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-Innate (general immunity) = inborn ability to resist =i

sLysosomes: duall SLEEH (ol dasla lge ole (gsial,

damaging organisms and toxins non specifically, bur bodies

have several ways as innate immunity: sKin, gastric acids like HCL

which destroys any microorganism , tissue neutrophils and
macrophages, complement system Although it has some _&imei s
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specific aspects, like sometimes it requires binding of antibodies to .,
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antigens to activate it but it still non specific , microbicidal and ==iiiosoo.
lytic chemicals for example digestive chemical found in lgsosomes
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in blood and blood cells Gttty G - ot
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°ACC| U|red ( adaptlue)_ specific 2 types : ))Humoral'B cell® 2) cellular T cells’

Humoral we circulating antibodies ourimmune system produces specific antibodies against the pathogen or

microorganism to destroy or neutralize there toxins

cellular == activated cells our system activates certain cells that directly destroy and attack the
pathogen
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Acquired Immunity
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Antibodies secreted from B cells or activated cells T cells that
specifically target and destroy invading organisms and toxins
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Powerful: can neutralize 100,000 x lethal dose of some toxins
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It means if the body doesn’t have acquired immunity a very simple dose of toxins will
be lethal.. Our acquired immunity give us a powerful protection against toxins

* Two types of acquired immunity: 7
» Humoral (B cell) e
* Cell-mediated (T cell) [EE==rm— - arsian
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* Asubstance that can elicit an immune response to génerate antibodies against these
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* Recall: we have two types of Antigens, self and foreign.— zrosmntaens fuswsbiwcst 2 a1 msiny i sttt
. . . . d:@l@.ll;,&.a
* Unique to eachinvading organism cesswisss.sisacssiness
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* Usually proteins or large polysaccharides expressed on plasma membrane of pathogens
or normal cells

? (8000 < sipmll 3sll) S Bule Leann

Most are large (MW > 8,000) and have recurring molecular groups on their surfaces (
specific sequences for the certain molecular groups act as a barcode for these type
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of microorganisms. Y i
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* The antigens bind specifically to certain receptors on immune cells to activate an
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* The molecular structures that are specifically recognized in acquired immunity are
—>
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@ Epitope (Lalall):

The epitope is a
specific sequence
on the antigen that
will be recognized
and identified by
the immune
system.

@ Paratope:
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Mediate acquired immunity main player in it

* Develop in lymphoid tissues (they start in the liver in the
mid fetal life Then bone marrow and complete their gk lSolSe
. . . . (Jandl 5558 iatie o) Liiall Slaaldl o 57 a1 o8 Tuse
development and lodge in the lymphoid tissues such as :tonsils D 5.5 o marrom o 1 5

. , e Lglialll Al 03 T o5
| adenoids, Peyer’s patches (Gl), lymph nodes, spleen, fonsi) sl
thymus, marrow (adienoids) ¥ 55151 o

© Peyer’s patches :Lao¥! od
(lymph nodes) 4 slaalll saall ©
(spleen) Jlakll o

» Are strategically positioned so they can sense and e e
< recognize the pathogens since they enter the body (bone marrow) el ¢ s o
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B lymphocytes (L= B):
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- Memory B cells (£515 Lis) - Jukiuall (5 s Saall 1545, Cell-Mediated Immunity
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Thymus

Peripheral
ommon lymphoid lymphoid

progenitor cell — | wf\ o 4 ,/T lymphocyte g tissue
f | o O———@ Activated T

@ T lymphocytes (L T):

(Thymus) assiesll sasll 5 szsuaill olKa

lymphocytes

P Hemopoietic P
:0aegill Gu kol @ Stem Ce"S g \ . _\
PR, ©) ® S Antibodies

Plasma cell

s placr! 215 e B LS sl T

Common lymphoid #

progenitor cell—-—_;._: J Joa 9 dolsdl @

‘ eodl geadl oo

3 — . Bl h
Developlng B Ce" . P B Iymphocyte ymphocyte Bone marrow Humoral

Humoral Immunity

Hall: Guyton and Hall Textbook of Medical Physiology, 12th Edition
Copyright © 2011 by Saunders, an imprint of Elsevier, Inc. All rights reservel
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The development and processing of B and T lymphocytes

Gl A
(Bone marrow) alaall ¢ s Jals 051 o8 Loadl sia fage

£ Theystart production from bone marrow just before the birth and after it.

