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White Blood Cells (I &ll)
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Objectives

Describe different Types of WBC

Recognize the general functions of WBC
Describe genesis and site of formation of WBC
Describe stages of neutrophil formation
Describe the role of neutrophils in defending
the body against infection

Describe the process of phagocytosis

Describe Esinophils formation and functions.

Describe Basophils formation and functions.

Describe Monocytes and macrophage formation and functions.
Describe Reticuloendothelial componants and functions.
Describe lymphocytes formation and maturation.

Describe the functions of the different types of lymphocytes.
Recognise leucocytosis and leucopenia.

Recognize type of leukaemia.




White blood cells

* Leucocytes (WBC) Formed in bone marrow & lymph tissue

 Protection against infection by: “Immunoglobulin”
Phagocytosis &Secretion of antibodies. 'Sano/i:teiLzzry“ef”

* The range of WBC in our bodies is = 4000 _ 11000 \ml



Types Of WBC

Neutrophil

A granular WBC types Granular Eosinophil

Basophil




Dr note: “I care about the percentage

There is a lot of Granules in Basophil
, so the Nucleus is hidden A . Types Of W B‘ and colors

Granular “polymorphnuclear PMN”

Names Nucleus Shape  Granules Percentage Size
Color
Neutrophil Lobulated Purple 62% 10-16 um
Nucleus “many | cytoplasmic
lobes”
2 lobe nucleus | Coarse red 2.3% 12-18 um
Rarely nucleus hidden 0.4% 10-14 um

Segmented by large round
nucleus bluish granules
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fig. 10 - Basophil
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iMonocyte is the largest WBC
.Lymphocyte has a large nucleus

B. Types Of WBC

A Granular (absent of granules)

Name Nucleus Shape Percentage Size Pictures
Monocyte Kidney Shape 5.3% 15-20um ‘
Lymphocyte Round nucleus 30% =~ smaill (5-8um) - o<

2
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large (9-15um)




Genesis “produce” of WBC

Two major

lineage of WBC
are formed:

: lymphocytes
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>
monocytes
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Life span

Granulocytes= 4-5 days
in tissues, During
infection life span only
few hours because they
die after ingesting
bacteria.

Monocytes = 10-20-
hours then they leave
blood to tissues transform
into macrophage, its life
span goes up to months.

Lymphocytes = weeks
to months according to
its type.

— Sites of formation

Al of them ( Granulocytes , Monocytes , Lymphocytes) are formed in bone marrow ,BUT
Lymphocyte formed also in thymus gland & lymphoid tissues.
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Maturation

Stem cells

Formation:
Neutrophil is formed in Myeloblast
bone marrow

Polymorphnuclear

neutrophil




You will find
the explanation
of this picture
in our Twitter
Page

(c)

Mature blood cells
squeeze through
the endothelium to

reach the circulation. & .

Platelets 4

Fragments of

megakaryocyte ——

break off to
become platelets.

Reticular cell —

Stem cell

The stroma is
composed of
fibroblast-like
reticular cells,
collagenous fibers,
and extracellular
matrix.

N

lis Sl L : .
Borie marrow consists of blood cells in different stages of development
and supporting tissue known as the stroma (mattress).

hH— Stem cell
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expelling
nucleus
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Nevutrophil Function

-
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Defense against infection: Neutrophil has the
ability of engulfing bacteria or organism by a
process of phyagocytosis.

Steps of Phygocytosis:

N\ 4 N\ 4 N\
A- Chemotaxis |- B- Margination -~ C- Diapedesis
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Chemotaxis & Margination & Diapedesis

Definition of chemotaxic: The
attraction of the neutrophils o
inflamed area following
chemotactic substances release
from infected site.

Chemotactic substances:
* Bacterial foxin

« Degenerative products of
inflamed tissue

« Complement system

« Reaction product of plasma
clotting

Definition of
margination:WBC
marginate along
the wall of

mmm) (blood capillaries.

Upon reaching the
site of infection
neutrophils start to

engulf infecting -

organism.

Definition of
diapedesis:WBC
squeezes itself
through

mm) |cndothelial holes
leaving blood
Capillaries.

!

WBC move by amoeboid motion
towards inflammation area
following chemotactic substance
released from site of infection




pictures of Chemotaxis & Margination & Diapedesis

Blood capillary

Leukocyte
leaving
capillary

Diapedesis

Margination

@\ " Increased .
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Phagocytosis

It's Selective process foreign substance
recognize by:

« Rough surface

* NO protective protein coat, which prevents
phagocytosis

 Marked by certain substance e.g Complement
3 or antibodies making them ready for killing a
process known as opsonization.

Neutrophils encircled the bacteria with
pseudopodia and engulf it inside into a vacuole
(ohagosome), takes 3-20 bacteria



Microbial killing

Definition: Digestion of organism
inside the phagosome.

Mechanism:

A 4

Fusion of intracellular lysosomes with phagosome
vacuole

W

Lysosomes discharge its proteolytic enzymes such
as myeloperoxidase, catalase into the vacuole,
killing and digesting the engulfed bacteria.

