3 AAE 3 A ;A 13 EE 8% 1994

A o] Ao H el B

M=EXZE

od o
=

A A

ZHEHd e e fasteA

o

HAPH Ui Z(HISTORICAL PERSPECTIVES)

Aol Alo] 7] AEAH FFAte] ofA| 2 (replace-
ment therapy) e 24 HAFA, Fat2M(CAPD)#
A de] olesrle 2 Ayt 28] WAl ot 4
st AFe] Z3 olEolLo] 7 o)A FA] “Ete)
}o g s, o3, winr)s, W93, elds, W
23t 2zt Hopd o} o] A “Alge]4]”olet
€ & T¢A & Aelth

2 307 Aol A HYAQ HAHS g
o], olepzke vbdE Sebisls o 2 A R
WA} & ¢ lth. AR Z o)A Wi o]sfFAl
o224 QA F%3) < (alloantigen)ol]l iyt T
Aze} HLA9 U4713E oA =Hdx, 4+ ol
2L YRS Bolstn AddAor A=
HAAA A S e Relet & 5 9t

AFel Aol 2] 713 Hr1He]l AL 1954 mlx
Boston 2] Peter Bent Brigham ¥ 994 Murray$-"

CORTISONE

AZATHIOPRINE
ANTI-T CELL Abs

=

A4

o] A Aol A] Al o] AL IR Ae] mAE)
AztsEw, Murrays 7 228 19903 w9 oAt
< L vt Uk olF Kuss?w= FoaofA X-
Al ZAL3- 6-mercaptopurines} steroid ®§ 2¥&
Abgate] A7 A& 1418 Asdel, ol7le]
stet A ge = AFd A A & 5 9ok

196113 Calne®& azathioprine(AZA)S Al5E
o]Alofl AFHoR AM-E¢lR, Goodwin®(1963)-
of 7)ol corticosteroidE ®§}sle] AZA +steroid =
§ s¥eoleghs “HEA WA 84" (conventional
immunosuppression) o] Azt ¢}, 19653 Mona-
co? 52 AZA +steroidd§t Sl 3t &)
248 (antilymphocyte globulin ; ALG)& 37}3s}
o Rz 8yl WA F4 A¥ie ARAZH AHes)
o 7|29 “HEH wgdAay”e] FAE S8l
3L 3hd e}

Opelzs} Terasaki?(1972)3= o|4]A 8o} o]4]4l
AEES Aty AR, ol oA F¥Hel
ST 7HAE H¥el sickate] F A AdS

MIZORIBINE
DEOXYSPERGUALIN
FK506
MYCOPHENOLIC ACID
RAPAMYCIN
BREQUINAR SODIUM

CYCLOSPORINE

OKT3 MADb & OTHER MAbs

I I T
1950 1960 1970

I i 1
1980 1990 2000

Fig. 1. History of the use of drugs used to conirol graft rejection. All of the
Sfollowingxenobiotics recently discovered to suppress graft rejection in
pieclinical models have advanced to clinical trials. the antimetabolites
such as mizoribine( MZR), MPA in its prodrug form of RS61443,
and BQR, the cyclosporine-like drug FK 506, and drugs that define
two new classes of immunosuppressants, DSG and RPM.
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o] Eokch. 1 X Terasaki® (1971) o] 9 &)
HLA #34 (compatibility) 3 o] 441 A&& Alole]
AAZE FA7L oddol #sFch zeh} HE Bk A
gl HqAAe] Az ojAld Yo} HLA
Hghae) siplg gelke Atk

A71elAo A 713 Hga{el U2 Borel(1976) 9]
N3 cyclosporine(CsA)g Calne®(1978)%-0] ¢
4H e o]lgg ol 13y CsAo] AZA Rt
o| Al AEg 5 AejdelA Y5 AHE 2 A
uk2 AfAlely, CsA ApA| o] A5 5-of o8] ghuga)
T4 9 AR Aol AAS =)

Goldstein”(1985) 52 ALGXch & A ==
OKT3zh= <h&-E34| (monoclonal antibody : mAb)
& Aot T4 ANse AEE 2, Aol
(regraft), BxuwA 4%, 18 £ Y| A4
(pannel reactive antibody) 2|7} & w23 93 &
Qlo] & AbA| Alo]AA] £7] AMEo R FL AL U
#3hdct.

#2 Starzl¥(1989) %58 FK 5068h= CsA3} 47
2l "y JAAE Aol AF A7 o)A Zgshe
2 o) A-E A vk sERiRd), s 19804
o] CsA Aldig} oj&o], 1990 9= FK 506 Al
7 FAo 2l ork 2ALA A2 Bk
(Fig. 1).

