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Allograft Immune Reaction of Kidney Transplantation
Part 1. Mechanism of Allograft Rejection
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Kidney allograft transplantation is the most effective method of renal replacement for end stage
renal disease patients. Still, it is another kind of 'disease’, requiring immunosuppression to keep
the allograft from rejection(allograft immune reaction). Immune system of the allograft recipient
recognizes the graft as a 'pathogen(foreign or danger)’, and the allograft-recognizing commander-
in—chief of adaptive immune system, T cell, recruits all the components of immune system for
attacking the graft. Proper activation and proliferation of T cell require signals from recognizing
proper epitope(processed antigen by antigen presenting cell) via T cell receptor, costimulatory

stimuli, and cytokines(IL-2). Thus, most of the immunosuppressive agents suppress the process

of T cell activation and proliferation. (J Korean Soc Pediatr Nephrol 2008;12:23-29)
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2. HFAIA= O{EA O|R0N U=71?
- Innate immunity & adaptive immunity

A A= =A innate immune system¥}
adaptive immune systemoZ o]Folx it}
(Table 1). Innate immune system< %< %
ol dapxo g digdteE JEs @3 A4y
AEZ o] FofAE BH &
¥, dendritic cell[=#]7¢ A ¥] %), complements,
natural killer cell#} TNF, IFN-y %9 cyto-
kineo] «7]d] d|F3th °0]EL pathogen? A
< AL oju] AYF pathogens FZA3te] A
Ast=dl(pathogen Y FAIZE W), adaptive
immunity7} ZEEE A9 effectord] 9
%= gg3tiTable 1).

Adaptive immune system< T HXZ(T cell)
9 B HEZAB cel)Z o] F-oX| innate immune
systemo] €3] AA3}A Kt Aol o}l
= pathogendl] dl&] Bgut3-& doA AA3}=
o83 g3t pathogen A FY ). T cell
= aglE 9 pathogens ¢IAIEHA &1 o
A ¥ (antigen presenting cell, APC)”7} process

#  phagocytes(2] A

i rio J

3te] presentingste pathogen{antigen, &-¢)%F
< AA&cHFig. 1). Innate immune system<]
T4 99l phagocytes, 3] dendritic cell2 ¥4

S processdte] ME EHo| presentingd =M

Table 1. Components of Innate and Adaptive
Immunity.

Innate immunity Adaptive immunity

Epithelial cell barrier T lymphocytes

Phagocytes Helper T cell (Tw)
Complements Cytotoxic T cell (T¢)
NK cells B lymphocytes
Cytokine Plasma cell

TNF Antibody

IFN-7
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Fojx =], ZA A APCY| 93] &A= pro-
cess¥ T2 F2 AZHAA, EF ol X
e P4 F2 vFA T cellol presenting
51‘:}(1?} YEzae HARA S @3dste AXE
AE FFe FAE YA,
3. T &7 pathogenS HEH| IX|5H+?
-TCR - MHC & costimulation
1) TCREZ &8t signal 1
T cell& 1 EWH A9 A #2329 T
cell receptor(TCR)E 743 vt TCRS &4
o} mpEvtA 2 e 54T F9(epitope) T
e1x) 8l dte] T celle 3714 specificity & 7+
2 TCR9H& A B E 3119 T cell 3 £79
epitopeHe A A&} Fig. 2). APCE
< phagocytosisdtel A|E Woll A process? &
major histocompatibility complex(MHC, A}zl

pathogen

7% human leukocyte antigen, HLA)9| moun-
tingdte] A ¥ EHo| AA|(display)d™ T cell-2
AE EHY TCRE B3te] ol & QA= ©
) AA(T cell®] source?! AFE)e] MHC(A7k

. . o,
<8 — B oG

Antigen Presenting Cell

(APC)
¢ Pathogen
2 MHC (Major Histocompatibility Complex, HLA)
| Epltope, processed pathogen antigen
13 TCR (T cell receptor), specific for §
Y TCR, specific for ®
Y TCR, specific for ¢
»— CD4/8
—-» B7 (CD80), costimulatory molecule
»— CD28, ligand for B7

Tcells

Fig. 1. Adaptive immunity of T cell recognition.
T cells recognize epitopes of pathogens presented
by antigen presenting cells(APC).
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MHC)® mounting® L& AA )& A}
7} MHC restriction®]2t &th). T cell& &9
A o)A thymusol A 2SS ¥xn T2 1}
QA FEH(T cell=sthymusol A 2= cell) o]d
thymus WelA 9 w&#4 £ 27} MHCE 21X
A #3h= T cell& AAE7] "ol

