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BLOOD

* Blood; is a liquid connective tissue, contains cells
and extracellular compounds.

* There are about 5-6 liters of blood in adults and it
constitutes 7-8% of body weight.

Duties:
* Delivering oxygen and nutrients directly or indirectly to the cells
 Removal of carbon dioxide and waste materials from cells
* Transmitting hormones and regulatory substances to tissues and cells
* To maintain homeostasis with tasks such as; acid-base balance (protection of
pH), coagulation, thermoregulation
* Defensing body against pathogenic agents, proteins and cancer cells by
transporting cells and molecules of the immune system
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Homeostasis is the state of steady internal physical and chemical conditions
maintained by living systems

Homeostasis

_— isabouta__
- is important as [ Homeostatic control svstem]
s ] - e ()
Chemical reactions .|5tthe consists o which is a ___
— senmtwe . Imponant o malnotfagance s about \ \ ~
__—— tochangesin Tissue fluid which detects the From the
s

SN
mfnn'n atlon
Regulator |—

el /
could cause cells to is involved in
Temperature - the regu\atlon of
Tcmpcr‘!turc regulatnon —
— initiates —
_aiﬁm Corrective mechanism
“carries out ’F

Crenate -\ Self-regulation
when there is m Blood sodium
Low water puteal -~ Lol
when there is to control Blood water
/ / potentlal is"c;‘ntm”ed by Negative feedback |— reduces further
High water potential ] - —
- is controlled by \ secreted —— LG GGl — causes more —_m

|s con:rolled by from —
Cnndllctlon -——-—-___through which \nc\udes s cnntrolled P Adrenal tOl"tEX stimulates to be

- — \
X - conversion o -
excess Reabsorbed

prevents
Hypnthalamus — | V\
m' Inte rnal External secretes w to
heat gain i “causes ““*-—.,,-_ _ stimulates - |

i f
Radlatlun Anti diuretic hormune canversion of —___

~ controls reabsorption of -
—_ A
raceives secreted from Water

Evamraﬂonof EhS s st information by [ Posterior pituitary gland
- @ = (omorpmnoms) ™,

N . L:WF:_r — by CBUS'W\A Nerve Irnpulses Peripheral \
y causing production
= - thermoreceptors
Rapid breathing Shivering — Kidney tubules

X Greater sent by \
due to i Central monitor
\ which are thermoreceptors \
Hair erector muscles Arterioles in skin _
gc STy
m4—tu remove / Uncontrollable bursts
O of rapld muscular contraction monitor

/
/ / controlled by Constrlct Core temperature
to slow down /

to reduce toi lncrease
SI(in capillaries
Heat production
Insulating effect of hair [Amoun‘t of trapped air] [Vasomotor nemes]

|
| |

%

to increase

Not to be confused with hemostasis.




CELLS

BLOOD TISSUE

Erythrocytes = Red Blood Cells (RBC)

Leukocytes = White Blood Cells (WBC)

Thrombocytes - Platelets

Leukocytes:

Agranulocytes

Lymphocytes
Monocytes

Granulocytes

Neutrophils
Basophils
Eosinophils

platelets (2-3um)

erythrocytes (fum) -

lymphocytes (6-9um) =

hasophils
{=12um)

neutrophils
(12-14umm)

eosinophils
(12-17urm)

PLASMA
Component Oig
Water 91-92
Protein (albumin, globuling, fibrinogen) 7-8
Other solutes: 1-2
» Electrolytes (Na*, K*, Ca®*, Mg?*, CI-, HCO3z~,
PO,*, S0.*)

= Monprotein nitrogen substances (urea, uric acid,
creatine, creatinine, ammonium salts)

» Nutrients (glucose, lipids, amino acids)

Blood gases (oxygen, carbon dioxide, nitrogen)

* Regulatory substances (hormones, enzymes)

* Contains over 90% water

* Solvent for water, proteins, gases,
electrolytes, nutrients, hormones and
waste

* Homeostasis

Plasma (55%) —

White blood cells
and platelets (<1%)

Red blood cells (45%)




= a blood test that measures the volume

H e m ato C r |t percentage (vol%) of red blood cells (RBC) in blood

Centrifugation of a blood sample, after addition of anticoagulant agents (heparin),
to calculate the liquid and cellular parts by means of percentage which gives
information about the amount of erythrocytes.

Hematocrittube

u Optimal hematocrit
measures:
 Males 39-50%

* Females 35-45%

Plasma
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fPolycythemia

Plug




Blood after
Whole blood centrifugation

h
Plasma
and platelets
(55 %)

White cells

Buffy-coat

Red cells
(45 %)

r

* The buffy coat is the fraction of an anticoagulated blood sample that contains
most of the white blood cells and platelets following centrifugation of the

blood.

* Leukocytes are less dense and small in number (1% of the blood volume).
* They form a thin white or grayish layer on the erythrocytes in the tube, which is

called "buffy coat".
* The upper surface of the buffy coat contains platelets as a thin layer.