» Recall : Hematopoietic stem cells will give rise to lymphoid progenitor cells and7
SLtall s 2 |24

these cells will give B and T lymphocytes. ematopetc st cle) . i A1

et ol (il a9 Lymphoid progenitor cells s Lol Las

) T lymphocytes ¢ s<il danis Lla
B lymphocytes Sl danis WA a
Sg.0J1 < L
SEN/ PN ]
I

» There are two types of lymphoid progenitor cells : e
1- Progenitor cells that committed to produce T cells '
2- progenitor cells that committed to produce B cells

(Thymus) & ie3l! s.usll o) pall jue caniis aliall ¢ 125 e 23 T Lala
.(processing) Lgaseas Jo<il
C ThymuUs 1 o e 51 i 02 e s Tanlgo 51 Lesdals

v T lymphocytes will leave the bone marrow through circulation in to the thymus to
complete processing, before that they can’t start there function and activate
against pathogens that may face during its life mmeummommen.s

(clones) gucll YT ;5Shg deyus T LA SIS
O (Antigen) wedicws (ole il Leacans Lgie L JSo
14 7 e Bl Dolation¥ | gty 4 Blbll T LAl Ja = Gy ponll st o5 Jay Loies

v In thymus they increase in there numbers make thousands of clones init, each

clone will recognize specific antigen and become activated if that antiien is

released in the blood.

rrow
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» How the body can produce thousands of offsprings T lymphocytes?
We don’t have a gene for each offspring( every single T cell), but we have hundreds
segments (V,D and J) of genes that will recombine in different ways in offspringsz

giving us thousands of clones that will recognise different antigens.Zrisio .
AL Gt 1 S s
T A e (Clones) geill YT auall (odasy 1iae
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-Some of these T lymphocytes can recognize self antigens so they will start attacking
host cells, so in thymus apoptosis will happen to all cell clones that are reactive
against our own tissues( another important process in the thymus which is called
Development of tolerance/preprocessing against host cells (immune cells will not
develop reactivity against our own cells ) , the T lymphocyte may be mixed with our
self antigens, any reactive T cell will go apoptosis. The only T cells that will release in
to the blood or go to lymph nodes are the ones that will recognize foreign antigens

-When T cell bind to its foreign antigen, it will activate, proliferate and expand and

start attacking the pathogen? e s

. (proliferation) (3L fusis (activate) Jas
$(preprocessing) wu,all 1ia &usy ie 4 it e
sl Baay 3u¥ll s T R LA 5T s Sl aa sy

« ﬁ)ﬁéﬁbreprocessing occurs ? Weeks before birth till months after birthiiil




:(Origin) Laliis .1
T lymphocytes o Jiae

> Now let’s go to B lymphocytes Bome a1 55 B .

.(mid fetal life) (rall sla +L3T uSI1 g 4
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The same as T lymphocytes in bone marrow or in the liver if in mid fetal life, they
will be processed to develop activity against millions of antigens, producing
millions of offsprings the same way as T lymphocytes .

B lymphocytes will be released to the blood (small numbers in blood , the majority
in lymph nodes) and go to lymph nodes or lymph tissues “ueiics s, . z

Jas suhis aull (o Lavae oI
Siysllly Jladall Jis glaalll aa¥1 5 (lymph nodes) Lslialll w83l oI cadi Lgalsase

Once B lymphocyte recognize or interface the antigen that it is raised against, it
will be activated , proliferate and secrete a lot of antibodies

Suediiue dgalse die Gany ik .3

L cwlill (antigen) waicd! gle B s (5525 Losies
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Activated) Jas5 () . .

(Activated) Jas () lall £ 185 i 5um B Lola
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» Increase in numbers and
Rapid expansion production high number of
| clones, that will recognize
i ey s ol thousands of antigens.

