%'r/i@../ 2nd year

Immunology
notes

Fivst and second lectures
* Immuhe s\.ls-\'em in general
e self us non-self
e Antegin & PAMPS & veceptors
e Rayyievs of infection
e Innat Immune system
e adaptive immune system
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Bavyiers _Q{- innate adaptive
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infection_
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e ilingtet n pluripotent stem cell. pluripotent stem cell.
® mechanical like skin
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molecules basophils NE
Neutvophils dendyitic cell
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complement system 550 ymphoid. ¥issues_
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The immune system can eliminate the Hhreats by isolationdisyuption or ingeston or combination of Hhese achions,
land these actions are done by several mechanisms:

payyier of the body resist Invasive microbes may be {J‘N
the initial entery of walled. off within ,?
micyobes +o the body shructures like (
like skin ,mucus,acid in g]:amlgmal_'b_tes'l:ﬂ.d:
stomach,commensal their ability to spread +o
microbes and other parts of the body
peptide,enzymes |
Distuption of non self cells
May occuy through
Phagoaytise cells digest physical damage inflicted.
and. capture cellular on Hheif membyanes or by
undergo apoptosis_

2 © P

Also some cells become abnoymal! in ouy bodu' abandoned are eliminated bu' Natuyal killey cells .
adaptive mech Include Hhe antibodies secretion by plasma cell and Teell can divectly oy indivecHy attack
micyobes_

Note : Hhe complement system is a part of both adaptive and innate immune system.

Tala lyad.




Self us non-self concept

Recognition of Self:

Any molecules ov Gells that ave
related Yo my body and don’t

induce the immune yesponse

land Hhe vecognition of self is used
by cells o detevmine Wwether an
encountered molecules o cells has
+h appropriate shucturesto show
that it's a part of the body

MHC 1 molecules Which iIsa A self marker (MHC) e B i e a
gl\coprotein present on the suvface friend”and are tolerated by the immune system
ot all nucleated cells

Recognition of Non-self :

Foreigh materials that fend to
cavse disturbance Yo my body
Noyma! function

and. can induce the immune

Yesponse in the body
Hhese ave vecoghnised by a

specific veceptor of cells of the
An antigen is a molecule that the immune system immune systrem_
recognises as foreign (non-self) and treats as a foe’
abs M‘f S\ f . . Note: the MHCn molecule is similay

between family members and identical
expression Of MHG 1 molecules become between Hwins .
less or may be lost atogetherin some $o fake into consideyation in case of

cells as a vesuH of viral infection ox Hansplanted tissve may fail Yo express
becoming_canceyous. @ the appropriate MHG 1 and this leads 1o
NK cells can detect this yeduced

X ) , activate the immune vesponse
expression and kill those cells “.‘ ‘

Tala lyad
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Antigen & PAMPS &\Zecep'\'om

©

._ Any pavtice (organism.,

.| molecule ov park of | self Antigen_ Non-self Antigen
b \ \ aki i any molecule of chemical _that do not oviginate in your
A molecule) Hhat is yecognised e h S
ﬂ.‘ im muhe S&-[S'}Em_ ’ ﬂ: ma\.' ' acts as an antigen in antigens Wwhich invade youy
1be si_mp\ e of co P‘ ex inducing antibody formation body and make \ou sick.
| ] o in another organism
_ proteins,GHO or synthetic in
| origin N
/ — Ap— ™ . e e ‘/l

_each antigen has ohe of move specific epitope:
_Epitope_Hhesmallest individually identifiable pavk: of
an antigen that is bound By @ veceptor.

mainly vecognised by adaptive immune cells veceptor.

- antigen/epitope is Classified into 3 functional ypes.: - A]

i || nepten : ‘- |
L_M:amu_o_rg;f:,_ | Fﬂ'ﬁ 3 | /| Tolerogens |
L T I T I T I7777 l 4 ::T'Z;__.L__—’g—/‘l l LTI T T 77777
Wheyeas any i Yeryl iglnt i Antigen that induce toleyance®
antigen need to conhjugateto a Toleyance (antigen- insensitive) can
antigen capable of* | . - i N
Je ' o caxvier protein* develop later in life o antigens present
inducing immuhe l o induce the immune response,. l frequently as cat fur or antigens that
l Yhen the immune vesponse (of l administered oyally or exposed.to in
TQSPO_“'SM' l immunogen) will divect against l g&ﬂq_&ﬂmmu_ﬂaefawmsm
Immu nogen @' ohnire canvier and e mite)
I haptren | Toleyogens induce negative oy
l Food additives, lipids, nudlei l imini i n n
l acids, small peptides and ﬁﬁf | @e'
caj‘_ogb\id[ ates
€ach antigen condain one or move antigenic detevminant that are*

specific for binding to immune components; called epitopes
epitopes are the smallest part of an antigen that is seen by antigen* .veceptors.on
immune cells, oy antibodies Tala lyad.




Fachors increase tHhe an—\'igenici‘h.[ (immunogenici‘h.,)

* Move Tovreighness move vesponse:the molecule should be
non self
* Move Chemical compleXity

complex proteing with humevrous
diverse epropes are move likely to
induce an immune vesponse than
ave simple peptides that contain
or\\\i ohe oY Telw epih}pe_

“Proteins are most potent, polysaccayides
are both antigenic or non antigenic whereas
nucleic acids and lipids are non antigenic but
can be antigenic when bind protein cayyiers

I T7 777777
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* thigh molecular weight antigen, wheveas hapten
have vevy lolw moleculay: weigiv:

ol fumnf §ummf §of Sl Jummf Jummf
I Immunogenicity I

* fHighey Biodegyadable : V; © r.{;H:‘*

"

A protein immunogenobe ensymatic]  H B U

ceavable ave genevally good / O -H I
immunogen for example: L amino acid H

contzining polypeptides are good I
immuhogen Wwhile D amino acid
containing polypeptide are poor
[immunogen because proteolytic
enzymes avyen’t gnlq able o g\ga.uag
L form of amino acid

IT T I7 777777

* _Mode of contact move response in inya venous
Hhan subartaneouys oy -S .Ivamusculay injections
shrongest: response irvavenous and fastrest:

* _move different tost genetics like A fype in

ovgan fyansplant:
Tala lyad.
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For example :Dyugs.as.penicillin_: has very low molecular weight
so_it- consideved as_hepten, some cases the penicilin can bind 4o
proteins_in the body and become immunogen , and cause an allergic

veactioh in the body_(penicillin hapten cavvier complex)

@‘f; ﬁﬁf - 7,

Acﬂ-_es:

— Types of antigens

Avto-antigen * (self antigen)

e fonain gnahayanc
u Ao e

-. et Allo-antigens; found. in members of the

same species; blood groups in * human

el

skl
-

induce immune vegponse in case \ack it
Xeno-antigen; found in different species like
animalg and human

and. is capable of induce immune response *

'PAM'PS . E.Xamp\es :

Ave molewlar styuctures like douple styanded RNA in viyuses -1

sugay, proteins, lipids,nucleic acid A in bacteria -2

o¥ combination of these, Wwhich ¥ \ avides of
- Sacc O

differs from one dass of microbes po-poly 3

Yo another (dasses :bacteria endotoXing in 6- bacteria -3
vituses,avches ,fungi,protist and  Teichoic acid in g+ bacteria -4

Hhese shructures found only in Mannose vich oligo-saccharides -S
microbes and. not oh hos cells , =4 = £
Ave Yecoghised by innate immune

Tecep-\'or




Notes:

The innate immune system also recognizes endogenous molecules that are-
produced. by oy released from damaged and dying cells like damage in cell
membyane .These substances are called damage-associated molecular patterns
(DAMPS) , are as With cell components released during cell damage

like intracellular proteins (heat shock proteing) and non proteing molecules f‘;
ATP acids

* Immuhe vesponses ave iniiated by the
infevaction bellveen a ligand and veceptoy.