Plasma
the extracellular matrix of the
blood tissue

* Water
* Proteins
e Solutes
e electrolytes
* non protein nitrogen
* nutrients
* gas
 hormones, enzymes



Plasma Albumin

* The main protein component of plasma is ALBUMIN (50%).
e Smallest plasma protein (70kd), produced in the liver

* Itis responsible for colloid osmotic pressure (oncotic pressure) and
maintains fluid balance between tissue ECM and vessel lumen.

* Albumin also acts as carrier protein in the blood. Many hormones

(thyroxine), metabolites (bilirubin) and drugs (barbiturates) are transported
by binding to albumin.

* Colloid osmotic pressure decreases in the diseases with albumin loss
(impaired production in the liver, excessive excretion from the kidneys), fluid
accumulates in the tissues and in the body cavities (edema, pleural effusion,
ascites).


https://www.google.com/imgres?imgurl=https%3A%2F%2Fupload.wikimedia.org%2Fwikipedia%2Fcommons%2Fthumb%2F9%2F98%2FDiagram_showing_fluid_%2528ascites%2529_being_drained_from_the_abdomen_CRUK_122.svg%2F220px-Diagram_showing_fluid_%2528ascites%2529_being_drained_from_the_abdomen_CRUK_122.svg.png&imgrefurl=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FAscites&docid=NJHTo_3FKxQw4M&tbnid=t8SMN2pu38uPVM%3A&vet=10ahUKEwj_58m6se7kAhWJ5OAKHT0zBe4QMwhTKAIwAg..i&w=220&h=231&safe=off&bih=927&biw=1903&q=fluid%20accumulation%20in%20peritoneal%20cavity&ved=0ahUKEwj_58m6se7kAhWJ5OAKHT0zBe4QMwhTKAIwAg&iact=mrc&uact=8

Plasma Globulins

* v (gamma) Globulins = immunoglobulins

* They are functional immune system molecules called
antibodies and produced by plasma cells

 Nonimmune globulins (o and B globulins)
* Produced by the liver
* Provide intravenous oncotic pressure

* Bind and transport some substances
e Ceruloplasmin (copper)
* Transferrin (iron)
* Haptoglobin (hemoglobin)
* Fibronectin, lipoproteins, coagulation factors



Plasma Fibrinogen

* Itis the largest plasma protein (340 kd) and is

produced in the liver

 Normally present as dissolved in plasma, it is

transformed into insoluble

structure as a

result of stepwise reactions of coagulation factors

and enables clotting

+\ Prothrombin
I FXa lasmin-mediated fibrinolysis
fF Fva \
Prothrombinase Plasminogen
complex \ =
. +
Thrombin ag?re%gled /\
platelets |
+ j PAI-1
Fibrinogen
‘_-_HH Fibrin Plasmin
/ .
I\j+ TAFI
¥
Fibrin
degradation
products

Summary of the coagulation and fibrinolysis cascades
Expert Reviews in Molecular Medicine© 2002 Gambridge University Prass




PROTEIN PLACE SYNTHESIZED FUNCTION

1. Adjusts colloidal osmotic
Albumin Liver pressure

(Mostly found) 2. Plays a role in substance
transport

a, b Globulins Liver Carries metals and fat-soluble
(Nonimmune globulins) vitamins
d Globulins Plasma Cells Immune system

(immune globulins)

Coagulation proteins
(fibrinogen)

Liver

Important in the formation of
fibrin during coagulation

Plasma lipoproteins:

chylomicrons

Intestinal epithelium

Carries triglyceride to the liver

VLDL Liver Carries triglyceride between
liver and cells
LDL Liver Carries cholesterol between

liver and cells




Serum

=has the same content as plasma, obtained by
removing coagulation factors

* Plasma = Serum + Coagulum }Q‘!“x

* Serum = Plasma — Coagulation factors
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Proteinden zengin
fibrinojenden yoksun
sividir, fakat albumin,
immunglobulinler ve

diger bilesenleri icerir.

Fibrin iceren kan
hiicreleri agidir.

e Clotting occurs as soon as blood comes
out of the vein

e Blood is drawn into tubes with citrate or
heparin (anticoagulant) to get accurate
measurements for laboratory studies

* High volume of serum can be obtained
after centrifugation




PHYSICAL PROPERTIES OF BLOOD

Red color originates from hemoglobin; As
hemoglobin is saturated with oxygen, the color gets
brighter.

A mean density value of plasma and
specific cells (1050-1060).

pH is around 7.35-7.45; higher in
arterial blood and lower in venous blood

Around 3.5-5.4; it is higher in venous
blood due to the increased carbon dioxide.

* *** Blood plasma is isotonic at 0.9% NaCl



Sedimentation

* It is the gravitational pelleting of erythrocytes in the
blood kept in a tube after preventing coagulation.

* Normally 0 -15 mm/h

* Increases in cases of infection, rheumatic diseases,
pregnancy, menstruation, senescence, etc.
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Blood smear

The easiest method used in the

examination of blood cells ' l ; |
A drop of blood is placed directly on a Z
glass slide and spread over its surface

2 7
with the edge of another slide.
After air drying, it is stained with

modified Romanovsky type staining A B C D
mixtures (Wright or Giemsa).

