Ml 13 2%k Cell-mediated effector responses

— Humoral immune responses: &0 S0/&el &ME =ZHIS
St neutralization AlJl= 2 U&et effector Nl A& S 8L
- Cell-mediated immune responses: intracellular pathogens XZE&ot1] U=z cellOlLE
tumor cell S HIHAIZILCH
- Antigen specific cellst nonspecific cells & Ct CMIO ZHE StC.

[ Ag specific cell- CD4+ TH cell, CD8+ cytotoxic T lymphocytes

| nonspecific cell- NK cells, M, neutrophiles, eosinophiles

Effector responses:
- 2JtXI2| catagories2 LI=Ch.
i ) Effector cell for cytotoxic activity; foreign cell OIL} altered—self cell& lysisAl2|=
cytotoxic reactions &I AI2ICH
— Cell types: Ag specific CTL, Ag nonspecific NK, M
i) Effector CD4+ TH cell: mediates delayed-type hypersensitivity reactiong & 22!Ct.

General properties of effector T cells
A) Activation requirements
- Naive T cell2 effector T cell2 proliferationTl ] differentiation&l 2] <I6H primary
signal OIL} co-stimulatory signal& R TotLt effector T cell&2 TCR-mediated signalGt
©Z & (co-stimulation 810|) BtSSIC}.
- Naive T celllt effector T cell2 MZ CHE CD45 isoform2 28 SHCH: CD45RA (naive
T cell), CD45RO (effector T cell)
- CD45R0OJt TCR complex@ coreceptor@! CD4L} CD81 H= & associationtS2
memoryLt effector T cell2 co-stimulatory signalOl 222t SI0|& 2U23HH BHSSHCE
B) Cell-adhesion molecules
- Cell-adhesion molecules (CD2 and LFA-1)

—Naive T cells: Low

—Effector T cells: High

C) Effector molecules

I TABLE 14-2 EFFECTOR MOLECULES PRODUCED BY EFFECTOR T CELLS

Cell type Soluble effectors Membrane-bound effectors

CTL Cyrotoxins (perforins and granzymes), Fas ligand [FAS)
IFN-y, TNF-B.

Tyl IL-2, IL-3, TNF-p, IFN-+, Tumor necrosis factor 3 {TNF-B)
GM-CSF (high)

Tyl IL-3, IL-4, IL-5, IL-6, IL-10, CL40 ligand
IL-13, GM-CSF (low)




Cytotoxic T cells

— CD8+ Class | MHC restricted T cell.

- 0l cytotoxic T cell2 lytic activityE JtAI0H S8 virus infectionOl & cellOILL tumor

cell St 20| altered self-cellEE QIXIot0 M AHot=0 SR8 JIsS &Lt He HEF
=82 CTLE & 30l U= altered cellE= 2

9| nucleated cell&2 Class | MHCE @&t
KIS HMIHAIZ == QULCH.
- Two phase; i) Naive T cell2 activation Al2112 differentiationAl24 functional effector
CTLZ HEAIZI= S
i) CTLOI S28&t target cell2l membranedl &M dt= Ag-class | MHC
complexE 2 XIotH ZEXH2=Z 1 target cellS ItulAIZ2ICH

A) Generation of CTLs

- JIs&2Z Naive T cell2 target cell2 =0/Xl 26t2& 0|E CTL precursor (CTL-P)
et StCh. CTL-PJt &2 &3l activationTl2 LY cytotoxicivity JIs2 JH&l CTLZ &L
CTL-PJI CTLZ & &L =des A 3 954 signalg 22 &t

— Antigen specific signal by TCR-Ag—Class | MHC complex

— co-stimulatory signal;CD28-B7 interaction

— A signal by IL-2 and high-affinity IL-2 receptor
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B) Destruction of target cells by CTLs
— CTL-mediated death2l events; conjugate formation, membrane attacks, CTL
dissociation (and recycling), target cell destruction
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- CTLOI target cell22H =2cl&0 EHM LI target cell2 apoptosisOl 2loff =11
CTL2 CtAl recycle=l i CtE target celldfl &S StCt.

— Conjugation: TCR-CD3 complexJt target celltl A= Ag-Class | MHC molecules2
OIXlat) CTL membranelll /= receptor@ LFA-10] target cell® adhesion molecule?!
ICAMs 2t bindingdtO conjugation® & &Lt

- Ag—mediated CTL activation2 LFA-1Z low-activity&EH0l Al high—activity & EHZ M &t
ot 5~108 &% ®|AXot2 Y = CHAl low-activity&tElE2 =O0F2tCH. 0|2 Qlaif CTLO|
target cell2 % & dissociationdtHl ECH (LIS0 LOHY).

