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The Cytokines and Haemopoletic Growth Factors: Blological Aspects

Cytokine MW Cell sources Target cells Main effects
1o 17,500 Macrophages, somalic celis Haemopoalesis, immune system Inflammalory (see Fig. 1.13)
IL-2 15,500 T lymphocytes Tand B cells T-cell growth factor
IL-3 28,000 T lymphocytes Early haemopoietic cells Haemopoielic growth factor
IL-4 19,000 T cells, mast cells T and B cells, early Immune and haemopoialic
haemopoietic cells growith factor
IL-5 40,000-50,000 | T cells, mast cells Eosinophils Eosinophil growth and
homadimer differentiation factor
IL-6 21,000-28,000 | Fibroblasts, T cells, B cells, megakaryocyles Immunoglobulin production,
macrophages, somatic cells hepalic acute phase prolain
platelet production
IL-7 25,000 Stromal cells Earty B and T lymphocyles Growth faclor for 8 and T cells
L8 6,000-8,000 Ubiquitous; macrophages, Chemoatiractant for neutrophils Neulrophil migration
endothelial, fibroblasts, and T lymphocyles
somalic cells
L9 30,000-40,000 | Tcells Mast cells, erythroid progenitors Haemopolesis and T-cell
development
IL-10 18,000 T helper and B cells, B cells and T cells, monocytes, Mast cell and B-cell prolileration and
keratinocyles, macrophages macrophages antibody production; suppresses
ytokine p ion from
T-halper cells
-1 23,000 Fibroblasts, stromal cells Megakaryocytes, eary Haemopoiesis and thrombopoiesis,
haemopoietic cells, B cells B-cell immunaglobulin secrelion
IL-12 70,000 Macrophages, B cells T cells, NK cells Induces IFNy and cell-mediated
heterodimer Immunity
IL-13 10,000 Tcells Monocyles, B cells Promotss IgE production
IFNo g 18,000-20,000 | L yies, libroblast M b NK cells Antiviral, anliproliferative and
immunomodulating; induces class |
MHC anligens
IFN, 20,000-25,000 | T lymphocytes, NK calls Tand B cells Immunomodulating anliprofileralive
{inhivits apoplosis) and antiviral.
Induces cell membrane antigens
{e.9. MHC class | or Il)
TNF, 17,000 Macrophages, somatic cells, Ubiquitous Inflammatory, immunognhancing and
Tand B lymphocyles {umouricidal, secondary production of
cylokines by stromal cells
TNFp 18,000 T lymphocytes Ubiquitous Inflammalory, immuncenhancing and
(lymphotoxin) lumouricidal, secondary production of
cylokines by stromal cells
TGFp 25,000 Plalelets, T cells, somatic cells | Fibroblasts, many other cells Anli-inflammatory, wound healing,
bone remodelling
MIP-1, Stem cells Inhibitory factor
SCF (Kitligand) | 20,000-35,000 | Stromal cells, fibroblasls, i Masl cells, early pluripolential cells, Growth factor for stem calls, early
liver ceils and myeloid, lymphoid or lymphoid and myeloid progeniiors,
erylhroid progenilors mas cells
GM-CSF 14,000-35,000 | Stromal calis, T lymphocyles, | Haemapaletic progenitors Stimulates early haemopoiesis, mast
mast cells and late cells in granulocytic, granulopolesis, monocyte formation
monocylic lineages and function
G-CSF 18,000 Siromal celts, macrophages, Granwlocyle progenitors and Early haemopoiesis, granulocyla
monocyles granulocytes production and funclion
M-CSF 40,000-70,000 | Stromal celis, macrophages, Monoeytes, progenitors and Monocyle production and function
monocytas monocytes
Erythropoiatin 30 400 Kidney, liver Erythrold progenilors Growth factor lor red cells

