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of THEANA AFTH:= Fol HFHY AAA7
"t} o] wgkwlo] nkE major hstocompatibility an-
tigen (MHC)olB} A}gdol gloJAlE HLA(Human
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class I(HLA class D# MHC class II(HLA class
DEo] FAAA 71%g 71 g dEoln}, APC
o 218 gYAAI)F) T 4F AGuk-g9 5
Z70] g+ olfE, THEE #4Uo] peptide F&
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AR Aol Ayt e A/ Aol shEsky) |E
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BE ZHAAZIEW RPN ez A ]
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2L E 4] (genetic marker) ©) X5}, class I #AES +
2 A9 ATEM N B E 2 At} Class MHC
T2 NA A8 FAA marker@A AREAE, F
B2 allotypeE A A A, ol HLA 89
AdMe g4 Aol F42 FHoc)oll 161709 al-
loantigenic type®! codmg® el U, FHA G714
gL 7lroeg Ao 2707} ©|49 alleleEc] ¢
22 slch. HLA €9 genetic polymorphism& ©]
B §Aze o3td codingdl T = obvlx 4t uf
F9l Aolol 2t A YT, bYHE e
e 992 dass | F994)= al, o2 domain®] D,
N—termmal &9} 22} 3l o] %31 hyperva-
nable regonE & 2 §47# Fel mE} %
£ 2 N9 hypervanable regionE& 7FAL AU
Ho| E Aot g 1A) = 3 class 11 &9 %
< 1 ok 9498 DQo chan® ol domain¥
DRS, DQB, DPB chan®] B1 domamnel| Ex§3fx, #
domain 3 &4 370 gl 1 P Ae] JFan
Tt o] EL N—termunalZ%E] Ist, 2nd, 3rd hyper-
vartable regon®l 2t B2l Mg oR F8§ F
Eolt}, & ©o]lE genetic polymorphismell Feistil
e obnwAtEe 2 HLA 29 o— hehxe}
B—pleated sheet®] pocketS Bl v RETH o—
helx $H} ¥X¥38t1, 54 3¢ peptide anchor
residueso] A & 0+ pocketE FAAST A

€ ¥ ozl T AZ $8A(TCR)I%HS 2%
#olsta itk (Fig 1B).

Table 1 Summary of the MHC

Class I anhgens .
Single polymorphic chain
Three domams al, a2, a3
MW . 45,000
Associated with B2-microglobulin
A, B, and C locr in humans
Expressed on all tissues and cells
Class II antigens -
Two polymorphic chains : o and B
Each with two domains " al and a2 $1 and B2
MW . 33000 and 28,000
DP, DQ and DR loa i humans
Expressed on macrophages, dendritic cells and B
cells ; vascular endothelium ; activated
human T cells

Meb olE ofn:witgol @ebxW B9 pep

E3 HLAR A 288 + Av T4 peptide®] F
F8 ok}, TCRo Wl FAAANFHZA WA
A H& Helth 2 A3 HLAY allotyped] wheh
A Mo ggvigoly AB/E dig A4 e A
olzxt A7A e Aozt Aztstn Utk Ta-
ble 201 MHC® #3% W d4E8 dA%AL
U, ol FollA FE graft rejecion®] 3= T
cell responses] ol dlste] AMgdtriz st

2710l 4l & o]F MHC(allotypic MHC) #9S 71
7l NEES o238l HAol2t graft rejectiono] &
og3te #F THEES aloreachive T cellEol2ta
F a3, MHC class 1Io]l 283 39 peptideE <!
A3le AEELS CD4 T cell, 28} 32 MHC class I°ll
433 39 pepnde® AAdE MEELS CD8 T
cello] 2} 3™ graft rejection®ll & o] 5 Al
T #edEta glgol &l UAtHFg 2) Yubo
7T AEE MFolA JdF3 vteh #o] MHC A
F(restriction) ol b 5ol@ 4FE 72X
MHC A & (restriction) 842 T celle] $9& 22
shzd doiMe 1 g9l £F T cell MHC(self
MHC) 9+ 23S Aol glojorgh s, whete) o]
% MHC(nonself MHC)E E&d3l= APColl 213}
HAMNEHE Bode 1 398 A4S 4 goke &
4ol tH{Zinkelnagel & Doherty, 1974).