* the complementary shapes of the ligand and its
veceptor ave critical
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Innate immune Yeceptovs: TL[P&S _Qf_‘E\Z\ZL

bind +o the farget-  Mdirectly oy binding to
soluble molecules that

pattems vecognition veceptor PRRS):
The veceptors of the innate immune direcHy Hhrough cell

. S\gsi‘.em are 'ﬁXed: and. encoded. oy suvf veceptors binding
inherited * (geymline) genes present . lOPSO“i“S as COMP‘ ements
from eary life to the antigen )
) opsonin veceptor:
In Innate cells the veceptors.are
present in nature, and are less.in
numbey (103) * and less variety than

adaptive cells yeceptors .
binds and recoghise PAMPS * Toll-like veceptor. * ¥cvecepiovr

only non selfmolecules * Scavengey veceptoV e complement
yeceptoy
preformed Reeptors : indude PRRS and Receptors of natural killer
cells (killex inhibition veceptov and killey achivation vecepyoy. 1|3 [yad

engage the microbe




Adaptive immuhe Yecepiovs.:

Somatically geneyated veceptor Whereas the

genes encoding veceptors of adaptive : celt
immunity are variable and * geneyated by fﬂ‘ﬁpf_
somatic recombination of gene segments in
Hhe precursors of mature lymphoaytes
throughout the life ° B.cell
nise and bind to epitope and are specific
. LN veceptiov

each cell produces only a single type of
Yeceptoy able Yo yecognise only a single
shuctures

Notes :

_Because each cell genevates Hs veceptorin such & yandom
manney, some cells develop stvuctures capable of vecognise selt
molecules (attack self)_ other develope veceptor capable of
Yecoghise non self , as a vesul T and & lymphoayte undergo a
process of education o remove these bearing veceptors that
could potentially vecognise and attack novm Stuctures in the
body

Expressed. on B and T (BCR and TCR) cells of the adaptive immune system, each cell do Yyandom DNA

rearyangement+to develop

= unigue veceptor able to recognize single shyucture.

+ €ach human has its won Yeceptors depending on Wwhat antigens inuade his body

* Formed. continuously through out life

» The total pool of receptors are capable of recognizing more than 1010 different shructures.

+ Some cells may develop receptors recognize self as a yesuh T and. & cells undeygo a process of
education to remove Hhose expressing receptors against self.




Innate immum_rggg‘mm : dirgg\-\\{ bingling_

=

1. Toll-like veceptor:

ﬁfuﬁahl Triggered by binding +o a PAMP
N an infectious organisms.

Rs mediate the genevation of defensive
yonges that include :

1) Yissue Damaged
due to cut in Hhe skin

|

L N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N |

€

[ * Transcriptional activation ,synthesis and et ot
g Secreﬁon'oi C\{\ijn?es from immune cells AN e
A° \Cl&mo'ftz inflammation o iyt
| * ativaction of macvophages -
4 nevtrophils, natural killer cells and wound.

A denditic cells

T TTITTT 77777

3)PAMPS oh invaders

kj aye yecoghised by
RS

4) TS induce the cell
Yo secret cytokines
which Will yecyutt the
other immune cellg
from blood vessels
and suyyounding
Yssue And all of this
promotes the

inflammation

2)_scavengey. veceptoy:

Y

wHeN Triggered by binding +o a PAMP.
ON an infectious organisms_:
1 )_infemalisation of bacteyia i.e engutfment

of bactreria

Also has anothey impovrant funchion that rJ

binds to LDL

LDL -\_—canspoyi cholesterol fyom liverto the

body Fssues Wwhich cause the formation of

fathy adipose and then cause heart
isease , 1 also yecoghise the DAMPS

Gtokines are immune chemical ov immuhe
mediatoys that :

* _trelps in attvaction of cells to site of
infection

* induce signs of inflammation as high
Yempevature

Tala lyad.



Innate immuh_eTQCgp"ers - iY\cLiY’_ecJH\.I binglir\g_
Qpsohin Yeceptors_:

definition: _ack indivecHy by binding to soluble
| opsonization of microbe molecules that engage the microbe(*
~llcoating to make it obuious). opsonins as complements or
n immune process Which antibodies). the receptors are called
opsohins Yo fzg foreign depending on opsonin that bind as;
athogens for elimination antibody veceptor or complement
\y_phagooytes > -Yeceptovs. AY A
(I L]/ ]]] """\.,:\ YAY
Note : opsonisation either: by binding of Receptoy with :
* antibody antigen complex o
o antibody antigen complement complex }%,% 2
e complement antigen complex i in )

t/mmym@gb;g\ins ave

classified as IgA  1gD s ? Tail portion of the
J9E,1Ig6,IgM. antibody is called Fc priion
epHopes bindsg % y wheve it binds +o the
immunoglobulin on 'fz—e&ﬁmfﬂckthﬁ_fgmmf
paratopes (antigen Fe L Pl T
binding site) il




e Mechahism:

=

)

2. ¥c yeceptoy eXpressed N

1. gpitope binds the
antibody_and on the surface of 4
‘hig_g ers.a phagoaytise cells. . —
conformational Mmﬁs_fmgmsef_no_t
hange in the +zil (fc el “ !
: g N lead Yo phagocytosis fo
—— the epitope-antibody-Fc2
* _eXceptions Fov ¥C veceptor
°IgM: . ® 19’5 .
Igm binds +o antigen E ( \
Hhen a complement molecule SN the antigen Close Yo the * the antigen far away from
with O veceptorbindthe ¥¢  ;  antibody: W;‘ -
Aion s antibody bind the antigen then ~ ° TREANTEOABIAGThE
pe . f_lg& . <bind the receptor like Wwoym 2 forthe
Hhen the complex shimulates :inf L epitope then Yo stark
complement cascade . LAELE LN T
Tala lyad alleygy veaction



2)_complement vece
-
Complex system: is a
complex setof soluble Yhat:
geheyates vayious yeaction
and attetimmune cells 4o

8
B
-ﬁ
L

e Mechanism:

phagocytosis.

A)immune cells secret
complement molecul

site o Infection. as immune Yesponse
examples: cab,c3b,3bi
also has a Yole in causing
sevey allevgy_
: 2) complement
* _Mechanism: allevgy molecules bindi4o 4
Eg micvobial suvface
" )immune cells secret e
. complement molecul fragang
@ as immunhe Yesponse
3)_complement
yeceptoyr in phagocytic
2)_complement binds P+0 P %9 C\‘rh

cells yecoghise and

. granvlay cells yeceptoy
o] bind the complex

‘ g)_g[angglar cells

T3 secret eXcessive

4 histamine and
hepavin Wwhich inDuce
the a.ﬂg[ggi_

Then the veceptoy

Y facilitate The

Pt ingestion and inteynal
degyedation of the
tagged microbes_




Some PAMPS and P

S intevachons_:

Biological
PAMP PRR C‘’''5"‘-"‘51'13'.‘*‘?"-‘ of
Interaction
Microbial cell wall | Complement Opsonization,
components Complement
activation
Mannose- Mannose-binding Opsonization;
containing protein Complement
carbohydrates activation
Polyanions 'Scavenger receptors | Phagocytosis
i N4 d
Lipoproteins of TLR-2 (Toll-like Macrophage
Gram + bactena receptor 2) activation;
Yeast cell wall Secretion of
cvtokines




Bavyier of infection:first line of defense

Aivst line of defence_

o mechanical like skin
and. myucus membyahe

® chemical like acidic
enviyonment in

stomach and
micyocida! molecules_
® biologic like commensa!