H9utZ(IMMUNE RESPONSE)ZI MAJOR
HISTOCOMPATIBILITY COMPLEX(MHC)

MHC7} 31 (e] Al )& “self”vf, “non-self”+t
2 73 22 99 il st Fase] A
<l dojct. 4 o)A A Fodzle] HLAE o]
thE A (A A A Eo7bAl =9, virusEo 9
Aghle] gl ofSo] HLAg o] f-4stxeg o
&hA] Ferr Foiabe] HLASIH o8] =y whe
£ de A} Teell receptor(TCR) &= 849 HEaHS
A A= Faka, wk=A] 2419 MHC(self MHC)
% FFeo2 UE QA HA, oln TAEE:
MHC3}81-¢- antigen-presenting cell(APC)3} &7
T Hdl, o1’ AL “MHC A3 (restriction)”
olg} gt} &, FF4del e THXE WY whe-g
desle AL, FHzte] HLATRI) $oizldlAe
“self-MHC +antigen” . 2. Q12]5}7] wj-Fojc}*'?,

Fig. 2= APCe} TAHEZFY] A3 #A1E val A
o2, TCRE Fd=}9| 557 FAlo Class I
(%L Class 1) HLAZ YA DAstA Ag= o
glrt. £3] CD4+TAH %+ Class I HLA¢}, CD8+
TAlZ+= Class 1 HLAS} 74zt A5 2 4s)e] 84
35 TAEZ7} 27} “inducer” &2 “effector” 24

Ca*
independent

Fig. 2. Antigen presenting cell. T cell surface protein interactions.
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ALLOGRAFT RESPONSE
Class !l

Corticosleroids PRAZE
Cyclosporine NN\
Azathioprine  SSA32

Postantigonic
Dilteronliation

]

Helper T Cell —

/
Proliteration

Promots Dillerentiation

ol B Lymphocyles

(antibody secretion)
Allogeneic Cell =\

Graft Rejection

HLA Anligen

Macrophage -
Helper / g

Slimulaling
T Lymphocyte | { ymphokine

Intgrieukin-1

! C‘y‘loloxic
Dilterentiation
Faclcev

Class |
HLA Antigen

Cytotoxic
Allogeneic T lym vie
Cell
Macrophage
4

Postantigonic
Dillerentiation

-4

“Cytotoxic T Cel

0
Prolileration

Y-inerferon

Activation

Fig. 3. The T-cell activation cascade

2434 ot olwf TCR3} A= 9= CD3
complex( ¥+ CD3 protein)+= TCRE ¥ 3}lo)
AZE S AZUR 2 AZE Ade F= 54 o

< 3l TAZ 8A43EF d2sA dE"(Fig.
2, Table 1).

BYAHFEE(ACUTE GRAFT REJECTION)

FAAR o)’ THZIE APCel )& self-MHC
9 34 FF FY9L nonself2 AXEe), CD4+
helper TAH|E, CD8+cytotoxic THXE, BAE 9 o
A 27t A5 o2 HAJsls]o] non-selfql FE3)4
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Table 1. Interaction of T-Cell Subesets and the
MHC : CD4 and CD8 Promote Interaction
with Class I and Class I HLA

CD4+T Cells CD8-+T Cells

Interact with Class 1 Class 1
Functions Inducers of B cells Cytotoxicity
Delayed type y -IFN production
hypersensitivity [L-2 production
IL-2 production
Cytotoxicity
y-IFN production
Action on Inducers Effectors
supression




< FH3] AxaaE dovie HEEgH AAE 9
u] g} 19 (Fig. 3).

ZARAFA Aol AFubge] slgFad
YL 5E FAsE TH Tl aefs] THAE ¥4
sle] 1xp"ql Alsye TAHEe] TCR/CD3EAe}
APCE 9} 9li= MHC2] Fx3le 3o &5
22 Ao 24 HRg,

e, §53de] axlsl=vl= TCR/CD3 &)
o 93 AlzHGme R TAHXr A=Y B
83t &, THAZE 843 sodles TAXY
APCe 34 gl A8ER-9 22 AF(costimu-
ol 23 Az dde] HestA o) ojozt
BEATE THAEY APCY Fid Hojgle cell
adhesion molecule(CAM)-& &4 43 gy} &
TAEXE=He] CD234s} APC F99] LFA3
(CD58)3}sd, THEe] LFA-1(CD11a/CD18)3d
s} APCY ICAM-1(CD54)3 %, TAH*xe2] CD28/
CTLA431s APCY B-78s, 9 TA 22 CD5%}
A7} APCe| CD723%50] A&383le BxAS
£ APCoA TAZEER RUA=ED Z23 32308
TAZ Fde] TCR/CD3 E{AE 53 FA%9)
APC #9e] CAME 53 Hx A3 5] T5o8

