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BLOOD

Blood is body fluid

transport medium (O,, CO,, metabolites, hormones, nutrients...)

homeostasis of inner body environment (thermoregulation, acidobasic
equilibrium, oncotic pressure)

integrity of cardiovascular system (clotting cascade)
* immune reactions

plasma
* ions, proteins, low mass

2, — organic compounds
o = - fluid ECM

%

Blood can be considered as
a specialized connective tissue

@ Withdraw blood

@ Centrifuge
and place in tube

formed blood elements
« erythrocytes

* leukocytes

« thrombocytes




BLOOD PLAMA AN

plasma

- 2,835

« pH 7.4 (+0.05)

 ~92% water

« ~1%ions (Na*, K*, Ca*, Mg*, CI, HCOy), low mass organic compounds (glucose,
aminoacids, cholesterol, lipids, waste products of metabolism), respiration gases

« ~7% proteins (albumins, globulins, fibrinogen)
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IONS AND LOW MASS

+ ~1% ions (Na*, K*, Ca*, Mg*, CI, HCOj;"), low mass organic compounds (glucose,
aminoacids, cholesterol, lipids, waste products of metabolism), respiration gases

Cations

Anions

Sodium

Potassium

Calcium

Magnesium

Iron &
Iron @

Copper

Chlorides

Bicarbonates [HCO;]

P,

lodide

136-148 mmol/I
3,7-5,0 mmol/I
2,15-2,61 mmol/I

0,66—0,94 mmol/I

12—27 umol/I
10-24 umol/I

12-22 pumol/I

95-110 mmol/I

22—-26 mmol/I

0,6—-1,4 mmol/I
276—630 pmol/I

Osmotic pressure, volume, pH

Membrane potential of cells (nerve, muscle)

Permeability of membranes, blood clotting,
neuromuscular junctions

Cofactor of enzymes, neuronal conduction

Cofactor of enzymes, in hem of hemoglobin
Cofactor of enzymes

Osmotic pressure, volume, pH

Transport of CO,, buffer - pH

Buffer - pH

Hormones of thyroid gland

Memorizing of this table is not necesasry for completing our course ©



IONS AND LOW MASS

« ~1%ions (Na*, K*, Ca*, Mg*, Cl, HCOy), low mass organic compounds (glucose,
aminoacids, cholesterol, lipids, waste products of metabolism), respiration gases

Glucose 3,3-6,1 mmol/I
Aminoacids 2,3-3,9 mmol/I
Urea 3,0-7,6 mmol/I
Lipids 4-9 g/
Triacylglycerols 0,5-1,8 mmol/I
Phospholipids 1,8-2,5 g/l
Creatinine 55-110 umol/I
Cholesterol (total) 3,5-5,2 mmol/I
Bilirubin 3,3—-18,0 umol/I
Lactate 0,55-2,22 mmol/I

But what is important to know is that:

<

COMPOSITION OF BLOOD PLASMA IS CONSTANT
and regulated in narrow range — essential for clinical medicine




PROTEINS OF BLO

« oncotic blood pressure

« transport

« coagulation

[ IS FeSponse Major Plasma Proteins

r latory protein
egulatory proteins 99% of Plasma Protein Mass

Fibrinogen
IgA Total

T

Alpha 2-Macroglobulin Complement Factor B

IgM Total

|_|— Alpha I-Antitrypsin

C3 Complement

I
10% ‘

Transferrin —l |7

C4 Complement

Ceruloplasmin
IgG Total 4

Haptoglobin Factor H

Lipoprotein (a)

Alpha-1-Acid
Glycoprotein

Apolipoprotein B

Albumin

O0-90%

Prealbumin —|

|_ C9 Complement

C1q Complement

C8 Complement

|

L Apolipoprotein A-1

90-99%

https://pharmaceuticalintelligence.files.wordpress.com/2014/06/major_plasma_proteins2.jpg




PROTEINS OF B

* prealbumin

- transport
e albumin
- High
68kDa Voltage Prealbumin
- transport d.c.
Power

- osmotic pressure

« alregion

- ol lipoprotein (HDL)
- ol acid glycoprotein
- ol antitrypsin

- (ol fetoprotein)

* a2region

Why it is useful? Click here.

a-Lipoprotein

«y-Acid-glycoprotein

ay -Antitrypsin
a-Antichymotrypsin

ay-Macroglobulin

Albumin

ay

(L

- o2 macroglobulin Haptoglobin
- haptoglobin B Lipoprotein
* PBlregion B
- transferrin vrastorTn

. IgA B2
- hemopexin 2 Origin
- B lipoprotein (LDL) ot
- C4 (complement) M ¥
* PB2region
- CRP CATHODE
- fibrinogen

