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Adaptive immunity

Vaccine stimulation

AMPs Innate immunity
stimulation

specific organism protection

with memory

Wide protection
without memory
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Anatomy of a Lymph Node

Afferent
lymphatic
vessels

Lymphatic nodule

Germinal center

‘. ~

Capsule

Efferent
lymphatic
vessel




Ol Bk e Bl I 4y glaalll LA Jaxs)>

O sl s aalll el s (59 JS oy Jsaall e >

Jrdi (53 (g0 A slaalll LAY 855y yae ale (5 25a 5 a2 a5
‘U yaa Jale s J\ALH>

LAY e 3 ganall 5350 5l Ay glaalll due oY1 5u ok oo cilacaivl Jax)
oS ~.~S\

Al g Al LAY Jaitid
O ) Ay il ) Lgia g L jaaall 3Ll 5 jabeal) Laalll ele gl ) o)

el



WTMRY AR wE [ xoF
Lymphoid Tissue

Aplalaall Jalsall dles o A gue (o2 5 Aplalaall ddasi jall 45 5laalll daua¥) -1
15

40 glaalll Chlassall

B

b Gl ]

elaa¥h Jasi jall (g glaalll |

Cilaadlly o jall (5 slaalll mpsill

Y o salilly Jasi el (5 slialll ol

il 1 gal) Gy Jasi sal) (5 slaalll el

VVV VY VY



WTMEY PR W T xef
Lymphoid Tissue

Al USAl 5 Gails jas UDIA (5 say alally Aasi yall &y slialll iyl -2

The Lymphatic System

Cervical lymph nodes

Palatine tonsil
Thymus

| \': Ax !I rj.rlymph
R;ght lymphatic
’ , Spleen
J '\
Cisterna chyli "3 %{ Thoracic duct
{ ‘ 3
( I g Ilymph



=Ll jlgad) ali g<a
LMall -2

( CD34) akaall 8 85352 sall <ol 50l 3a0sia 4y geall dpe dal) 4041) Cye L A
. ! ..S)_}LA:\SA

L_mbﬂ\) L_a\d.\;jj\jd_\.\;.d\ ;La.u]\ L_L\)SJ\ {;.Lvu er\ MJ&J\M.\LAM\ -
M\ LA g claaiall g o) gaall

iy bt A - A gliall) Aile 4081 ¥

Gy g Wl JaSl o gl 1 aliad) 5 (e Jii ) g Al il gl 3>
Al il e

u\”mg\dm“u\ @}w@n}uu\uujw»




Cells of the
immune system

B call
progenitor

Lymphoid lineage |

-

Lymphoid
proganitor

Hematopoietic

stem cell
Myeloid
Myeloid lineage pmgianmr

Nafural
kilter cell

T cell
progenitor

T cell

Eosinophil

Monocyte

Halpar T cell

Mast cell

Basophil

Mermnorny
B call

+ l“x—

Plasma call

Dendritic cell

Macrophage



= Liall Jlgad) cli gsa
LMall -2

Macrophages a8l Cladldl | clas ) A
Lymphocytes 4 stialll ¢lagll LA A
Neutrophiles dlxixall ¢liandl LAl A
Eiosinophilesiuacall ¢landl LA A
.Basophiles 4uslus¥! slagll LAl A
8,

/() oo
0 . v 0 @ ©

Redbloodcell  Platelets  Monocyte Neufrophi  Eosinophil  Basophil B lymphocyte T lymphocyte

l :




IMMUNE SYSTEM CELLS
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Stages of phagocytosis
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@ A bacterium
engulfed by a
macrophage iIs
encased in a

vacuole. (2) Lysosomes fuse
with the vacuole
Antigen and digest the
ﬂ\ bacterium.
\ Macrophage

MHC 11

(3) Antigens from digested
bacterium are presented with
MHC |l on the cell surface.
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Professional APCs

N

B gls

DCs and macrophages
Key features Key features
* Phagocytic * Internalize antigens via
* Express receptors for apoptotic BCRs
cells, DAMPs and PAMPs » Constitutively express

* | ocalize to tissues

¢ Localize to T cell zone of lymph
nodes following activation (DCs)

* Constitutively express high levels
of MHC class Il molecules and
antigen processing machinery