25
Al z2] A7}t A12EA "9 (Fig, 2).

THAZS #4438 A7 wrke 2 IL-60
gjsixelr}. & 2493h9 THEY cytokineol] 2js}e]
HAAEE BAastsEE IL-1440e] F7islw, oA
IL-1& A A Zo A IL-69) FH]E F20A]70c}. IL-
6& o} THZS 43S A7) E=OE Al5e] 5
A €t

webx THE7L 24352

< (1) TCR/CD3%

Table 2. Immunosuppressive Agents

Steroids
Anti-nucleic acids
Azathioprine
Mycophenolic acid
Brequinar
Deoxyspergualin
Anti-transcription factors
Cyclosporine
FK-506
Rapamycin
Anti-lymphocyte agents
Polyclonal antibodies
Monaoclonal antibodies

Site of

CORTICOSTEROID INHIBITION

Cell Membrane Nuclear Membrane

Cytoptasm
HSPSS
RRIARQARL
TRANSLOCATION @ PROCESSING

Steroid Recep'or @y

\ ) HSPS0

2

Conlcoslevmds

GRE RANA

Pobymerase
cooon EFFECT OF
“ x CORTICOSTEROID

TRANSCRIPTION ‘ BINDING TO GRE

L s W}

/ TRANSLATION

Cytokine (O\

Fig. 4. Glucocorticoids exert their immunosuppressive activity by blocking the expression of several cylokine genes. S,
glucocorticoid, R, glucocorticoid receptor, GRE, glucocorticoid response elements; HSP, heat shock protein;

X, inhibition by corticosteroids
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Table 3. Immunosuppressants: Principal Mecha-
nisms of Action

Non-specfic agents Mechanism(s)

Corticosteroids Block cytokine gene expression

Azathioprine and
RS-61443

Brequinar

CsA and FK 506

Block purine synthesis

Blocks pyrimidine synthesis
Bind CN, block Ca**~dependent
T-cell activation

Rapamycin Blocks IL-2 triggered proliferation

T-cell-specific agents

ATG and ALG Depletes T cells; cause some
B-cell and platelet depletion
OKT3 Depletes T cells and modulates

T-cell receptors

FAE 53 FA59), (2) CD2-LFA3S 7S A2
o ¥z A5,(3) 8453 T-A2e4 #0)9 IL-2
7} AAle] $471% AF3h= AlE (autocrine), W
(4) LA WAL $019 L6} 2T 2]
4] o)) Weglehno,

wpebx] GAskE Tl o8] 4% Asol}
AFEE Al AEg ks 249 (1) HLA-
g A3 akg, (2) HLA &a)3le] 34de dx|sh=
TCR, (3) TCRE B Aspsbs 2349, 4)
CAME &3 Ex43544, (5) second messengers
(6) RA}alz}, (7) granzyme, perforin 5378 ef-

fector molecule$-o] "g)r}y,

HA X H| 2}
AGENTS)

EF(IMMUNOSUPPRESSIVE

HA A A= A 2] AELA 715 ddety
7Veel wel 24 4FFE2 R gedsd, (D)
steroid, (2) anti-nucleic acid, (3) - AL} anti-
transcription factor), (4) 3}Ja+ & Solc}. B
TAME T2 99 455 HYJAAE FA= 3}
4714, d4H &% 2 S Vs g
(Table 2).

HAAH|K|2| Z27|H(MECHANISM OF ACT-
ION)

0|55 steroid, anti-nucleic acid, @ A x}elAS
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& THZ 8lBolA FAlEoI, T A5
Tola o]l Seli  dAEolr}.  Steroide F=2
cytokine §-Hz}e] & oA A7, AZASL

AHHAS a7l CsA3} FK 506 calcineurin
(CN)3} ZHgksted THE A5k AAstz, ra-
pamycin(RPM)& IL-2¢] 23t TAHZ 432 x}
A7 gelnt FAELS TAEZ 95 w=&= BA
X, ¥39 53 §4 AH 9322t} (Table 3).