Methylene blue (basic dye) The granules of leukocytes can be

Azure (basic dye) W distinguished as they have different staining
Eosin (acidic dye) j properties (nuclei and basophil granules

receive basic dyes)
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Cellular elements of blood

Cells/L
Formed Elements Male Female O
Erythrocytes 43-5.7 x 10"  3.9-5.0 x 10"
Leukocytes 35-105 % 107 35-105x 107 100
Agranulocytes
Lymphocytes 0.9-2.9 = 10° 0.9-2.9 x 10° 25.7-27.67
Menocytes 0.3-0.9 x 10° 0.3-0.9 x 10° 8.6°
Granulocytes
Neutrophils 1.7-7.0 % 10° 1.7-7.0 % 10° 48.6-66.7°
Eosinophils 0.05-0.5 x 107 0.05-0.5 x 107 1.4-4.8¢°
Basophils 0-0.03 x 107 0-0.03 x 107 0-0.3¢

Thrombocytes (platelets)

150-450 = 107

150-450 > 10°

fPercentage of euiocyies

4,5-5,5 million/mm?3

5-9 thousand/mm?3

250 thousand/mm?3



Erythrocytes

* Red blood cells

tissues

(advantage in gas exchange)

body surface area

S _78pum
microscopic ruler

¥

No typical organelles and nuclei (anuclear)

Transports oxygen to tissues and removes released carbon dioxide from
It is in the form of a biconcave disc, thus increasing surface area

Total surface area of erythrocytes is 2000 times higher than the whole

Their lifetime is up to 120 days

They are eliminated especially in the spleen
and also in bone marrow and liver, with
phagocytosis.

A small part of it is eliminated in the
circulation and releases hemoglobin
Extremely flexible and capable folding in the
capillaries
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Mature erythrocytes lack the nucleus and cytoplasmic organelle and lose them during
differentiation.

In cases of increased production (such as erythrocyte loss), reticulocytes, which are young
erythrocytes, can join the circulation. These cells may contain a small amount of residual GER
and ribosomes (rRNA) and these structures appear to be blue network (reticle) with cresyl blue.
If more than 1% of circulating erythrocytes are reticulocytes, it is obvious that the need for
oxygen carrying capacity is increased. Ex. hemorrhage or living in high altitude.

Circulating reticulocytes turn into mature erythrocytes after 24-48 hours.

Since erythrocytes do not contain mitochondria, they have to provide the energy from anaerobic
glycolysis to maintain the hemoglobin in a functional state.

Since they do not have ribosomes, glycolytic enzymes and other important enzymes cannot be
replaced. Therefore, mature erythrocytes have a certain life span ¥
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¥ protein 4.2
N
,C\A = protein 4.9

Biconcave disc

B
glycophorin C ankynnii band 3 transmembrane

* In order to maintain its shape, an erythrocyte contains two large groups of
protein families in their membrane structure

* Integral membrane proteins— extracellular domains of these integral membrane proteins express
specific blood group antigens

* Glycophorins — Glycophorin C

* Band 3 proteins — binds hemoglobin
* Peripheral membrane proteins— reside on the inner surface of the cell membrane.

* Spectrin tetramers, actin, band 4.1 protein, adducin, band 4.9 protein, and tropomyosin are

organized into a two-dimensional hexagonal lattice network that laminates the inner layer of the
membrane

* The lattice is anchored to the lipid bilayer by the globular protein ankyrin, which interacts with
band 4.2 protein as well as with band 3

* This unique cytoskeletal arrangement contributes to the shape of the erythrocyte and
imparts elastic properties and stability to the membrane.

* As it passes through the smallest vein, it becomes flat with pressure, and when it enters
into the larger vessel, it regains biconcave disc structure back.



Any defect in the expression of genes that encode these cytoskeleton
proteins can result in abnormally shaped and fragile erythrocytes.

spherocyte

Hereditary spherocytosis Hereditary elliptocytosis
Defect in spectrin gene expression Deficiency in band 4.1 proteins



ABO Blood Group Systems

e ABO group compliance is important in blood N-acetylgalactosamine galactose
transfusions.. N-acetylglucosamine \ P4 / 4
* |tis determined by the surface antigens on 4
erythrocytes
. . . . galactose N\
* These antibodies are glycoprotein and glycolipid \ fucose

structures that extend outside the cell on the internal

membrane protein glycophorins. glucose | 7
* O antigen can be synthesized in all individuals g i
* Individuals with group A add N-acetylgalactosamine :
on the O group with N-acetylgalactosamine O antigen A antigen B antigen
transferase (A-glycosyltransferase)
glycophorins

* Individuals with group B add galactose on group O
with galactose transferase (B-glycosyltransferase)

* People with AB group have both enzymes, whereas those with O group do not have any of
these enzymes.
* Therefore, there are antibodies against:
* Bantigenin A group,
* Aantigenin B group, and
* both antigens in O group.
* AB group individuals can be a general recipient as they produce no antibody.



