Immunology
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Steps in Antigen Preparation for T cells
We mentioned that T cells incapable to dealing with complex structures. So,
the antigen must be prepared.
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** Remember:
MHC class | - CD8+ (1*8 = 8)
MHC class Il - CD4+ (2*4 = 8)
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This figure is divided into two parts:
Part 1: Antigen preparing for CD4+ (T helper cells), so it is MHC class Il
pathway.



Part2: MHC class | for preparing the antigens to CD8+ (cytotoxic T
lymphocytes).
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1. Antigen capture and transport to lymph node:

We mentioned that we need to transport the antigen to the lymph nodes,
where T cells are usually present.
ftransportd! adee (ilih oS
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.. lymph nodesd! epitheliumd) (= 23 il 5 microbedb <l
**Remember:
DCs = Dandritic cells
¢ LNsd! (aokall 158 e <o immature DCsd! Jsaa L cnha
It is guided by chemokines (chemo-attractants).
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Note:
Innate system should start firstly.
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During maturation, DCs express different membrane proteins,
- immature DCs: express surface receptors for microbial binding and capture.
- mature DCs: express MHC molecules necessary for antigen processing.
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- immature DCs at the site of infection.

- capture the antigen.

- transport from the epithelium to the lymph nodes by the effect of
chemokines.

- maturation during transportation.

- start the processing of presenting the antigen to T cells in the LNs.



2. Uptake of antigen:
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Note:
Phagocytosis and Pinocytosis are subsets of endocytosis.
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1. Phagocytosis:
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2. Pinocytosis:
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3. Receptor-mediated antigen capturing (Fc receptor)
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4. Complement receptor mediated phagocytosis:
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3. Antigen Processing: (Digestion)
rodiled ey WSS s AR e JAy antigend) Lala L axy

- Degradation

- Association
MHCJ 0 5 epitopesd) < A peptidesd! =z
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- MHC class | pathway
- MHC class Il pathway
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MHC class I MHC class II
Major antigen endogenous exogenous antigen
sources antigen
Processing proteasome lysosomal
machinery enzymes
Cell type where | all nucleated cells | professional APCs
active
Site of antigen- | endoplasmic lysosome and
MHC binding reticulum endosome
MHC utilized MHC class I MHC class IT
Presents to CD8+ T cell (Tc) |[CD4+ T cells (Th)
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Note: Tc = cytotoxic T cells / Th = helper T cells.



Note:
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** Remember:
Professional APCs = DCs / macrophages / B cells.
Non-professional APCs = activated T cells / endothelial cells / fibroblasts.

4. Antigen Presentation:
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5. Antigen recognition:
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(BCR: antibodies attached to the membrane of B cell)



: (e 9 antibodiesd) *
1- Antibodies attached on B cells, we call them BCR
(especially IgD and IgM).
O ae Saiac Aol

2- Free secreted antibodies
labeling s~ 5 antigend! 7 52 ssystemdb (b z 50 S ala

Antigen binding site
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Delta negative and delta positive cells
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Keep in mind, if the innate system isn’t working, so 70% to 80% of adaptive
system won’t be able to work too.

(pdad ) gasi 53,080 aanie W B cellsd) dass s MHC class 1) 4 95 (8 Jaay)
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Antibodies (immunoglobulin)

We know that antibodies are special type of protein molecules secreted by
plasma cells.

Antibodies specifically react with antigens, which stimulate the formation of
antibodies.

D ellSaty nadl dles 8
Antibodies belong to a group of serum proteins called immunoglobulins (Ig).
(stlbe ad ) Sall olSa La 5 o 58Sa (e Lga pd) | Gl gl (oo

a1l 2all e component b s ¢ alls (53 90 antibodiesd) s <o e e s
plasma proteinsd (s ¢ 3> iy

Note:
Plasma proteins:
1. Albumin
2. Globulin
3. fibrinogen
056l alai . globulinsd) as Sagie 32a 5 51 2= antibodiesd!



v globulins oe 3,ke laai antibodiesd) .. y 5B s a e 4 globulinsd) s
immune systemdb Ll 5 globulinsd) (e 4es s Lalizs
“Ig” W Laid) 5 “immunoglobulins” asY) Jba cligl (an as aalise i

¢ antibodiesd) jiar sd b jad a
1. high specificity
(high capability of recognize and binding)
o O QS hadi yiy L 28 dibay Ty Le ey

2. high affinity
low affinity U peptidedu agbli )l d¥aa MHC! ) Ui .. Adlle baaie by )Y 3 4

Structure of Antibody
tetrapeptide UsS s glycoproteins (e 3_ke antibodiesd) s < =i a 3Y