CORTICOSTEROID

Billingham$-(1951) 0] #A4-ukg-9] <ws} e7)9
o] 2] MEFA corticosteroide] AA=H g3}
€ Bagolal]l, 40'd7 corticosteroide #}7|o)Aale)
Yo $53 8L d9r}t. 2F GoodwinFel] 2
slod 4le]Alol| corticosteroid AMg-g& wHwkgl wHzo
AZ17L o, A3 AZAS ¥4 Wigsl AZA+
steroid & Holehs “HE3 WA AA 8" ] A
2atglo] 207t $-A1=)gic}. Corticosteroide @2
Fatgoll e B7sba, CsAol 2E o)lFalx F4
AR Ee)l A FALel AL AREHo)
gtovt CsA9 ARk FHatso] AR5 u9)ch.
o]}z Az (“low dose” regimens)?] AJZ=
AMS-2 corticosteroid 9] A EW 2H8-7]H o) deix|x,
CsAAHg-o] Xust=lm A 7154 Fdch'o,

1. Z+87|X(Mechanism of Action)

1) Corticosteroid2| 28t U MAIAH| 7|F(Corti-
costeroid Binding and Mechanism of Tran-
scription Inhibition)

Corticosteroid+= (1) TH ¥:54-7]2} CD3E-3}4)
(TCR/CD3 complex)E % TAE ZA43Z o
e 271 AsALS AdA)7)Ale Fah, (2) IL-
2 TE71(RYE 5T AsALE ApFalg|A] Espad,
(3) AL A A E (suppressor cel) & FEA]7F]AE
Egr}. 22w} corticosteroid= 2@7}#| cytokine $
A BH-E Aoz ddedd AFE vehy
Al ). F ccorticosteroid+= A4 (hydropobic) o]
ZIEel A AENE Eo7} AFY steroid &
718} ZAgtsta, obA] 90 kD9 heat shock protein®}
AYF A4F 0% o)FshA Hrh. YU St corti-
costeroid-4=4-7] B%}HA|= glucocorticoid response



elements(GRE)2} £l DNAd] EA 5o cyto-
kine #-312}2] A} (transcription) & 4A|5}A4 gc}o
(Fig. 4).

2) Corticosteroid2| Cytokine Mol 0|x|= HY
(Effects of Corticosteroids on Cytokine Pro-
duction)

Corticosteroid+= TAH|E2} APCe] @A slol] ¢s}od
BAAErole delFFe] cytokined Apetr]Z]o gy
TAZe] FAste} 525 g 5 o &
steroid= AHZ2] ZA} ¥ HA}F(transcription and
post-transcription) Ao} IL-1, IL-2, IL-3, IL-
6, TNF-a2} IFN-y2] A48 AA3c}. o|gzte
corticosteroidel] 2|3 W4 zrg-2 APColl o3|
wyE [L-13 IL-69] 34212k APCollA $-ei 5o
CAME 53 Bz (co-stimuli)e} o8 TAE7}
FAsted TA X H3= IL-29 FAA2 A%
o2 ol FoiALt .

Corticosteroidv=  IL-2%4x} HAE A3
DNAZ% <o, & ¥A3} THEL &2} (nuclear
factor of activated T cells ; NFAT)®} activating
protein-1(AP-1) 9] A& uxl= E3bAwk, NFAT
2} AP-1o] IL-28-4xlel Adtste AR Aokajzl
E}_ﬂ 15).

Corticosteroid®] TAHFE 9 APCo)] 2§} cytokine
Aard A= 7192 ld], THZ7} corticosteroidel] <
k%] 59 IL-1, IL-2, IL-6, TNF-a, IFN-y %=
3} 72 cytokine $=8-7]7} A2 (up-regulation)
5o =k} corticosteroid & Z1Ab7] A Ew o)ofzh-
cytokine °8-7]9] Az AR qlsle] g THE &
Alo] dofutA] He* o,

2, g™ &8

<]

=2

Z cortico-

1) 2l0|4lofiM Corticosteroid®] HHRT Y Xl
2%(Corticosteroid Induction and Maintern-
ance Immunosuppression for Renal Trans-
plantation)

a. Cyclosporine A 77|A|CH(The Pre-CsA Era)

19703 7138 df5-e] Alejo A corticosteroid

= AZASt @A Alo]AF A MEN ko] A}
450 sith HPHAe] fx 2yoRE predni-
sone 200mge& 747 = methylprednisolone 1g$-
A F3le] AL2gF, o] Al% 3709 Aol prednisone
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0.25-0.5mg/kg/day7}x] 713t ohs $-A1% Zo] B
Folche.

