell membrane
receptors such as FAS or tumour necrosis
factor (TNF) receptor or (ii) release of
cytochrome ¢ from mitochondria.
Membrane receptors signal apoptosis
through an intracellular death domain
leading to activation of caspases which
digest DNA. Cytochrome c binds to the
cytoplasmic protein Apaf-1 leading to
activation of caspases. The intracellular
ratio of pro- (e.g. BAX) or anti-apoptotic
(e.g.BCL-2) members of the BCL-2 family
may influence mitochondrial cytochrome ¢
release. Growth factors raise the level of
BCL-2 inhibiting cytochrome c release
whereas DNA damage, by activating p53,
raises the level of BAX which enhances
cytochrome c release.



Growth Factor
Receptors & Signal
Transduction

Control hematopoiesis by growth

factors:

« Factors acts on cells expressing the
corresponding receptors.

* Binding of GF to its receptor activates
by JAKs = then phosphorylate STATs
which translocate to the nucleus and
activate transcription of specific
genes

Growth

T factor

Plasma membrane

D
P_rotein
/ ( kmelse B

Blocked

STATs Ris apoptosis
I RAF
l Nucleus

Active STAT dimers MAP kinase

|
MYC, FOS
}

Activation of
gene expression

G2

pS53

DNA damage
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Measurement (units)

Men

Women

Hemoglobin (gm/dL)

13.6-17.5

12.0-16.0

Hematocrit (%)

40-54

37-47

Red cell count (106/uL)

4.5-6

4-5.5

Reticulocyte count (%)

0.2-2

Mean cell volume (um3)
MCV

78-96

Mean corpuscular
hemoglobin (pg)
MCH

28-32

Mean corpuscular
hemoglobin concentration

(gm/dL) - MCHC

32-36

RBC distribution width
RDW

11.5-14.5
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Cells and Cell Functions

Ledithh g ¢ LA

Red Blood Cell sasll pall &l S m

Transport Jall m
Oxygenm
Carbon Dioxide =
Protons m
Large Proteins by Cell Surface Receptors =




Cells and Cell Functions

Ledithh g ¢ LA

Red Blood Cell sasll pall &l S m

Metabolism «aiuy) m
Acid-Base Metabolism aeall g slall QLY m
Repair of Oxidative Stress =

Repair of Reductive Stress =

Catabolism of neurohormones =




Y
'ﬂ CeIIs and Cell Functions

White Blood Cells (anll b Sl m

Body Repair psadl a5 m
Wound Healing =
Scar Maturation =

Metabolism <aiuy) m

Control of blood ECM (regular, acute inflammatory, =
chronic inflammatory)

Control of body Iron stores =
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Platelets ©lawall m

Coagulation il m
Anticoagulation Liadll Glalias m
Thrombolysis 3 5!l Bsil m
Inflammation «i¥! m

Wound Healing z sl ¢li m




Extracellular Matrix

Plasma versus Serum deaall § L DLl m

Fibrinogen ¢z~ s sl Clotting Factors sl Jalsc m

Protein Electrophoresis (=8 <lifigpdl (S, m
Albumin G sy m

Globulins ¢ s sl2ll m

m Alpha-1, Alpha-2, Beta-1, Beta-2
m “Gamma’-globulins (immunoglobulins)




Plasma Functions

La D) ailda g

Gl g ALY m
Transport Jall m

The ECM that does not rely just on diffusion =

Nutrients and Wastes <&3ladll 5 bl m
(Endocrine, Neuroendocrine, Immune) <l WY m
Cells WAl m

Metabolism <&y m




Any questions?




Hb (g/L) 135-175 115-160
PCV (haematocrit; L/L) 0.4-054 0.37-047
RCC (10™/L) 4560 39-5.0
MCV (fL) 80-96

MCH (pg) 27-32

MCHC (g/L) 320-360

RDW (%) 11-15

WBC (10%L) 4.0-11.0

Platalsts (10%1) 150-400

ESR (mm/h) <20

Reticulocytes 0.5-2.5% (50-100x 10°/L)

ESR, erythrocyte sadimentation rate; Hb, haemoglobin; MCH, mean
corpuscular haesmoglobin: MCHC, mean corpuscular haesmoglobin
concentration; MCV, mean corpuscular volume of red calls;

PCV, packed call volume; RCC, rad call count. RDW, red blood
cail distribution width: WBC, white blood count.