* Express co-stimulatory molecules
following activation

MHC class Il molecules
and antigen processing
machinery

* Express co-stimulatory
molecules following
activation

Atypical APCs

e >
\‘.'\‘-‘5-'. S
o

Mast cells Basils Eosinophils  ILC3s

Key features

* Inducible expression of MHC class Il molecules

» Antigen-presenting functions limited to
specific immune environments (especially
type 2 immune settings)

» Lack of compelling evidence that they can
activate naive CD4" T cells in an antigen-
specific manner

Nature Reviews | Inmunology
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Antigen-capture mode
Low MHC I
Low costimulation

Highly phagocytic
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Immature
Dendritic Cells

W Co-stimulatery molecules

v MHC Il Expression

Secretion of
W pro-inflammatory
cytokines

A Phagocytic capacity
W CCR7 expression

Vv Glycolysis

Pathog
Cytokines
PAMPs
DAMPs

h Mature
Dendritic Cells

(

A Co-stimulatory molecules

A MHC Il Expression

Secretion of
A pro-inflammatory
cytokines '

W Phagocytic capacity
A CCR7 expression

A Glycolysis
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Natural Killer Cells (NK)
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CD] gt

CD56bright
o~ CD94/NKG2A

CCR7

Cvytokine secretion
IFN-y, TNF-ct
IL-10

Abundant cytokine production
Immune-regulatory or inflammatory

responses via various cytokines

Low cytotoxic activity

EFFECTOR
FUNCTIONS

CIDIe™

ChR56um

CXCRI1

Ch62L CX3CRI1

(L-selectin) !

Cvtotoxic granules
Perforin

Granzyme

High cytotoxic activity
Clearance of tumor cells, transfected

or virus-infected cells

Low cytokine production
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Cell type Cell surface markers®

T cells CD3+

B cells CDI19+

Monocytes CD14 +

NK cells CD56 +

T/NK cells CD3+ and CD56 +
T-helper cells CD3+ and CD4 +
T-suppressor/cytotoxic cells CD3+ and CD8 +
Activated T cells CD3+ and CD69 +
Activated B cells CD19+ and CD69 +
Activated NK cells CD56+ and CD69 +

“ All subsets were analyzed with a lymphocyte gate except for
monocytes, which were analyzed with a mononuclear cell gate.



Pathogen-Associated Molecular Patterns (PAMPs)
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PAMP-triggered Effector-triggered Effector-triggered

immunity susceptibility immunity

PAMP PAMP PAMP
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Host Pathogen-Recognition Receptors (PRRs)
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Pathogen-Associated Molecular Patterns (PAMPs)

flagellin Flageuin
\'A'.

[ Professional |

production and secretion of antiviral
Phagocytes interferons and other cytokines
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MHC class | MHC class |l

Peptide-binding Peptide-binding
cleft cleft
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Membrane-distal

domains

Membrane-proximal
domains
(Ig-fold structure)
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" Transmembrane
segment
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Mast cells detect injury to
nearby cells and release
histamine, initiating
inflammatory response.

(2) Histamine increases blood
flow to the wound sites,
bringing in phagocytes and
other immune cells that
neutralize pathogens. The
blood influx causes the
wound to swell, redden, and
become warm and painful.
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Systemic
bukﬂnytes response

Capillary
widening

_. Extrﬂasauuﬂ Fever and
Increased Fluid release _of leukocytes proliferation
blood flow into tissues to site Gf injury of leukocytes
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Classic signs of inflammation:
eain, swelling, redness, and heat

Chytokines and chamokinaes
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Tissue remodeling in Human Disorders
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Chronic Inflammation and/or persisent irritant

v

production of proteolytic enzymes, growth factors,
fibrogenic cytokines and chemokines

excessive deposition of connective tissue and progressive
destruction of normal tissue organization and function(s)




Acute vs chronic

inflammation

ACUTE

CHRONIC

Causative agent

Pathogens, irntants, damage

Persistent acute inflammation due to non-
degradable pathogens, persistent foreign
bodies, or autoimmune reactions

Major cells

neutrophils, basophils,
eosinophils, monocytes,

Monocytes, macrophages, lymphocytes,
plasma cells, fibroblasts

macrophages
Onset Immediate Delayed
Duration Few days Up to many months, or years
Outcomes RESOILIIGN, GFS0L fanTialien,; Tissue destruction, fibrosis

chronic inflammation
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Malve T cells
CCRT