Rh Blood Group Systems

* Rhesus (Rh) antigen is also important for transplantation and in newborn
infants

* Expressed with D, C, E antigens identified by Rh30 polypeptide and Rh50
glycoprotein

* Immunoglobulins develop against erythrocytes of Rh (D +) babies carried by Rh
(D-) mothers.

* These antibodies cause erythroblastosis fetalis by hemolizing the erythrocytes
of the baby in the second pregnancy.

e Administration of anti-D antibodies (RhoGAM) to the mother during pregnancy
and after parturition destroys any circulating Rh(D+) fetal erythrocytes that
persist in the mother’s blood, thus preventing Rh-incompatibility reactions in
future pregnancies.




Hemoglobin

* A specialized protein for transport, by binding
oxygen and carbon dioxide

* The erythrocytes contain 33% dissolved
hemoglobin surrounded by cell membranes.

* It is found more intense close to the cell membrane
for gas exchange

* It makes erythrocytes stain acidophilic with eosin.
* Hemoglobin is a natural colored compound protein.

* It is made of globulin, a colorless protein, and 4
Heme molecules attached to it.



B polypeptide

\ :
o polypeptide o polypeptide

Heme groups

B polypeptide

N

Heme groups

Hemoglobin forms an irreversiblebond with

carbon monoxide (carboxyhemoglobin). In

this case, the oxygen carrying capacity of the

blood is reduced. It is seen in cases of
asphyxia during fire, suffocation from the
chimney and stove.

Hemoglobin molecule has 4 globulin
complexes

The globulin complexes are formed by
the binding of o, 3, 6 or y globulin to a
group of iron-containing heme groups
in the form of a polypeptide subunit
pair.

Hemoglobin can bound reversibly to
oxygen and forms oxyhemoglobin, and
forms carbominohemoglobin when
bound to carbon dioxide.



Heme groups

. _ In humans, only 3 forms are considered normal in postnatal life.
B polypeptide B polypeptide

N 4 Types of hemoglobin

a polypeptide \ /jm'vpepﬁd" HbA is found in 97% of normal adults. It carries two beta

Heme groups .
chains.

°* HbA » 20+ 2 betachains 2a,2pB

HbA, is found 2%. Carries two delta chains.

* HbA, » 2o+ 2 deltachains 20,26

* HbF » 20+ 2 gamachains 2a,2y

HbF is present in 1% of healthy adults.

HbF is 80% in the . However, this goes down to the
normal adult level at about 8 years old.

It carries two gamma chains.

Although 550 types of abnormal hemoglobin molecule types
have been identified, the majority of these do not cause any
clinical conditions.




Hemoglobin A, cC

* Hb is one of the 4 subtypes of A (HbAlal, HbAla2,
HbA1lb, and HbA1lc)

* The most important feature is the irreversible
binding of the glucose molecule

* Measurement of HbA1c values, also called
glycosylated hemoglobin, allows the determination
of one's blood sugar levels 2-3 months ago.

e HbAlc levels should not exceed 7% of total
hemoglobin

* Fasting is not needed during measurement



Thalassemia

Symptoms: Anemia,

Named according to splenomegaly, dark urine,
the affected genes yvellow skin, growth retardation

(alpha or beta
globilin) and
Prognosis varies
depending on how
many genes are
affected.




Sickle cell anemia

Because each polypeptide chain is controlled by a gene, a single gene disorder causes
abnormal type Hb synthesis.

For example; HbS is an abnormal form of HbA and is found in sickle cell anemia
patients.

1 amino acid in the beta chain is different (valine in HbS, glutamine in HbA).

Unlike HbA, HbS becomes insoluble at low oxygen pressure and crystallizes into
inflexible rods.

This deforms the erythrocytes, and the erythrocytes characteristically turn into sickle

shape.

Rigid cells cannot adapt to narrow passages (thin capillaries) because they are not
flexible like normal erythrocytes.

They cause obstruction and tearing of the capillaries.

This results in a further decrease in the number of oxygen-carrying erythrocytes,

leading to anemia.



The changes in diameter and shape of erythrocytes as well as the staining properties

observed in peripheral blood smear are important criteria for the diagnosis of some
diseases.

The reduction of normal pinkish color of erythrocytes and the enlargement of the pale
area in the middle is called hypochrome.

Normal staining (indicating that erythrocytes carry a normal amount of Hb) is referred
to as normochrome.

Hypochromia indicates that erythrocytes contain less than normal Hb amount.

Normal Hypochromic

-
.



Change of diameter in erythrocytes
9 um 1 macrocytosis
6 um | microcytosis

Anisocytosis: The difference between the dimensions of

erythrocytes in peripheral smear (unequal size)
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Variation in cell shape of erythrocytes = Poikilocytosis
Poikilocytosis: The presence of erythrocytes in different
shapes in peripheral smear (cell skeletal disorder)
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Leukocytes

White Blood Cells-WBC T ) |

* Granulocytes: Neutrophils, Eosinophils, Basophils
e Agranulocytes: Lymphocytes, Monocytes



Neutrophils

* They are the largest number of leukocytes, they are 10-
12 um in diameter.