o] H4E& FANA T cello) M E Wj(49 clonal
selection &A1l A positive selection® g ), 2 7]
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Fig 1 A Diagrammatic structure of a class [ HLA molecule(side view) The peptide-binding site 1s a cleft(or groove)

formed by 8 strands of f-pleated sheet and a pair of a-helices from the ol and a2 domans The B -sheet structure

forms the floor and the two o helices the walls of the cleft, B-strands are depicted as broad arrows and a-helices

as narrow coils

B Peptide-binding site of a class 1 HLA molecule, viewed along an axis perpendicular to the cell surface Eight

strands of fB-pleated sheet contributed by the al and a2 domams forms the floor of the site, and 2 a-hehces,

one from each of the 2 domams, form the walls The groove accommodates peptides 8-9 amino acid residues long,

leaving them partially accessible for interaction with the T cell antigen receptor (Modified from Bjorkman PJ et
al . Structure of the human class [ histocompatibility antigen HLA-A2 Nature 1987 : 320 506 )

MHCE 914385 autoreactived=] 22 clones ©)
Aok Aol A fefigtt 5 2212 TCR re-
pertoiret> self MHC preference®h = biasE 7FA| 1
A Aolch

Graft rejection®] ¥ &= alloreactive T cellE 2]
5olgt H&, A alloreactive T cell precursor2] %1
=7 AARA Eohe A £ A4 alloreactive T cell
ol Ay FAel T 74=|(direct and indirect
recogmtion) 7} A th= Holth o) F whi ] gelo]
thg T cell precursor clonal frequencys= ™7i 10
WAl 1ol stk Axetn AzEn lvy oEdy
o] MHCel %o} alloreactive T cell clonal fre-
quency™ FHol&m 1~10%°l o)&vti HIE i 9]
THPaul, 1993) 4 25 FelSo) H3le] Hojx
1008 o] 42] alloreactive T cellE°] Utke Aol
graft reection®] HERS Folx VA WEE 4
g7 dofule wSolge AHE A9 F1 vk

ey 7t precursor frequency ©1 9ol 2% H2

T cell antigen recognition® APC2] MHC®] #Aolt)
Z Alloreactrve T cell cloneE -2 allo—MHC antigens
self—~MHC +X(altered self) 2 & <14 &= (direct
recognition) 218 #37)% 83L(Herber —Katz et
al, 1982 ; Hunig & Bevan, 1981), t}& @i A 3} ¢l o)
d9-214 donor MHC molecules”} recipient APC2]
MHCe} Z3ete] e A AlATE o), vl2 4 &5
alloreactive T cell clone®©! U218+ (indirect reco-
gmition) 2 (Auchincloss et al, 1993 : Bemchou et
al, 1994)8 FH37% Fho}

Alloreactive T cell cloneE o] 4¥EA T cell cl-
oneE# ZEH2EZ O Ho] Ue AE ofYI,
alloreactive T cell cloneE9 direct MHC recogni-
tion A4 FAANA dojb = positive selec-
tion®] MHC—TCR interaction® MHC—CD4/CD8
mteraction®) 712 & F31 ok AMH dFolgt
13 MHCS} Z23tHehe 9 =

} peptideES 48 Re
ATEol A8st AUt olHgt A7 HAAE] o
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Fig 2 Role of CD4" and CD8" cells 1n graft rejection CDA mice were grafted with BALB/c skan differing
at the MHC and munor loci Graft survival in amimals treated for 30 days with anti-CD8" or

a combmation of both antibodies 1s shown Anti-CD8” alone had no effect on graft survival, while

anti-CD4" enhanced i, but treatment with both antibodies was most effective Based on data

of Waldmann, 1989

Table 2 Properties of class I and II MHC molecules

Property

Class 1
K and D regions

Class 11
A and E regions

Vigorous rejection ++++ +
Antibody production + o+ A+ 4+ 4+
MLR stimulation + 44+
GVH reaction ++ R
CML + 4+ + +

