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Objectives

Discuss the concept of innate immunity - features,
importance.

Explain how the innate immune system recognizes foreign

antigens in general.
Outline the components of the innate immune system.

Discuss how these components combat various foreign
antigens.
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ntroduction

protection against infections that relies on the
mechanisms that exist before infection and

are capable of rapid response to pathogens
(OLesi¥] go slsin alall ¢ alall (5 dbalows JS3 )

Innate immunity is the first line of defence
against infection

Characteristics:
e set up at birth (Gu¥s i jasill gs alsy)
e non —specific
e hereditable
* No immune memory
e Little individual difference

Innate (Nonspecific) Immunity

First line of defense Second line of defense

¢ Intact skin e Natural killer cells and
e Mucous membranes phagocytic white blood
and their secretions cells
* Normal microbiota ¢ Inflammation
e Fever

¢ Antimicrobial substances



e We have talked about innate immunity before and we have
mentioned that its the first line of defense and we have also
said its : 1) non specific 2) rapid ( oleles ass gl 8,5l ) 3)n0

memory 4) don’t diverse from one person to another .

® sJs¥l e eia ob a5 YT E LAl LA e s)lie oa 4T B HeSull g
Ul - first line of defense : skin , - second line of

defense : phagocytosis ( innate immunity is part of
both first and second )

e First line of defense is the simplest line of defense .

e What is the difference between the first and second lines of
defense ? That the second line is cellular and more complex




Innate Host Defense Mechanisms

Physical factors

Biochemical factors
Microbiological factors
Fever

Innate Immune cells
Cytokines
Complement system

Inflammation.




gl ((epithelium , skin , mucous membrane (

1. Skin: microbes sloughed off along with skin cells, Microbes must penetrate several layerss ¢ Lsa Jazas alall (as

o Stratified and cornified epithelium provides a mechanical barrier
¢ Indigenous microbial flora competes with pathogens

Jord 9 LyiS oot Lol e Lndss Lo 5ué e Ll sugage Lelay g LYl @ Wlgi normal flora JI e
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e Acid pH inhibits growth of disease producing bacteria - Ol s LLSY (e daialy LIS

Ph of skin is acidic and as we know optimum ph for the bacteria to grow is the neutral ph
So skin help us to control bacteria and inhibit its growth .

» Bactericidal long chain fatty acids in sebaceous gland secretions

2. Mucous Membranes: produce mucus to trap microbes, Most lined with cilia




e Sebaceous glands sekrete fatty acids, and fats acids are

bactericidal ( in another words it can kill the bacteria ).
/

/

/

e 2 ) mucos membrane we all know that the respiratory system IS
covered by mocous and cilia, also the gastrointestinal tract . |

o As we know mlcrobe can enter the body by 3 routes : 1) mhalatlon
( respiratory ), 2) by gastrointestinal rout 3)by blood ( if he Wa§
injured )

e Okay so how does the mucos work ? By two steps : 1) trap
excretion
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So simply you just have to think twice before-giving an antiemetic or e
anidiarrhea and anticough drug, because we have to give the body
the chance to defense itself .
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2. Biochemical Factors

Low pH in vaginal and urinary tracts, and stomache

Defensins: short antimicrobial peptides, insert into
bacterial membranes and form pores
Lysozyme: degrades peptidoglycan
» Tears contain a high concentration of lysozyme (effective against
gram positive microorganisms)

Interferon: are cytokines that trigger:

* macrophage activation
» production of substances to interfere with RNA viral reproduction




e Low PH ——> stomach have acidic PH, due to the presence
of HCL, so any microorganism that will enter through food
( gastrointestinal route of entry will be killed or inhibited by
the stomach acidity )

e Almost all microorganisms are killed by the acidic PH but
they have found out that H.pylori can resist the acidity .

e DEFENSINS : ¢ (¢ Lis Joats L) s ly Lpoacal 4o )
LA 5 LSl elid g b o puiie Oladig (oo o)lie (oo
They are : 1) short 2) antimicrobiali3)peptides .




* Lysozyme : its degrades peptidoglycan , we should all know
that peptidoglycan | is part of the cell wall of GRAM+VE
bacteria (may be found in gram-ve but more in gram+ve ).

. 50 peptldoglycan is the main component of gram+ve cell
wall . |

e Lysozymes are found mainly is secretions such as tears, so

tears. Will have thw
bacteria( because conatins lysozyme >




THE QUESTION IS

Ol Gl e égbf-g-& o ¢ (cojunctivitis), saic Has ye dlal J_I .
J antlblotlc‘t.der-l T Ja « (infection in the conjunctiva )

¢ gram+ve Or gram-ve

ANSWER :
We will give him an antibiotic for gram-ve , because tears in the
eye which contain lysozyme will kill the gram+ve bacteria .