1)_skin :in the epideymis
ih stvatum comeum comin many
kevatin proteins \which is &
hydvophobic proteins thus i
maintains Watey. molecules
inside and keep the oute surface
dyy so Hhe micvobes can’tlive

2)_stomadh acid - SFomach has ven.
felw bactreria because of its acidic
envivoment , Wwhile colon and intestin
have move basic envivonment: .. Hhus
the

acidic envivonment: of Hhe stomach

prevents.

the colonization of the intestine .
3) microcidal molecle: act Yo inhibitoy kill 2)_surfactants: complex
mivobe that ave attempting Yo colonise like avyay_of proteins and lipids
Reptide and engymes. has a vole in the innate
1)_defensins: peptides secreted by vavious cells immune system_

hypes found in the skin , able to inhibitthe

micvobial grouwth by divect action on the

micvobes like damaging theiv membyane

and. causing \sis




Hi-potent Ihematopoietic

) ( stem cells. ,\

myeloid lineage lymphoid lineage

* eosinophils ( gvanulay)
* basophils (granulay)

e T&8 lymphoaoytes (2 granulay)
* Nk cells ( granulay).

* neutvophils (granulay)
* mohogytes ( macyophages and

dendyitic cells) (a2 gvanulay)

Neutrophil Eosinaphil

(a) Granulocyles

GRANULOCYTES

Large cytoplasmic granules

Monocyte Lymghocyte
(b) Agranulocytes
VERSUS AGRANULOCYTES

Small indistinet granules, or none

Nucleus with an indentation or one lobe

Specific and humeral immunity

Some derived from lymphoid stem cells

Memory cells can be formed



Innate immune system: Jo&

* Innate immuhity
Innate immunity is the intial yesponse to microbes that prevents,
condyols, or * eliminates infection, eliminate damaged cells and
intHate Hhe process of tissue .vepair
Innate immunhity stimulates adaptive immune responses *
the major ypes of responses of the innate immune system that
protect against * . microbes ave inflammation, mn@-_e cg\\s,
complements and aytokines

Innate immune cells: Q @

Acovding ‘o the site of killing_
* Phagoaytic cells_ * Non-Phagocytic cells_

e nevtrophils. extyacellulay killing_ callsohina

* mononucleay phagocytes * cosinophils innate immune
like monoaytes and * basophils_ system some
macyophages). * NK cellg ave in e blood

e dendyitic cells and some ave in

L B B NN N NN NN NN NN EENNENRNNRMNEMNEHMEHSE;E;NNEHNMNERHNE;:E-NRHMNH;N;ENRNRN] msm

Phases of innate immune cells yesponse

_Antigen entev tissve cause inflammation which activate he local - innate cells |
neutyophils, macrophages)
Mmovement of Hie cells from all body foward the site of infection - called chemotaxis, and

mediated by molecules secreted from .local innate cells
Functiona! achivities of the immune cells -

Recognition of e foreign antigen Hough cell receptors* Response*
effector or achivated cells-

Mmemovy (only in adaptive response)
Tala lyad




~ |
/1) phagoayhic cells: )
,.{ 4

e mononycleay phagoaytes:

* = have younded oy kidney-shaped nudei with finely granulay afroplasm
+ Mononudear phagocyte’s primary function is phagooytosis
Originate in 8m, and fivstto leave. When monoaytre becomes settHed in Hissue Hhey are

called macrophages.
» Some mononucleay cells may differentiate +o dentyitic cells.
. sgmejgiﬂ\jp_fntmmuﬂjﬂmle&t@l_gingﬂs, _also help in acquived immune Yesponse

mgs@gia\ cells Langerhans Macyophages.

mgngcx{;\-_gs cells migp_g\ia\ cells




Neutyophils (polymovphs )

o oranulocytres contzin nucleus segmented into 3-S connected lobes,

hence Hhe name | polx!mg[phonuclear leukocx.ﬁ-e and C\f\-op\as;mi_c

granules. L] 'a;
e« Neutvophils (5% of granuloaytes). ﬁ"’ ;:3. 2
e Yespond eary (the eavliesH. 200 2822%

* have 20 fimes as mahy Yeceptors as macyophages. They have Fc

receptor o 166 and 16A as well as complement veceptors.

L NN N R R NN ENEEENEERNLEENENENEENEENERENRSE}NRJESNNE-;NRHEH;SJNHE-ERSE;RHESEH;R-EHNR-E-;SH-EH-RSEM;RESEH:EHSSESENEH:E-E;R-EHJRHSEH;R-EHR.)

Activation and function of macrophages & neutvophils.

macyophages

« Tunchonsg in Natuyal and Mphge
Immunity
1. Phagoaytosis of foreign partides the
same as nevtvophils
— Scavengey. yeceptovs . —
— opsonin dependant phagmij;ﬂgmf Ingestion in macrophages and

am:iggn a.ﬁﬁbg@ ggmplgg aS.iN Viyuses Via neutrophilsa
Intvacellulay killing, mechanisms of

veceptoy for opsonizing Ige and \ysosoma kiling?
complement C3b, No receptors for Iem 02 dependent; the process called
2. Secretion of enzymes and oxidative respivatovy buyst. 02 metabolites ave; -
metabolites if antigen is big, cause tissue hydvogen pevoXide, singlet oXygen, N
damage (respivatory burst- oxygen hydyoxyl yadica, hypohalite ( Ocl or Ol)

and. nityic oXide

yadicals, NO, pyostaglandins) : :
02 independent; using granules contents

%MMMM&&@&M{ a5 proteases, hydtolases and - nudleases |
inflammeatory cells, 4. Antigen-Presentation
’ SR SSS SV VTV VY

cells,

activation of the adaptive immune sys.
Mediated by mainly macyophages* By either*
1. Indivect wway; secretion of molecules ¥hat attvact adaptive

cells Yo site of - infection “
2. Divect way; present antigen Yo T cells - W



inflammation & phagocytosis & chemotaxis_

[ B B B BN BN B B N N BN B BN R N N BN BN NRCR R R BN NN NN BN N N RN NN N NN NN N NN N NN NN N N NN N NN NN NI NN NNNNNMNNNI

1)_inflammation:

definition:
Inflammation is ¥he process oy Wwhich civevlating  Changes in inflammation
levkooytes and plasma proteins* are byought A Increased blood supply to the avea
into sites of infection in Hhe Yissues and. ave B-_expression of endothelial adhesion
activated to destyoy molecules on blood. vessel lining C- Increase
and eliminate the offending agents. capillavy permeability
inflammation is also ¥he major veaction Yo D- Actiuation of local innate cells Yo secret
damaged. of dead cells and o accumulations of  chemotactic factors Hhat vecruit leukoaytes
alonoymal substances in cells
-and fissues

1. i is the major way by which the innate
immune system deals with infections and*
Yssue injury

I g S8
Cells of inflammation (innate immune system cells)*

Local macyophages and mast cells that sggr_e;\-_me_ciig\p_\tsm\p in- chemotaxis.and vasculay
permeability