- B2 microglobuin

. Electrophoretic separation of serMproleins
A. Electrophoretogram of normal serum on cellulose acetate strip
B. Densitometric scanning from cellulose acetate strip converts bands
to characteristic peaks of albumin, «ay-globulin, ag-globulin, -globulin
and y-globulin i

- C3 (complement)
* yregion
- IgA, IgG, IgM


https://www.youtube.com/watch?v=vn0_kcShB1E

Reference ranges for blood tests
sorted by mass (upper) and
molarity (lower diagram)

‘ ] ] Estradiol (post- menopausal female)

Parathyroid 'hormon‘e
Estradiol (male)

l - Sources differ in the faded interval

- Limit is O or not available

Free thyroxine (pregnant)
‘ Free thyroxine (normal adult)

Eree (not protein bound) estradlol (adult female) Free thyroxine (child/ad¢lescent) l

’ Free lmodothyromne (normal adult)
Free truodothyronme (chlldren)

Adrenoconicotropic hormone

Testosterone (i

l
Androﬁtenedlone (prepub

Aldosterone ’
Progesterone (fe_fmale. follicular pha

Brain natrluretlc peptide (opllmally)
| Troponin | né)rmally) ’
| NT-proBNP ( > 75 yrs - optimall

‘ NT‘-proBNP (< 75 yrs - optimally) ‘
stradiol (female; follicular phas+)

rotons (H")

Dihydro
Esfradiol (fen{ale. pre:

1

I
Estradiol (female, day of ovulation) i
Estradiol (female, luteal phase)

Vitamin B12 (Cobalamln)

34005&%/d08 01 0.2 E4 0506 .7 .891 1.5 22583

56708910 15 20 2530

n /dL /dL

4 0.5 0.6 .7 .8.9 l/ml_ ér ng%L 2.5 3 4 5 6 7 8 910 i5 2Opg2;rf;s?_ e ng;q_ 60 70 8090 100 150 200[__)250 %qq_ c?£
| | | | e

: Aldo:s

Free estradiol (adult female) Estradiol (male) 4

Prog

Parathyroid hormone
Free thyroxine (pregnant)
Free thyroxine (rormal adult)
Free thyroxine (child/adolescent)

Free triiogothyronine (normal adult)
Free triiodothyronine (children)

I Estradiol (femaIL

Estradiol (post-menopausal female) | [
Estradiol (female, day of

| Es
Vitamin B12 (Cobalamin)

follicular|phase)

Thyroglobulin A , _ . . CTTTTT |
‘ ‘ | Feritin (female) LTICET] |
Adrenocorticotropic hormone _ Ferritin (male) Il 11T |
4 0.506.7 .8.91 15 2 25 3 4 5 6 7 8 910 15 20 25 30 40 50 60 70 8090 100 150 200 250 30 4(
pmol/L pmol/L ol/L

https://en.wikipedia.org/wiki/Reference_ranges_for_blood_tests



Growth hormone (fasting)

Testosterone (male, <50 yearJ)

female)
Testosterone (male, >50 years)
ertal) Androstenedione (post-menop#usal)
Androstenedione (adult)
|
se) |

Total triiodothyronlne
Progesterone (female, day of ovulatlorl)

Troponin | (cutoff for myocardial mfarcnon) l
I !

y) ? ? .
‘ Thyroglobulin

testosterone (adult mal Creatine kinase MB

ovulalory peak)

Prolactin (female) ‘
Prolactin (male)

Prog

Vitamin B9 / Folic acid in serum (opti
Vitamin B9 / Folic acid in serum (usually)

Growth hormone (arginine stlmulatlon)

Myoglobin (female)
Myoglobin (male)

-
4
|

25-hydroxyd'lo|ecalclferol (a vitamin D) (usually)

esterone (female luteal-phase) ‘

S-hydroxy’cholecalciferol (optimally)

17-Hydroxyprogestero
| 1 7-lilydroxyprogester0|
IGF-1 (20 years)
IGF-1 (75 years) '

Total thyroxine I [iDd
( Selenium (optimally) | | Vitami

| Immunoglobulin E
Cortisol (momirilg) ‘ ‘Homocy

; Cortisol (midnight) l

mally)

Creatine kinase (female)