Primed T cells
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Summary of Lectin Pathway Activation

Activated MASP-2 cleaves
C4 to C4a and C4b. Some [ MBL or Ficolins ]
C4b binds covalently to 1
the microbial surface
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Classical Lectin Alternative

Antigen-Antibody Pathogen Activating
Surfaces

Complex Surfaces
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Opsonin Action
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A The JAK/STAT pathway. Schematic of the signaling cascade induced by
cytokines that signal via the JAK/STAT pathway. Cytokine binds to a
specific receptor and allows transactivation of the associated Janus
Kinases (JAKs). Activated JAKs then phosphorylate tyrosines on the
intracellular domains of the receptor which recruit the Signal
Transducers and Activators of Transcription (STAT) transcription
factors. STATs are translocated into the nucleus and upregulate the
transcription of cytokine-responsive genes. SOCS proteins are direct
targets of STAT and act as negative-feedback inhibitors to switch off
the signaling cascade
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T cell subsets | Cytukina_prnductinn Function

Cell-mediated immunity
IFN Inflammation
TNF Host defense (virus, bacterial)

Humoral immunity
IL-4 Allergy
IL-5 Host defense (parasite)

Ha’wa T cell activated T cell

IL-13
CCR7 C}(CRE
Inflammation
IL-17 Wound healing
IL-21 Host defense (fungi)
IL-22

Homeostasis
TGF- Regulation
Suppression

B cell maturation
IL-21 B cell differentiation
IL-10 Autoimmunity
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Cytokines

Interferon family

Chemokine family

Tumour necrosis
factor family

Interleukin family

Haematopoietins

Transforming
growth factor beta
family

Action

Antiviral proteins

Direct cell migration,
adhension and activation

Regulate inflammatory
and immune responses

Variety of actions
dependent
upon interleukin and cell

type

Promote cell proliferation
and differentiation

Regulation of immune
cells
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Affinity of antibodies for antigens can vary
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(a) Affinity versus avidity

AMinity refers 1o the strength Axidity refers 1o the strength
of a single antibody—antigen of all interactions combined.
interaction. Each 1gG antigen lghd typically has low affinity
binding site typically has high antigen binding sites, but

affimity for its target. there are ten of them, so
avidity is hegh.



Affinity vs. Avidity

Affinity - strength of : Avidity - total strength of a
a single interaction : multivalent interaction
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Equilibrium binding equation

Ag + Ab = ‘;; Ag-Ab

_ [Ab-Ag]
Ka= TAbl[Ag]

If binding 1s weak: k2 (off rate) is high, and Ka
(association binding constant) will be low
(equilibrium shifted to the left).

If binding 1s strong: k2 (off rate) is low, and Ka
will be high (equilibrium shifted to the right).
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The ratio of antigen / antibody
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mediation
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H, L = heavy, light chains
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Antibody
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A B cellis triggered when it encounters its
matching antigen.

\ The Bcell engulifs the antigen and
digests it,

then it displays antigen fragments
bound to its unique MHC
- molecules.
- 0

<>

T his combination of antigen

\and MHC attracts the help
ofa mature,

matching T cell.

Cytokines secreted
by the T cell help the
B cell to multiply and
mature into antibody
producing plasma
cells.

Released into the blood,

antibodies lock onto matching A 4‘ ].

antigens. The antigen-antibody complexes are
then cleared by thhe complement cascade or by

the liver and spleen.
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Passive Immunity
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Monoclonal
antibody

Proteins on
the cell

Monoclonal
antibody
locked onto
the protein
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Monoclonal antibodies
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Polyclonal vs. 'monoclonal—"

Polyclonal Monoclonal

* Cheap to produce * Expensive to produce

* Mixed population of antibodies - Single antibody species

« May bind to different areas of - Will only bind single specific
target molecule site

- T:::Iergmt of small changes ir:u « May only recognise a particular
protein structure (denaturation, protein form (phosphorylation,
dimerisation, phosphorylation) dimersied)

« Infinitely renewable

X

Polyclonal antibodies

Monoclonal antibodies
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Th Cell