2) CD4/8 vs. MHC class

T cell CD4%F CD8 & §2%9 molecules %
i Qo] 22 CD4 T cell, CD8 T cellolg} &3
=4, CD4/8 molecule> TCR¥} &7 APCY
MHC® A%3t] T cell-APCY g F=%
tHFig. 3. CD4= MHC class 119}, CD8%= MHC
class 13} zZ+zt #¥). MHC class [ AX7}
intracellular pathogend] ZHEHEW I Y&
mounting3td CD8 T celldll presentingst= H
o AMEEHER BE MY dHHHAEE B
T virusel] g2 4 Ao, MHC class [I#
APC7} M= wHolA &9& E5, processstd
CD4 T cellol presentingdte Ho o] &H==z
APCY] 7158 Zte Ao F2 239 chphago-
cytes, dendritic cell, B cell %).

3) Costimulatory signal(signal 2)

T cello] &4 3Hactivation)® 7] Hs-+= TCR
S B8 39 AR} & costimulatory signal
o] #23}r} Costimulatory signaleldr @43t
APC7} ¥d¥sl= CD80/86(B7.1/2), CD40 T4

2= MHC
| Epitope
1 TCR, specific for |
v TCR, specific for @
¥ TCR, specific for ¢

Fig. 2. Specificity of T cell recognition. T cells re-
cognize epitopes of antigen via epitope—specific TCR.
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costimulatory molecule®] = ligand¢! T cell€]
CD28, CD40L 5 Agste] T cellvell 243}
= 9% signal® HUlE AL Tt o2 A
E 9] receptor complex®t wFE7FA 2 TCR €A
9] moleculeE 2 g7 complexE ©|& W Al
E U A3 AEE T T celld] 437 3439
o|Fojx)=d| o]u costimulatory moleculeo] 3
o3l AHoltHFig. 3). TCR-MHC/epitope2]
signale] ZA3lH &% costimulatory signal®]
god .°] T cell& anergy, § W$3A &+ 4
glo] w4 €} APCE pathogenel W& innate
immunity 2] ¥-§02 #A38lEH costimulatory
molecule- L322 EA4std APCe L&
T celld TCR®| presentingdte FAlo] costi-
mulatory signal® 7 gt oPHHEE oF
Aol &Y} &7 adjuvantE H7bskeE A9 B

!

APC T cells

= MHC

l  Epitope

5 TCR
¥ CD4/8

— B7 (CD80), costimulatory molecule
> £D28, ligand for B7

Fig. 3. TCR recognition(signal 1) and costimulation
(signal 2). In addition to TCR-epitope interaction, T
cell recognition requires interaction between CD4/8
molecule and relevant MHC(CD4 - MHC class I,
CD8 - MHC class I). Activation of T cells also re-
quires costimulatory signals of costimulatory mo-
lecule on APC - costimulatory ligand on T cell in-
teraction.
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24, o= HIFTHE IYEL processdt= APCO|
costimulatory molecule® WA H(adjuvant®
g g3t T cello] T8 o tha) 8

g JANES HOlEE 317] §§ Aolth. H
Houk-s A Z costimulatory blocker7F A=
Ha ok

4) O|A=7I9l 2IX|

o] 2717t FAR el A o] 2lE wf AFr]e] 27
Well st A" Fozte] APC7L @A o4 |
th #4219 T cell2 F9zke] APC7F A4l
o2 MHCE 7M1 9lee 27k MHC restric-
tion Aol ma} Foizte] APColl ¥H&-3}A] gko}
of atx|qh EFQlS] MHCY F+&7F zHal¢] MHC
¢t A B2A gorg Foz9 T cell& ¥
28] APCel| EAste B9l MHCE A4l
MHC7} & & #9E displaystz € A=
A4 4 UtkFig. 4). olA¢] ‘BFo|X(allo-
graft)®] direct presentation’o]t}. =<l Euiy]
T 3 (M) APCE #4339 co
stimulatory moleculed 23T E 3l7|d] FE
st g Fozte] AGA A o471 E pathogen

Donor APC T cells

i] Donor MHC, mimicking recipient MHC + epitope
13 TCR specific for | on recipient MHC 4=

=— CD4/8

—s B7 (CD80), costimulatory molecule

— CDz28, ligand for B7

Fig. 4. Direct presentation of allograft. Allograft
donor APCs may be mis-recognized by recipient
T cells as self APCs presenting pathogen.
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2 AA7E Fhoz 14 Ho ozt APCH)
28] process¥ o] A2 T celldll presenting
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4. T cellO| SRS DHIH Ot 20| HO{EM?
- Helper&t cytotoxic T cell