Table 1.3 Haemopoietic growth factors.

Act on stromal cells
IL-1
TNF

Act on pluripotential stem cells
SCF
FLT3-L
VEGF

Act on multipotential progenitor cells

IL-3

GM-C5F

IL-8

G-CSF

Thrombopoietin
Act on committed progenitor cells

G-CSF*

M-CSF

IL-5 {eosinophil-CSF)

Erythropoietin

Thrombopoietin®
C5F, colony-stmulating factor; FLT3-L, FLT3 igand; G-C5F, granulocyte colony-
stimulating factor; GM-Z5F, granulocyte—macrophage colomy-stirmulating facior;
IL, mterleuking M-CSF, macrophage colony-sfimulating factor; SCF, stem call
factor; TMF, tumour necrosis factor; VEGE, vascular endothelial growth factor.,
*These also act synergistically with early acting factors on pluripotential
progenitors.

Growth factor receptors and signal
transduction

The biological effects of growth factors are mediated through
specific receptors on target cells. Many receptors (e.g. erythro-
poietin (epo) receptor (R), GMCSF-R) are from the haemar-
apoietin receptor superfamily which dimerize after binding
their ligand.

Dimerization of the recepror leads ro activation of a complex
series of intracellular signal transduction pathways, of which
the three major ones are the JAK/STAT, the mitogen-activared
protein (MAP) kinase and the phosphatidylinositol 3 (P13)
kinase pathways (Fig. 1.7; see Fig. 15.2). The Janus-associated
kinase (JAK) proteins are a family of four tyrosine-specific
protein kinases that associate with the intracellular domains of
the growth factor receprors (Fig. 1.7). A growth factor mol-
ecule binds simultaneously to the extracellular domains of
two of three receptor molecules, resulting in their aggregation,
Receptor aggrepation induces activation of the JAKs which
now phosphorylate members of the signal transducer and acri-
vator of rranscription (STAT) family of transcription facrors,
This results in their dimerization and translocation from the
cell cytoplasm across the nuclear membrane to the cell nucleus.
Within the nucleus STAT dimers activate transcription of spe-
cific genes. A model for control of gene expression by a tran-
scription factor is shown in Fig. 1.8. The clinical importance of



® Haemopoiesis (blood cell formation) arises from
pluripotent stem cells In the bone marrow. Stem cells
give rise to progenitor cells which, after cell divisions
and differentiation, form red cells, granulocytes
(neutrophils, eosinophlls and basophils), monocytes,
platelets and B and T lymphocytes.

B Haemopoetic tissue occuples about 50% of the
marrow space In normal adult marrow. Haemopolesis
in adults Is confined to the central skeleton but In
infants and young children haemopoietic tissue
extends down the long bones of the arms and legs.

B Stem cells reside in the bone marrow in niches formed
by stromal cells and circulate in the blood.

B Growth factors attach to specific cell receptors and
produce a cascade of phosphorylation events to the
cell nucleus. Transcription factors carry the message
to those genes that are to be ‘switched on; to stimulate
cell division, differentiation, functional activity or
suppress apoptosis.

B Adhesion molecules are a large family of glycoproteins

that mediate attachment of marrow precursors and
mature leucocytes and platelets to extracellular matrix,
endothelium and to each other.

Epigenetics refers to changes in DNA and chromatin
that affect gene expression other than those that
affect DNA sequence. Histone modification and DNA
methylation are two Important examples relevant to
haemopoiesis and haematological malignancies.
Transcription factors are molecules that bind to DNA
and control the transcription of specific genes or gene
families.

Apoptosis is a physiological process of cell death
resulting from activation of caspases. The intracellular
ratio of pro-apoptotic proteins (e.g. BAX) to anti-
apoptotic proteins (e.g. BCL-2) determines the cell
susceptibility to apoptosis.