SO, tears have 2 roles ing machine for the eye .
2) contain lysozymes which kill gram+ve bacteri




e Interferon : ( there main function is in viral infections ) , they
are one of the cytokines types , its main function is to call
macrophage in th7 viral infection and it helps the body to

kill the virus .
/

|
|
|

e Cytokines are normally produced by the body , but know

we started produci tificially so we can fight V1ra1
infections as hepatitis . ~




— ////

Antimicrobial Peptides/Defensins

Originally isolated from frog skin based on their ability to kill
bacteria

Small polypeptides (<10kDa) secreted at mucosal surfaces

Four hundred peptides described to date

Defensins (four families in eukaryotes)
e a-defensins (neutrophils and intestinal Paneth cells)
¢ B-defensins (epithelial cells)
e Insect defensins
e Plant defensins

Defensins appear to act by binding to outer membrane of bacteria,
resulting in increased membrane permeability

May also play a role in inflammation and wound repair



Defensins:
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. defensins
They are small polypeptides

Have 400 hundred t at have been classiefied into 4 groups ( alpha, beta, ®

insect , plant )

We can notice that they are not only found in human but also in insectsa '




e Defensins bind to the bacterial membrane —> so it
increases membrane permeability ——-> cell will enlarge
until it lysis.

e Keep in mind that neutrophil and macrophages also have a
role in wound repairing . |
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3. Microbiological Barriers

Normal Flora: not part of immune system, but are part of
first line of defense

Protection they provide is considerable

e Competitive exclusion of invading microbes

e Produce compounds that are toxic to other bacteria

e Stimulates immune system, providing a moderate amount of
“exercise” to system, thereby enhancing it’s function




Microbiological barriers / normal flora :

e Where do we find normal flora ? 1) skin (suchas staph aureus and
staph epidermis 2) nose 3)oral cavity 4) hair .

e But we have to know that blood and organs are sterile . ( sterile :
means they are clean and don’t have normal flora ), all organs and

fluids inside the body ( blood , liver ,CSF, kidney , heart, brain )
o ap¥ L ¢ e wSIL Lislill £33 g5 iy 5 Lie ety (Ko ] ,gi€ull 55
sl Jlia ol G yassle (5SS

e Respiratory and gastrointestinal tract do have normal flora but the
organs and fluids don’t have normal flora .
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1) complete exclusion ( complete rejection ), discussed e
earlier .
2)produce compounds that are toxic to the bacteria .
3) stimulate the immune system °
oS e by el e i

Normal flora is generally a good thing

kill it .
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4. Fever

Mechanism of fever:
1. Higher body temperature occurs as a result of certain
cytokines called pyrogens
2. Cytokines carried in bloodstream to hypothalamus
3. Hypothalamus responds by raising temperature

Fever inhibits growth of many pathogens by at least two
mechanisms:

1. Elevates temperature above optimum growth temperature
2. Activates and speeds up a number of other body defenses




FEVER

 There is no mfectlon without a fever , we usually don’t like
fever but its actually an immune and defensive mechamsm

|

o Hypothalamus : L%_Q el 51 m oy (sle Ladlay 1 gotall oo
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o Fever act as a defense mechanism by 2 steps : 1)elevate
temperature above the Optimum growth temperature so it inhibits
microorganism growth ., 2)activate and speed up number of body
defense mechanism as :1 ) neutrophil and macrophage .

e Optimum temperature for microorganism to grow is = 37 .

e Do we decrease temperature all at once ? No, because its one of
the defense mechanisms, so we decrease it slowly .

: m‘@u 2SHani € gylhall GAdlA dabaay Ja £+ € lya ays Jib JET R
oty 5 0,558 danles 551 Ll G Y1 Liall laglas aal goa o,

Damage of the brain cell




® The doctor said tha/t meningitis has nothing to do with the
fever . And this haé been misunderstood by many doctors,
as meningitis is capsed by the transfer of microorganism mto
brain cell not due to fever . |

/

e QUESTION : what type of microorganisms dies at

temperature of 40 : malaria ( a parasite )

san g sl oo SIS pnsis oylall dongs JE Ll I5isas aglS €+ 530m CoT ol




5. Innate Immune Cells ——

(all immune cells except for lymphocyte )
Cell type Pricipal function(s)