1) T cell® W& - clonal selection

T cell2 2A3A A TCR gene®l random
recombination® 2 g FF](H]) TCRS §A
sto] Z@I o]F FHOE o] F3 selection
#}4& AA A7t MHCE UA™ ¢ & TCR
7FA T cellgko] Arobdolpositive selection)
AR Eol2tt #9¥, AV MHC 5 ARl9]
S epitopeE QA stE TCRE 714 T cell,
XS ZAE JsAel de AVPES T cell
FA A A A (negative selection), Z}HA!
9] MHCE A8A] &3 T celle ==H"U
(death by neglect). T cell& 22t 341}9) epitope
2 QA stE TCRTS 7HAW Age Aol oF
10° 59 2 specificity® 2ol T cellS 7}
AL YT cell repertoire). ) E& o}& 34
Ttz B3 ‘naive’ T cell24 Q1 HZAE
T3EHEA 23 W@ A, v APC
7} presenting3t:= epitopeE AlLH oz HAME
t}7}, 2Hale] TCReo] specificity 2 7F4 & epitope
& Y9 o] TCRE 53 AR5 "t

2) Cytokine2| &H|2} clonal expansion

T cell¢] epitopeE AXE (T, ] epitopes
A T celle]l TCRol specificityS 7F<= epi-
topeEA A 27t MHC(ICD4 T cell®] 3%
MHC II, CD8 T cell®] 7% MHC D¢l mounting
o] presenting ¥ ok ¥ Signal 1) Z A3 cos-

fo MN o My dlo
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timulatory signal(signal 2)°] 12 o] T cell
L& #A3lE o] naive T celldl A effector cell=
walslth Effector T cell IL-2, IL-4, IL-5,
IFN- 7, TGF-8 &9 th¥3 cytokineS &4t
o HAANAY o AEES ST A(TF
Ha) TAo 222 proliferation L ZMH(0]
proliferationg IL-27} dojoF 7bssith) EA
epitopeE AT + Y= TCRE 7F4 T cell
(clone)®] & FZA171tH(clonal expansion). &
439 T cell® adhesion molecules && 3}
T cell-APCS A¥E & 23] giFig. 5).

3) Helper®} killer

CD4 T cell& APCS MHC Il 8] presen-
ting¥E FYE AXFIEE CD4 T celld) 84
3loll 9% cytokined] ¥H|&= FE APCY 9
2t} CD4 T cell& phagocytesE B4 3HAA
pathogen®| phagocytosis® #3332 B cell&
GABIAA A S £H] pathogend] &5-& 13
sta &3] AWM AALA = ‘helper'd]
&2 gri(o] HANA EHHE cytokined] FF

. Stimulated APC
Clonal expansion

3¢ Pathogen
€= MHC
| Epitope
13 TCR specific for |
% IL2
»— CD4/8
— B7 (CD80), costimulatory molecule
3— CD28, ligand for B7
+— Adhesion molecules
:‘-.'. Cytokine from T cells

Fig. 5. Clonal expansion and cytokine production
of activated T cells. Activation of T cells by TCR
recognition(signal 1), costimulation(signal 2) and T
cell activating cytokine(IL.-2) induces clonal ex-
pansion and cytokine production, leading to full-
blown immune reaction. Activation of T cells also
induces adhesion molecule expression, which sta-
bilizes APC-T cell interaction.
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o wet CD4 T cell® Tm® TwE EHI7NE
g}, 9 CD8 T cell& 2 intracellular pa-
thogenol Z4® A¥X7F MHC 1€ ]38t pre-
sentingdhe= Y-S A8k perforin, granzyme
=] cytotoxic effector moleculed #H|3te 7+
g8 HX AAE AATHcytotoxicity).