(late BFUg, CFUg) and erythrocyte
precursors (o reliculocyte stage

Pl QS (b B pantuaall i jadl i a el g g8 ghanal (5 gl el (1) (g

' 4




Regulation of hematopoiesis

Early-acting
hematopoietic
growth factors
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@ s
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@D Thrombapoietin ==

Myeloid
stem cell

Other interleukins
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@ -2

@ -4
/N 17
/A 18
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(10) I-10

Sl T

Erythrocyle Platelet  polymorphonuclear Monocyte Basophil Losinaphil
leukocyle GMD
Lineage-specific
hematopoietic
growth factors
Erythropoietin Tissue macrophages  Mast cell
@ G-CSF * Alveolar
s Kupffer cells
E M-CSF + Langerhans celis
« Osleoclasts
@ 15 « Microglial cells

(TP Thrombapoietin
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Erythroid maturation

' Proerythroblast
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. Polychromatic (intermediata) Normoblast
. Orthochromatic {late) Normoblast
Extrusion of nucleus ‘5
Matura Erythrocyta
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Haemogloblin Synthesis lbaddl s g -V

S s¥) Jon b peall S 8 Gl Al did gl o
O Y el e s S S G dasy gl ) o) o
o Al sa (68000 hind 433s) el liadll ois5n il
g 141 e 0 Aladad) oS04 (2 o0 - 2B) B Glduy o ilubs
cotel aes 146 (ga B ALl QS s (8 ¢ gitel

Ole g dlliay il 5o Gleadl e 79V A5 A cliasl il
o Ofbulu e calpadl A2 Clladll s J eclizdll e of AT
5 el sl il g %3-1.5 (5% ¢(200- 2 8) & bl
(20- 27 )y ofbduy o Gilade e Galsdl Fuall Gt s
@ ladl S gomy ) sd Gladd e Y g J (S0
glycine cpmaldell Jigad b 4 o1 dad o dusi U 5 gladdl o el jaiial
Aot od il § men I succinic acid  lguS gl aes
13¢) L) Lasa B6 (sali) a5 <8 aminolacvulinic acid (ALA)
glaal (e aaiy oisms i VU Gaalys medl BB o3 Jelal
Olugiosdl ol Jeol A &8 S-ALA bl
Jams el ) b <l w3 aaaty  (porphobilinogen
Al (N paedl puay Aleall 85 cprotoporphyring by yé 5 55 55l
P st pasgdl G sSA o glil
Haemoglobin function :l&adll (aildsg —A

ooy ol gl g s cppalti (8 eall il KU peill JSH pgany
lidie oy gl sy s S o (s S
S ganill Jaiall (685 i G5l iy padll b eSS

Yo



Cum gl b S N1 ains 805 (e ) Adl 5 Wle
€ U ol aaal Ay Uit (s S paniil daimll () 5
b i€ W st og jad ¥ sl a5 il Aualls
N e sl A o medly S Y ol gk (oY
Ot ey o gl 88y 4 Y et A gl pagel) S0 b ALalal)
TR I N TRV P P SUSPL N RELLY SN NURWY |
prdia s ladl muay lavie Lygaall Bl ()5S 5!

OSSN ad dea A (2,3-DPG) yple shuangh (o0 3-2 Jaay
O fa cladisal sly b (2,3-DPG) 385 o Juy el (b Jeud
heasl Allad G ecimall o 8 plin )t gl G Y sl ¢
sinde 8 aidl dsms Wil gl ) S oY1 B b Al jall
el g an g A Cm€ AU Aty Jad Ja ghucall Qe oy 5 (31

oad Bl iy Psy o eSO cliaad Al ge
Chmall il o Laxiey o0 o8 el ) @ oSS
W ity e gad eSO G St Caay SN
gmaaa Sall 5 Psg