Folic acid iq pregna
Folic acid (in erythra

Creatine kinase (male) l

T | | Amn
' | Ferrltm (female) 1T |
b | | Feritin(male) |
D 50 60 70 8090 100 150 200 250 300 4L00 500 700 900f1 1:5 2 2.5 3g/dé 5 6 7 8910 15 20 25 30 /dL
_Jongo/q_ 700 90q1 15 2. 2 Sn 3/mL4 c’|f5u96/|_7 8 910 15 20 25 30 /r?_‘OL CS)Q 8%}?_8090 100 150 200 25239% 4(
1
sterone ‘ ’ Vitamin B9 / Folic acid in eerum (optimally)
jesterone (female, follicular phase) Vitamin B9 in serum (usually) lSex hormone-binding globulin (adult femaIL) l
i : _ Sex hormone-binding globulin (adult male Cortisol (morning)
Progesterone (female, day of ovulation) ’ ‘ Cortisol (midnight) Fol
‘ — Estradiol {(female, preovulatory peak) . : oli
f ovulation) I Progesterone! (female; luteal phase)
lradiol {female, luteal phase) 25-hydroxycholecalctferol (a vitamin D) (usually) |
25- hydroxycholecalcnferol (optnmally) [ i_ ;
Testosterone (female) ' Testosterone (male, >50 years) Prolons (HY Clreactlve protein

| ' Total triiodothyronine

Testosterone (male, <50 years) l

Total thyroxine

0 500 700 900 15 2 253 4 5

nmol/L

6

15 20 25 30 40

Nnmol/L

7 8'9 10

50 60 70 8090 100

150 200 250 300 4(

Nnmol/L

https://en.wikipedia.org/wiki/Reference_ranges_for_blood_tests



ne (male)
ne (female in follicular phase)
HDL
imer Zinc (Zn)
. l . .
nA Homocysteine (>60 years) Vitamin C (usually)
Homocysteine (12-19 years) C-reactive protein Vitamin C (optimally) A RS
ysteine (optimally) ‘ ‘ | S |
Direct bilirubin Thyroxine-binding globulin feiiE eneon)
, t 2 |
incy (in erythrocytes, optl{'na"y) Tota_al t?ilirubin‘ | MAgRBEILM | I
Rttt IlY) Cppper To-ta;' MEIRNIRIng capacity bin in g I lTII[il | lonized calcium | Total calcium
Total serum iron (child) Pyruvate B e S g enmnnmi Ceruloplasmin
Vitamin E (optimall ; p
10nia Total serum iron (newborn) | e aiindd [SISESbhosphors
Total serum iron (female) Creatinine (female) Uric acid Potassium (K)

Total serum iron (male) Creatinine (male) ‘ Urea T
0 50 60 70 8090 100 1'50 200 zfsoa(g/d@o 500 700 900]1 1.5 2 253 4 3 6 7 8910 15 20 2530
D0 500 700 900‘1 145 202553 4 51678910 15 20 25 30 40 50 60 70 8090100 150 200 250 300 4
or ng/L mga/L mg/L (81

17-Hydroxyprogels(erone (male) I Zinc (Zn) Alpha-1 éntitrypéin

17-Hydroxyprogesterone (female in follicular phase)

ic acid in erythrocytes/RBCs (usually)

Folic acid in RBCs during pregnancy (optimally)
Ceruloplasmin

Homocysteine (>60 years)
Homocysteine (12-19 years)

Homocysteine (optimally)

| Total serum iron (child) 4

Toltal serum iron (female)

‘ Total serum iron (male)

Vitamin C (usually)
‘ ‘ Vitamin C (optimally)

Total serum iron (newborn)

Vitamin E (optimally) |
Pyruvate
|| Total iron-binding capacity

Ammonia
Direct bilirubin Copper (Cu) Transferrin Creatinine (femald)
Lactate dehydrogenase (LDH) J Total bilirubin ! Creatinine (male) : UricLacid
0 500 700 900 [1 1.5 2 25 3 4 5 6 7 8 9 10 15 20 25 30 40,50 60 70 8090 100 150 200 250 300 4
: HMmol/L pMmol/L Hmol/L

https://en.wikipedia.org/wiki/Reference_ranges_for_blood_tests



Glucose(‘ sﬁqg) Substances with a molar mass around 1000g/mol (e.g. triglycerides) are almost vertically
HDL cholesterol (optlmally) aligned in the mass and molar images. Substances with a molar mass larger than 1000

g/mol (e.g. proteins) are found more to the right in the mass scale than in the molar one.
In contrast, substances with molar mass below 1000 g/mol (e.g. electrolytes and
metabolites) are found more to the left in the mass scale.