4) 0|4 sgHlgo| ofH|

A AT HAGAANEL HFEE T celld
gA3le} oo W& clonal expansion FAFE &
Agch g EH o2 steroid AAE cytokined] A
A& A3t azathioprine® MMF+ T cell9]
proliferationg A& cyclosporing TCR2|
AL W AzALS Hgo2H T celld] 43}
g dAgT 199 olAAT] oAt HY A
induction $]38) 22¢]= Basiliximab 59 #-IL
-2 receptor@ A& IL-29 &E4& 4F22H clo-
nal expansion® 2AsH, FAAENSEY A=
A2 0]+ polyclonal antibody®l ATG, ALG
= T cell population AHAE A A3}

5. B cell9 &2 FALUN?
- 83| production

B cell& AlX ZH HAHE FAE o] &3}
o 3J9-g AAET SASFAHIAR L Al
¥ U processE AA T celldl presentingd). &
43l8 B cell clonal expansion® 2 &AE ¥
8] 3} plasma cell2 #3}s=d|, o9 helper T
celld] AFo] Wa3tuE B celld] 9% humoral
immunity (371 &9 £A522 humoral
immunity2} 37 ®)% T cell®] control 3ol L
Chhumoral immunity 9} B]L&e] cytotoxic T
cell 59 AEXE 7/IZ 3= AFNHgS cellular

Tl
immunity 2} &). B celldl] 23] £4]

P g
A3 AN o olgel A %m, YU

#4024 phagocytes?] Fc receptor(3A)2] Fe
portion¥ ZAI)E F Y phagocytosisE
2238 AY complement® 593 antibody-de-

[e]

pendent cellular cytotoxicity(ADCC)E 23}
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o] Fodzte] MHCH| &3t 347} gled ¥

GAAE

Q1 A3lx &F7, hyper-acute rejections 4o

Z1 "o}, 2= o1& Aol cross matching 7

& Fdto A B #7E vlE gt

6. HAAAH I} XHI(EE= non-pathogenic
antigen)2 3&3dIX| = OlF= SALN?

-Tolerance vs. autoimmunity
T celle] &¥E A= =72 TCR2 TCR
73 A9] random recombination® 2 TEOIA 2
2 271 antigeng UAsHE TCRE 7MAle= T
cell® A4 2 5 ok o]y 3 AMASD T cell
2 FAAMY & HAHA dFE AAEH=
(negative selection) ©]Z central tolerance@} %t
HTable 2).

Central tolerance® AAHA £33 A5 ‘A
JFAY T cellge T2z ety gz
Z+& peripheral tolerance 71A o8 ZAHHTH =}
7V T cell& A7} &9(%= non-pathogenic
antigen)& <1ASE]& E(signal 1) ©]® costi-
mulation(signal 2)°] &Yt A] ¢rol &A3}E]A]
AL F W8 anergy], Fig. 6) AF2 & thH(apopto-
sis, peripheral deletion). Anergy®] @A+ APC
o 93t costimulatory signal AE A EE &Y
T cello] inhibitory ligand(costimulatory signal
< AR di&dto 9se A9(el: BTl
stimulatory ligand$l CD28 tH4l inhibitory
ligand?l CTLA4St A&sls A$)d = vehdo)
ZA7F G4 AR FHE T celld] GR7F Huks

Table 2. Mechanism of Tolerance

Central Tolerance
Negative Selection
Peripheral tolerance
Anergy
Deletion
Suppression(Ignorance)

S YA s ‘regulatory T cell & E3lsle] i
A7V T celle] BYubgg Ag= o=
o] A A= ‘suppression’?] 7|A X% peripheral to-
lerance®] 4o 2 AEFHT Utk

-2 95l pathogend IS Foid
costimulationg #3F adjuvant® 37 Fo31A
gow "Woukgo] dojupA] & & Qlrh ol¢
2ol "etg-o] fdo] 7hEg el o8 24
o wet T cello] ¥H&-& Ho|A && ASE
ignorance®t 3}e=H ignorancedl 23] #XHE
peripheral tolerance= 43}o] ul¥ o} costimula-
tiono] AFHH HWAvkg oz viE F 9}

B cell(Bone marrow cell)2 352l 4] negative
selection A& AXE= A2 AZEY Bz
ME T cell®) help/t glod ¥$8lx) gonz
7P T cello] tolerance AE]el = 279
Al 27 grell ik jkg-g dov)A] @ Ao
2 AzEn.

Z7F dgdoll tigt tolerance 71l A7 A
71 Z7PA G E gho] FASL} o AU G A =
A7F Fhell E toleranced] 7|1W& o] &3
o] 21 A71e & donor-specific tolerance (F¢
A 5ol #§) FHE fr=stnz gt Multiple
myeloma #2171 Z549 NS FLET FARE

HE o4& AL central tolerance’t F =5 o]

—

(]
L]
LR " o
With costimulation

Without costimulation T cell anergy
Fig. 6. Anergy of T cell in the absence of costi-
mulation. If costimulation is lacking, T cell recog-
nition via TCR induces anergy or deletion of the
T cell.
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