* Since they have no characteristic staining in their
cytoplasm, they are named neutral.

* Because their nuclei are multi-lobed, they are also
called polymorphonuclear neutrophils (PMN / PNL).

* The Barr body (named after discoverer Murray Barr) in
which the inactive X chromosome in females, is
concentrated and stored can be detected in the PMN
leukocyte nucleus (small drumstick-like projection).






Granules of neutrophils

» Specific (secondary) granules
* They are the smallest granules
* Their number is more than double the azurophilic granules
* They are difficult to observe under the light microscope, they are monitored
in the form of an ellipse with EM
* They contain enzymes (type IV collagenase, phospholipase) and
complement activators.
e Azurophilic (primary) granules
* They are larger but fewer
* They are bactericidal lysosomes containing myeloperoxidase
* They also contain acid hydrolase, defensin (helps antibodies), cathelicidin
(antimicrobial)
e Tertiary granules
 There are two types: those containing phosphatases that remove a
phosphate group from a molecule and metalloproteinases such as
gelatinase, collagenase, which wash away connective tissue and helps
migration into the tissue.



Motile

* Neutrophils have migration - movement abilities
and are the first cells to reach the area after any
tissue damage.

* Circulating neutrophils express adhesion molecules
on their surface under the action of cytokines, and
these molecules match their counterparts on the
endothelium and slow them down, allowing them
to enter into the connective tissue.



Endothelial cells of the

Neutrophils surface

postcapillaryvenule

SialylLewi< (s-Le¥) carbohydrates “ E-selectinand P-selectin

(types of cell adhesion molecules)

initial phase—the recognition
partially tethered to the endothelialcell, slow down and roll on the surface of the endothelium

IL-8 receptors “ chemokines-IL-8

adhesion
expression of other adhesion molecules dime neutrophil, such asntegrins (VLAD)

ICAM-1
Integrins(VLADS) “ (intercellular adhesion molecule-1)
(immunoglobulin superfamily of
adhesion molecules)
secondphase- provide tight bonds—firm adhesion

third phase(Diapedesi$- extendsa pseudopod to an intercellular junction
previously opened byhistamine and heparin released from the mast celisthe connective
tissue, allowing the neutrophil to migrate through theesselwall.




integrin Sl 5%

IL-8 receptor
P-selectin 8 .o
E-selectin e
chemokines 4 ®

heparin &
histamines

migration
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Homing ve inflamasyon

II Yuvarlanma ve baglanma
Lokositler (sekilde notrofil) endotel
hiicre ylizeyinde bulunan selektinler
ve notrofil ylizeyinde bulunan karbon-
hidrat ligandlari ile geri donistimli
bir baglanma meydana getirirler. Bu
baglanma gticli degildir ve hiicre
yuvarlanmasina devam eder.

B Adezyon (yapigma)

Notrofil ve endotel (yapisma) hiicre
arasinda guclu bir etkilesim meydana
gelir. Bu etkilesim endotel iizerindeki
interselliiler adezyon molekilleri

Endotel ICAM-1 ve ICAM-2 ile Mac-1 ve LFA-1
. el integrinleri (lenfosit fonksiyonuna-
hiicresi - .
"J \“‘"'

bagli antijen) aracihgi ile olur. ICAM-1
inflamasyon varliginda salinir.

Endotel ——p 2
hicre selektini e

Interlokin-1

Timor nekroz (IL-1)

faktor-o (TNF-a)

Fagositik

\l’ notrofil B ransendotel gocii

; T hiicresi enflamatuar hicreler tarafin-
‘\Gl dan dretilen IL-8 konsantrasyonunun

artig ile endotelden goc eder. CD31
‘ 44— Opsonize Enflamatuvar hiicre- diapedezi kolaylastirir.
= patojen ler tarafindan Gretilen
interlokin-8 (IL-8) ﬂ Aktive olmus makrofajlar endote!
hiicrelerden selektinlerin salgilanmala-
rini uyaran TNF-a ve IL-1'i salgilarlar.



Active phagocytosis

* Neutrophils are cells involved in active phagocytosis
mediated by their surface receptors.

* Bacteria and pathogens can be attached directly to
neutrophils, as well as they may need to be
(coated with antibodies or complement) to make them
more attractive to the neutrophil.

e After binding, phagocytosis and secretion of various
cytokines take place: Interleukin-1 (IL-1), interleukin-3
(IL-3) and Tumor necrosis factor alpha (TNF-a)

* |L-1 plays a thermoregulatory role in fever by creating
prostaglandins and act on hypothalamus



Fc receptor = Fc region of IgG
CR = binds complement C3b
SR = Gr +/- bacteria

scavenger

receptor

Specific and azurophilic granules fuse

pseudopod phagosome

toll-like azurophilic
Crafio) 552
C3b

complement ¢

-’

antigen

antigen

complemen yS0SOme  phagolysosome

receptor
o0



Pus

the accumulation

of dead bacteria and dead neutrophils
constitutes the thick exudate called pus.
The yellow—green color of the

pus comes from the heme pigment of
myeloperoxidasesnzyme in azurophilic
granules of neutrophils.