Release of bactericidal such as superoxide,
hydrogen peroxide to kill the bacteria

Microbe or

other particle Blasira: 8

membrane

Pseudopodx ~ N\

\

L. ;’/,, 0\

Phagosome
(phagocytic
vesicle)

[ Lysosome

| o\
,_,“ Phagolysosomes
,./"/ ] ~ Digestive—= \

£ 7\ enzymes

i \ (5] Residual
i, \ Partially body
for \\ digested

N\

‘\ microbe o
-\ Indigestible

| material

Cytoplasm —~—

Phagocyte

Phases of phagocytosis

\,\/

Dr note: “read it”

o Chemotaxis and adherence
of microbe to phagocyte

e Ingestion of microbe
by phagocyte

€) Formation of a phagosome

O Fusion of the phagosome
with a lysosome to form a
phagolysosome

) Digestion of ingested
microbe by enzymes

0 Formation of residual body
containing indigestible
material

) Discharge of waste
materials



Part two Lectiure content:

e Eosinophils and Basophilophils formation, maturation and function.
e Monocytes and macrophage formation, maturation and function.
e Reticuloendothelial system component and function.

e Lymphocytes formation, maturation and Function.

e lLeucocytosis, leucopenia and leukemia.



Granular WBCs

t nd
Only 1, 2", and last steps are needed Only 1st, 2", and last steps are needed

SUSHTL Cel”s v Myeloblast o Stem cells —> Myeloblast —>
e e o o oromyelocytes —> basophil
Y 4 myelocytes —>

eosinophil metamyelocytes—> | h | B hil
polymorphnuclear eosinophil 2elinelRiint el =eHooRnl

Secret Heparin to

—  Weak Phagocytes prevent clotting

Histamine, Bradykinins, and
serotonins contribute to
inflammation
response

Present in Allergic (drug
reaction, Asthma or rhinitis )
and Parasitic infections (hook
worm, ascaris, bilharzia)
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The release of those substances
and vascular cause local
reactions characteristic of

allergic manifestation.

Major basic proteins / releases

|| substances (hydrolytic

anzymes, superoxide) to Kill
parasites

--Mn«‘lup(o . .
1 Similar fo mast cell

mast cell: cell filled with

basophil granules, found in
connective fissue & releasing

L W histamine & other substances during
inflammmaftory & allergic reactions.




 Formed in : Bone Marrow, Stem cell —> monoblast —> promonocyte—> mature
monocytes released into blood.

« Life span:

1. 10-20 hours in circulation.
2. Then leave blood to tissues transforming into larger cells macrophage

3. Up to afew monthsin tissues (Macrophages)

Macrophages are a powerful
phagocytic cells first line of e S-S
defeﬂse. phagocytosis % @

—Ingest up to 100 bacteria
- Ingest larger particles as: old RBC

exocytosis

B Remove wastes Anti-inflammatory :Direct.
(scanvenger) ,
f\ A * ' ¢
y— \*:: 4>‘ y
anti-inflamatory ' / o ~ ’

-Directly: phygocytosis of bacteria, dead cells.

-Indirectly cooperating with lymphocytes by
recognizing foreign body (take in foreign body
process it and present it to lymphocytes)

Anti—inflammatorx: Indirect.




Reticuloendothelial system

Consists of:

— Monocytes

Ve

Macropha
ges

N

J

Endothelial
|| cells

bone marrow, spleen,
. lymph node

Located in
tissues =

Skin (Histiocytes)

Liver (Kupffer)

Kidney (Mesangial)

Bone marrow (Osteoclast)
Lymph nodes

Lung (Alveolar)

Brain (Microgial)

Spleen

Function:

Phagocytosis
Bacterial, dead cells,
foreign particles

(.

~N

J/

p
Immune function:
processing antigen
& antibodies
production(indirect)

.

~N

J

Ve

Breakdown
of Hb

N

Storage of
lron

Brain

Lymph —— Skin

nodes

Peripheral

Reticuloendothelial blood

system

Gastrointestinal
cells

Bone
marrow



Stem cell (bone marrow) —> ... ... —> lymphocytes.

\

T-Lymphocytes (Thymus dependent) (important)
Formed in bone marrow, migrate to thymus for
maturation.

Life spans 100-300 days. 4 JaSi Ly s

Circulate between blood, tissues, lymph.

Types of T-lymphocytes | b |
1. T-cytotoxic (Tc) or killer cell (Tk). :
2. T-helper (Th) @ @ ?

eeeeeeeeeee

3. Memory T Ce”S SUb TypeS- KHIv\r%{ecﬁed Help cytotoxic T cells | | Produce antibodies
4. Suppressor T cells sub types.

Functions:

- Cellular immunity (graft rejection - delayed
Nypersensitivity. )t omis s 25 A8 sl o 5 claedi o) 2o diot
Role in antibody secretion.