Cell chemotaxis:

Recruitment of phagoceytes to site of infection*

Follow chemotactic factors gradient{complements and cytokines)
produced by- vesident macrophages and phospholipids and
peptides of bactrevia, they migvate oy

Capture and volling; enhance adhesion molecules on boti
endothelial* and innate immune cellg

enhance the strength of binding of interacting molecules on both*
endothelium and leucocytes Hhatr make the leukoaytre flatten
extvavasation Yo site of infection. First neutvophils then
macrophages.* activated T cells migvate in the same way

Tala lyad




1) Yissue Damaged 2)_infectous.

due Yo cut in the _OYganisms may_intey
skin_ the body through the
wounhd. 1)_damaged cellg
velease DAPS.
2)_scavengey Yeceptor
acyophage
some travels to the S : P—“‘i—b d
recoghise and bin
byain and cause ({ e l
+he DAMPS
fever and heat :
) 3 ) toll like yeceptor
INcyease . -
Yecoghise and bind
Hhe PAMPS of the
micyobes
Some spread to the
suYounding tissue
Yo recyvt the
immune cellg

P o
Some go Yo the 4)the phagooytes
blood vessel Yo ingest the micyobes
atvact the immune an \ \ike
cell
cells Yeceptoy cause the
et rae e e e i synthesis and
lymph vesse! (duying exchange secretion of aytokines
with blood vessel) 1o the ymph )
) Hne antigen and the cyiokines
forthe T cell and then T cell spread. indo :
either become cytotoXic cell or Tala |yad

activate B cells.



Tala lyad

In Hhe blood vessel:

A highly concentyation of cytokines close
4o the blood vessel and a law
concentyation close o the
blood vessel

WeCs follow the aytokines.
from low to high

1)_vasodilation to increase blood supply for the

infected area, Yo vecyut more immune cells.

2)_increase the permeability between endothelial
cells_so the WBCS can pass through it

3)_expression of endothelial adhesion molecules on
blood vessel lining ( cell- cell junction proteins like
cadheyin & seleching)

. Integrin activation Stable Migration through
[n"”’"g bycgﬁiemhr‘es adhesion %1 ) unq
pukocyle Integri
y luri.o F"ezi‘-l;:m ty state) GRANULOMA
- \..r\' “~Selectin ligand / LIMPHOCITES
Integrin (high- oy A ..': .
affinity state) Attt TN . EPITHELIOID
‘ I/ : HISTIONTES
Chemokine - b
\ St " T MULTINUCLEATED
3| ’ ‘ S GIANT CELLS
jilt\lii' nr‘ﬁjeil fi_l_l Tor
Proleo- Integrin
tean | lgana 0 . Chemokinesy -
9 © | )
c-,:ck.féf ) '-"’,-; some macyophages joint o
(TNF, IL-1) %1~ Macrophage Fi foronectn = | : \
Wi meroes P s B form muHi-nudleated giant cells

in case of large antigen




phagoaosis_:_ [

" Bacterium becomes attached
Phagoaytosis is

to membrane evaginations
mediated b\_,l Scavengey called pseudopodia (@

receptors, ¥c Receptors | (@)

Bacterium is ingested,

(FcRrs) ,Mmpi&mgﬁ forming phagosome
Receptors (GRs)_ 6

Phagosome fuses with

while toll like yeceptor lysosome
induce the secretion of @
‘okines and P Yes i Lysosomal enzymes digest

captured material

the inflammation and

) ) ) 5
ityacellulay signalling 1o ODigestion products are
released from cell

be prepared for & ~A
phagocytosis. X

Signs of inflammation* (
Swelling_: as a vesuH- of fluid accumulation -
Pain : aytokines induce heyve endings_ ml
Redness: increase blood supply. O)
Loss of funchion vesutt from pain that inhibits mobility ox:

from severe swelling ¥hat prevents movement: in the
avea.

treat : byain and blood supply.

\',




/’Zﬁ\on phagoaytise

il

j -

O o gosinphils:

1.g[amg| cell

cells

e

]

J

2.These cells are eosinophilic oy "acid-loving" as shown by their affi nity 4o coal +ar
dyes: Noymally tyansparent, it is this affinitty that cavses them to appear byick-

ved after staining with eosin, a ved dye,
3. non phagooytosis.( illing)

acellyla:

Function and mechanisms of eosinophil

functions

1. * When eosinophils bind. 4o Ig€ on the
surface of 2 worm, the cell is
Higgered o degranvlate. The
contents of the granules cause
damage to the woym.

2.+ other function is in allergy.

3. : There are many h\{dml\lﬁ-ic enzymes
present in the granvles responsible for
the anti-helminthic activity. Ohe
e0sinophils - and highly foXicto
woyms - is & substance known as

Major Basic Protein (MEP).

* anti-helaminthic achivity

1)_a woym infect the

‘go_@.' and. tHhe bgggl
start + secret ige

2) becayse the
parasite Wworms are
doseton ige , the Ige
will bind to the
wovm _(antigen ) fivst

3) then the antibody
binds ‘o the FCR of
1g€ on eosinophils__

4) the binding Hriggevs the
degyanulation of aproplasmic
granvles to secret contents that
cause damage Yo the wovm |
extvacellulay: killing)

and one of ¥he component is
majovbasic proteins_




e Basophils (mastcell )_

1. _eranvloaytes, have acidic proteoglycan, Lobed nudeus--more varable, large

coarse granules stain blue with basic dye methylene blue.
2.+ Mast cells is the cessile form Whereas basophils is the civewlating form I.e mast

cell in Hissue and basophils in blood

mast Cell | yesident in Hissue).

mucosal mast cell : ck mast cells.
present in the mucosa present in the
of the hollow organs. connective tissve
like vespivatony +yact , Hhrough outthe body
stomach,intestine like livey connective

°

mucosal mast
cell.
1)_An antigen enteys

Youyainways_

= |geindependent
w T Anaphylaxis veackion

B * Some complement
called anaphylatoXins (
c3a & cSa )_binds with
their veceptor on mast
cell Hhus cauvse increase
in degranuvlation Haus

mactophages.

¢ Degranulation of
granule produce

cause sevey allergy

histamine Wwhich induce cell

¢ function of the mast cell | basophils
— 1. Mucosal mast cells, actin allevgy
and is T cell dependent to
degranvlate.

2. : mast cells degyanuvlation and
velease of the iato e acidic
granvles, which help in
inflammatory cell response, allergy.