£ &g4&dt=0 0l granules=0lE 65kDal
[

— Effector CTLE storage granuless
OtE = proteindt "granzyme'Ol2le ¥ Z£F9

"perforin"0l2tl= membranelll poreE &t
serine proteaseE E&otl] UL
- CTLYt target cell@ conjugationE &4&otd ULYH perforindt granzyme proteaseE
exocytosisOl  2lal  =el StCh. 0l perforinOl target cell membranedt &EdHH
conformational
change& 203
target-cell
membrane0l & A
Il 1 F Caz2+Jt
A2H monomers0l
polymerize©l 0 &S
9| poresE Bt=CL.

J&: CTL-mediated pore formation in target—cell membrane.



— Perforin0fl 2o 2421 membranell pore= complement-mediated lysis@ Hl=olLCt.

- Perforin0il 2ol E@4&E poreE S0oll granzyme protease=0| target cell2 SHIIH &
0 1 HEUA CTLA A= Fas ligandt target cell@l Fas receptordt interactionES &tH
Tl granzymell & caspase (cystein aspartate protease)cl= protease cascadeZ

o

A 3IAIH apoptosisE S EFHCE.

GRANULE EXOCYTOSIS
S _PA’I'I—N\'«’AY FAS PATHWAY
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Natural killer cells

- NK cell2 29st J1g0l &AHGHH =R
miceE negative control& AtEotd &AE= &L+ otLt, negative control sample®
non-specificotHl LEHRZ tumor cell@ lysis A= XS LAHASITU LD 1 cell2 HEMHE
LI large granuler lymphcytesQ 204 OlE natural killer (NK) cellOl2t &tCF.

- VirusLt intracellular bacteria 2680l UGS &2 NK cell@ =J| &0
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- NK cell activitye= IFN-a, IFN-B 2 IL-1201 2|alf stimulation=! CF.

A) NK-cell lineage
— Bone marrow derived lymphoid cells, T cell2t membrane &2 HI=& &0l 2L}

0l= thymusWl M maturation® Xl 2 =Ct.

B) Mechanism of NK—cell killing

- CTL DBr&IEXIZ NK-cell@ cytoplasmOl 2 perforinOlLt granzyme=2 & Rote=
granules= JIAID UL NK-cellO| target cell@ &H0l= mechanism2 0l perforin0l

Lt granzyme=S 0l 28t apoptosis2A CTL mechanismit S AFGHC.

v¢ CTL cell&2 activation=/d Y & granuleOl 2J|LF NK cell2 &4 granuleS JIXI1
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Antibody—dependent cell-mediated cytotoxivity (ADCC)

- 2 cytotoxic JISE Jt&l cellE2 membrane EHN XM Fc 222 2XNE = U
= receptorE JtA D QUCH. HHE &It target cellel S8 222 2 RAIGtH bindingdtH
1 gHMel Fc 2201 cytotoxic cell@l Fc receptor® binding& 22 A cytotoxic cellOl
target cell2 Lt AI2ICH 0lei8t EEH2| cytotoxivityE antibody—-dependent cell-mediated
cytotoxivity (ADCC)et StLCt.

StCt.

- NK-cell, M¢, neutrophiles, eosionphiles S0l ADCC type BtS=
+ M¢— lysis of measles

ex, i) measles virus infected cell + anti-measles antibody
virus

ii) helminths (schistosomes)+ Ab + eosionphiles — cytotoxic lysis
- ADCCOHl 28t target cell lysis= complement lysis2t= ZI0IXISH OE O

mechanismE0| S§&XO 2 &&Z6l= A 20,

4 Lytic enzymes
@ Perforin

® TNF

¢ Granzymcs

J&: Antibody—-dependent
cell-mediated cytotoxicity (ADCC).

—Release of lytic  enzyme
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Surface —-Secretion of tumor necrosis

Eosinophil antigen (Ag)

factor (TNF)
% Ab bound to Ag .
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Experimental assessment of cell-mediated cytotoxivity

A) Mixed-lymphocyte reaction (MLR)

— TH cell@ proliferationg =&. allogenic strain@ 22 & lymphocytesS& Zclot 8%
strainQ 2 FE Feist lymphocyteS £ irradiationAlZI ALt mitomycin CE HMe2Idt O Ol
Ab proliferationS 26tH 6t stimulator2A2l JIs8tS 6tH 8 & 3H thymidineS A2l
5t™  lymphocytesS0| proliferation (divide) E2 A [*H]lthymidine2 ONAN 20|
incooperateAl21Ct. °H level2 =FoHA MLR HEE 25T

C.