10L cholesterol (male) Total cholesterol (gptimally)
HDL cholesterol (femal%) Total cholesterol (usually)
Alpha-1 antitrypsin

Immunoglobulin M
' Immunoglobuli‘nA
Ethanol for drunk dnvmg Ej Lethal level of ethanol
LDL cholesterol (usually) Standard bicarbonate (SBC
LDL cholesterol (optimally){ Bicarbonate (HCO3) (L
| Triglycerides (>60 years ‘S°d'u | (Na) R EEALN
Triglyoeri;ies (40°59 years) |THARSTEMR  Chioride (CI) Globulins "IObm (Fraie)
Triglycerides (16-39 years) | | | Fibfinogent: Abimib B obin (mae)
Triglycerides (optimally) l I | Immunoglobulin G Total plasma protein
/d4|_0 50 60 70 8090100 150 200 2504%0/480 500 700 900(1 1.5 202503 /dL 5 6 7 8 910 15 290/d{5 30
D 39%/@0 700 900|1 1.5 2 2.592’}L 4 5 6 7 8 910 15 20 25 ggL 40 50 60 708090100 150 2%)/&50 300
| Triglycerides (> 60 ygars) v |
Triglycerides (40 - 59 years) LDLchoIestérol (usually)
Triglycerides (1039 years) | EPL(optimally) |
Triglycerides (optimally) Urea
\ Lactate (venous). ' Total cholesterol (optimally)
Lactate (arterial) Hemoglebin (female)  Total cholesterol (usually)
HDL cholesterol (optimallyy™ | ifigifiogibin (male) Carbon dioxide (CO,) Qsmolarilf]
! HOL G, ‘ Ethanol for drunk driving Lethal level of ethanol
Albumin HDL cholesterol (female) ! - _ |
Inorganic phosphorus Glucose (fasting) Standard bicarbonate (SBGe) Chloride (C1)
id ‘ Magnesium | [onized calcium | [Total calciim  [Potassium (K) Bicarbonate HCO:;) Sodium|(Na
400 500 700 900 (1 1.5 2 25 3 4 DY 6 7890 15 ZIO 25 30 40 50 60 70 8090100 150 200 300
L mmol/L mmol/L mmol/L

https://en.wikipedia.org/wiki/Reference_ranges_for_blood_tests



BLOOD PLAS

 serum # plasma

Serum Plasma
Buffy coat
Cells
(clot)
Cells

No anticoagulant Anticoagulant



FORMED BLOOD EL

559, Leukocytes
4.5-11 x 103/l
Plasma neutrophils 71%
eosinophils 3%
basophils 1%
1% monocytes 5%
Buffy coat lymfocytes 20%
Thrombocytes
- 150-450 x103/ul
Erythrocytes




HEMATOCRIT

Ratio of erythrocyte mass volume to volume of full blood -

HEMATOCRIT
o_Ams% | de |

Norm Anemia  Polycythemia

Plasma —

Buffy coat

Erythrocytes




ERYTHROCYTES

Size depends on osmotic pressure of environment

7,5um

0,75 um

Hypertonic Isotonic Hypotonic

-9 B

D5




ERYTHROC

Deviations from normal size

* anisocytosis

i i o N P C
D O 9




ERYTHROCYTES

Erythrocyte is amazingly flexible cell
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MUSCLE TISSUE



ERYTHROCYTES

Shape of erythrocytes

* integral proteins

- band 3, glycoprotein A (ion transporters)
e spectrin

« ankyrin

« actin and actin-associated proteins
- tropomodulin, tropomyosin

« hemoglobin

Erythrocyte
Plasma
Membrane

Actin
Glycophorin

Unbound Ankyrin Actin junctional
band 3 complex complex

yal X

)‘;t iy ‘\ -~ Stomatin
niﬁxgm\ﬁn ! | s }"
P2 v;\* Z T

¥ CH2 CH{ S\Demati

-Spectrin
a-Spectrin B9 ey

F-actin
Tropomyosin
Tropomodulin




ERYTHROCYTES

Deviations from biconcave shape
« poikilocytosis

- acantocytes (irregular spikes)

- codocytes (,tyre “)

- echinocytes (spiked membrane)

- eliptocytes (elliptic)

- spherocytes (spheroidal)

- stomatocytes (some parts missing or other irregularities)
- drepanocytes (sickle)

- dacrocytes (tear drop) O . ‘ ’

Normal cell Spherocyte Micro-spherocyte Irregularly
contracted cell

g0 00

Elliptocyte Ovalocyte Dacrocyte (tear-drop Target cell
poikilocyte)
¢ A
é 1
@« ]
3
<y
Stomatocyte Keratocyte Schistocyte Echinocyte
(fragment) (crenated cell)

s

Acanthocyte Sickle cell Boat-shaped S-C poikilocyte

rall




ERYTHROCYTES

Deviations from biconcave shape

Normal Codocyte Spherocyte

$E) 5 o
)= )y @J ~
SV 20

O

Echinocyte



ERYTHR

Hereditary eliptocytosis




ERYTHROCYT

Hereditary eliptocytosis
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ERYTHROCYTES