Eosinophils

* |ts dimensions are neutrophil-sized, and its nuclei have typically two
lobes (bi-lobed).
* They contain large, eosinophilic, refractile granules in their cytoplasm
* Large, elongated specific granules
* They contain crystalloid body that can be seen with TEM
(refractivity in the light microscope)

* Major basic protein (inside crystalloid body), eosinophil
cationic protein, eosinophil peroxidase, eosinophil-derived
neurotoxin

* Toxic activity against parasites (protozoa and helminths)

* Neurotoxin against parasites

* Histaminase, arylsulphatase, collagenase, cathepsin

e Azurophilic granules (lysosomes)
* Lysosomal acid hydrolases



Functions of eosinophils

* They take part in the allergic reactions and defense of
parasitic infections (protozoans and helminthic
parasites)

e After production in bone marrow, they move into the
connective tissue from blood and get activated with
lgG, IgA and secretory IgA.

* The count of eosinophils in blood samples of individuals
with allergies and parasitic infections is usually high
(eosinophilia).

* Abundant in the lamina propria of lung and intestines
and in patients with asthma

* Participates in other immunologic responses and
phagocytoses antigen-antibody complexes
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Basophils

* They are cells of the same size as neutrophils, with a
large number of basic stained granules.

* They are the least numerous white blood cells, up to
0.5% of the total leukocytes.

* It has a lobed, hardly selected nucleus due to dense
granules in stained blood smears

* The basophil plasma membrane possesses numerous
high-affinity Fcreceptorsfor IgE antibodies.

* |n addition, a specific protein CD40Lis expressed on
the basophil’s surface.

e CD40L interacts with a complementary receptor (CD40)
OP B lymphocytes, which results in increased synthesis
of IgE.




Granules of basophils

e Specific granules
* Granules are larger than neutrophil's
* They contain heparin, histamine, heparan sulfate,
leukotrienes, IL-4, and IL-13.
* Anticoagulant, vasodilation, smooth muscle
contraction, stimulation of IgE synthesis
e Dark staining property is caused by dense sulfate

groups in heparin and heparan sulfate.
* Azurophilic granules

* Lysosomal acid hydrolases



Functions of basophils

 functionally related to, but not identical with, mast
cells of the connective tissue

* Both mast cells and basophils bind an antibody
secreted by plasma cells, IgE through high-affinity
Fc receptors expressed on their cell surface.
Exposure to a specific antigen (allergen) instantly or
later in life triggers the activation of the basophil
and release of vasoactive substances from granules

* Responsible for hypersensitivity reactions and
anaphylaxis






Lymphocytes

* They are the basic cells of the lymphatic and immune system

* Constitutes 30% of all blood leukocytes

* Lymphocytes circulating in the blood and lymph fluid
represent immunocompetent cells (capable of recognizing
and reacting antigens) in transit from one lymphatic tissue to
another.

* Three types of lymphocytes are defined according to their
size in the immune system: small, medium and large
(activated lymphocytes or natural killer (NK) cells).

* 6-30 um



Origins of Lymphocytes
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Morphology

* Small lymphocytes are the 90%
of the circulating lymphocytes
and they are around the size of
an erythrocyte.

* They have an intensely staining,
slightly indented, spherical
nucleus almost filling the
cytoplasm

* The cytoplasm appears as a very
thin, pale blue rim surrounding
the nucleus







Three functionally distinct types of
lymphocytes are present in the body

1. T |ymph0cytes (matured in Thymus)

2 . B Iym p h OCYtes (matured in Bursa fabricius in birds and Bone marrow in mammals)

3. NKcells

CD: Cluster of Differentiation

a protocol used for the identification
and investigation of cell surface
molecules providing targets

for immunophenotyping of cells

Type of cell
stem cells

all leukocyte groups
Granulocyte
Monocyte

T lymphocyte

T helper cell

T regulatory cell
Cytotoxic T cell
B lymphocyte
Thrombocyte

Natural killer cell

CD markers

CD34+, CD31-, CD11T

CD45+

CD45+, CD11b, CD15+, CD24+, CD114+, CD182+[18]
CD4, CD45+, CD14+, CD114+, CD11a, CD11b, CD91+,1181 CD16+017]
CD45+, CD3+

CD45+, CD3+, CD4+

CD4, CD25, FOXP3 (a transcription factor)

CD45+, CD3+, CD8+

CD45+, CD19+, CD20+, CD24+, CD38, CD22
CD45+, CDE1+

CD16+, CD56+, CD3-, CD31, CD30, CD38




T-Lymphocytes

* They are responsible for cell-mediated immunity

* They are recognized by cell surface receptors called TCR (a
and B glycoprotein chain)

e Express the CD2, CD3, CD5, CD7 markers on their surfaces.
* There are cytotoxic, helper, suppressor and gamma/delta

types.

 However, the main functional distinction depends on CD4
and CD8 expressions.

