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Some Terminology

= Immune system: cells, tissues, and molecules that mediate resistance to infections.
= [mmunology: study of structure and function of the immune system.
= [mmunity: resistance of a host to pathogens and their toxic effects.

= [mmune response: collective and coordinated response to the introduction of foreign

substances in an individual mediated by the cells and molecules of the Immune system.
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The Immune System

Immune
System
Innate Adaptive
(Nonspecific) (Specific)
Cellular Humoral Cell- Humoral
Components  Components Mediated (Ab)
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Functions of the Immune system

1. Defense against the growth of tumor cells kills the growth of tumor cells.
2. Protect humans from pathogenic microorganisms.

3. Control of tissue regeneration and scarring.

4. The immune system can injure cells and induce pathologic inflammation.

5. The immune system recognizes and responds to tissue grafts and newly introduced proteins.
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Components of the Immune System

Molecules
Dendritic '
Cell Antibody
Complement

T cell

Also:
Macrophage
: Lymph node . 1
Lymphaa‘oobc System Spleen Eo;u;;":hu Cytokines/Chemokines
Interaction of immune organs Bons Imamow NK cell

. and more...
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Cells of the Immune system

Innate immunity
(rapid response)

Adaptive immunity
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Cells and Molecules of the Immune System

Innate immunity Acquired immunity
Cells: Cells:
NK cells T lymphocytes
macrophages B lymphocytes
“dendritic” cells
granulocytes :>
>S=:+Iuble ma-diaic:rs:< < >Saluble pr::n-du-:is:<
Cytokines Cytokines
Chemokines Chemokines
Defensins
Pentraxins Antibodies
Complement
" Etc. Y, \_ J

11/3/2023 8



Organs of the Immune System
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Types of the Immune System

/ Innate Immune System \
Physical barriers:

Skin; organ mucosal layers

4 ‘ﬁ N
“ '/ ;

Chemical barriers:
Stomach acid; lysozymes in eye

g

Innate response: Inflammatory
response cells

Qeﬂs Neutrophils Macrophages Natural killerj

Immune system linkage:
Dendritic cells

/ Adaptive Immune System \
Adaptive response:
Cell-mediated response; humoral
response

N

Cell mediated Humoral
response: Response:
T-lymphocytes B-lymphocytes

7 A,
=1 Y
ol W
¥ B

Products: Products:

@ and CD8+ T-cells Antibodies/
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Factors influencing the level of Innate Immunity

1. Age

— Very old or very young more susceptible to infectious disease.

— Hepatitis B virus infection is asymptomatic in newborn as it lacks developed immune

mechanism to express the disease.

2. Hormones

— Endocrine disorders such as Diabetes Mellitus, hypothyroidism and adrenal

dysfunctions — enhanced susceptibility to infection

— Increased corticosteroid — decreased anti-inflammatory effect.

3. Nutrition

— Immune response is reduced in malnutrition patient.
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Non- Specific Immunity

= General characteristics:

= Most primitive type of immune system found in virtually all multicellular animals.
« High discrimination of host and pathogen
= First line of defense against infection
= No need for prolonged induction.
= Act quickly:
= Immediate direct response 0-4 hrs.
= Rapid induced 4-96 hrs.
Antigen-independent.
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Time of the Immune response

Microbe
rlnnate immunity‘ :Adaptive immunityr‘
h ! Antibodies
Eprthellal
barner&
’g; B lymphocytes Plasma cells
Magt Dendritic
cells cells
hagncg,rtea _
- _ :
2 ﬁ EEQ |k
'q i
Com plement Er::aﬁ?_"& Tlymphocytes Effector T cells
| Hours ;",/ Days |
0 6 12 1 3 5
Time after infection >
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Components of Innate Immunity

|

First line Second line
1. Physical barriers A- Cells

2. Chemical & biochemical barriers 1. Natural killer
3. Biological barriers (Normal flora) 2. Phagocytes

3. inflammatory cells
B- Soluble factors

C- Inflammatory barriers

14
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Barriers to Invasion

Adaptive Immunity (acquired)
{ * Cellular (cytotoxic)
* Humoral (antibodies)

« Macrophages, neutrophils,
eosinophils, basophils,
monocytes

* The complement system

R
*****

Non-specific Physical & Chemical Defenses

« Barriers: skin, mucous membranes, stomach acid,
lysozyme in tears

« Expulsion: Coughing, sneezing, vomiting, diarrhea
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Anatomical / Physical/ Mechanical Barriers

System or Organ Cell type Mechanism

Skin Sqguamous epithelium Physical barrier
(intact skin)
Desguamation

Mucous Membranes | Non-ciliated epithelium (e.g. | Peristalsis

Gl tract)

Ciliated epithelium, hairs Mucociliary elevator,
(e.g. respiratory tract) Coughing, sneezing
Epithelium (e.qg. Flushing action of
nasopharynx) tears, saliva, mucus,

urine; blinking of eye
lids
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Skin Barrier Function

viruses

bacteria *

toxins *
moisture

Normal skin Disrupted skin
barrier function barrier function
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Mucus membrane

Characteristics:

= Membrane that lined the tracts and cavities on the bodies including respiratory, digestive,
urinary, reproductive.