= 2 veceptors on mast cells that mediate
degyanvlation

- tigh a.ﬁnﬁ\ll 16€ veceptor. 16€
dependent;

= Receptors for anaphylatoxins. C3a and

2) Yhe macrophage ingest
the antigen andgo
Hhavrough lymphatic vessels
Yo preseNot the antigen
¥o the Teell in secondary
ovgan

T cell activate R cells.
Hhen B cells deffrentiate

o plasma cells that
secrete lge

lge dependent:

* Ige binds to TR On
mast cell Hhen Hne

antigen bind \ge and
Hhig induce the
degyanuvlation of ma:

- .
the allergy reaction = /( / & <
and the hepayin - f

increase the ‘,.'.. .
Permeability of the E %
Tala lyad. booduessel  Allevgy Dad



o Natuyal killex cells:
1.They are a type of lymphocyte critical to the innate immune system are defined
as \arge gyanuvlay lymphocytes (LoL) and constitute Hhe third kind of cells
differentiated from the common lymphoid progenitovr-genevating & and T
lymphoagtes.
2.10 % of mononuclear ([small nucleius) cells in blood and spleen and yare in
lymphoid organs
o Natuyal killey: cells veceptors and funclions:
changes occur +o the cancerous cells_:
expression of antigen and thus antibodies bind +o the cell
Secretion of aytokines (IF alpha andi¥ peta ) which yeciuit the
natuyal killey cells

expression of shress molecules ( MIGA & MICR).
less_expression of MHC 1 OR LACGK IT
expression of TAS ligand

1)_killey. inhibition veceptor And killey activation veceptor: :
* KARS :Receptors that recoghise sivess sighals that expressed by
infected ov cancevous cells_( MIGA MICR)
* KIRs : examine the stressed cell whetherthey possess sufficient
\levels of MHCn molecules_

A B C T

Tumor

NK inhibit. t
cell Tumor Tumor inhibitory receptor

NK activating receptor

; ' , : LYSE
, major histocompati-
T ? T bility complex class |
¢ tumor antigen

Accoyding to both level of MACN and MICA MICB the natural kill cells decide to kill the cell or hot
g g o

,1

stress- inducible
ligand

cytotoxic granule

__ When a ¥AR binds +o MIGA and MICR molecules on the

. | surface of an infected cell (ov & tumor cell), a IR
examines the levels of MHG class | of this farget cell.
if the MHC class 1 levels are enough, killing of the cell
doesn't proceed (left), out if they aren't, the killing
signa! proceeds and. the cell is eliminated

’

%

Tala lyad




e ¥illing action depends on the second hype of

Yeceptor :

1)_killing_divecHy (FASL ReCEPTOR ) /[ TG Yeceptoy)

NK cell
Cytotoxic
granules
1
FcyRINA | ©f Granzymes

/ I"'\I\ @' Perforins
y 3
o)
i >
5 . o
Apoptosis

- RSV-infected cell

Opsonin veceptors for
jbodies; | affinity |
receptors (1661 and 1663)
Called low affint 11
oy Ge) and. kill these coated.

cellg, Hhis is called an-Hbog

n \\ ia:
cxﬁo-%'oxici-h{ (ADCLC)

Wulay killin

- Pe ns; makin
o
« &Yanzymes, ehaymes enter
Hh h perfoyin pores and
Y \ in
cell death

oyes then

T-lymphocyta

Fasl

death domain

~
BFMD
4

caspases cascade
!

APOPTOSIS

Target cell

ﬂpmssjgn :[:a.s liga.ngLs Haat

bind fas on s an
achivation iSis a
in killin v \
achivation in 1l
Parforin Granzymes
A LS FeR ——— -
et H 2 umor
AR Apcc m:}ﬁéuy.mu." coll Cell lysis
: Fal " Fasl, TNF Fas, TNFR
e ®
Y Adaptive immune
Cytokines system activation

= Indivect killing . increase macrophage killing of phagocytic microbe by secreting I¥N gamma
Act very early against vivuses and intyacellular microbes and fumor cells or alrered
expyession of surface MHC 1 molecule unil T cells become activated.

» There activity increase by IEN alpha and beta (secreted by virally infected cells).

= achivated cells secrete ITN gamma




-
e

(s
Apoptosis
Granule of Fl}ar'z;e‘l ceff
@XOCYtosls =»
entry of
granzymes =
activation of eﬁ{:{' tzhyrl;!:;h
caspases —» .
erforin holes =
ﬂPOtF:%";? of X' . activation of
_ @ | caspases
®)
o
FasL-Fas- e\
mediated g
target cell Apaptosie
apoptosis 'FasL on CTL interacts of 't‘::'r;;cl cell
| with Fas on target cell

e dendyiticcells :

on the surface Yo lymphoaytes, Hhus functioning as antigen-presenting

Theif main function is o phagooytose antigen material and present it

cells.
+ Dendyitic cells ave present in fissues that are in coract with the
extenal envivonment, mainly Hhe skin (Wwheve theve is.a specialized
ndyitic cell i\l ngerhans cells)_and the inner lining of the
nose, lungs, stomach and intestines. They can also be found. in an
immature state in the blood.
- Once activated, they migyate o the lymphoid tissues where they
inreyact with T cells and. B cells Yo initiate and shape the adaptive
immune vesponse. they grow byanched projections forthat they ave
called DG,
@ A bacterium is )

engulfed by bacterial pathogen

phagocytosis

into a dendritic

cell and is

encased in a

phagosome.

Immunodominant epitopes are
associated with MHC Il and
presented on the cell surface.

dendritic cell

Mature

. * \ / /
poc ) 4
@ Lysosomes
fuse with the Kidney graft Y O -
[ GM-CSF "‘J\_I e
phagosome BYD. . U U Sretacon Das ﬁr
and digest Immature e &
the bacterium. pDC @ : Lo o) / Jl
E E } r
, —_— K i { Phagocylosis
[ of tic
Tubular H:; O callsmlgen

7 presentation

g,::elwl .
slirmrllon
Transpla

mecon [ Ala lyad



Lymphocytes: 30%

1) Tcell : 60 %

2) B cell : 30%

3) NK cell : 10 % (large granular)
high N:C ratio for T and B cells
low N:C ratio for NK cell

innate immune cells: 70%
1)mono nuclear phagocytes
macrophages ( 5.3%)
2) granulocytes :
neutrophil : 62%
eosinophil : 2.3 %
basophils 0.4%




; Ad“P'H“e Immunhe S\-{S‘\’em:

Ovgans of immune vesponse :

PIMAYY OYgans :
1) Bone mayyow
2) thymus

1) Bohe MayYolw:

functions :

Where the immune cell§ oviginate

levkocytes production

e B cell maturation

¢ hematopoiesis the formation of blood cellular
compohents

Bone mayyolw componen—\-s :

1which consists mainly of hematopoietic Hissue, Red blood cells,
platelets, and most white blood cells arise in red mayyow

2)Red. maryow is found mainly in the flatbones, such as Hhe peluis,
stemum, cranium, ribs, vertebyae and scapulae, and atthe
epiphyseal ends of long bones such as the femur and humeyus

e Stroma; any tssue not associated to blood production as fatty
mavow, fibroblast, osteodast and osteoblast. Tala lyad




@ Adaptive immune system:

Bone anatomy
Vascular
Tissue
a4t Red Marmrow
EPIPHYSIS I8S-
) — ,;_’-_’ [y~ Spongy bone Bone Marrow

— =

- & "
"5 ey Epiphyseal line
METAPHYSIS @
v =~ Red bone marrow

l‘ ~ Medullary cavity
= Yellow bone marrow

| 4
Vi- Compact bone

é\ Red Marrow
RSl
Lﬁw Megakaryocyte

DIAPHYSIS
|
-— Periosteum
METAPHYSIS
.— Blood vessel
EPIPHYSIS - Cartlage

* Yellow mayyow:
1) Which is mainly made up of fat cells 4 ;90
2) Yellow mayvow is found.in +he hollow interior of the
middle portion of long bones.

red mayyow Vs He\\ow mayYolw

Q
[
4

e At bivth, all bone mavvyow is * In cases of severe blood loss,
ved. With age, more and move the body can convert yellow
of it is converted o the yellow mayyow back to red marvow +o
Hype; only around half of adut increase blood cell prodwction

lbone maryow is red.
() -

Infancy Childhood Adolescence Early Adulthood -
>28 yoars

Tala lyad.
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i’%@mﬁ%ﬁ}%}mﬁgég :

* the formation of blood cellular components .