Each clone is specific for a

@ L saly adics le iyl (clone i) T éuls JS

* Single antigen ANIGEN) st o i s 31 S e o) T Bl S i

Maturation of
T cells in

Self-reactive clones are deleted [EREEUCILLI sy
the Thymus (up to GO%) apoptosis

@ 4. Migrate to peripheral lymphoid organs

Migrate to peripheral lymphoid |
organs '

@ 5. Timing (csdsill):
ol 339501 i3 s Llaall s 3a plinar

Much of the above occurs just ===
before and shortly after birth




questions from the doctor
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> If the thymus is removed before birth what will happened? What would you expect
happen to acquired immunity? oo

Salall alall £L5) o B Lola selose
Lol LBl Lola 30 Jadie

Acquired immunity rely on the function of T helper cells to a very high extent and
even on B cells, So if all these processes didn’t happen, T cells will not be functional

D g

,this will affect the whole acquired immunity> = o

(s Sl s W e 53 ol o) Lot IS iU e ) 3]
M«um ) i) 32l Lud ik S 13] .2

41,.“@
il Caun GAb Ja

if a child who lacks acquired immunity(he has no thymus) and doctors want

transplant an organ for him, will he have rejection? s oo
No, as rejectionis a functionof T cells” Ei:%:f?f}i%“ Ty ~———

(+ro2l 6) 3¥s)l asy sasdl ljl A C35)1 g0 inas 58I L dcliall

e ) £ 509 8aL pa Job 89990 pd T LU (¥ (a9, Gasy ¥
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»if the thymus is removed after 6 months or a year of age what will happened to the
acquired immunity? o s

ERFRPNY ITENY o VPP NN S N ISTSSNIE e iy

There will be a lot of T lymphocytes that were processed before, although the
immunity will be diminished but we will not loose the whole acquired immunity.

()m@
(diminished) Ciasi gaaio elille
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B cell Development
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» Initial growth and differentiation in the liver (fetal)
and bone marrow (after birth)

Sl aip aliall £ 155,005 B Lola (e ) ns
a :Ji (peripheral lymphoid organs) du,kll 4slialll ey
(

tonsSilly saill I<a 1
L(liver) sl 3 5ot Tus B Lola — (fetal life) cuadl 3556 LT

lymph nodes) 4slialll sialls

* Migrate to the peripheral lymphoid organs .-

« Each clone is specific for a single antigen oo o—ssems

» There will be limitless antibody specificity, they are nightlg specific and
millions of antigens can be recognized, each clone is specific to one Ag.

n » » a @ 4. Clonal development (gLl j3l<all):
* Clonal development provides almost limitless -zomre o
antibody specificity A e

@ 5. Activation (Jsaadll):

—>
- After being activated by specific antigens, the “Xice own.

(Activated) Ja

secreted antibodies destroy or neutralize i

Balall alua¥lsia

molecules or organisms bearing their cognate o .—._....cco.
antigen .
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. B Ccell proliferation in response to antigen

A)«S B hﬂ—\ s.x!s-‘-‘ (boné mafﬂ?wf e:‘é:i‘ U~ u“ ‘ - a3 aale i 3 B ELAIL LS L, (antigen) il
glwl;j:ig:?fg ::‘ iji::\;‘le:: Iéfﬁ:») :’mku::ﬁiﬁ g:;iitd;tuw\ :SM\QJCPB(ACNVH‘@”)]&B Juais 3 Developing B Cell
» This figure shows how different " (bone marow)
clones of B lymphocytes are e
produced during the processing, “™97 .. oifterent & Cots / 1 \
when one of these clones binds to its «""
respective antigen, it will get e @, @,
activated then proliferate to increase === > on
in number and secrete a high amount = . et " e
R . . o : s e Jaielly s specific B, cell i it . "
of antibodies in order to fight N ) ’ 1 sl - #
. . (neutralize) sauhs 51 (% Wil bls)l 1088 Cuoliadl Judiomally by
mlcroorganlsms- ¢ 5 el Lol Rl o158 s o1 (9 alsdl Junis @ ey pluniidl T
=> (sl‘yi;:r:?;jes) Lslaalll sall g Sule By . obts g 0055 ebuall pudd e pai gl JS
olaaidl ol B Ll aalsl ua @5l g @1 53 51 oliae plux 5,81 B) aaiuall 9 ol jread
> This process usually occurs in lymph difterontiation of "/IS"
» lymphocytes

nodes (or lymphoid tissues in
general) where B cells recognize

| |
th d get activated ‘ i i
pathogens and get activated.
g g e o e

» They are all a clone of the same %ﬂ‘rf

lymphocyte that is reactive to an antigen .