= Epithelial cells that secret mucus, which covers the surface of the mucus membranes.

= Cilia- on mucous membranes- to propel microorganisms out of the body:.

Front View of Urinary Tract

Bladder

Sphincter

Urethra

Digestive system
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Biological Factors

System or Organ Component Mechanism
Skin and mucous Normal microflora Antimicrobial
membranes substances

Competition for
nutrients and
colonization
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Chemical Factors
(At surfaces and in body cavities)

System or Organ Component Mechanism
Skin Sweat Anti-microbial fatty
acids, high salt conc.
Mucous Membranes | HCI (parietal cells) Low pH
Tears and saliva Lysozyme and

phospholipase A

Defensins (respiratory & GI | Antimicrobial
tract)

Sufactants (lung) Opsonin
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Chemical Factors
(Humoral Components)

Component Mechanism

Complement Lysis of bacteria and some viruses. Opsonin
Increase in vascular permeability
Recruitment and activation of phagocytic cells

Coagulation system Increase vascular permeability, Recruitment of phagocytic
cells. B-lysin from platelets — a cationic detergent.
antibacterial

Acute phase protein Antibacterial

Lysozyme Breaks down bacterial cell walls

Lactoferrin and transferrin | Compete with bacteria for iron

Cytokines Various effects

Interferon Anti-viral protein
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Cellular Components

Cell Functions
Neutrophils Phagocytosis and intracellular killing
Inflammation and tissue damage
Macrophages Phagocytosis and intracellular killing
Extracellular killing of infected or altered self targets
Tissue repair
NK cells Killing of virus-infected and altered self targets
Eosinophils Killing of certain parasites
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Second Line of Defense:

Inflammation, Phagocytosis, Complement System and Natural Killer cells.

ACQUIRED
IMMUNITY

INNATE IMMUNITY
Rapid responsesto a

broad range of microbes

External defenses

Internal defenses

> skin

' > Secretions

> Mucous membrangs

Invading
microbes
(pathogens)

> Phagocytic cells

> Antimicrobial proteins

> Inflammatory response

Natural killer cells

Complement

Slower responses
to
specific microbes

> Humoral response
(antibodies)

>

Cell-mediated response

(cytotoxic
lymphocytes)
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Innate Immune System: Components of Blood

® Complement proteins

— M
N _ _
Coagulation proteins Extracellular
Plasma (550/0) - Cytoklnes
=N_ /4 =Buffy coat,
composed of
white blood cells
Red blood cells - and platelets WBCs
(45%)
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White blood cells (WBCs)

) 5

Eosinophil

Macrophages

Monocyte

B-lymphocytes

T-lymphocytes

Natural killer(NK) cells
Lymphocyte

Neutrophil Basophil Mast cells
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Phagocytes: Neutrophils and Monocytes/ Macrophages
» Immune cells that perform phagocytosis.

= There are two types of circulating phagocytes, neutrophils and

monocytes

= These are blood cells that are recruited to sites of infection, where

they recognize and ingest microbes for intracellular killing.

= Phagocytes catch the invaders using its cytoplasmic extensions.
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Neutrophils

= Neutrophils, also called polymorphonuclear leukocytes (PMNSs),

= The most abundant leukocytes in the blood, numbering 4,000 to
10,000 per uL.

= L arge numbers released during infection, particularly bacterial and
fungal infections,

Neutrophil

= Attracted to chemicals released by bacteria also necrotic (dying)
tissue during infection and are the first to arrive during an
Inflammatory response.

* The production of neutrophils is stimulated by cytokines, known as
colony-stimulating factors (CSFs),
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Neutrophils

= Unfortunately, this results in the death of the neutrophil Phagocytosis
as well. as they die after digesting bacteria. Because of . 6{
this, neutrophils have a lifespan that ranges from a few / /
hours to a few days. “Bt ;{ /c:,z;gte
= Dead neutrophils make up a large proportion of pus. e " V& e
p p g p p p Neutrophil Degranulation\‘ 55::’0?%
= Also secrete pro-inflammatory cytokines when exposed
to inflammatory mediators. -
= Every day, 10 billion neutrophils are produced in the K
bone marrow making them the most abundant white NET reloase

blood cells.
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Monocytes

= |_ess abundant in the blood than neutrophils, numbering 500 to 1000 MoNnoCYTE

NONGRANULATED

— CYTOPLASM
per uL.