Corticosteroid 2] 2482 Azko g & Aalx|
e & zlaAel vl 24 AlEe] B o)
upet apol7} AL, WEE AeY A o] T
wbH Fzbgo] B, AgES ARSR S ATgo) o
Zb HojA) At Babgw) Algg 22U 5 Qlhe,

Corticosteroid®] ARgule 2= mjd s A
8xe] glwdl dubHeg oAlAle o’ AFe T
el wls=sht, AUaWelA steroide] a4
Herl AL Zleg 4HAT gp®,

b. Cyclosporine A A|CH(The CsA Era)

19803t = CsAo] QAatxe 2 alg=lela) steroid
o] §do] CsA o]dAIRET} 7ha%]l 7o)}, CsA
=} steroide] W3 a¥jeg w3, wAA U
9 fFHEE U8 S/ FAelth w2k CsAAMS
A] steroid-E A]2]§}(corticosteroid avoidance) CsA
ZEaylolt}, CsA+AZA #iawo] 4 45
I ey, steroidd #EA H74$ CsAL AT #3
Al71A S22 CsAd] 2§t A%Ajo] fdssict.
7] of 50% FAfellA FA AP-S AYsto
steroid& t}A] FrlslAlElBE HAFLE 50% wniule
gzlulo] steroidE A 93 CsA FEQdio] Az
Azl 28jrg HE CsAS AHEE #xlolA] ster
oidE £71%E Asjs}r] ek o4 oA HelH
2 zbeksll7le A2k (corticosteroid withdrawal) o}
FAAR e HEE Y 5 Ve B B3
vy gle=strh. Corticosteroidg 27} #ow T
AZ2) FAj0) HEeATe] BAs] F4 AR
U7t Z7sh=dl (2 50%), o]ld steroid & ZFe Al
Hivhe ke £271 v F8sida e,

Steroid& 78 wx FX 89 FAARNNEE A5
grole AEs obF FHIE Aol glont, e
2 HLA-F-H3H, T4z FoA7ke] QFgzje] o
o|AFE AZeASI WYt e s CD4/CD8YIE,
AE25A THENR-E, PHAC dig dspe] vy
% MLRE-o] A= xglc}'®.

Steroid& F21% 75 o]x4le] A7) A3l
3 AFE= FEx ¢kor), steroid”} fibroblast9]
71%-& AIsl7] wiell whek steroidd v 3% o)
A4l 713} dsrEbr) ks ElEe e dSEs gl
o},




2) SAMHEEE X|Zol| A0{A Corticosteroid 2|
Ak2(Corticosteroid Use in the Treatment of
Renal Allograft Rejection)

Corticosteroid7} ®Wo§-x a4 Hulopr]z}l F4A
Bupe el HE g7} QJEATES AP, AN
Hhe-A] Bouby, Sojz 9l dxjeko 2] 717} A
% qlEAd daldie EES A7} @t 1960-
1970 d o ol &= o = 2] corticosteroid(1d 150-600
mg)E AZASH A ATFA sgout et
SN2 Hahgo] UE Alete] dajel AHSH
2] wagle AAech. Corticosteroid?] F-o why
o7 Ax g AT Sod dig AL vz
U, AFEAA| steroide] H#2H4- WEr} o 272
2 eIl

Corticosteroid®} Foduke 422(3mg/kg =v
250mg) s+ l#(30mg/kg =& 1g)& AFREH
0]4]Al #AHukg-o] FHE-gel= 2ajolrt g, o
£ Bdds e aye] B} adA e FsL
ot

ALG(1970d%4}) 8} OKT3(19803%4H) = ster-
oid9} A Qe wish FAARES] FEE Y o]
A4l JEgo] 458 Ao dgso] g AEeA
olg-xwglct. 12} ofAE YR AE]o]A steroid <]
27244 13422 Adse olf= (1) steroid
AgA ABukgA] OKT3E ARgstnA] shs ot
(2) Soquigo]l 43, (3) FHgel ¥, (4) #ol
Athe olfuf Eolrt®.

A2z 08 Aol o)A steroid AHE-9] 2T 7
e N, FAALNLY AR A2 Ly
& Astzn, 4, A9l CsAze Wis
W A] steroid & 2] CsAwhs = CsA+AZAY
wgtenle] olds $ge] AHHA @S Adolw,
A, steroid §3g A ARubE-g AFEgs 3l
= Qakd = sty A E g Ao,
YA Axuke 2 8A)9 steroid®) FAH2H3 ALG
22 OKT39 4Ael g a7}t o 234
o2 AlgEoH.