Hall: Guyton and Hall Textbook of Medical Physiology, 12th Edition
ICopyright @ 2011 by Saunders, an imprint of Elsevier, Inc. All rights reserved.
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Immunologic Specificity ekt ol
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« Each B or T cell clone is specific for a single epitope of
a single antigen
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* The genes for B cell receptors (immuno-globuling) a2t

and T cell receptors have hundreds of “gene e
segments” that are used in varying combinations

wJ-LALwS

- Permutations (arrangements) of these cassettes allow 5 i

@umwm £ 1M oo punall gy .
specificity for millions of distinct epitopes e
8 e widiens ple 3,0 T T B s JS . o

» Each B or T cell has specific receptors for each single epitope of -
various antigens.
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» The variability of receptors are created from the rearrangement of
hundreds of gene segments not from a whole gene, allowing millionsgs
of unique specificities and ability to recognize different antigens.
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Lymphocyte
Activation

(Macrophages) ¢ LisSW 50 .1
Jlaklly Lslialll siall Jio Tslialll sLae¥ ! o £ Lig SUI ange
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-(Helper T cells) sucLull T Wl e (peptides) s clyai sae a3 (@ntigen) il g3t @

Jie (Cytokines) oSyl e LiliasS slsa £ Ly SUI 55 ol sar
< IL-1 (Interleukin-1)
.(lymphocyte growth & differentiation) 4 slialll LIAII juals sl ole aelod slsll sda

Macrophages in lymphoid organs...

« ingest antigen and present antigenic peptides
to “helper” Tcells

« Secrete IL-1, other cytokines that promote e
lymphocyte growth and differentiation o gesime

LBac Ll T YA Tag

Helper T cells produce additional Ty
cytokines that stimulate B and Tcell [y,
proliferation and differentiation T

sl I T 5B blaiaks .3

Both B and T cells require antigenic RS ITB b

antigenic) waicws dalss judal o) a3 Jo

stimulation to proliferate et

EWRTENTIE

ETESW ] a8 Linadl LMY ddudboll
zlo,Sloll @ ws =iy wusiimall glis T LA o IL-1 585
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Lymphocyte activation

Sacladl T Lola (o Sucline £ 5a3 B Lola 1
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>/Note that B lymphocytes require the function of T helper cells.

Bacludl T Lola Joadi a3 4.2 LY 1aa Lago alskl sia
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>ZT helper cells get activated once T lymphocytes are activated by
certain antigens. T helper cells then release lymphokines that are

important for the function of both B and T cells. iziiziers .., =5
> T cells in torder to become activated need antigen'presenting cells S

MHC i Leake

(APCs)(as T lymphocytes can’t recognize antigens alone without help) zywx-

el

such as macrophages,B lymphocytes, or dendritic cells that destroy
microorganisms and digest their antigens to expose them into the
surface using major histocompatibility (MHC) proteins so that T cells
are able to recognize the pathogen’s antigens. | -




&= Antibody Production — salall abua¥! ¢ L)
(LT oUadl) B lymphocytes Lola Lz psih L, ks @

AntibOdy PrOductiong A function of B lymphocytes
C B cells bind intact antigema'iue B cells interact with an antigen for the first time, but are able
>

e o ) i e 538 i to recognize them by the huge amount of receptors on their

C .(antigenic peptides) s a1 i daculys Lale _,a,..', il e elyal ol Ll iy ggd celld ki ¥ T Lolae

T cells bind presented antigéffic peptides ‘== ... ...

.(proliferation) 5<ulls sl L B s fus

il dsais®
7 © Lymphoblasts — dhati 35,8 Le b LA,

o Plasrnablasts = b

< ¥ UsaT 31 Plasma cglls (sl ).
B cells proliferate (with T cell help), developing lymphoblasts

and plasmablasts Some of B lymphocytes when get activated will be kept as latent memory cells
until the next exposure of the same antigen in the future, and the activation
process l:f_'l” be faster.