* They also ingest microbes in the blood and in tissues.

UNILOBAR

= During inflammatory reactions, monocytes enter extravascular tissues “"xucte > Lvsosom

and differentiate into cells called macrophages (fixed types),

Some resident macrophages such as in the brain, liver, and lungs, are ~

derived from progenitors in the yolk sac or fetal liver early during the

development of the organism.
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Monocyte

-~

Tissue macrophage

N

Alveolar macrophage Osteoclast Histiocyte
Lung Tissues

-
\
Kupffer cell Microglia Intestinal macrophage
Liver Brain intestine
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Macrophages

* From the Greek word meaning ‘big eaters’.

= Macrophages digest the microbes much slower than neutrophils
and do not self- destruct during the digestion process.

= Also secrete pro-inflammatory cytokines when exposed to
Inflammatory mediators.

= Macrophages are more durable and long-lived than neutrophils.
= Life span: months to years

= Most tissues In the body contain resident populations of
macrophages that protect the tissue from infection.

= [Initiate adaptive immune responses as they display antigens from

the pathogens to the lymphocytes (as APC). RO re“nzcljﬁcfnhgaggg’g‘riitg_

11/3/2023
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'In adult homeostaslis and Inflammatory reactlons‘

'Bone marrow Blood
~ - Monocyte/
' dendritic cell Monocyte
o Q precursor - Actlvation
‘ . et —
- HematopOIetlc
stem cell Macrophage Activated
- - macrophages
During early development
Fetal hematopoietic Tissue
organs (yolk sac, liver)
\ ¥ Differentiat Microgiial
2 . croglia
gt ematopoietic —_— - erentiation @ Mg
TR macrophage
precursor Liver:
Kupffer cells
Lung:
Alveolar
macrophage

He;hatopoietic Smusordal macrophages

stem cell
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Antigen-presenting cells (APC)

= Antigen-presenting cells (APCs) are a heterogeneous
group of immune cells that mediate the cellular immune |
response by processing and presenting antigens for oiges .." =
recognition by T cells. (el

innate immunity adaptive immunity

antigen presentation

= Classical APCs include dendritic cells, macrophages, \ﬁ.
and B cells. w U\

cytokines cytokines

= An antigen-presenting cell (APC) displays foreign Phagocytes ) \
antigen complex (parts of the digested invaders) with Y
MHC (Major histocompatibility complex) Il on its

surface.

= T-cells recognize this complex using their T-cell receptor




Immature Antigen
T cell Antigen
Presenting
Cell
TCR MAC
CD8+
Q
®
@ S
Mature helper Mature cytotoxic

T Cell T Cell
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Dendritic cells

= More efficient APCs than macrophages.

» These cells reside in the structural compartment
of the lymphoid organs such as the thymus,

lymph nodes and spleen.

= It can also be found in the bloodstream and & ',’_“j\/i

other tissues of the body.

= It captures antigen then bring it to the lymphoid

organs to start-up the adaptive immune

response.
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Eosinophils

» These cells have the purpose of fighting parasites such as

helminths and in allergic reactions.

* Primary location: intravascular circulation

= Life span: days

= Release pro-inflammatory mediators and toxic-substances against
non-phagocytosable surfaces (too large for phagocytes).

= May balance immediate hypersensitivity reactions by degrading or

Inactivating mediators released by mast cells.
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Eosinophils (Cont.)

* The eosinophils release various substances from
their eosinophilic granules.

» The granule contents are capable of damaging the
parasite membrane.

= It contains many granules rich in:
1. Major basic protein (MBP)

2. Cationic proteins

3. Peroxidase

4. Arylsulphatase B, phospholipase D
5. Histaminase /
6. Cytokines i A

Surface
antigen

Eosinophil

Release of granule
proteins and reactive
oxygen species

=Y \Helminth

o

),

o
i L
° .=q. '
" " o® »
s
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Basophils

= Play a role in host defense, particularly against parasites, and allergic responses.
= Release inflammatory mediators.
* Primary location: intravascular circulation.
= Life span: days
= Contains many granules rich in:

1.Heparin

1.Histamine

2.Serotonin

3.Interleukins
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Mast cells

» Play a key role in the inflammatory process and wound healing.

= Its play an important role in immediate hypersensitivity - allergy and anaphylaxis.

= Young basophils settle into tissues and become mast cells.