* CD4+ T, e, lymphocytes: recognize antigens presented with MHC-I|

e CD8+ T

cytotoxic lymphocytes : recognize antigens bound to MHC-|

MHC: major histocompatability complex



MHC-I molecules are expressed by all nucleated cells

CD8&* T-lymphocytes

* It is the main effector cell of cell-mediated immunity

 Sensitive to foreign, virus-infected and neoplastic cell
surface antigens

Tc cell Target cell
0‘ 'I', ) .
| |." * When TCR binds to the MHC-I-antigen
| || complex, Tc cells secrete substances
CD2 — 00} 000 f LFA~3® . .
'. N called lymphokines and perforin,
ol Bl *----; L A causing lysis in enemy cells, killed by
e | rii_rg_ﬂ e membrane damage.
o) —fmma || + Cytotoxic T lymphocytes pl j
i | ytotoxic T lymphocytes play a major
—~—— T - |. | o . o .
= ~. role in organ and tissue rejection and
cDs8 t |
CD4SR——+ T\ =000 f~— CD22

Gad el tumor immunity.



CD4* T-lymphocytes

* Important in initiating an immune reaction
response to a foreign antigen

(b)
Th cell Antigen- presenting cell .
* Antigen bound to MHC Il molecules
P N is presented by «antigen-presenting
| pome cells» such as macrophages
CD2 — o T/ S = 000 ~— LFA-3 .
> * Activated helper CD4 T-lymphocytes
R produce interleukins (IL-2) to
— *@—_'@% XA stimulate more T-lymphocytes and
CD3 0 MHC . . .
_WE to differantiate B-lymphocytes into
o — T Lt co22 plasma cells for antibody production
cD28 ’W> ~—a ST 004 B7




Class!l Antigen
Antigen- MHC
presenting
cell

Virus-
infected
cell

Cytotoxic
T cell

CD4 protein CD8 protein

B7 » CcD28

protein protein

A

IL-2R IL-2R

Ci)




Other T cells

Regulatory / Suppressor
T cells

* Their function is to
suppress the immune
system

 CD4+, CD25*, FOXP3*
regulatory T cells

* CD8", CD45RO"
suppressor = secretes
IL-10

Gamma/delta T cells

e ltisagroupof T
lymphocytes that go to
the epithelial tissues
(skin, oral mucosa,
vagina, intestine) after
being matured in the
thymus.

* They are thought to
form the first line of
immune defense



B cells

* Responsible for antibody production|

* Mature B cells in the blood express IgM, IgD and
MHC-Il molecules on their surface

 Specific markers are CD9, CD19, CD20, CD24

NK cells

* Programmed to kill virus-infected cells and malign cells
* They secrete an antiviral substance: interferony

» Also referred to as large granular lymphocyte (LGL)

* (~ 15 pm)

* Specific markers are CD16, CD56, CD94



Monocyte

* They are the precursors cells of the mononuclear
phagocytoticsystem

* They are the largest sized leukocytes in blood smear

* 18 um
* Afteritis produced in the bone marrow, it remains in the
circulation for 1-3 days and transits into the tissues, where
it turns into cells responsible for phagocytosis:
Mononuclear phagocytotic system:
- Macrophages Maprophages‘unction as
antigen-presenting cells irthe

* Osteoclasts immune system
* Alveolar macrophage

* Kupffer cells

professional antigen-presenting cells are
dendritic cells, macrophages and B cells




mononuclear phagocytotic system

Differentiated Stem Cells

Mongblosis

= Mocrophages
F'mmunm:yles
jﬁund Mu"ntﬁes
Histiccytes of  Kupffer Cells  Alvegiar Free s Fiagd Pleurgl and  Microglial
Cannective of Livar Mocrophages Mocrophages  Peritoneal Ceils of
Tissue af Lung of Lymphoid Macrophages Nervous

Tissue Sysiem
Maocraphaoges, Epithakyd Cefls,and Giani Cel’s of Inflommagtion







Thrombocytes = Platelets

 Thrombocytesare small,membranebounded
anucleatecytoplasmic fragmentslerived from
megakaryocytes

* 150.000-400.000/mm?3 (2-4 pum sized)

* They are colorless, oval or biconvex disc shaped
structures. Life expectancy in circulation is 8-10
days

e Platelets are formed under the control of
thrombopoietin produced in liver and kidneys



relicutum

g
/

Bursling of the
megakariocyle

Megakariozytes orighiale In the
bore marrow and conlan
mulliple coples of DNA

Plalelwels
(1000 - 1300)

Formation: small bits of cytoplasm are separated from
the peripheral regions of the megakaryocyte by
extensive platelet demarcation channelsThe
breakdown of the megakaryocyte cytoplasm in the
bone marrow and the surrounding of these parts by the

membrane, cytoplasmic fragments form individual
platelets



1.

2.

3.

4.