Phagocytosis, inflammation,

Monocytes/Macrophages T-cell activation, tissue repair

Neutrophils Phagocytosis, inflammation

NK cells Killing of infected or tumor cells

Dendritic cells Phagocytosis, activation of naive T-cells

Mast cells Inflammation

Eosinophils Defense against parasites



e The first cell called in inflammation is the neutrophil .

e Non steroidal anti-inflammatory drugs are the most prescribed drugs such as:
voltaren and ibuprofin .

e Inflammation can be a defensive mechanism and its can positive or negative
mechanism .

e If it was under control and in the right place then its a positive mechanism,
but if it went out of control and started effecting healthy and normal cells
then its a negative mechanism

e Natural killer cell works on viral infections and tumor cell . ( we took its
cytotoxic effect before )




Phagocytes

Performed by Neutrophils and Macrophages
1. Phagocytosis is the capture and digestion of foreign particles
2. Chemokines are cytokines that attract macrophages and
neutrophils to infected tissues
3. Opsonins attach to microbes to increase the ability of

phagocytes to adhere (opsonization)




Phagocyte :
(adleadl 13 gSall )

e Chemokines are another type of cytokines which attract
macrophage and neutrophil to the site of infection and to the
lymph node . And vice versa ( it can also kick them outside the
infected cell )

e SO, keep in mind the types of cytokines we took until now : a)
interferons ( that used to deal with viral infection ) b)pyrogens
( go to hypothalamus to increase body temperature )
c)chemokines :cytokines that attract macrophage to the site of
infection .




What is the differenc?betweenphagOCytOSis and
opsonization ?

o If an antibody coat the microorganism and then it call
macrophage then this mechanism is called opsonization

 phagoctosis lgewis sla ‘antl%odyJ dalall 52 e macrophage]! s Jaos osSaall sl Al gina @_uu
J.u.-@.a.lANTIBODYJ clhas g, ol g ¢ et Gg Saall g 85250 macrophage J! & bAakY
| opsonization lgew! jas clia 5oy <uall labellmg
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Steps of Phagocytosis

Recognition
Ingestion- pseudopods engulf microbe through endocytosis

Vacuole Formation- vacuole contains microbe

Digestion- vacuole merges with enzymes to destroy
microbes

Exocytosis- microbial debris is released




The doctor Read the slide and

said that its better explained on
the drawing in the next slide .




Microbe or

other particle o Chemotaxis and adherence

Plasm of microbe to phagocyte

membrane

€ Ingestion of microbe

Pseudopods by phagocyte

€) Formation of a phagosome

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

9‘ Phagosome
(phagocytic
vesicle)
Lysosome

enzymes

Cytoplasm

e Digestion of ingested
microbe by enzymes

e Formation of residual body
containing indigestible
material

microbe

Phagocyte
Rapcyt Indigestible
material €) Dpischarge of waste

materials

Phases of phagocytosis

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings.
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#microorganisms that resist phagocytosis :

1) TB ( bacteria ), Leshmenia ( parasite ), salmonella (bacteria ), HIV (virus )

** resist means that they enter the phagocyte but they multiplicate inside it ) ( they
are literally multiplying inside your immune system and that is really bad .

#encapsulated bacteria they can’t-be phagocytosed ( they don’t enter the
macrophage )

# macrophage usually don’t recognize virus due to its small size, so there is
something called interferons that helps phagocyte to recognize the virus .
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Innate Immune Recognition

All multi-cellular organisms are able to recognize and
eliminate pathogens

Despite their extreme heterogeneity, pathogens share highly
conserved molecules, called “pathogen-associated molecular
patterns” (PAMPs)

Host cells do not share PAMPs with pathogens

PAMPs are recognized by innate immune recognition
receptors called pattern-recognition molecules/receptors

(PRMs/PRRs)




We have said that innate immunity is non specific right .. so it will deal
with all microorganisms .. okay so how does it recognize the
microorganism ? ( Lo oo li g0 uyé avun ala € Cipals (6K AT G20y

Osae addie el BV IS Sl laa s S Lals o S8 agdid (das.. .. PAMPS decil sl a5k 00
oe3¥ b 5 AT et e Bk Cyseall JS 5 sl g ¢ AL Lot ual 35kall sl sl
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lipid A in gram-ve bacteria: Jlall Jasw ole wo,Sual Go S o 380 LSy s Lgale

and peptidoglycan in gram+ve bacteria , viral RNA which is completely
different than human RNA..