Sickle cell anemia

« Abnormal hemoglobin (hemoglobin S)

@) Normal red bload cells

Oxyhemoglobin A Deoxyhemoglobin A

Deoxyhemoglobin S polymerizes into filaments

RBCs flow lteely
within bloed vessel

Oxyhemoglobin S Deoxyhemoglobin S

Abnormal, sickled, red blood colls
(sickle cells)

Sticky sickle colls

Sickle cell

Normal red
blood cell




ERYTHROCYTES

Sickle cell anemia

Malaria

» pathological genotype (heterozygote HbS/HbA) is beneficial




ERYTHROCYTE

« Erythrocytes lack nucleus and other organelles
* Anaerobic glycolysis s

B chain 2

* Hemoglobin B chain 1

HaC

Fe2+
Heme

« chain 2

a chain 1
COOH COOH

(@) (b)

Heme Hemoglobin Erythrocyte



ERYTHROCYTES

Detached from hemoglobin

Fused basement membranes Blood plasma

CO, (dissolved in plasma)

O, (dissolved in plasma)

Converted from bicarbonate



ERYTHROCYTES

» Life span 120 days

» Constant abrasion

* No regeneration

 Removal of aged or damaged erythrocytes in spleen

@
Gastric surface
Renal surface

\ — Hilum
Splenic artery

Splenic vein —

(b) -
o Inclusion Sinus
Capsule__ bedy macrophage
- |
Trabecula Primary J S 5
Vascular . | follicle o ’ ‘(.} ®
sinusoid Marginal . . —T T S ¢ =)
zone » White pulp / ),
___ Periarterial ' Fenestration l
lymphatic ~ Y
sheath (PALS) I
I
Red pulp- Germinal center '\ Lumen of sinus \ Lumen of sinus
y 3 1 1 | 1 1 | |

Erythrocyte
Annular fibre 1
$ ' Sinus Sinus
- __—____Mmacrophage
(6 i
N
- W ® |
] 70) ) 1 1 -
Stress fibre’ / /'
5 0 g
_)o— . e
2 |
\ Lumen of sinus \ Lumen of sinus
Copyright © 2005 Nature Publishing Group 1 11 \1 L1 .

Nature Reviews | Immunology




LEUKOCYTES

* iImmune response

« morphological classification — cytoplasmic granules

(does not follow hematopoesis)

Granulocytes

Neutrophils Eosinophils Basophils

Agranulocytes

Monocytes

Lymphocytes

Multipotential hematopoietic
stem cell
(Hemutl:ytoblaﬂ)

+

Common myeloid progenitor

4

Common lymphoid progenitor

&

o Emhrocyte Mastcell

' }

) =@
. Natural killer cell

Myeloblast (Large granular lymphocyte)

Small lymphocyte

° l l ll l T lymphocyte B lymphocyte
Megakaryocyt:a ‘) Q w @
l Basophil Neutrophil  E0sinophil Monocyte
AL l Plasma cell
Thrombocytes

Macrophage



GRANULOCYTES

* Lysosomes (primary, azurophilic, nonspecific granules)
» Specific (secondary) granules
* Polymorphic nucleus

« Terminally differentiated

« Short lifespan (hours)

* Reduced ER, GA, mitochondria (anaerobic glycolysis)
» Apoptosis

The Gran Team

Eosinophil
Basophil osinopnl

histamine

CellCartoons.net

Neutrophil




NEUTROPHILIC GR

* Neutrophils
- 50-70% of leukocytes in circulation
- &>12 um
- Segmented nucleus
- Barr’s body in females
- Azurophilic (primary) granules
- myeloperoxidase, lysozyme, proteases, defensins
- Neutrophilic (secondary) granules
- collagenase, bactericidal enzymes °
- Chemotaxis of other leukocytes
- Microphages v

* Neutrophilic band
* Neutrophilic segment
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Oh nooo
Hes got Joe!
Hurry guys!

eutropnii




NEUTROPHILIC GRAN

Extravasation (diapedesis)

Leukocyte
~ Extravasation

Endothelial

JUST FOLLOW -
THE CHEMOKINES
O

6 Y0 O O




EOSINOPHILIC

« Eosinophils
- 1-4% of leukocytes in circulation
- 212-15 um
- Irregular, characteristic bi-segmented nucleus
- Azurophilic (primary) granules
- myeloperoxidase, lysozyme, proteases, defensins
- Eosinophilic (secondary) granules
- bright red (eosinophilic) | )
- major acidic protein ;
- peroxidase
- cytokines, chemokines

- Chemotaxis of other leukocytes

- Phagocytosis of antibody-antigen complexes
- Parasitic infections, allergic reaction