* Primary location: tissues

= Life span: months

= Contains many granules rich in:
1.Heparin

1.Histamine

2.Serotonin

oA
f‘—'— ’ VNMH“"_, ﬁ“( T . -

3.Serine proteases TEM of a section through a mast cell, with
_ vacuoles (dark) containing histamine or heparin
4.Prostaglandin D2
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Gastric acid
secretion

Blood
vessels to
dilate

Contraction of
Itchiness respiratory ways
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Natural Killer Cells (NK cells)

= Guard the body against own body cells that are viruses infected or have become cancerous.
= Roaming all over the body looking for abnormal cells to kill.

= NK cells know if our cells became abnormal by scanning their MHC I, abnormal cells that have a different
MHC I, or not expressing MHC |, will be killed.

= Life span: weeks
= NK cells will poke and made many holes on the abnormal cells until it died from apoptosis.
= Use cytolytic proteins such as perforin.

= Called natural killer cells because even though they are a type of T cells, they exhibit spontaneous killing of
abnormal cells without the need for specific antigen activation as required by T-cells in the adaptive immune

response.

= NK cells are important in defense against viral infections and malignancies.
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Natural Killer Cells (NK cells)- Cont.

<* NK cells recognize infected and stressed cells and (4,
Q) NK cell

respond by killing these cells by secreting the

macrophage-activating cytokine I1FN-y.

o’ I " K T
2 Activated NK cells empty the contents of their B ,mect:c?c%..s

cytoplasmic granules into the extracellular space at

the point of contact with the infected cell.

Mac;?i r?alge Killing of

phagocytosed phagocytosed
activate enzymes that induce apoptosis. TCEoDes microbes

“* The granule proteins then enter infected cells and

42
11/3/2023




Second Line of Defense: Internal Defense Line
Inflammatory Response, Complement System

= Activate the body ‘alarm’ using chemicals.

= Biological response of the immune system that can be triggered by

a variety of factors:
1. Pathogens,

2. Damaged cells,

3. Toxic compounds,
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Inflammation
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Inflammation has two main components

1. The cellular component involves the movement of white blood cells from blood
vessels into the inflamed tissue. extravasate (filter out) phagocytes, picking up

bacteria and cellular debris.

2. The exudative component involves the movement of fluid, usually containing many

Important proteins such as fibrin and immunoglobulins (antibodies).

11/3/2023
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The Signs and Symptoms Include:

" Redness (Rubor)- raised blood flow.

= Swelling (Tumor)- leakage of fluids to the tissue.

" Heat (Calor) — raised blood flow, leakage of fluids to the tissue, release of inflammatory
mediators.

® Pain (Dolor)- stimulation of pain receptors by inflammatory mediators, injury of nerve
fibres, and irritation by toxic chemicals released by microbes.

" To some extent, loss of tissue function (Functio laesa)— pain, disruption of tissue

structure, fibroplasia, metaplasia.
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5 Cardinal Signs of Inflammation

Pain Heat Redness Swelling Loss of
Function
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1- Release of soluble mediators

" An Injury site exposed to invaders.

" | = Mast cells and the injured vascular epithelium will
Bacteria <= set up the inflammatory response by releasing

histamine and other vasoactive substances.

' Capillary

Mast cell

Histamine
granule

The tissue damage triggers mast cells to release hista-
mine from their histamine granules into the surrounding
tissue.

11/3/2023
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2- Vasodilation

= Histamine main effect Is to activate
vasodilation, which leads to the leakage of

vascular fluid to the site of injury.
Bacteria

: ] Capillary

Histamine
granule

Histamine diffuses into capillaries, causing them to dilate
and become leaky. As capillaries dilate, the area appears
red. As plasma leaks into the tissue, the area swells.
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3- Increased blood flow and Extravasation

1. The reason is to floods the area with serum
proteins that contain:

Bacteria—=

2. Inflammatory mediators (prostaglandins,

Kininogen, complement, cytokines etc.)

= ] Capillary
Mast cell— = 3. Antimicrobial proteins (defensins,
Histamine -~ %3’
granule

hepcidins, cathelicidin etc.)

In damaged or infected tissue, activated proteins called

complement proteins and other chemicals attract 4. Chemoattractant (C3a, C5a, leukotriene etC.)
phagocytes to the area.
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4- Migration of Phagocytes (Chemotaxis)

o < =i Monocytes, neutrophils and other effector cells from
\ ‘ /'\/
p § b ot the blood attracted to the sites of infection or tissue
Bacteria== r‘ & I
' - ment - damage by chemo-attractants.