3. Corticosteroid2| =&

Corticosteroid & #}7] FojA] 7o, @, A A
Apabel, F2)a}, WA, 2k, A ¥ AAARA
AL oJ2Fo RaLSo] &AL 9ow, 53

CsAs} WFoiA) 2214, 3y Gy e West
% Fobd F215 8gc}h* " (Table 4).

Table 4. Corticosteroids : Side Effects

Infections Dematologic
Metabolic Acne
Impaired glucose metabolism  Easy bruisability
Hyperlipidemia Cardiovascular
Obesity Hypertension

Musculoskeletal Gastrointestinal

Aseptic necrosis of bone Peptic ulcer disease

Myopathy Pancreatitis
Ophthalmologic Psychiatric
Cataracts Psychosis
Glaucoma Mood lability
AZATHIOPRINE
1. &E7|1H

AZA: 6-mercaptopurine®] imidazole f=HZ2
W Adxbzel Heduke-e oAlshd, 2xbHl WAukE
o} FAARUES FEAyl=dle 27 A
th. AZAE THAZ 8439 27 §4x19 %S
kAl 7R st vhAl% ©AQl DNA 3 RNA
F4¢ JAste] TAE 49348 wheoh =3¢ AZA
L olEshe RAAEe YT $F FhAI,
FFUolA] YT FAE JAsr|e o) ZFHe
2 AN EE B3EE S AX e $F FolA Hu
A TAX B3-S AA)stA He2elct”(Table 3).

2. edH &5

1961 Murrays AZA& AEE o]dd| AFH
o2 Abgslesr, o]% AZA+steroid Hirawol
“NEA dogdodA ey oq 2= o 20147 A&
Heich. 2l CsA9) $40F Azad 93 HHs
e our} ZAasgdedt, obdE RAA AgelA
AZAS] AMgo] AEET ik AZAo] opF= g4
Ao o451 g AE (1) AHAAleAdA 2
7)ol A7lsRAe] gled, (2) HAGA #A) wHe
2 triple(CsA +AZA +steroid) 844, (3) W4
A = o 2 quadruple 8 (CsA+AZA +OKT3
or ALG+steroid)o]8-2], (4) CsA AS5Ae 23
AZA +steroid 0.2 H#F A-g-Fo} 'm0,
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. FER
AZAL ZF71F9A, A48T P YA E, ¢
Ao, JHEA, hEA, 7t Hzlgo) glomg
AZA A2 3R] HNYFeE A 7hA] j Ae] F8
3t} (Table 5).

Table 5. Azathioprine : Side Effects

Hematologic Malignancy
Leukopenia Alopecia
Megaloblastic erythropo- Hypersensitivity reaction
lesis Arthritis
Anemia Interstitial nephritis
Thrombocytopenia Hepatobiliary injury
Gastrointestinal Pneumonitis

Hepatocellular injury
Cholestatic jaundice
Pancreatitis

CYCLOSPORINE A

v 23 FHZe] A7/0¥ CsA+ Tolypocladium infl-
atum o|gl= Aol 4] &% cyclic peptide® help-
er THERE Aexo g 248.51e] ARNES dhie] F
83 8L 39, oA} o2l AEEE XA
8] AT oM CsAL E5F dddAA4=4
olalFee] HTEE &7 Fye] v Whd, A5A
5 st AV5E YAl ojdAdE gl

CSAE AZAsh o] 34710 o] FAALES
9 ABele A7} AL} 0.

CsA2 #j&Al(fat soluble)o]7)ol] FZAlo] 23}
42 $982) Ao} Bol BIRTH} WA 2
slgd o), 2T microemulsion 7)&ol 23 48419
Sandimmun Neoralo] 7j¢slo} CsA2] F83 &8
FEEE A FA” 5 A e

1) CsAoll 2/t CDA TMZ2 H|7|s

CsA& corticosteroid Bt} t}gsdAol| 4] TAE9)
4315 adslAl =g CsAL IL-258-7] $-H=}
o @Agstel AR THES Fdd 9+ IL-2 &
42719 &S A3 A7) A= £3hAT, CsA
9] dapHQl 282 CD4 THXE Azt IL-2
AAte} c-mye FAAE 2HAA IL-2 BAL A
sh= Aol IL-27} gled TH X Glb <A 64
Azt 237t dofubA] ghon, BAstE AT
oA IFN-y #u% xjgts]s], BAE #l3lzle] &
v ctse} Ax BAXE® 237} AAEA fck o
vlol] NKA|ZELY}, granulocytee] i3t AAzkee ¢)
2} vloFgtk Holoh® ¥ (Fig. 5).