TCR-CD3
complex




Structure of T cell and B cell receptors 1

Surface immunoglobulin Antibody T-cell receptor
or B-cell receptor

antigen-binding antigen-binding site

site n
/\ B ™

— variable regions —

=

light chain
= -

— constant regions —

heavy chain

transmembrane
region

transmembrane -
region

a chain B chain
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1. The T cell receptor on

a CD4+ T cell |
recognizes the Antlgen

pathogen peptide presenting cell

displayed on the MHC } ol
surface of an antigen dase 1

receptor
presenting cell P

2. Different types of helper T

cells (Ty) are produced Tyl ce_l_lg_help Ty17 cells help

depending on t_he type ‘?f activate recruit

pathogen that is recognized  macrophages and neutrophils and
cytotoxic T cells macrophages

Ty2 cells help
activate B cells
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.

Antigen Presenting
Cell (APC)

e.g. B cell, Macrophage,
Dendritic cell
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“Guys, | found something.
Activate!”
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t . Naive T cell
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Regulatory T cell

CD127'o




Suppression of autoreactive T celils
by regulatory T cells (T, ;) requires
them to interact with the same
antigen-presenting cell

Figure 719 The immasna System, 3ed. |2 Garland Scisnce 30091
@) L all®
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' _ d Antigen-presenting
cD8o0O/ call

CD86 .:

CD4+CD25+ o
T cell

Suppssﬂr

molecule
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| Suppressor T cells or T,

Monitors the immune system and keeps
it from running out of control

Brings the Primary Immune response to a halt
after danger has passed.

These cells may inhibit remaining appropriate
virgin T and B cells.

Since their lives are short (T and B cells) T, cells
only need to suppress for a short time.
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CDA45R CD45R

CD2 CD2

CDS CD3

TCR ¥ X TCR

CD4 » CD8
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Infected or
cancerous
cell
(any kind)

Cytotoxic
T cell
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ACTIVATION

Virus

LYSIS

Natural killer T Cell infected
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Fc receptor /

Antibody i

Target cancer

antigen
2

Cancer cell .
Perforin and Granzyme

released
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@ virts-infected cell
PEA 'an:;:er cell

1 bacterium-infectad cell

killer T cell

The killar T cells terminate cancer cells
and cells infected by a virus or bacterium.
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Adaptive immune response
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T cell CD antigen - B cell CD antigen-

CD45R CD45R
CD28 '

CD40 CD8o0

CcD2

CD3

TCR

CD4

Dr. Rima Aldounia



WYKF3rk W FTahbh 3CFIB

Alealiall deLidll WA J (e zeadll oY1 adsall 8y jad) Jalall e ol oy

S MHC ILMHC | Gaub oo daiuall dadtal) GIAN Ao gy cu jall acaival) Jesy A
Adalll d8al) (Jie 4y il dgalll eliac )

53,0l Adalll Fae Y1 jue A glialll saall diatieall dadiall UMAY Jis A
umﬁdjmmséjmjw\omd\UAM\MA@M\J\DM\A;\).uA
yﬂ\u&b%@@ﬂ\b)\d\h\ym,&

Dr. Rime ounia



WYCFAF FTRIPEF NAK prraksr wyCrF froiblF Syyh

o et Capn ) ddhaie ) Azl LAY Jie acaioall denial LAY Jaxs dlad) i
Mﬁu\ Jals @l jLE) Je s BCR ik (e 4 sy aaiiwadl e 400 LK)
AT g

Jandtll 8IS e ) ¢S5 <l HLEY oha A

22y e 4wl MHC 11 Gk 0 Leadaws e i je 5 duaiinndl) daaly 4000 44080 o 65 |
PRERI R

Sl @O ge leadan o e LS AilaS ldls Aedall 500 LAY i A

Cre 40Ul LA Cds 25 CCR7 Alaaall A0ll) LAY 5 5y yé L..;M.\ s QA A

il W e 8 sl Cuany dall Cp Alaldl) 20 aal) dikas \g\ﬂf@um
A gaal) dakaiall ) A0l LA Qa1 g0 3 CCL2T (AhesS

WA e AT o (Aieardll UIAY ool daiiadl UDAY) (oa e cid gl uds 8 A
TCR u)\-d\ Jusiiay o o A MHC 11 4kabu 5 ‘*jj‘