* hematopoiesis startin childhood (YOLK SAC AND
mesenchyme( or8gin of ©.T), Hhen liver and spleen and -ﬁna\lq
the bone maryow in puberhy) and get maximum in aduH age

h oming of fHSPC
into bone marrow
{Ie't al development)

Bone marrow
hematopoiesis

Bodu-stalk s ;
* In cases of eXcess demand liver and spleen help the M (the
extramedullarngyhematopoiesis).

* ttematopoietic stem cells (HSC) give vise Yo Hwo kinds of
mutipotent progentor cells, one that generates lymphoid
and another that produces myeloid cells,

* <The common lymphoid progentor gives vise to committed
precuysors of T cell, 8 cell

* <The common myeloid-megakanyocyte- enythvoid progenitors
give Yise Yo committed precursors of the engthroid,
megakanyocytic, granvloaytic, and monocytic lineages,




'; Adaph'ue Immune sqs-\-em:

ttematopoiesis :

* Stem cells express 2 main proteing, GD34 and stem cell __

* frematopoietic Gytokines called Colony stimulating factors
ave the influencing factors for stem cell differentiation and
maturation e.qg; 6-0GSF, M-CSF and. 6M-CSF

Multipotential hematopoietic
stem cell (Hemocytoblast)

IL-1 +
IL-3
Lo O
Sg;CSF Common lymphoid progenitor
L J
FLT-3 ligand IL-2
. TNF-a frijz
Common myeloid progenitor HER |y
I v
SCF SCF
TPO Epo GM-CSF
IL-3 IL-3 Small lymphocyte
GM-CSF GM-CSF |
v iL-1
2 . IL-2
0 ' IL-4
Erythrocyte Myeloblast B lymphocyte IL-6
IL-7
A\ J
° SCF SCF IL-3 SCF
A G-CSF G-CSF IL-5 M-CSF

T lymphocyte

Megakaryocyte GM-CSF GM-CSF | GM-CSF GM-CSF
IL-3 IL-3 IL-3
l IL-6 IL-6 IL-6
‘.f‘ : Y
Thrombocytes [3 C w @
Basophil Neutrophil Eosinophil Monocyte




Production of Red Blood Cells

Normal RBC count = s millionsiut.  (Erythropoiesis) &
g ‘ Committed!
l' Erythropoietin (EPO)

}

(fetus) (adult) l

Low oxygen , Higher RBC count c’ . ° .
)

7-8 millions/ulL
w .
1 > o o~ Alila
f —t —t -

—

Production of Granulocytes and Macrophages

Colony-stimulating factors (CSFs): @ o

- granulocyte/macrophage colony-stimulating factor (GM-CSF) Va"ous CSFS

- granulocyte colony-stimulating factor (G-CSF)

- macrophage colony-stimulating factor (M-CSF)

- multipotential colony-stimulating factor (interleukin-3) . @ Q e

Mature lymphocytes/macrophages  mlps-
or any infected organ or cell type

Production of Platelets

Thrombopoietin (TPO or THPO) (D)

é Platelets ave

anucleate

cytoplasmic discs
Megakaryocyte ﬂ devived ‘fY'OM

megakarnyocytes
Hhat civculate in
+he blood

Regulation by negative feedback




" Adaptive iImmune system:
Ovgans of immune vesponse :

PYimary oygans :
1) Bone mayyow

2) thymus

2) Yhymus :

functions :
e Where T cell defferetionation to mature
e T cellmaturation and formation of T cell antigen receptors

* The thymus gland is found in the thovax in Hhe anterioyr
mediastinum. Hgradually enlarges during childhood but after
puberty it undergoes a process of involution resuting in a
veduction in ¥he functioning mass of the gland. H-continves to
function throughout life, however.




; Adaptive immunhe system:

* The thymus has a vich vascular supply and efferent lymphatic
but no afferent vessels .. that drain into mediastinal lymph
nodes. The Hhymus is derived from invaginations of the
ectoderm in the developing neck and chest of the embno,
forming structures called byanchial clefts.

Neck [cenvical) ' '

ymph nodes ——— S

Armigt [asillary) i
lymph nodes ————42,

e ttistology: The Hhymus gland is suryounded by a fibyous capsule,
and ayyanged into an outer, more cellular, correx and an
inney, less cellulay, medulla. Gells involved

* «The most immature T cells in the cortex. As thymocytes or T
cells mature, they migrate toward the medulia, then o
civculation

o -gpithelial cells

e -Macrophages and lymphoid dentyitic cells

STRUCTURE OF THE THYMUS

Tala lyad.




*' Aolap’riue Immune sqs-\-em:

Cortex Trabeculae

:m |}
Adenoid — !
Tonsil —A\-— -

| B
Right lymphatic duct, —,L b,

entering vein  _—

% Lymph nodes

A
1

Thymus | Cortical epithelial cell  Thymocytes  Trabecula
|

7 )

Heart

TN/ T=== T—Fibrous

{ capsule
-I'. e Cortex
i . &
1\ .
W\

! Medulla

Dendritic cell _.‘\'
Macrophage Blood vessel Medullary
epithelial cell

» Digeorge syndyome ( genetic defect in development
of 3vd phanyngea! pouch in embnyo); T cell deficient
as a YesuH of impaired ¥hymus development, plus
pavathyroid gland defect

Developmental delay

Low-set ears Schizophrenia

Facial dysmorphia

F R Hypoparathyreosis
- Autoimmune thyroiditis
Congenital cardiac S
defects N
. Thymic dysplasia/aplasia
Asthma
Infections Atopic dermatitis

Omenn-like syndrome

Tala lyad_



* mairtain mature naive lymphocytres and intriate an
adaptive immune vesponse.

* the sites of lymphocyte activation by antigen.

* His exemplified by the lymph nodes, and the
\ymphoid follicles in tonsils, Peyer's patches, spleen,
adenoids, skin, etc. that are associatred with the
mucosa-associated lymphoid tissue (MALT)

Note :

naive \qmphoc\fi-es:
Lymphocytres that have not
encountered antigen are
knolwn ag naive
lymphocytes. They civcvlate
continvously through the
blood and lymphatic vessels
and into the peripheral
tssves.

Tala lyad
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¢ function Yo concentyate antigens that are iMvroduced
Hhrough the common portals of entry (skin and
gastrointestinal and respiratory tracts).

* <They Are places Wwhere the innate cells carny the
antigen and present it to the adaptive immune
system

o -Site of lymphocoyte activation by antigen

* lymph nodes, Which are clustered at sites such as the
gyoin, armpis and neck and along the small
intestine, and collect antigen from the tissves;

* The node is made up of three components:

o <lymphatic sinuses the Lymph flows from afferent
vessels cortical sinuses, into the medullary sinuses
and into efferent lymphatic vessels

e - blood vessels

* « parenchyma (correx, paracortex, meduliz)

Tala lyad
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Lymph nodes and lymphatic system

(pevipheral or 2nd lymphatic sys.):

STRUCTURE OF A LYMPH NODE

Afferent lymphatics

Capsule Germinal center

Cortex Paracortex

Primary follicle
Secondary

follicle
Trabeculae

Medulla Medullary

sinus
Medullary
cords

Efferent lymphatics

* Shructure of Hhe lymph node

e Cortex

* -Corkex consists of priman follicles and secondan
follicles ( with geyminal center).

o «erminal centeyr formed from stimulated B cells and
follicular dendyitic cells. whereas primary follicles
have only mature but not activated B cells

e -Stimulated mature B cells change into plasma cells
of memovy B cells Wwhich reside in medulla and
antibody that move o the circulation.