- Chronic inflammation




BASOPHILIC GRANU

Basophils

<1% of leukocytes in circulation

& 12 um

Irregular, bisegmented nucleus, masked by granules

Azurophilic (primary) granules
- myeloperoxidase, lysozyme, proteases, defensins
Basophilic (secondary) granules
- 0.5um
- large, dark (basophilic)
- heparin, histamin - vasodilatation
- phospholipase A
- Analogs of mast cells
- Receptors for IgE
- Allergy, anaphylaxis, inflammation




AGRANULOCYTE

» Lysosomes only (azurophilic, nonspecific granules)
« Specific granules absent
* Non-segmented nucleus

Lymfocytes Monocytes

@\,

Lymphoblast

B Iymphocyt@g ¥ \
Q@

/4

Natural
! § Iymphocyte killer cell

Plasma cell



LYMPHOCYTES

CD8T Cell

L)}mphocytes

Regulatory
T Cell CD4T Cell

CellCartoons.net




LYMPHOCYTES

* Plasma cells

Take that



MONOCYTES

« J12-15um

» Circulating precursors of macrophages,
osteoclasts, microglia, Kupfer cells and
dendritic cells

* Mononuclear phagocytic system

« Large, oval (bean, kidney) nucleus with less
condensed chromatin and 2-3 nucleoli

« Basophilic cytoplasm

* Azurophilic granules




https://www.youtube.com/watch?v=R279Cs1_ltg



THROMBOCYTES

» Cell fragments without nucleus

& 2-3 um, discoid shape

« hyalomere, granulomere

« 150-400 x 103/l

» blood clotting, repair of vessel wall

308-5:3;':; fibrinogen, PDGF
d-granules ;3:2;:2265::;
250-300 nm ADP, ATP
A-granules

lyzosomal enzymes

175-200 nm




THROMBOCYTES

1. Primary aggregation of platelets
- collagen fibers exposed by endothelial rupture
- platelet clot

2. Secondary aggregation of platelets

- clotting factors, ADP from thrombocytes attracts other platelets — white thrombus
3. Coagulation — blood clotting

- fibrin mesh capturing erythrocytes — red thrombus

4. Thrombus retraction
- contraction of thrombus (platelet actin and myosin)

5. Thrombolysis
- dissolving of thrombus (plasmin) and tissue regeneration




THROMBOCYTES

Contact activation Tissue factor
{intrinsic) pathway {extrinsic) pathway
Damaged surface
l Trauma
TFPI
'_,.r"'_"'q..‘ 1 \’,.-'f.
X Xlla P
KT”'_"“;I& /‘\ Vila Vil
* ~ = T w".. Tissue factor «—— Trauma
: IX IXa Villa
i S — . Antithrombin
-'. __.-'J Ka. I'.- g
~ Prothrombin (Il) —= — Thrombin (lla) .~ Common
A va /\ - pathway
------- oV et
f, \\_/'I' Fibrinogen (I)  Fibrin (la)
[ it
Active Protein C
Cross-linked
Protein S [ ‘ fibrin clot
Protein C + Thrombomodulin

You needn’t to know the clotting cascade in full details for our course, leave it for biochemistry

©




DIFFERENTIAL WHIT

THIS SLIDE IS REALLY IMPORTANT

Neutrophil band 4 9%
segment 67 %
Norm
1:17
shift to the left shift to the right
more bands more segments
Eosinophils 3 %
Basophils 1%
Lymphocytes 20 %
Monocytes 5 %

T =100 %



DIFFERENTIAL WHITE

Deviations from norm

AN Increased WV Decreased
Neutrophils neutrophil neutrophil
granulocytosis granulocytopenia
Eosinophils eosinophil eosinophil
granulocytosis granulocytopenia
Basophils basophil basophil
granulocytosis granulocytopenia
Lymphocytes lymphocytosis lymphocytopenia
Monocytes monocytosis monocytopenia




DIFFERENTIAL WHIT

Example of population variability

Neutrophils bands 0-5 9%
segments 35-85 0p
Eosinopils 0-4 9%
Basophils 0-1 %
Lymphocytes 20-50 9%
Monocytes 2-6 %

According to: Haferlach et al. Kapesni atlas hematologie. Grada 2014



DIFFERENTIAL WHIT

White biood cells ﬁaﬁphﬂ granulocytes (newborn)

Sorted by absolute count (upper) and % of total (Iower) CD4+ cells

Basophll gran locytes (adult) ‘ ‘ ‘ |
EOSlnophll granulocytes (Newbom}
Eosmophll granulocytes (Adult) Mon
‘ | ‘ | M+nocﬂ+s (adult)
‘ ‘ ‘ | Neutrophilic band forms