I’

Dr. Rime ounia



WYCFAF FTBIPEF NAK prrakbrs wyCRF FroiblF Syyh

AL LAl 5 Lol cilaaaall aal e cd pad 40l LAY 4 6S5 Aladl 20 A
Acabuall (adt e HAL 2 e b g

e ety AilaS Glila 58 Jadtl il e 380 LAY Co jati Ladie |
LSl clilall c e e Leataws

Gaoh e il AL AR A08 Cua Lagin (o slail) Caoay i) oG vie
Aol 2100 46 TCR = Jasi_ypw 53l MHC |

Al 5 HLEY) Jla ) e Abl) 20al) o bl A0a0 o slaill (a ja ol Y 138 4
At g lati K130



WYCFAF FTBIPEF NAK prrakbrs wyCRF FroiblF Syyh

AL 5 A Al G elad¥1 AL Jelds Gaaay

Al Al e acaieall Jaladl MHC 11 g 4336 40800 (e CD4 5 TCR kil A
CD40 oo Agbll Aal) s A

duaially Lkl )) 455 CDAOL ¢ A8l 40 et

A5¥) 5 LAY Wlhe CDA0 e CD40-L Juivuall Jagi 5y A

mhu o CD28 ae dasi jus s B 7 (gl Al Adall 5 a5 i gl iy 5 A
@A [L-4 a4l LAY Jadwid 4l 3 jLaY) Gl dallas sac Lol 45110 LA
@m\ SJL.‘A\;J\NLA 4\_131_15\ ‘\_\u\ C.LMLAQDJP‘}AM "GM@L.\.\JM

B7-2 s B7-1 (e 58l B7 o gyl sadasdla



WYCFAF FTBIPEF NAK prrakbrs wyCRF FroiblF Syyh

Sl A

Jaive Jalsi ) & (o) Al LOAD) (e i L) Al WA Japtis callay A
Al ae 400 WIAN mdas e ia g yaall sl (38 63l M32ay CD4 40U

sle Al LA dagi jul 4500 WAL o 5 )8 (o) B 705 5 0 (o Al 5 LEY1 5 A
| D28 Jiiuall

Lot e Lusall 20000 LDAN (e 0 HLa) allati g8 45001 LA YY1 Sl
AL Lasi 5 3 CD 40 (CD40-ligand) Ll 33Ua) a 4Gl 5 QUK gl
Al Ll e CD40



Antigene

BCR

IL2/4/5

307 Dr. Rima Aldounia



Antigen-Presenting
Cell (APC)

Histocompatibility
“+—molecule
peptide

Bi7 =
“Signal Two”

CD28 =~

-~4+—T cell receptor

“Signal One”

T cell

One method of the “co-stimulation™
needed to activate T cells. Ifthe T cell
falls to recelive “signal two”, it dies by

EI(!JnEtnEIE. (BT comes in two forms: B7-1
D801 and Br-2 ICDBSY. 000












WYCFAF FTBIPIF NAK prraksrs wyCRk FroiblR SyMyh

A e A0 gaal) Ashaiall e Aipmae ddlie ) jaled s bt o Anbll LAY il A
SRR el G gall ol &8 gall

Aakaio () 488 al) 4000 LA e ) il pal) (3 Aedall 4000 LA e 6 5 dg
o.J.uu \.@_\5 )4\<H o H\ 4.\5}‘}]\ L_i\_u);j\ L_UA ).o.usj\

Germinal Gu\_u\ ﬁf&;&@ﬁbu\_u);uj\ JJMMJY\ c_\\_uJ;J\ d);_uA
@J.J\ b_c\_ud\ a_\\jaj\ O anlill AJ;)A\ Lia \J.uj Center