B- Lymphocytes (thymus-independents)

Formed in: Bone marrow, germinal layer of lymph
node, red pulp of spleen.

Bl mph cyte Pla: smumll Antibodies s cterium /—Surlaceanligeﬂ
Q- @ N ¥
b | J b -®
@ B lymphocyte ® g a se o hi d to O y-coated
g anligens acteria,  bacteria are avidly
I e s pa n -_— Oys ucr Iasa lhcdi m rking the bnctarin phagocytized.
° (b) or desiructio

Stimulated by antigen.
It transforms into large plasma cell (produce
antfibody).

* Function: Humoral immunity.
- Role in antibody secretion.

4




Primary Lymphoid Organs:
(Bone marrow, Thymus)
Secondary (or peripheral) Lymph organs: (Tonsils, Adenoids,

Spleen, Lymphatic vessels, Peyer's patches, Lymph nodes,

Appendix)

Immune System

learned

specific

immunity

innate

non-specific Phagocytes
immunity (natural killer cells,

¥

© geanulocytes, macrophages)

3 td line

of defenge

2nd line

of defence

1sthne
of defence

29,81 L ego o™

Types of Immunity :

1- Innate (non-
specific; natural
immunity) :

27d line of defense

Is present at birth

Persists throughout life
Quick

Attacks all antigens fairly
equally

2- Adaptive
(specific;
acquired

immunity) :

3rd line of defense. \

Anfigen specific.

Responds with proliferation of
cells and generation of
antibodies.

Slow (After 4 days of exposure
to antigen)

Memory (subsequent reactions
are faster and more effective)




The Complement System is Part of the 1st Line of Defense

Complement system:

- Group of polypeptides, synthesized in the liver

- st line of defense, meeting invaders such as bacteria

- These proteins flow freely in the blood

- Quickly reach the site of invasion where they can react directly with
antigens

Functions of activated Complement Proteins:

Trigger inflammation

Attract Phagocytes

Opsonization (Enhancing phagocytosis)
Membrane Attack Complex (MAC)

Anti
o C1 complex
Antibody (IgG)
Q.'/ C{D CaandCdb
fragments
Classical
! pathway @ C3convertase
l Atemative  ’ |
pathway Ci‘ C3 hydrolysis
i ¢ C3bandC3a
/ fragments
@&  C3bcleaves C5
into C5a and C5h
& ¢ ]

cel C5b, C6, C7, C8 and C9

s;ells k> together form the

and J cylindrical membrane
At ]

bursts * I A, attack complex

opeosed Juswajdwod




Leucocytosis
* Increased number of WBC
Physiological *

e  Minimum in early morning
and maximum in the
afternoon.

o After physical exercise

e Stress or Adrenaline
injection

Pathological *

e Bacterial infection
(tonsillitis, Appendicitis)

e  Worm infection.

 Allergic reactions.

Leucopenia

* Deficiency of the white blood
cells.

Causes :

e  Malnutrition.

e Drugs

e Radiation

° Typhoid fever. *salmonella

e Decrease in B12 and folic
acid.

EXTRA INFO: *Salmonella: infection
(salmonellosis) is a common bacterial disease
that affects the intestinal tract.

Levkaemia

* Malignant disease of bone
marrow
WBC up to 500,000/mm?3

Types of leukemia:

e  Myeloblast leukemia
(Myeloid progenitor
increase)

e Lymphoblast leukemia
(Lymphoid progenitor
increase)

e  Acute or chronic onset.

e Accompanied with anemia,
bleeding

Causes:

«  Chromosomal abnormality
« Chemicals

+ Radiation

*  Viruses




Q U iZ (for part one)

1) type of WBC has 2 lobe nucleus

A) Neutrophil B) Eosinophil C) basophil D) lymphocytes
2) lymphocytes are formed in I;;eyBonswers:
A) bone marrow  B) lymphoid tissue C) both a&b D) nethera orb g; S

4) A

3) WBC that transforms infto macrophage after leaving the blood to fissues
A) Neutrophil B) Eosinophil C) basophil D) monocytes

4) the attraction of neutrophils to inflamed area
A) chemotaxis B) margination C) diapedesis D) ameoboid movement




Q U |Z (for part two)

Q1- Which of the following is a function of Eosinophils:

A) Secrete Heparin B) Secrete Histamine C) Phagocytosis D) Produce Antibodies

Key answers:
Q2- Which one is a characteristic of Basophils: 1. C
A) Weak B) Present in Allergy | C)Heparin D) Agranular 2. C
Phagocytosis Secretion 3. A

4. C
Q3- Which of the following is a Function Reticuloendothelial system: 5. C
A) Break Hb B)Secrete Heparin | C)Granular D)Secrete

Histamine

Q4- Which one is a primary lymph organ:
A) Spleen B) Lymph Nodes | C)Bone Marrow D)Peyer’s Patches

Q5- Complement system polypeptides are synthesized in:
A)Kidney B)Skin C)Liver D) Bone Marrow
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