** Remember:
Glycoproteins = Proteins with little carbohydrate component.
Tetrapeptide = 4 polypeptide chains.

Chains:

e Two light chains (L)
e Two heavy chains (H)

disulfide bonds (&: b (e Uy (phi 1 4 chains oo 3 be 4S5 Jny
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Light chain

Constant region

led B 5 . antigend! JS3 a3 e Aihie variabled) .. Leasl (e 4 3as g S
< . ol o=k antigene dlws antibody 8§ o le WS 5 antigen binding site
Ll D il saie o 3Y o8 B aal s OS5 S antibody e iliad - dikidly oS

(Kas 23 .. biological function and signaling e dakidla .. Y constantd! Wl
.. 1Xa 5 complementd s phagocytesd! sl

So, antibodies which are directed against different antigens must be different
in binding area (they are very specific).
Specific antibody for specific antigen.

Variable and Constant regions
constant s variable ie H chaind!
constant s variable Lle (WS L chaind! s

- Variable region = antigen binding site = Fab portion.
- Fab = F for fragment, ab for antigen binding.
- It ends with amino acid.



Constant region (c)

- Constant region = biological part = Fc portion.
- Fc = F for fragment, ¢ for constant.
- It ends with carboxyl.
- effector function.
= receptor & WS yptaked) 525 mechanismsdb z i sl g oS3 13
< Fe portiondl ks p (Lie 2 |, Fe receptor 4! (S macrophaged)
.. antibodyd!
Ui constantdb b3 5 = antibodydb b 3 o W macrophagesd! ¢S4l
. variabledb

Antibody classes

IgG, IgM, IgA, IgD, IgE
(MAGED) 2als / (AMGED) 22l
: (e 53 Antibodiesd s Jé A Gladall Lisa
1. membrane bond antibodies (BCR)
receptorsS B celldb ubaii o already 4ea 5 (piila
IgDJ! 5 1IgMJ) 4xa s
2. free secreted antibodies

IgG, IgD, IgE, I1gA, 1M .. ~lS &1 5 5J) 4aa

WYY
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They differ in:
e Shape.
e Number of binding sites (two at least).
-G,EED—>2
-A> 14
-M - 10
e Function.
e Fc portion.
e Site of secretion.
- A = in respiratory epithelium and gastrointestinal.
- M, G = in the circulation (in plasma).

L& 1gDJ) 5 1gGJ)

JRA

Jshl 4as Fed) $) g 1IgGJ) sl IgEJ)

Uy (phi y 2 antibodies siS 1gAJ)

ary (phi e 5 antibodies S IgMJl

18G ) aed x5 s (Sas L joining chaind) Geub oo Bl V1 4,k



IgG

* Structure: Monomer. (with 2 binding sites)
* Percentage serum antibodies: 80% (the highest concentration).
* Location: Blood (mainly), lymph, intestine.

* Half- life in serum: 23 days.
antigen s¥ie yaar padd gl ) e Llady | aglS agid Liegh 4 sladll (50a
¢ £33 5358 28 ~ ) antibodiesd sie c=lla 5 B cell activation s presentation
.. oee Jsh Jaty W transient ¢S S
8 _mal agila 3 38 gntibodiesd) Wl .. memory cellsd! ¢ 2Lisha 3 8 Jiay A (e
* Complement fixation: Yes.

¢ complement fixation 2= &
L » phagocytesd! 4slew = 5 1 5 antigen <lula o5S Wl antibodyd) 53 WSa
aaliSa M yptaked) 3ok (e 32 g CilS sala 5 Fe receptordh
5 18l complementd! ol sl & 54l A8 )l &
¢ AL Jemy o3 antigend! e 25 0 A antibodydy kA 13 complementd) s
(complement-mediated lysis) W S
So, complement fixation means that antibody can attach and call the
complement system.
Ml gala aanie N antibodiesd) ¢« IgGJ)
* Placental transfer: Yes.

placentad) e ey )3 s 4eaa 1gGJl
(Jakll agléss 38 |gG class o+ antibodies Waie A 2¥1 Ja
RBCsdu AU Rh (D)J) e s
So, Rh (D): IgG class which can be transmitted through placenta.
o2 oW e S deas [gMId) D Ll



* Known functions:

1. Enhances phagocytosis.
2. Neutralizes toxins and viruses.
3. Protects fetus and newborn.
svie Lald ga 5, gm0 Ginll Jan (Saa ¢ 23U JR0 s _nld e Syl eay a8y (oS
4y 5 JAn o placentad) e o8 |gGdl A4S cligd || delia Jlea
e aadd) M gGdl dagd e 3 A i b ddmia Jolall delia Ll () ¢S 8aY dll ey s
2!
(Togom S Janll i 53 130 Lal ¢ 31 sall 4 upaal o (gale ¢« Rubellad) :Jlie el ) siSall)