dpana Gl ik )
Lf""’j‘ k| 3>

Dr. Rime ounia



Oihia (pe (LS S all Cally A
-43<)al) Adkatal) A
5 sima e Arana Ol ida ) acadio sadn s de yun Aledall 400 UDIAY 4 KT
) By s 1o T el A8 1 s ] (e 3 il Al
Y S el e 5yl Adlaiall W AGLL AL LAY jalas
et sy tdac B 5 >
A doiard LIA J8 (e il Lgle (y pmy Cua 000 LIAL sy elas) v
G A Dga lgde |yl g acainadl ddle dal) gan Y Al 4nldl UIAL alein) s
' ccmall 8 AL LI 8 (e Letaaly AT g ra yaa
Al LAY e dia e g dcainal) Aadleay dallal) A6 13 4500 LAY o 685 Ly v/
20 s Sadall ) iyl iy paiast) il 3] Lt 2 B Lana
Lead Coany Aad 5yl 3
dxll 8 Jan leia and |gM oY)z Sl Plagsma cell @i JS585 s pladv”
uﬁ\ ) gL@_, Ty Lokl (a8 ¢y o5 5adaa By T ddalll
&= 8 () AN g gl g s Sk . -
138 5 JgM Jsad sy Cua aall &Y ) LAY acads o dlacay Ul
53 jaadl G gl A s AT WA 3ae Lusas jA

Dr.Rirna Aldounia B cell memoryv’



Germinal L
| Fate decision
Center <oy —

Plasma cell




cY hfF UblYxbF
Class Switching

A e Casiia Ul ) gV alacal Z Ll ce 400 LAl J et ddee o A
A 5 Bae Lsall A0l LAY 808 cnd alaca) 8 ALE ALdlll & g5 yaed s A
; L 5,8 Al LS il

Ao Adliaal) daa ol gull bl a5 5 acall A0 dshaiadl e Leie Caagdl A

Ba JS (8 4l sacaiuall dasdl by )1 3 pial) ddhiall e ddadladll

IgV! add it e Lusal) 4500 LAY e slaie V) () o0 400 LA Joedi die

(e YulgE Uy Salail) Al LAY asiiv 4500 LAY J8 e [L-4 )4 die A
lgM

1gG WY alaill I Asbd) UGIA astic |FN-y )8 xie A

IgA Y bl I AUl WAL 4atin TGF-B Il xe A

Dr. Rime ounia



G‘ia“fn'ﬁna! "
center N

IgE* B cell



DFCY bF OfiM cIiPF cKearfF MEHTHE

A0 N Adatdl) e lial) dglatal) Gaanti 3 pe J oY daiisall a y2illl 2ic |
Maa¥) ZUY a5 15 M & sl (o Dysha W5 AlainY) o2a 330
18G 1 el (a2 7-15) s a3 IgM (o Al daiall slaa¥l &

Uadddy a3 35 Al Jial s aulad DA )il |gG s IgM dlaaY) e adi 5 A
S Yy Gl i ) Jiai Ay gl 3l |G paindi s IgM o888 Ly yai W e
0L glsa (aladl) ya \";JL
dﬁw(ubud)\a)tg‘)jsd&w.\mLJJLJ\?.\.\M\AOJAMJM\JPJJJ.GA
e 580 5 1gG Ayl gl s ALl 8 silae Ty Jeis 1 5 SI LA
T 50 Aalal) e Lall Aaiu) (e Ayl o3a 5 duleal) (el Al

317 Dr. Rima Aldounia



Incubation
period




Wy APHF WKF3riF 6y33h

lzalioan VU LoV Gasy Y s b slaalll fpe 3290 30 lae Y1 (e La g Gealill Cany
Lol Lia il 25y 4
J:.AAL?J\ 4\.\4\.&\ b)ﬂ\wuah_d\ LA\ L;Jﬁ&ﬂ\ J.ud\ u\}u».uY\ b}dus.u,&

gwoﬁijmuqu\b)d\ JJS)L;C\_\AM a_a\jal\u.oel.@_u‘zl\m

LAY dolacid o 8 e aall 2000 LA Zalid) daad 1) 453830 \J\eﬁuuj\i\
Alaal) e ASy e S i C\_u\muu\

3% s 5 BCR Jaiias (3a FCy Jufiinn aae dagi yy dialiiva-dia dixe JSa Eun
Uu\uwg\mymw,)ujmuwng Ko ITIM &5 Jumii sy g
oY) U (e anlly Jpeiil

Dr. Rime ounia



Aadls LA (5Si5 CD8 ) CD4 Lol elliad LS TCR lbiai g (s gagill 8 Alill WMAN eaii A
LA G g5 5 e J Y w\@uﬂj@u@w\ ;wy\@MMM\w\@émum i