2) CsA9 M=z =27|H

CsAe] AZEW 2g7|He] AT 2ix Fv|g T
3 g, o)k AR gF A2 kAl A
% 7FsA 52 9t} CsAs} FK 506& AU
ol stA =, AlZ ] A<l immunophilinel] ¥

Interleukin-6
/ ~N

[ ]
¢ ®

@ ___ Activated interleukin-6
receptor

Interleukin-2 gene

Interleukin-2
receptor T~

Normal signal transducer
Cyclosporin blockade

T-celt receptor
Autoantigen

Interteukin-2
receptor mRANA

Interleukin-2
receptor gene

Fig. 5. Cyclosporin blocks activation of the interleukin-2 and other lymphokine
genes.
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INHIBITION OF T-CELL SIGNALING PATHWAYS

@
RNA

[
S O W

Pomow 60000 NX kg T DNA g
+RNA po Il

Fig. 6. Model of the molecular mechanism by which
immunosuppresive compounds, such as CyA,
FK 506, or rapamycin ( Rap), interfere with
the process of T-cell activation.

Ho}. Immunophiling CsA3 FK 5069 we} z}+7)

the&dl, CsAs Azl d9-E cyclophilin(CyP),

FK 5062} A&zl <b9-2 FK 506 binding protein

(FKBP)olg} %}, CyPe} FKBP3= peptidyl-prolyl

cis-trans isomerase(PPlase ; rotamase)gl= #2429
48 7M1 9le, A2 PA" HAkdA}(transcrip-
tion factor) 8] F+2& W (folding) AjZ]e24 IL-
2 AAsARE. CsAo FK 5069 A2 2Hg-
73S FHRAE v ARgssled, sde CA
3} FK 5067} CyPe|v} FKBP3} ZHgltsiAl ==
PPlased] &A4-& AAstA 5o A HApglate] =}
45 AdsiA RS £4= 3] TCRE §3) 7
Hd 2AS7F AZYE AgEa 1 Agees 55
Azt A5t Ca*t %5 7M7)z, Car &
Ca? —calmodulin(CaM) 2§ A& wt=3F Ca’ 923
phosphatasezgl= JAw, Z calcineurin(CN)-&
444spA) 3k CNE A Zz2ue] NFATE Julz o]
FAA IL-2 325 2AFA 024 IL-25 drHA]
Zieh, 22y} CsAeol} FK 506 CyPs} FKBP3}
Akt AS oAl CN3p Ajpsled A, drug+
immunophilin + CN-A + CN-B + Ca?*-CaM ]2} =
pentameric complex® THE-AXIT), ©]27E pen
tameric complex7} A=W CNeol| 9§ NFAT,
NF-¢ B(nuclear factor of Igx light chain in B cell)
o e Haldate] ¥Ae] ARHA Hreeew
(Fig. 6).

3t FxEelA] CsA+ cyclic peptideo]®, FK
5062} rapamycin(RPM)& macrolide® wu]s=3]},
271712 CsA¢t FK 5067} Sdstr, RPME o]
£33 dEth. &, RPME IL-2 5874 $a% 4l
Z A9 (signal transduction) ol &3] THZ7} 23}s
= AL 2AFAIZHG, to S phase). o9}t 3}st
T2 7159 olF AL FHEY TR

MOLECULAR MECHANISM
Ciclosporin FK-506 Rapamycin
Immunophilin: Cyclophilin FKBP FKBP

Chemical o, /(
structure ~ ',Ir'l‘ N .
o

Potential Calcineurin
effector (+ Calmoduiin, Ca**)
Inhibition Gy —* Gy

of cell cycle:

Go""G1

Immunophilin
binding domain

Effector '
domain

Calcineurin ?
(+ CGalmodulin, Ca**)

G1_’S

Fig. 7. Dual-domain concept for immunosuppresstve compounds of microbial origin (CsA, FK 506, rapamycin).
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immunophiline}] ¥+ %9} CNo] £ 28397}
z}7] ef27] d&olt}. & immunophiline] =49
(immunophilin binding domain)+ FK 5062} RPM
o] wjz=sly, CN# kg3l 29](effector domain)
£ CsA%} FK5067} vlseatr] whgolch. olshze @
el Se] Fash 7149 olFAANEE “dual
domain concept”2} o} @ (Fig. 7).