*Up to 500 antigen-speci
activated lymphoblast, each producing as many as 2,000 Ig
molecules/sec

Antigenic stimulation differs between primary or secondary responses. g clainy 4Gl 6 el Laiuy) 3.4 ey

(Memory cells) Lelill 55131 .4
.(memory cells) 3,515 Lol < 35 J «(g9andl el aay sl ¥ B LA ey

NI 3 pall (el . . . .
«Can’ persist for many weeks (short lived), if antigenic === 777
stimulatiop persi o

Plasma Cells Lyl s .3
n (antibodies) sslall aluadl giidall guall oae

~
ic progeny in 4 days by each::nusemesans.

il udi b

sLall alua¥l i 300 5

Some are long lived and continue the production of 2 o570 i
. . y o o bl e Sl ala¥ E ] (o et dhish sl Gl AT anly
& antibodies for years and for the rest of a person’s life
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=izz=— Memory B cells and secondary responses

100 -
S Secondary
i Response
E
et
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o2 10-
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8 = ) Primary
= 2 First Response >
= ;
B oo | second
_Q —l .
=28 1" Antigen
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> After the first Ag injection, the increased of

antibody titer will be delayed from ten days to
two weeks and the potency will be low and
won’t last for longer than 20 days.

After the second exposure the titer will robust
(a hundred times more than the first
response) with a very fast increase that will
remain high for much longer and more potent

This concept is used in immunization where
we give newborns vaccines at different time
intervals to strengthen their immunity against
pathogens.
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» The simplest form of immunoglobulin has two
light chains and two heavy chains with two
binding sites. . ..
il
Each binding site is composed of one light and
one heavy chain.
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» The antigen bmdmg site is the variable part,
because of the high variabilities of chemical
composition of segments to recognize different

antigens.

» The constant part is important for different —y
characteristics, such as diffusibility in tissues,
attachment to tissues, and activation of the
compliment system.
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Antibody Specificity
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*Each antibody has a steric configuration specific
to its antigen (in the variable part)

* Multiple prosthetic groups of each antigen

interact with complementary structurzes of the

antibody, through... . .. .. .....
. . Y e AL el o T s LS Fins L oMol JBA opo Sy
- hydrophobic bonding = The more l?qnds tha}t we ha.ue,'the
. (Hycrophabicbonding - 2 s more specific and tighter binding
* hyd rogen bOI:ldIng El“y"d"wbl‘:?’“:”;‘i which affects the quality of
*ionic interactions 7 JUUTLILT activation of antibodies.

* van der Waals forces g st st ot e 5
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v' Certain antibodies could have up to ten binding sites depending on the number ofllght
and heavy chains. For example, IgM has 5 binding sites (5 pairs of light and heavy

chains).
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- IgM (earliest produced and primary response, five pairs . ... ..
of heavy chains and light chains): = o s
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 Immunoglobulins make up about 20% of all plasma
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Agglutination
Precipitation
Neutralization
Lysis

Complement activation

Antibodies:
mechanisms
of action
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Antibodies mechanisms of action
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1. Aggfutmatlon reaction involves binding of the antigen by several
antibodies and each antibody can bind to several antigens in order to
make a clump of toxins and microorganisms to isolate them from other

body tissue. ="
2. Precipitation happens when an antigen is soluble and when it clumps it

@ 3. Neutralizatiol (J.Ju..ll)

becomes insoluble which will also help isolate it. B i
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3. Neutralization is covering up the active site on the pafﬁogen to prevent its
harmful effects L e

4. Lysis is when the antibodies poke holes into the pathogen that will result
in swelling of the pathogen and lysis.

5. The binding between the antigen and the antibody (the constant portion)
will result in activation of certain members of the compliment system,

then a cascade of activation of pro-enzymes present in the blood of
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C3a, C4a, and Cha
activate mast cells
and basophils,

*Antigen—antibody complex

The Complement System
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C8 + C9

Release of histamine,

—> bradykinin and

serotonin aggravating
the inflammation

Look thoroughly at
this figure, you
shlould recognize
the functions of
each.
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T cell activation
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Binds to cognate antigen presented by antigen-presenting cell
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* Rapid expansion of T helper (CD4) cells
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*T helper cells produce cytokines
Cytokines requlate the functions of the whole immune system such as cytotoxic T
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cells, B lymphocytes, and macrophages. .
* Drives expansion of both T helper (CD4) and cytotoxic (CD8) T

*cells
es of cells also generate clonal memory T cells

* Both types o
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