10 20 30 40 50 60 70 8090 100 200 300 400 500 I 700 900
/mn? or /L or 10°/mL or 1P /L /mm? or /L or 10°/mL or 10°/L

= Limitis not available ‘ Eosinophil granulocytes (Adult)
= Sources differ in faded interval ‘ Monocytes (adult)

Basophil granulocytes (adult) Neutrophilic band forms

0.1 0.2 03 04 0506 .7 8.91 2 3 4 5 6 7 8 91
% of WBC % of WBC

Lymphocytes (adult ‘ ‘ ‘ ‘ ‘ | ‘
RRREll Lympho;:ytes (newbom)

White Blood Cell c}; bt( ult
Whlte Blood Cell Count (1 year old))
\ | ‘ ‘ White Blood Cell Count (ewborn)
Mononuclear leukocytes Neutrophil granulocytes (newborn)

(ne

|| [ Neutro;éhil gmhuloqytes (adulti
1 2 S 4 5 6 7 8 9 10 20 30 40
1000/mm’ or 1000/uL or 10%/mL or 10°/L

| Mononuclear leukocytes ‘ ‘
Wikipedia Lymphocytes (adult)

| Neutrophil granulpcytes

0 20 30 40 50 60 70 8090 100 200 300 400
% of WBC % of WBC




DIFFERENTIAL WH

Age dependence

Leukocytes Neutrophils Lymphocytes Monocytes Eosinophils
Age (x 10°) (%) (%) (%) (%)
Birth 18 61 31 6 2
1 week 12.2 45 41 9 4
1 mo 10.8 35 56 7 3
6 mo 11.9 32 61 5 3
1yr 11.4 31 61 5 3
4yr 9.1 42 50 5 3
10 yr 8.1 54 38 4 2
16 yr 7.8 57 35 4 3

WBC, White blood cell.

https://obgynkey.com/elevated-or-depressed-white-blood-cell-count/



HEMATOPOIESIS

Multipotential hematopoietic
stem cell
(Hemocytoblast)

v v

Common myeloid progenitor Common lymphoid progenitor

|
| 1 . l
. o0 © ‘. o

Erythrocyte  Mast cell Natural killer cell Small lymphocyte

Myeloblast (Large granular lymphocyte)
l l l T lymphocyte B lymphocyte
° /A
Megakaryocyte . ‘) V; ) @ @
l Basophil Neutrophil Eosinophil Monocyte .
AT l Plasma cell
Thrombocytes

. t e »
. - . :
. .
.
.- i

Macrophage



ERYTHROPOIESIS

+ 2 x 10" of new erythroyctes daily

» proerythroblast (~14-19 um)

- mitotically active CRUGEMM 1
- dominant, round nucleus with 1-2 nucleoli B S arin - eey i Bone marrow
- mildly basophilic cytoplasm @) . o BFU-E - lat
@ IGF-1 =M :cl;':‘/»;css

- basophilic erythroblast (~13-16 um) wy EUS
- mitotically active Pro-
- heterochromatic nucleus with inconspicuous nucleoli Bescprite,
- basophilic  cytoplasm  (sometimes more than in e eryiiupblast @ EPO

proerythroblast) erythroblast @

@ Orthochromatic

+ polychromatophilic erythroblast (~13-16 pym) erythroblast
- mitotically active é e
- production of hemoglobin @
- blue-gray cytoplasm due to combined basophilic

(polyribosomes) and acidophilic aspects (hemoglobin) =— — ——— - — —— -
- heterochromatic nucleus (checkerboard appearance) “ E'W"'“V" e""'c"'“w Blood vessel
+ orthochromatophilic erythroblast (~8-10 ym) ! ‘ _ - _ _ U

- mitotically inactive
- small, compact, eccentric, pycnotic nucleus — extrusion
- mildly acidophilic cytoplasm with basophilic residues

* reticulocyte (polychromatophilic erythrocyte, ~ 7-8 um)

- lacks nucleus, still spheroid shape

- acidophilic cytoplasm

- substantia reticulofilamentosa visible by supravital staining
(brilliant cresyl blue)

» erythrocyte (~7-8 ym)
- anucleate, biconcave disc
- acidophilic cytoplasm
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GRANULOPOIESIS

* myeloblast (~15 ym)

- mitotically active

- round-oval, euchromatic nucleus

- 2-6 apparent nucleoli

- weakly basophilic cytoplasm without granules

* promyelocyte (~15-24 pm)

- mitotically active

- round-oval nucleus with partly condensed chromatin
- basophilic cytoplasm with azurophilic granules

* neutrophilic, eosinophilic or basophilic myelocyte (~10-16 um)
- mitotically active