B) Cell-mediated lympholysis (CML)
— Target cell LH2l cytoplasmic protein2 labelingAl2! & 5Cr2 0l=3dt0 testotl At Gt
lymphocytesE °'Cr labelingE celldt 42 cytotoxic lysisIt 2Lt 5'Cr@t B2 =z

EANIEZ 0lRE SHEHL
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Delayed—-Type hypersensitivity

- Activated TH cell0l O™ &S&S LA cytokine2 &HI5tD OIS0l localized
inflammatory reactiong 223|=0 O0IE Delayed-Type hypersensitivity (DTH)2t &t
Ct. Ol= nonspecific inflammatory (HEZ0l &J1=01 HEXAQ 2310l macrophage [HZO0IC}.
0l S&o z=x ZAX= Robert Koch (1890)2 M 1= M. tuberculosistl ZZ = X0
Al mycobacterium =eHel =& S LIGtFAIGHH =2 FSEHS0| M2i0= AS LU 0l
£ “tuberculin reaction"0l2t StCl.

A) Phases of the DTH response

- Sensitization phase (1~2 weeks after primary contact)

- T cellOl activation= C}.
C2ESE APCOF 2 HIBHCH

(Langerhans cell0] HI&
Ct.)
- sensitized & cell2

TOTHZ EAIGHI&E

=
=

StCt.

M¢ and Langerhans
Soll == 32

Ol ToTH= O{&3l TH cellOICH.

- Effector phase (starts 24hr after secondary contact)

=

= pick upot® lymph nodexz 2H

220| CD4+ (TH1 subtype) 011D activated = T cellg =

- secrets a variety of cytokines. 0l= cytokine=0l| cell Z222{L} MoLt CIE
nenspecific inflammatory cell&2 activation A9l &= &tCt.
BtS 2| peak= 48~72hr after secondary contact
ot= AlI2H0l =HXI2=2 0lE “ Delayed-Type hypersensitivity” et SFCt.
MacrophageJdt DTH response2l major JIs= &Lt
- MoOl &8t DTHl &4 35t= intracellular pathogen2l HMIH0l Ot SDHEOICEH oLt

2= antigen0l & Al cleared out

) Sensitization phase W EHII 9§O+ OI‘_DIC_ QEHEQ DTH til-
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e N A S AE YE HASCE o X
:’J/“‘\‘E_ 5: : / ,! e ® TpTH cells
¢ Qs ¥ = L A XA Ol damagelt ALCH OF=
b "‘;’)rj ..-_T = .'.! r, »\\ . i o -/ — . T
o] eztle’ L\/j/! AKX “granuloma’ £ BHELH.
CD4HTH ~— e . X _
o HEEH= Mo2l activation2 =2 21ol
: : MoDlel M2 1 [ME&= fussion
e Slecnhages TS e e . .
hul;g-(ﬂ'l;un:i cells ] (g{-:lil;-:mljlly) CDS* % OI == O'I mul“nucleated glant
cell@ &#H4olJ)IT= ol 0l giant
(h) Effcctor phasc —

Secreted 'ﬁ“’f"‘“"“ﬂ‘ cell0l & tissue cell2l X0l Xt
=" oy QR . C-,f}- 2l2 822A “palpable” nodul
/LD Q E ) Qo;::‘@ f = palpable” nodules

- G Y .
ey Yo P78 % foe £ DHED Iytic enzyme2 %Ol £
I “t;‘ﬁ]lré“t i %/—\/\ TNF r(,m(pmr = T AF + = —
Resting HISH &A tissueES W AIZICE.

Sensitized TryrH macrophage

Activarted macrophage

TpTH seoretions:
Cytokines:  IFN=y, TNE-J3,
IE-2, IL-%, (M-

CSF

Effects of macrophage

activation: | Class 11
MHC molecules
T TNF receplLors
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Multinucleated
giant cell

Epithelioid cell &'~ Aprolonged DTH response
can lead to formation of a
granuloma, a nodule—like mass.

Intracellular Activated
bacteria macrophage

B) Cytokines involved in the DTH reaction
- TOMH secretions
—cytokines: IFN-y, TNF-B, IL-2, IL-3, GM-CSF
—-chemokines: IL-8, monocyte chemotatic and activating factor (MCAF),
migration—inhibiting factor (MIF)
C) Protective role of the DTH response
- 22 intracellular pathgendt contact
antigen=0| DTH responseE L 22IC}.

-  DTH reaction0l 20 siteOll A
accumulated® activated macrophages2
intracellular pathogen2 X1 U= cellE
£ %2l lysisAl2ICH Od2iLh =J| etS2 ol
£  nonspecificOlBg2  AYs EHEO

healthy tissue damageE F== & O0|CH.

D) Detection of the DTH reaction

- YR E LlotZ2 FAIME I dgXH SHE XY LT lesions HMAIII=LE2 R0
et ®e — skin—test: reactionOl test antigenOl CH8t sensitized TomH cellOl AL=LES
OHEE LIEHTE

ex) M. tuberculosell ZAUWHEE AME W M. tuberculose FH2l cell wall SHHEOI
PPDE 1Ilot FAlGtH 48~72A12F & 220l Red, swollen, firm lesion0l 22| M.
tuberculoselll exposure&lUCt= H= SEStCE. Positive means M. (b infection or

immunization2 S &tCt.