“**The PAMPS are not found in the’human body , for sure because if they were found in
human body then the immune system will start to etfect themermal tissue and then we
will have autoimmune diseases
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Typical PAMPs

Typical PAMPs:
e Lipopolysaccharides

e Peptidoglycans
e Certain nucleotide sequences unique to bacteria
e Other bacterial components

Binding of Innate immune receptors and PAMPs:
* Mediate inflammatory cytokines
e Antigen-presenting cells recognize PAMPs




6. Cytokines

In response to microbes, macrophage and other cells secrets proteins called
cytokines that mediate many cellular reaction in innate immunity

Cytokines act as
e Inflammatory mediators
e Communication between leukocytes and leukocytes and other cells

4 kinds:

e Chemokines: important in chemotaxis of immune cells

e Interferons: glycoproteins important in the control of viral infections; also help
regulate cells involved in immune response

e Interleukins: important in innate immunity, inflammation, and adaptive immunity

e Tumor necrosis factors: help kill tumor cells, initiate programmed cell death
(apoptosis)




CYTOKI NES

e Proteins that have a role m mnate immunity ( we also have cytokines that play
a role in adaptive 1mmumty )

e Cytokines have two functions :1 ) inflammation 2) communication between
leukocytes and other cells .

® 1) chemokine

e 2) interferons ( we mentioned its function in viral infection )

e 3) interleukin ( have a role in inflammation )
e 4)TNF (tumor necrotic factor ) : acts on
e 5) pyrogens : goes to hypothalamus and increase body temperature

® There are many other examples that we will mention later on .




6. Complement System

The complement system is a collection of circulating and
membrane associated proteins that are important in defense
against microbes

Many complement proteins are photolytic enzymes and

complement activation involve the sequential activation of
these enzymes called the enzymatic cascade

Three pathways to activate the complement system
e (Classical: activated by antibody binding to microbes or antigen
(adaptive part)
e Alternative: directly activated by microbes (innate immunity)
e Lectin pathway (binding to mannose-containing carbohydrates)
(innate immunity- no need for antibodies)




Complement system :(CS)

e [ts a part if innate immunity that is activated by antibodies

and it causes lysis of cell .
Fts 5 C1 e o)le 58 CS JLaaly sl ¢ Slidigll (e dagane (e o)l don
raind (Sas oYl any 08 Clige law Lagls by 5358 ) C9 Juagsl siils
« C3 el 5 Gl
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® C1-C9 are found in the’(body in the inactive form , C1 ia activated by
AB, but then they stant activating each other ( the antibody activate C1
then C1 activates C2 , then C2 activates C3, ..... until we activate C9 .

(
|
|
|

e If the microbe activated C1 without an antibody then its called
alternative ( innate part ) (microbe * C1)(C1 activates C2—->C9)

o If it was activated by an Antlbody then its classical ( adaptive part )

(microbe * antibody ates C2 —> (9)
e CS has two types : 1) first type is free 2) second type rane

bound




Host cells have complement regulatory proteins on their
surface that protect them from spontaneous activation of C3
molecules while microbes can activate the complement
pathway but it have no regulatory proteins

When pathogen activates the complement system this
initiates innate immunity response by three main

mechanisms:
* Inflammation
e Phagocytosis and lysis
* Opsonization
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Alternative
pathway

n

g j Microbe |
Initiation of
complement
Histamine amivation

Opsonization:
Enhancement of phagocytosis
by coating with C3b
Early steps
Inflammation: C3a:
Increase of blood vessel Inflammation
P S permeability and chemotactic
. cs ) attraction of phagocytes
f- N 4 (see also Figure 16.11)
(4] @ C3bis
f' deposited
¥ € Activated C3 splits into C3a and C3b. on microbe
Microbial plasma @ c3b binds to microbe, resulting in opsonization.
AN 0 T A, GRG0 S M SO R S SRS S5 SN PR S S o A et
€) c3b splits C5 into C5a and C5b.
© csb binds to C6 through C9 to form membrane
attack complex, forming channels in the invading
cell’s membrane and resulting in cell cytolysis. Cha:
e C3a and C5a cause mast cells to release 'nﬂammmon
ISy histamine, resulting in inflammation; C5a attracts
vy phagocytes. Late steps
Cytolysis:
Bursting of microbe due to
inflow of extracellular fluid
through transmembrane
channel formed by membrane
attack complex C5-C9
(see also Figure 16.10) LY.S‘S of
microbe

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings.




Role of innate immunity in stimulation of
adaptive immune response

Adaptive immune system activation (T or B-cells) need two
signals for activation

e First signal: antigen recognition

e Second signal: derived by innate immunity




® The end of the first/exam .

e If you have any questions don’t hesitate to ask and please if
you have any notes let me know .

e Best of luck .
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