Tala lyad




AN s - ;
OreEant&tnn ol --_—-T‘_‘l.f | prasarcation PrOCeEsSsIing, B csll activan o,
I cals to 6oge | Ddrechiona mgration of activated
o falicle | T-B activaron B calk %o edge of follice

M,
- = T4 | ~mil
1 [ 8
p ¢ u-r 4
——. . " ’ - -
" - *',. e *

= .-{‘- 1.'-r'rj:*
) -
. ‘.
-

-

_ B cell 2008
:._I i ‘pr rr-_-;r!‘l
T call zone follicle)

* Payvacoytrex

 -The paracorrex contring T lymphocytres and
macrophages

o T cells: The various fypes of T cell enterthe node
from the blood via the tevs. When activated they
form lymphoblasts which divide Yo produce a clone of
T cells vesponding Yo a specific antigen. Activated T
cells then pass into the arolation Yo reach
pevipheral sires.

® o Med.u“a * Alymphocyte Hhat has
. gotten lavger after
e <The med-U“a CompﬂseSZ being stimulated by an
antigen. Lymphoblast
¢ +large blood vessels Ao refert Foran
. i ture cell Hhat

* smedullany cords and sinuses e,
o -plasma cellg e

Tala lyad.




Adaptive immune system:

Lymph nodes and lymphatic system
(peripheral or 2nd lymphatic sys.):

* PayacovteX:
o « between the correx and medulla

o 15 called Hhe Thymus dependent zone of

* the lymph node, containg T cells Hhat have migrated
from Hhe ¥hymus [T Wymphocytes

tigh endothelial venules | Hev): is a post- capillary
venvle

is Hhe point of endvy of T cells from bloc
- s endothelial lining is unusual

- is cuboidal Yo facilitate movement
ofT cells into LN

germinal centers afferent lymphatic vessel

T-cell area

B cell

©

efferent
lymphatic vessel




O

* Hhe spleen, which collects antigen from the bloodstream;

e spleen

¢ -Weigh 150g, in left upper quadvant

¢ siImmune Yegponse against blood bome antigens

o -Consist of white pulplinner)

o « pevi-arteviolar lymphoid sheath;PALS ( T cell Zone)

o +follicles (B cells 2one).

e « Mayrginal 2one in between red and white pulp, have
both B and T cells and. macrophages.

e -Red pulp; outer, splenic artery, vascular sinusoid, splenic
vein. consist of old enythvocytes and macrophages, His
the place where aged RBC is destroyed by macrophages

o <The splenic arteny enters Hhe red pulp through a web of
small blood vessels, and blood-bome microorganisms are
Hrapped in Hhis loose collection of cells until they are
gradually washed outthrough Hhe splenic vein

¢ +No afferent lymphatic vessel in spleen.




ol

Adaptive immune system:

sp\een :

[ ] { > 7 N
‘ t-” S S Penicillar artericles
Periarteriolar lymphoid ~ White pulp :é\
sheath (PALS)  (mostly B cells) : - \
(mostly T cells) Sheath
(macrophages)
Central -
/ | ateioe | &7 . >
| - ¥
/ iY.» -— /
| . - & P
1 ’ 4 ’ 'Q. Sié . \ !
| : ) l-Closed f
'\ Germ y . > ,/ circulati A
\ - A b7 = B S0 i!
s LY "
zone ( ‘n' S / ‘f,'I
)\ sinuses = J } : '
\! = / N A g
— - | i1
\\\- SN#%  Open i) L
becul . . ! .
X1 TR Red pulp circulation W | i
g"“\ - Trabecula 5 \ \
f \\ N rabecular = - - &
' \\\ \ )\ arery Red pulp veins -\l \1‘ 3
W \\ Trabecular vein e ‘\"
\ \ > ‘ \ A
Source: Anthony L. Mescher: Junqueira's Basic
Histology: Text and Atlas, 15th Edition.
Copyright © McGraw-Hill Education. All rights reserved,
trabecular artary trabecular vein
* Splenic arterny = trabecular arteries =
centyal arterioles = penicillinar artrerioles
splenic P enter the red pulp and they ferminate as:
rouge * >Closed civculation When +erminate direcHy
into splenic sinusoids
\‘ * >0pen civtwlation when ferminate in splenic
/ covds

sheathed capillanes

Tala lyad
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terminal arterial capilaries
(open circulation)



" AdapHue Immune 8\18+em:

sp\een :

spleen functions :

o Histhe major site for killing antibody coated microbesand
destvroying the damaged RBG

* -Storage of RBCs and lymphocytes

* «Individvals lacking a spleen are extremely susceptible to
infections with encapsulated bacteria such as pneumococci
and. meningococci because such organisms ave normally
cleared by opsonizgation and phagocytosis, and this
function is defective in Hhe absence of the spleen

SPLEEN
White pulp

Follicle

——Marginal
zone
Splenic
arteriole Ccentral

arteriole

Periarteriolar

X ARyt g S
.'l~- ,,.., - 't-.° »"
\, lymphatic sheath
Germinal
——
Yein o center
< g cﬁ\\ \ ; -
Splenic cords
¥enous P
Red pulp sinusoids © Sridhar Rao

triple vaccine:

* Pneumococcal, meningococcal, and faemophilus influenzae
(tib) vaccinations ave indicated for patients aftrer
splenectomy.

and. the mucosa-associated lymphoid Hissuves (MALT), Wwhich collect
antigen from Hhe respiratony, gastrointestinal and vrogenital
tracts and ave particularly well organized. in the small intestine, in

structures known asg Peyer’s pw’rches
Tala lyad
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‘Lymph (macrophage and D) from tHissues (mainly
innate cells carnying antigens) passes into the nearby
node Hhrough the afferent lymphatic vesse!

*In the node they activate T and B cellg

*B and T cells are produced migvrate to secondary
lymphoid tissves through tigh endothelial venuvles
,HEVS,

‘Then the innate cells go into the corhical sinuses then
marginal sinus to reach the medullavy sinuses before
leaving via the efferent lymphatic.

-If ¥he T cells recognize antigen, they are activated,
and. they retum +o the circulation through the
efferent lymphatics, +o the thoracic or right lymphatic
ducts, and finally into Hhe superior vena cava oy Yight

subclavian vein.

......

interstitial spaces




" Adap‘\-iue immune S\fs+em:

effector (effector T cells include D8+ cytotoxic T cells
and GDA+ helper T cells ;TH, TH2, and T3 subsets)
and memovy T cells preferentially leave Hhe blood and

enter pevipheral tissues through venules at sites of
inflammation.

‘Whereas naive T cellg recivculate and reenter the LN
agai

“Hhe o molecules needed for selective entny of T cells
inrto secondavy lymphoid organs thryough tev (R
and L-selectin) are reduced on effector T cells, and high
in nzive cells Hherefore these cells do not readily
veenter lymphoid tissves.

Malignant central memory CD4+ T cells proliferate in lymph nodes

nsmwmlkmmmmummekmmnm.nhwmmtw ic stimulation
cells due to skin infections may lead to the abb devel ofa CD4+ helper T clone. A variety
etic ies have been ified in mali Teellsand it is that an inter natural

ex

mn
i ion. Some of these malignant T cells differentiate info central memory
mph node homing receptors, L-selectin and CCR7. This 1o acc: of makgnant T cells in
tissues such u'?n?h nodes where excessive proliferation causes: and may disruplt
immune responses to other infections. lmmunopuedla.org

Tala lyad_



" Aolap'Hue iImmune s\,s-\'em:

B cells migration

-8 cells migrate into follicles, the site Wheve they may
encounter antigen and become activated.