Peripheralzone

* cell membrane covered by a thick
surface coat of glycocalyx
$=glycoproteins, GAGs, coagulation

actors)

Structuralzone

* microtubules, actin filaments,
myosin, and actin-binding proteins
that form a network supporting the
plasma membrane

Organellezone

* mitochondria, peroxisomes, glycogen
particles, and at least three types of

granules

Membranezone

* two types of membrane channels:
* open canalicular system (OCS)

* dense tubular system (DTS)
* sSER—Ca storage

Platelet Morphology in 4 Zones

Peripheral Zone
Structural Zone

plasma
membrane :
e microtubules
glycocaIYX\\é/ —— / actin
/ 3 \ 3 myosin Il
Organelle ‘ . '
Zone é

a granules

\ granule - ° . a
(lysosome) . " . /
glycogen— = %9, ) /

Membrane
d granules Sysitems

open canalicular
system

mitochondria——( \

dense tubular system

b

9 o /
.\‘s\l‘\
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Organelle Zone

* The purple colored central part where the granules
settle. There are few mitochondria, glycogen
particles and granules of different properties
(alpha, delta and lambda granules).

Microtubules

Plasma membrane

Dense tubular i Delta granules
FONES X AT A
system i ey b N

Mitochondrion

Alpha
granules

Glycogen

Lysosomes (lambda granules)



Granules of thrombocyte

’
A

o P y
* .. microtubules ——

* Alpha granules

* 300-500 nm diameter, most numerous g ondmn
granules mitochondrion, -

- 4:"'}-"‘ i 4 ‘
* contain mainly fibrinogen, coagulation R
factors, plasminogen, plasminogen activator - Fod ke
inhibitor, and platelet-derived growth factor = el - e
* vessel repair, blood coagulation, and platelet | e S
aggregation.
e Delta granules

e 250-300 nm, smaller, denser, and less
numerous

* mainly contain adenosine diphosphate (ADP),
adenosine triphosphate (ATP), serotonin, and
histamine.

 facilitate platelet adhesion and vasoconstriction

e Lambda granules (thrombocyte lysosomes);
* 175-200 nm
* contain several hydrolytic enzymes

* function in clot resorption during the later
stages of vessel repair




CONTACT PHASE

Damaged vascular surface
Endothalial basemant membrane
Collagen
PLATELET ACTIVATION COAGULATION E Xlla
Resting platelst Kallkrein sk
HMWK Prekallikrein  |—— | Kalikrein | ——= FIBRINOLYSIS
and
- Epinephrine | [ £y »| Fxia /£ # INFLAMMATION
F Vill: vWF \
. o * Tiesus factor (TF)
FXI b——— FXla* l
FIX —*» FiXa* |¢—— FVia* |-— Fwii
Pf3
FX TF
T :
T INTRINSIC PATHWAY Bty e Ca*
¢ EXTRINSIC PATHWAY
F Xa*

Ca++

PF 2
COMMON PATHWAY  FV l
Prothrombin (F Il) == Thrombin (F lla)*

Fibrinogen *. Fiorin monomer +

25?55‘ %i §< §<T

fibrinopaptides A and B
car |[Fxila Jeombin ™o
Ca*
F VIll: VWF S
PLATELET PLUG *
FIBRIN CLOT




Platelet function

continuoussurveillanceof blood vessels blood clot
formation, and repairof injured tissue

hemostasiqcontrol of bleeding)

Blood vessel wall injury = exposure to collegene (ECM) - platelet adhesion
Triggering of degranulation = release of serotonin, ADP, ThromboxaneA2
Aggregation vasoconstricion = primary hemostaticplug
Plateletthromboplasticfactor (PTF3and other coagulationfactors
Solublefibrinogen = fibrin = loosemeshproduction = secondaryhemostaticplug

K _ Plasminogen
Tissue plasminogen Factor Xla, Xlla

Actin and myosinin structural zonecontraction uTH e | et e

-> clot retraction ¥

Plasminogen activator

P antiplasmin

Plasminogen> plasmin i""“"l""&’ e =
Lambdagranules—> lysosomalenzymes i,

Endothelialcells-> tissueplasminogen v

activator (TPA / Fibrin < Fibrin degradation products
Flbrl nOIySIS Thro&lbin —_ > Thrombin-i:tivatable

T|SS u qe pa| r o P—D G F fibrinolysis inhibitor

Fibrinolysis (simplified) - Blue arrows denote simulation, red arrows inhibition



1- Primary aggregation:

* Plasma proteins accumulate on the subendothelial
collagen fibers, which are exposed in places where
endothelial cells damage in blood vessels. Following this,
platelets cluster on the damaged area and form
thrombotic plugs.

5 O




e 2—Secondary aggregation:

 Platelets in the thrombotic plug; empty the content of
alpha and delta granules.

e Serotonin is a vasoconstrictor, causing contraction of
smooth muscles in the vessel wall, blocking blood flow
towards the damaged area




3— Coagulation:

* In addition to the fibrinogen normally found in plasma, platelets secrete
additional fibrinogen.

* Thromboplastin converts protrombin to trombin and trombin converts
fibrinogen to fibrin

* Fibrin forms a dense fibrous network where more platelets and other
blood cells will attach, and the wound in the vascular wall is blocked.




‘Th rombocytosis ‘

‘Thrombocytopenia ‘