59 | capillary Helps by the:

|
|
=]

T | 2 ]proteins

Mast cell—

“"\Phago— Increased margination (the gap between the cells)
cyte

e /X *L_eakage of serum fluids to the infected area.

The phagocytes enuf nd digest dead cells and bacteria.

. . PR
Histamine-— \ .&
granule -

51
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5- Tissue Repair

Inflammatory response continues until the
foreign material is eliminated and the injury is

repaired.

Histaminé and complement signaling cease, and phago-
cytes are no longer attracted to the area. The tissue
returns to normal.
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Benefits of the inflammatory response
= Protective Role:
1. Prevents the spread of damaging agents to nearby tissues,
2. Clearance of foreign or damaged material,
3. Encourages repair,

= The downside of the inflammatory reaction is that it is nonspecific and the inflammatory

compounds released are also harmful to the host.

= Because of this, inflammation is under tight regulatory control in the body.
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Phagocytosis
* Phago =to eat
= Cyte = cell
= WBCs (eg. Neutrophils) — find, eat and digest microbes!
= The process by which phagocytes ingest or engulf other cells or particles.
= Resting phagocytes become activated by inflammatory mediators.

= This activated full of energy phagocytes moves towards the chemical attractant
(chemoattractant).

= Majority of the eaten microbes will be digested into debris, while small parts of it will be
processed then presented into adaptive immune cells.

11/3/2023 54




Phases of Phagocytosis

Plasma \
membrane

Microbe or
other particle 0 Chemotaxis and adherence

of microbe to phagocyte.

€) Ingestion of microbe
by phagocyte.

e Formation of a phagosome.

) Fusion of the phagosome
with a lysosome to form a
phagolysosome.

0@ Phagosome
(phagocytic
Cytoplasm vesicle)

Lysosome \

@ Phagolysosomes
Digestive —=

enzymes e\ :

e Digestion of ingested
microbe by enzymes.

G | e Residual
artia 1
[z digeste‘c’l = Pogy O Formation of residual body
microbe 0 containing indigestible
Phagocyls Indigestible » “r material.

material

§) Discharge of waste
materials.

What’s in the granules ? Lysozyme — digests bacterial cell wall; other antimicrobial proteins.
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Serum proteins: Complement (C")

= They are a large number of distinct plasma proteins produced by the liver that react with one another (C1 thro’ C9)
=Circulated in blood plasma and tissues

=System of plasma proteins that can be activated:
v" Directly by pathogens
v"Indirectly by pathogen-bound antibody

= Activation leading to a cascade of reactions that occurs on the surface of pathogens and generates active
components with various effector functions

=Complement can bind to microbes and coat the microbes,

=Essential part of innate immune response,
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The Functions of Complement

1. Lysis of cells, bacteria, and viruses,
2. Opsonization, which promotes phagocytosis of particulate antigens,

3. Binding to specific complement receptors on cells of the immune system, triggering specific

cell functions, inflammation, and secretion of immunoregulatory molecules,

4. Immune clearance, which removes immune complexes from the circulation and deposits them

In the spleen and liver.
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Complement Proteins

Opsonization

Inflammation

Cytolysis

Complement

Pathogen

Macrophage

Complement (C) binds to
pathogen; acts as opsonin

Mast cell

AN

3 &

Basophil

Neutroph|I

Inflal.ation

Macrophage

Complement activates and attracts various cells of
innate immunity.

‘v—\
o

— Complement

Pathogen &

Complement proteins create
MAC to lyse cell.

Elimination of
immune complexes

=— Antigen

Antibody

C,_ Complement

Erythrocyte

Complement (C) cross-links
immune (antigen-antibody)
complexes to erythrocyte and
transports to liver and spleen.

11/3/2023

58



Complement proteins: Role In innate immune system

Complement
proteins

Facilitates phagocytosis Direct lysis of pathogens Inflammation
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How do Complement Proteins Facilitate Phagocytosis ?

Bacteria coated with Complement Neutrophils have Complement receptors

OPSONIZATION Phagocytic cell
@
@
complement Complenent
bacterium C3b receptar
iC3b
Cdb

BINDING
PHAGOCYTOSIS

Initiation of phagocytosis
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How do Complement Proteins Lyse Pathogens?

Membrane attack complex formed by ¢ proteins

| Complement
proteins 4

g Water

and
salts

Cell wall
of bacteria

Bacterium

"

(1) Activated complement (2) Water and salts (3) The bacterium swells and
proteins form complexes diffuse into the eventually bursts.
of proteins that create bacterium through
holes in the bacterial cell wall. the holes.

Copyright @ 2001 Benjamin Cummings, an imprint of Addison Wesley Longman, Inc.
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