* Subclasses: 1gG1, 1gG2, 1gG3, 1gG4
the number of disulfide bonds : as¢iw 34l
. Aus functione SST aadie aal s 8 58
Toalilad 4 lalins ¢ L) (udi 4 52 53 B DLl 5 ) gaaall o a4l
. functiondb pein 38 S 5V

IgM

* Structure: Pentamer. (with 10 binding sites)

Uary (phaii e 5 1gG aelS ) Lisa

* Percentage serum antibodies: 5-10%

* Location: Blood, Lymph, B cell surface (monomer)
* Half-life in serum: 5 days (4 yw z 50 5 ey allay)
* complement fixation: Yes.

(stronger than IgG as complement fixation)
. 8 4 S opsonizationd)
* Placental transfer: No.




* known functions:

1. First antibodies produced during infection.
.. =l o 354 antibody Js) s IgMJ)
: chronic infectiond! s acute infectiond! o ol US Wl 15 S35 13) clygd
Acute - IgM
Chronic = 1gG

2. Effective against microbes and agglutinating antigens.
Agglutination: can collect cells
.. bacteria (Sas 5 viruses (Sas s RBCs (Sax -
I Lads 2 cellsd Jazs agglutination Jemy (s Wl cla ae 5 S 4ana IgMJ) -
blood groupd! s <8 e (liie a3 de 2aly L QUL -
IlgM ¢ RBCsd! agglutination dex (lie &S »3¥ A antibody J) s
coombs reagent 4« recoupling Jex iad &l reggent daas US 5l ) giSal) Ss
1gM D) aedsn 518 any e agha s 518G ey
sal 4aas Y agglutination dexn WL 1gGJd) W
. 1lgMJ) Lasé | Y ¢ ggglutination Jex Anti-D lele Culaa 5 andie Cua o) ey

IgA
* Structure: Dimer. (with 4 binding sites)
* Percentage serum antibodies: 10-15%

* Location: secretions (tears, saliva, intestine, milk) , Blood , Lymph.
intestinedb s respiratorydu epitheliumd) (e 5 LiSa
“Mucosal Antibody” 4 5Sa cligd
.breast milkd) Gk e 33Y 51 2ay Jadall 2Y) (e Jiin Wliee milkdl 252 50 Ll laS
* Half-life in serum: 6 days.




* Complement fixation: No.

* Placental transfer: No.
* Subclasses: IgA1, IgA2
* Known functions:

1. Localized protection of mucosal surfaces.
2. Provides immunity to infant digestive tract.
Y Gl infections (» 4xess <& . breast feedingd b (e Jdhll Jay 53l LS
.protection = s intestined! JS b IgAJ)

agglutination Jaz: (Sas [gAJ) 131 ) si€all Jlus las
¥ monomerd S 13 WL dimer s s L el (Seaa (Sa

IgD
* Structure: Monomer. (with 2 binding sites)

* Percentage serum antibodies: 0.2%
* Location: B cell surface, Blood, Lymph.

* Half-time in serum: 3 days.

* Complement fixation: No.

* Placental transfer: No.

* Known functions:

1. In serum = unknown function.
2. On B cell surface = initiate immune response.
(antigend! bindingdl 2=luw)



IgE

* Structure: Monomer. (with 2 binding sites)
* Percentage serum antibodies: 0.002% (the lowest concentration).
.. hyperreactivity dems A 2a ol 58 &Y | IgE sdic 6K a3Y L oanhall (ol
oS Ui L3 s allergy desy o255 Sx
* Location: Blood, and bound to mast cells and basophils throughout body.

* Half-time in serum: 3 days.

* Complement fixation: No.

* Placental transfer: No.

* Known functions:

1. Allergic reactions.
2. Possibly lysis of worms.
3. Effective against parasites.

: antibodyd! (e Caai lial s daall Lasyy 5l Dl agale Ay 44 5k

- transfer through placenta? IgG.

- complement fixation? IgG and IgM.

s Y IgM JUAL ¢l jLall 2J) idae ) Lo 131

- the best agglutinating antibody? IgM.

- the first secreted antibody? IgM.

- the strongest antibody? IgM.

- the highest concentration? IgG.