- oval or bean-shaped nucleus with condensed chromatin

- increasing number of specific granules in cytoplasm

* neutrophilic, eosinophilic or basophilic metamyleocyte (~10-12 pm)
- mitotically inactive
- horseshoe-like nucleus with condensed chromatin

promyelocyte
metamyelocyte
granulocyte - band
granulocyte - segment

)
(%]
L
0
o
v
>
S

myelocyte

* neutrophilic, eosinophilic or basophilic granulocyte (~10-12 pm)
- segmentation of nucleus
- cytoplasm rich in specific and azurophilic granules




GRANULOP

myeloblasﬁ

promyelocyte ~ metamyelocyte
| myeloblast myelocyte
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THROMBOPOIESI

* megakaryoblast (up to 30 um)

- large oval, nonlobed nucleus with prominent nucleoli

- basophilic cytoplasm

- successive endomitoses without karyokinesis and cytokinesis

* promegakaryocyte (up to 100 um)

- large cell with polyploid nucleus (8n-64n)

* megakaryocyte (80-150 um)

- polyploid, multilobed nucleus (8n-64n)

- azurophilic and platelet granules

- multiple centrioles, ER and Golgi apparatus

- numerous peripheral invaginations of plasma membrane— platelet
demarcation channels defining individual thrombocytes

- release of thrombocytes into bone marrow sinusoids




MONOCYTOPOIESIS A

MONOCYTOPOIESIS

* monoblast (~16 um)

- round, bean shaped nucleus with 2-6 nucleoli

- mildly basophilic cytoplasm

* promonocyte (~16-20 um)

- mitotically active (1-2 divisions)

- large nucleus with mild indentation, unapparent nucleoli

- basophilic cytoplasm

- azurophilic granules

* monocyte

- short-time in circulation, then extravasation and differentiation
to tissue macrophages

LYMPHOPOIESIS

* lymphoblast (~18-20 um)

round-oval nucleus with several nucleoli

mildly-basophilic cytoplasm without azurophilic granules

* prolymphocyte (~12-15 um)

morphological transition and maturation to lymphocytes
lymphocyte

further maturation and differentiation outside bone marrow




OVERVIEW OF AD
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HEMATOPOIET

* Hematopoietic stem cell

Quiescent, slow cell cyle

Transmembrane phosphoglycoprotein CD34* - adhesion within niche
No expression of lineage surface markers (Lineage negative or Lin-)

Transplantations

Colony/Burst — Forming Unit — CFU/BFU

Progenitors of individual lines
Collonies in vitro

CFU-M

(FU-GEMM

CLP

/'

T, B and NK cells

All myeloid cells



EMBRYONIC HE

Extraembryonic mesoblastic period (day 16-20 — week 8)

yolk sac
classical model — hemangioblasts (bipotent cells) pred narozenim po narozeni
large, nucleated erythroid cells \ Zoutkovy  kostni !
vacek dren
- aorta-gonad-mesonephros (day 28 — week 4) P i e
g hrudni kost
* hepatolienal period (month 1 — birth) E
- colonization of fetal liver and spleen  slezina i zebro
! 3 kost
. . ’ - holenni
* medullary period (month 4-6. —rrest of life) vV L —
123456789 10 20 30 40 50 60 70
- bone marrow porod

meésice stari v letech
nitrodélozniho vyvoje

TR R




HEMATOPOIETI

» hepatolienal and bone marrow hematopoiesis
* erythroblast islands

Young reticulocyte \ﬁ

Extruded nucleus \C) ﬁ
S0g
Enucleating /ﬁ% O

erythroblast 4 P
Earl throblast [ L g 0
arly erythroblas i
. B
R R s
Macrophage

Nuclear phagocytosis

Late erythroblast

@ Pro-erythroblast
@ Basophilic erythroblast

® Polychromatic erythroblast
% Orthochromatic erythroblast
@ Erythrocyte
*_Pyknotic nucleus
® Central macrophage




INTRAEMBRYO

» Aorta-gonad-mesonephros (day 28 — week 4)
para-aortic clusters in mesoderm of splanchnopleura
- source of embryonic HSCs

© R&D Systems, Inc.
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SUMMARY OF HEM

Embryonic
- yolk sac
- AGM |
- liver and spleen Placenta Umbilical
- bone marrow All&HTGIS ,,/ v G
Umbilical
e Fetal liver
) »
Vi GM ‘
‘ artery vein
Yolk sac
i : . ' : >
Adult 75 10.5 12.5 155 Birth

- bone marrow (yellow, red)
- extramedullar hematopoiesis rare (pathology)

http://dev.biologists.org/content/133/19/3733



Thank you for attention
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