PH Vs (2,3-DPG) (e (Sl Gl il inta sy
ol 58 Cajagy ccbaddl Ay ol peadl 4y B 4 CO2 58S Ay
Cligine 35ny o S awSd 8 sy J (2,3-DPG)
G taie S ladlS s iliad gy o PH ) (e diadsia
Catngy S s A (aliddh ) D gagny (el sad S 5Y)
35S 30 clla b pull sad cusaSONY Gl ate il
oS 0 A1 3ok e AT peal) 55K aam o0 MG lead

1



ssms Al b Ly Galiayy el b s 1 a3 il
afl iy o(2,3-DPG) — ki ¥l e 1506 ¢S o8 F oibsal)
Tl cpam a1 Jea o il 4l faas U3 ) F oilead
A liadlly 4 jlie 4udi el
1A ol gl gl iy paall g jSU A guad) paliial) -4
v eall b S Qo pulial 35S s o

p sl clalag el guinlh oda Blati, olanat) alaa)

el jae &JT

caal gl ) el & da g cllalpal — Ll
el pad ¢ el clebla DA 4 Gy Unpus WDBA) Galis il o34
& ya 30 4 lae 1 1 ol paellh sliadll 8 Lge lanall & St
oo an Ll abuall Jaiall of asi ¢ oaaly padd die sl gl asll b
bl o ke g 7Y

Measurement (units) Men Women
Hemoglobin (gm/dL) 13.6-17.5 12.0-16.0
Hematocrit (%) 40-54 37-47
Red cell count (106/pL) 4.5-6 4-5.5
Reticulocyte count (%) 0.2-2
Mean cell volume (um3)
MCV 78-96
Mean corpuscular
hemoglobin (pg) 28-32
MCH
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Mean corpuscular
hemoglobin concentration 32-36
(gm/dL) - MCHC
RBC distribution width
RDW 11.5-14.5
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Fig 6.14 Aplastic ansemia: low power view of bone marrow fragment

showing severe reduction of haemopoietic colls and an increase in fat
503005

Fig. 6.15 Aplastic ansemia: trophine biopsy of pasterior tac crest
shows gross hypocellularity with replacement by fat

b 1 t W2 Fig 6.17 Aplastic ansernia: higher powor view of the biopsy in Fig
Fig 6.16 Aplastic anaemia trephine biopsy shows some haemopoletic 6.16, showing grossly hypoceliular marrow with a remaining lymphoid
celidsr foci in an otherwise grossly hypocellular marrow. folicia in the upper sight field,
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Anaemia

Anaemia of chronic
diseases
Aplastic anaemia

Acquired haemolytic
anaemia

Autoimmune haemolytic
anaemia

Alloimmune haemolytic
anaemia

Acute leukemia

Acute myelogenuous
leukemia

Acute lymphoblastic
leukemia
Anti-tumour drugs

Autoimmune
thrombocytopenic purpura

Acquirred coagulation
disorders
Basophils

Bone marrow
Transplantation
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Blood transfusion
Bleeding disorders

Blood components and
blood products

Complications of blood
transfusion
Chronic leukemias

Chronic myeloid leukemia

Chronic lymphocytic
leukemia

Drug-induced haemolytic
anaemia

D

Disseminated intravascular

coagulation

Erythropoiesis
Eosinophils

Essential thrombcythemia

Excessive fibrinolysis
Folic acid deficiency

G6PD defeciency

Haematopoiesis
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Haemolytic anaenta
Hereditary spherocytosis
Hereditary elliptocytosis
Haemoglobin
abnormalities
Hypereosinophﬂia
Hairy cel] leukemia
Hodgkin's disease
Haemostasis

Hereditary coagulation
Disorders
Haemophilia A

Haemophilia B

Henoch-schonein purpura

Iron deficiency anaemia

Inherited haemolytic
anaemia
Infecious mononuclosis

Inhibitors of Coagulation

Lymphocytes
Leukemias
Lymphomag
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Vit B12 deficiency and
Pernicious anaemia
Vascular disorders

Von willbrand disease

Vitamin K deficiency

Waldenstrome
macroglobulinaemia
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