-After 8 cell acvated they reside in geymina! center
where they secret antibodies and many antibody-
producing plasma cells and memovy cells reside in medulla
of migyrate to Hhe bone maryow through efferent L. V. +o
circulation where they secrete antibodies for long periods.

# *-- Microbe /Wutn I

- i gl '__..‘-.,____
mﬁ'-:- "‘).E——r_-" K%‘-n—m&m.
L s 1 O b
F"T’/ - ‘ i ey
e p— B € v B
S T Dasue
L 1 - X
e e —
o
resapts yeouie rprmphatic

i - ¢ i —_— { - R
== |0 S-SR | [ e

M ol - )| |'negrmsismsses §(< T by
n'::!?_g_n_ ks o-«ow\:::n-. P four e ut infeation *1 g : :'
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a Immuni—\\i agains+ cevtain micyobe

Immunity can be active oy passive

-Achive; induced by previous exposure to an antigen and
host immune cells respond and form antibodies and memory
cells ( AB produced inside the bod\.l )

Passive, fransfer sexrum or lymphocytes from specifically
immuniged. individual +o not-exposed. person (naive).
mMatremal Ab Yo fetus (Abs isn't produced in Hhe body)

ACTIVE IMMUNITY PASSIVE IMMUNITY

Natural Artificial

Maternal Monoclonal
Infection Vaccination antibodies antibodies

Humeral immuni‘h, Vs cell meduated immuni‘h.iz

HUMORAL CELL-MEDIATED

Intact Antigens engulfed and Antigens displayed
antigens displayed by phagocytes by infected cells

against extracellular pathogens
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Immunity in practice

—The innate immune system [ Hhe first+o act;),

-consists of physical, chemical and. cellular defenses against pathogens( complements
and cellg)

spresent and act the same in all people against general antigens. :
-it is monotonic; the same magnitude and speed of response each time, A o
-not specific, act against common microbial antigens.. '
—The second is adaptive immune system (T and B cells),

-it is specific act against cevtain antigen,

sincreasing in magnitude and speed of response in ve-exposure +o the same antigen

(memovy)

Immune system

l

'

'

Acquired Innate
T-cell immunity B-cell immunity Bloodbourne Physical barriers
(cell-mediated immunity) (humoral immunity) | l
Whole T-cells : Complement 1. Skin
released into: Antigen exposure cascade Phagocytes 2. Mucous membranes
| 3. Saliva
L ‘ l L l L 4. Flushing action of
Lymphoblasts Alternative 1. Neutrophils urine and tears
Suppressor Helper Cytotoxic | pathway 2. Macrophages 5. Stomach acid
T-cells Tcells  T-cells ‘ L 3. Basophils
l ] 4. Eosinophils
Plasma cells Clonal B-cells [ 5. Natural killer cells
b Stops infection
L ‘ L before it enters
Death of the body's cells Arath e Memory B-cells - the body
that are infected with a Death of dangerous
virus or otherwise ‘ organisms
damaged
Complement
cascade
‘ Direct killing
Classical = of bacteria
N v
pathway

virtualmedicalcentre.com



Innate and Adaptive

-Innate immune vesponse is better than adaptive in recognizing self from non-self.
Because non specific for all microbes and. quick .

-Innate immune vesponses +o a foreign microbe are immediate and do not vequire
prior exposure 4o the microbe

-effective adaptive immune responses o a newly intvoduced microbe develop over
seveyal days as T and B lymphocytes are activated by some activated innate cells
and. they undergo expansion and differentiate into functional effector Th and Tc cells
and antibody producing B cells.

‘The targets of the innate immune response is essential for Hhe survival of the
microbes

~ NKCELL |
INNATE . | _.
' POLYMORPH s COMPLEMENT CYTOKINES mmmt MACROPHAGE |

ACQUIRED | ANTIBODY |«  B-CELL TCELL |

Humoral immunity Cell-mediated immunity _

! i
. L L |

EXTRACELLULAR INFECTIONS INTRACELLULAR INFECTIONS
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TABLE 1-3

Comparison of adaptive and

_innate immunity

Innate Adaptive
Response time Hours Days
Specificity Limited and Highly diverse, improves
fixed during the course of :
immune response

Response to Identical to Much more rapid than

repeat primary primary response

infection response

thstony :

Immunity: protection from infectious microbes or foreign macromolecules; proteins

and. polysacchayides

-Immune system constitutes of cells, Hissves and small molecules

-The first application in immunology is done by edward jenner’s vaccination against
smallpoX when he injected parts of cowpox microbe into small boy who is later %o

became resistant to smallpox disease in 1398 (vaccine) ® . &
L Py

B

«Thig was cyowned in 1980 Wwhen Hhe WHO announce Hhe smallpox have been
evadicated. wovldwide. v H

mpoviant definition :

The immune system Cells in our bone maryow, Hhymus, and Hhe lymphatic system of dwets and nodes, spleen, and blood that
function to protect us.

Antigen Angthing causing an immune Yesponse, usually foreign material but may be our own tissues.

‘Pathogen Any disease causing micro-organism.

Toleyance Non-reactivity of the immune system, usually refers +o "self” but may include foreign tissue in organ fyansplants.
Autoimmunity A failure of tolerance, the immune system veacts to self.

Chemokines Molecules released by pathogens and infected Hissues Yo athract cells of Hhe immune system.

Uytokines Signaling molecules released by one cell o cause a response in another. Signaling is extremely important in our immune
T'BWDI'\SG.

Inhate immunity Protection that is always present. Includes phagoaytic (cells that eat other cells) macrophages and dendyitic
cells.

Adaptive immunihy Protection that arises oy an immune response, induding humoval immunity producing antibodies and cellular

immunity.
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WL RBR Nobel Prizes for immunologic research

Year Recipient Country Research
1901 Emil von Behring Germany Serum antitoxins
1905 Robert Koch Germany Cellular immunity to tuberculosis
1908 Elie Metchnikoff Russia Role of phagocytosis (Metchnikoff) and
Paul Ehrlich Germany antitoxins (Ehrlich) in immunity
1913 Charles Richet France Anaphylaxis
1919 Jules Border Belgium Complement-mediated bacterialysis
1930 Karl Landsteiner United States Discovery of human blood groups
1951 Max Theiler South Africa Development of yellow fever vaccine
1957 Daniel Bovet Switzerland Antihistamines
1960 F. Macfarlane Burnet Australia Discovery of acquired immunological
Peter Medawar Great Britain tolerance
1972 Rodney R. Porter Great Britain Chemical structure of antibodies
Gerald M. Edelman United States
1977 Rosalyn R. Yalow United States Development of radicimmunoassay
1980 George Snell United States Major histocompatibility complex
Jean Daussct France
Baruj Benacerraf United States
1984 Cesar Milstein Great Britain Monoclonal antibody
Georges E. Kbhler Germany
Niels K. Jerne Denmark Immune regulatory theories
1987 Susumu Tonegawa Japan Gene rearrangement in antibody
production
1991 E. Donnall Thomas United States Transplantation immunoclogy
Joseph Murray United States
1996 Peter C. Doherty Australia Role of major histocompatibility complex
Rolf M. Zinkernagel Switzerland in antigen recognition by by T cells
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