Jaxil) 350 i gllati g dleld WA 11 Jgai |

) g5 sLaY) o285 CD8 5l CD4 Bl ¥ 138 sy o guall€ll 3 ) 555 CD3 293 2 TCR @ MHC 11 asi s A
e Al ey YD a3 68 Cua AdAl) JAla Kinases <ol SN clay 331 58 5 Alill LAY daydss
aal WS iy saii S AQIAN 5358 (6] Lo ld &y 3 Lea 4080 JAka 33 a gall i g pall ) i 54
Al )Ll (M dalan o4y Jesill A4S e 5 LAY o2 (815 LS sl ainail ZLisY) Jal 5o

g daiinall daxiall 4180 40 CD86 (B7-2)5 CD8O (B7-1) blii)) (panais Libll 3 L&) of Adil) dagad 3 L&) A
il ) e CD28

&AL\_\AJY\ J.\f\.AS‘\.@AquZOeMY\j J.\\.A.\j\ L_Ac 4_1.11_\]\ \_1);}\ B=PY DIAJY‘ th.\ Lscb.od.wmd&md]mj A
eliddl Ol sl admid acatieal] Gl dulal)



e Al e dasi A [1-2 )80 Al Adal) GLE o i) e e i A
Al LA

LA ) et Al 308N Jeay La A

3) TH1 W T helper cell 3as bl 4000 LAY aas AN T cell effectorv’
TH2

T cell memoryv’
LAY 4t Clins giu ) 88 Lail 95 piilae da gadiall 0a0) 565 Y sae Lol 400N LA A
Lala o el Jelall U8 oga 1 Al

321 Dr. Rima Aldounia






T hel er cell

— > %ﬁ\

er cell B cells

Antlbﬂdles
~ [ helper cell , -
€ e
macruphages

Antigen

323 Dr. Rima Aldounia



CD8 Aaludd) duilil) LMAL) Junds

fabal) Al LAY e MHC | oaedl) (380 5l Siaa dcaiaall daxiall LAY (o yai

CD8 2525 TCR s MHC | e Bl )Y oy A

sac Lusall 4Ll UDAT Jerdi < ) s 8 Caag A

sy A1 L2 Lealiil e dalodl LAY Jandi 8 Alelal) sae Lual) i) LAY aelo 4
Al LAY il

) CD8 LAl i A

gl AdAl) J8 g Ja o83 Al dalid) 40U LAY & 5 T CD8 effector v/
(A seiall 2Tl LAYY 5y

T CD8 memory v

324 Dr. Rima Aldounia



CD8 4alead) dyitil) LMAT) Jamds

e liall clatiall g5k e Caagl) AN aa debull Al A40AN Jagi i A

CD8 2535 MHC | &= TCR A

B7 ¢«CD28 L1 x A

Cargll Alal) (e CAM-1 e Aliad) 4l 40al) (e LFA-T dasi g A

Ll olaily ALl Ial) LoDl gins (o 331 pad) g sl s o jai A

ooty Al plie sladily Aslll Ciluual) a81 3 yiia e piiay (ESY) il a8 A
Liladia

Joral) JOGA) Ayt e jladl ) Lage Caagll A0AN slie & L Culaaly (bl 2 sy A
Sl
IS o phalls alad) 5o ylall e A



CD8 Aaludd) duilil) LMAL) Junds

Cangll A8 e aldill 8 4l A5yl aati o debad) QAN (S A
(e CD95 (FAS) isall Jifisa ae dalial) 450l 40800 (e FASL Ll )l 52 5k oo A

< ga L?J\_d\_mj ( Caspase LL\LA:\JJ‘) O gall IS (ian pad ) Sll dan 5 Cangd) A1l
YN



Cytotoxic T cell Activation and Action

) ) o HC-1 TCR
7. Antigen V. \ T immature

recognition .
)’g T cell

s - e ___,-;'l. A 3 . 4
T -
— — ‘ ,—J P =
Antigen // T
FOn

2. Clonal selecti

Memory T cells

Target cell dies

Infected/cancer P gl

target cell ; _
327 Dr. Rima Aldounia



Two Signals for T-Cell Activation
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IL-12

The interaction between dendritic cells (DCs) and T cells involves three signals
Expart Reviews in Molecular Madicine ©2002 Cambridge Univarsity Prass
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