Level of restriction
Antigen presentation

Target cell lysis

Antigen-presenting cell

To CD8" T cells + 4+ -
To CD4* T cells - + A+t
Tissue distnbution Ubiquitous Predommantly B cells

Chemucal composition

B2-microglobulin

45-kD glycoproten +

and macrophages
35— and 28—kD

glycoproteins

3 7le] MHC ¥#7} Bjorkman groovestil:
4= peptide—binding pocketol] Z§HE
PG goln, oA HLA—A 21
ZAfelle 200050 €& o2 peptides’t AF
T & ot B A th(Henderson et al, 1993) o
24 alloreactive T cell clone®] F7F && olf&
MHC9 Z&3h= endogenous peptide®l ©theFAdo]
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Eo| self peptide® ©]% peptide® T3t 413
allogeneic response® LT F UATE FHeld
(Grandea & Bevan, 1992). Self peptides® foreign
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Fig 3 Phases of sohd organ graft rejection Transplanted organs can shed antigens, while skin grafts may release Langerhans’

cells(dendnitic cells) which move to the local lymphoid tissues The antigens may be taken up by macrophages

and B cells for presentation to T cells, while allogeneic dendnitic cells are potent stimulators of CD4* TH cells

In the efferent phase, sensitized lymphocytes mugrate to the graft TH cells are stimulated to release cytokines

that activate cytotoxic macrophages and TC cells, which can then engage the targets via speaific antibody and allogeneic

class I MHC molecules, respectively
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immunological components of rejection
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effects in the graft

Fig 4 TH cells are activated by APCs to release lymphokines IL-2 and IFN y are required
for Te-cell actvation s IL-2, IL4 and IL-5 are nvolved in B-cell actvation ; a mixture
of TNF B(lymphotoxin) and IFN y acts as macrophage-activating factor(MAF) These
cells reject the graft by specific cell-mediated and antibody-mediated 1mmune pathways,

or by non-soecific inflammatory reactions.
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A anti—donor A7} A3 H o] hyperacute rejec-
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type of rejection time taken

cause

hyperacute mnutes-hours pre-formed anti-donor antibodies and
complement

accelerated days reactivation of sensitized T cells

acute days-weeks primary actvation of T cells

chromic months-years causes are unclear antibodies, immune

complexes, slow cellular reaction,

recurrence of disease

Fig 5 Much can be determmed about the mechanisms of rejection by observing the speed of graft damage Pre-formed

antibodies and presensitized lymphocytes cause rapid rejection compared with primary and slowly evolving responses
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Effects of immunosuppressive drugs
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Fig 6 The effects of pharmacological immunosuppressants in the process of rejection Allogeneic cells shmulate CD4*
MHC class 1I restricted TH cells and CD8" Tc cells These diferentiate into mature cells, which nteract by cy-
tokines(including IL-2) and develope further into effector cells capable of graft rejection Cyclosporin blocks release
of IL-2 by TH cells Corticosteroids interfere with mononuclear phagocyte and APC function causing reduced TH
stimulation(e.g by IL-1). Azathioprine(AZA) and its derviative, 6-mercaptopurine(6-MP) interfere with effector cell

development
F9§ " Arioj Aty YA 4Fe AAFE
719 o} g, immunosuppressant ) 7j4k, o] 4 &=z}
2] medical management?] 71&E¥E 5ol U 2
ool Avjoj4 HEPL ol YiL 1 YEFEE
Lhgo] gl Qluk, & A7l ot g3
Azjell BRsEA BHANA Fwste], o)Al F7]
olal e ofd FAEAAE WAL Ansln, od
#FAZoAE AHY AFE oviste e B

ob7b H ATt

T cell specific monoclonal antibodies, %80} =
& Al 2§ immunosuppressant, T cell B XM 714
off thdt 1 & o|3), MHC/TCR nteraction %
oM ZAHoR A 7l5g LHY £ AT ana-
logue peptide AH8-9} 7bed 9 o8 Boko A
FRLEL Z 7)o

Heg & 2& o 2dag A
o "olxct
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