- the antibody which expected to be in new born or in breastfed? IgA.



f1gGd) (1 () amy e WIAY Ly y IgMJ) 531 5 agglutinationd) e (pe 32304l1 & **
¥ self 13 Ada IS agds Jad e Ju phagocyted) s Wl <o ¢ aal g S Lerans i) -
e Je (i clia 20850 Wl ¢ non-self

Al GSa (any ae LA JS pany oY ¢ 2 s ) IgM) 531 Sy clag]

Functions of Antibodies

1. Neutralization (mainly by IgA).

2. Opsonization (by IgG - macrophages).

3. Complement activation/fixation (by IgG and IgM).

4. ADCC — Antibody Dependent Cells mediated Cytotoxicity (by IgG - NKs).
5. Mast cells activation (by IgE).

6. Transcytosis/transport.

i Jralilly agh o5

1. Neutralization:

- Prevent binding / microbe’s attachment.
.. adhesion Jexx Ymicrobed! Jes o 3¥ 53 infection (sb 8 sha Js 0 S 1)
.. 4= target tissuedu 15 » adhesive receptors sxie bacteria sl virus JS
B cellsd) e L infectious mononucleosisd! ke

Lé antigend! 4> 5 bindingd) )&« S antibodyd sl Wli=s neutralizationd) <
.infection _xa:

z_ antibody I lliza GIJ) e 3! respiratoryd) ¢ We | i infectionsd) s
o ST agd 25a 50 5 IGAJ) s functiond) e e 33l gxie o5



BT a0 (A sasm g g antibody J) s s O GOEL WL G ) ga B
Li nz )3 W Leebsy 5 Jay 5 4l gttachment ez s microorganismd)
.. 4xiad 5 antigend) a= binding Jexi A receptorsd! e

70 < 2 s antibodyd) s W ¢« JAn 38 gntigend) f (S L, AUl 8 ghadl)l JA s
AUl LAY gntigend) Jiiy ¢ ada

zs W Ju Free iy 5 toxind) <luais neutralization sellaxi (Sas toxinsd! s
LS s celld) e

2. Opsonization:

polysaccharide s capsuled) & structured) 5 .. capsule Wle bacteriad Qe

.. phagocytosis Lellaxt Crra Wliea Gl jom 50 S Ll Loy 5 (il 50 S/ Sw)
Polysaccharides: sugar residues which are repeated (not complex).

(I8G 0s%) antibody 41 )b 5 xiluw microbed g ks i B cellsd) <

.. Polysaccharidedu as  )dn &Y ¢ 1gG L

oL Sl e LSl e AN 1gGAL das 5 macrophaged) sy (e

Fc-y receptor (b oo SlgGdb basi i as

.. S8 g antigend! phagocytosis ssay 53 ew <8 signaling Jee bl )Y sla

3. Complement activation:
.. ¢S 1gMJ) s Lss s complement activation !slexy 1gGJ) 5 IgMJ) 53l LiSa
OsS  anbll aia glb) sl complement systemd! | iz antibodiesd) i) Sl
.. 09« 480 y Cle (il cascade (e 3)ke o 5., (Jade
S S s normal cell @ilS o Aa 400 (@ 68) perforation Jdesy 58l 43l s C9

.RBC <uils
(L5Sal aalsa Lo Ll el i)

Ex: Lysis of RBCs due ABO compatibility occurs by:
1. Complement system / 2. Macrophages / 3. Natural killer cells.



4. Mast Cell Activation:

- this is non-favorable function.
activation ellery 5 mast celldb ks » 75 0 IgEJ) 5 388l || |gEJ) Jad a5 LiSa
Fc-£ receptor 4 receptor Gk (e
die el Al Wlina |, anndl 83 3 g0 0 5Sh Le oaphall g 5l IgEJ) 5 LiSa g
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5. ADCC — Antibody Dependent Cell mediated Cytotoxicity:
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6. Transcytosis / Transport:

Transport:
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Transcytosis:
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Artificial Antibodies:
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Types of artificial antibodies:
1. Polyclonal antibodies:
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2. Monoclonal antibodies:
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- bind to one antigen.
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Differences:
Polyclonal - from different B cells.
Monoclonal - from single B cell.
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Polyclonal = batch to batch variation affecting antibody reactivity & titer.
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Monoclonal > mAb (monoclonal antibodies) offer Reproducible, Predictable
& Potentially inexhaustible supply of antibody with exquisite specificity.
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Polyclonal - NOT Powerful tools for clinical diagnostic tests.
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Monoclonal - Enable the development of secure immunoassay systems.

Lgeddil 38 Tas 4880 b specificityd) 53 LS ()58
Immunoassay: procedure for detecting or measuring proteins or other
substances (ex: antibodies).

Monoclonal Antibody Applications:

1. Diagnostic tests
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- they are capable to detect tiny amounts of molecules.
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- used in pregnancy test
(B-HCG).

2. Diagnostic Imaging

- monoclonal antibodies that recognize tumor antigens are radiolabeled.
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3. Immunotoxins

4. Clear pathogens




5. for Treatment
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Monoclonal antibodies are specific, selective, effective, constant
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Cetuximab (successful for treating lymphoma).
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Good Luck