2. ¥4H &S

CsAo] Jixog o]g5 olzf A7|o|Ae) ¥Ho]
ot 7 ApAlolny, AZAE AEYY Axc o
+9] 2712 Wl A Adst AAE B gl
(1) A%, %, As A7lolAA o4l & &zt
AEgE FA FAZY (2) AR dlEe) A
55 aAzid (3) A9 H=E 40 (4)
2} A& 14 Ao kst (5) Y1717
Azt &9} (6) =¥, HLARAHEA, 5040]
A g aRe]Al e o] vlaA HYL v} E HAle
o] x| AdFgo] FvlE A

2 CsAg 22ke2 3= g4 = 9 #A4
ayle] vy Aol AlEjuict z47] ohE 9ot
s 21| wpge g Qofg ¢ gtk & GsA 25
8w, CsA-+steroid &4, CsA+AZA +steroid 35
24, ALG/OKT3+AZA+steroid FoF Al7])%
323 Ea)ol] CsA+AZA +steroid2 Hdksh= A%
24Y, CsA-+sterold FodF Hatpgtoga AZA+
steroid2 A3tsh= Asay, 9 CsA+ALG/OKT3
+AZA +steroid 48 5o] o]l&53 9jc}(Table
6).

3. #=H&(Side Effects)

CsA®) 3ahge US4, 154, 3, 2259,
1%, TUYS A deiAn glod, olEF
NEAe QHen A Az TA @Rl
web Al 712shaA Beh o (Table 7).

CsAel sjg A%54e] ejety EFE Basel
(1985) Bleleld #& o] LIHL, 2 F A7
we Ade =ql=el ¥4 R oz ERasrt
Aol AgH AT 2obeled AN NEE BF
7} e} o]¢-=53 git}(Table 8).

CsAol 9§ Edel Qas ASHSE A
A9 Axpd Al 9@ Aoz (1) GFRel 72,

Table 6. Cyclosporine Based Protocols Currently
Used in Renal Transplantation

CsA (monotherapy)

CsA +steroid

CsA+ AZA(dual therapy)

CsA+ AZA +steroid (triple therapy)

ALG/OKT3 + AZA + steroid = CsA + AZA + sterod
(sequential therapy)

CsA +steroid=» AZA +steroid (conversion therapy)
CsA+ ALG/OKT3+ AZA +steroid (quadruple thera-
py)

(2) 22EYEE, 3) AvldsdsE & ¢ 929,
GFR Ztzeell upd o]l XA o (4) 4
Ax AT (5) ZRAEEES 4 Yo,

T4 CsAS tizF Fojatd U444 AAE
o (efferent arteriole)® FAIA AlM-E9 (afferent
arteriole) &) o] FAlol] do i}, F2 FAIA A
AT ] s3o] WAste] ARG o] Z7heiw, what
A AR oishgo] 4 Heh. English5-e CsA
FolF FAH AAEAS] HAo] AA3 tode A
AdelAen Ax Bl A3} gked), ol
CsA9] F8 =8-497F 744 AAEHdE X5
2 sin,

CsAd) 27 ASAeH e 2 Auds)
WH3lE sk, Ao+ giant mitochondria,

vacuole ¥ microcalcification 72~ e £3)8-

Table 7. Cyclosporine : Side Effects

Renal Dermatologic
Nephrotoxicity Hirsutism
Hyperkalemia, hyper- Flushing

chloremic acidosis Dental

Hemolytic uremic syndrome  Gum hypertropy

Gastrointestinal

Hepatotoxicity Neurologic
Pancreatitis Tremor
Cholelithiasis Dysesthesia
Abdominal pain Seizure
Metabolic Cardiovascular

Hyperglycemia Hypertension

Hyperuricemia, gout Hematologic
Hypomagnesemia Hemolytic anemia
Malignancy Thrombocytopenia

Lymphoma
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dogvt A7lselle & 989 nAA Ygerh 18
Al E el CsAe] gefo] o} AlEEAd oA
o] chEul, AH&F CsA Fo4Ale= (1) renin-
angiotensin-aldosterone 2] x}=3%#2  (2) PG o}
AFe] Ao, (3) tubuloglomerular feedback(TGF)
o] 843, (4) endothelin ¥¥])2] F712, (5) A&
A7 A 2] 2}Fel] sl YprEHE doHr o A
I GFR3} AldFekS 21714 Db 28y dig
9] CsA$ 59398 75ele g3 o &84
Fol &8 Fo24 ¥ag S-3e] Yot A
22 CAd 9% ¥ 3 (CsAarte
riopathy)o] Zz{sje] GFR#} Al¥FaFo] Zis}A

4. CsAZl 4EHESs= AME

CsA g A8F oe7tA] ¥-3he3 A FA7 =
= A2 A=Aete] daabgor qsle] CsAdj
A3 AEAE F7HI7IAY HYAA S o=
71= @} CsAzbe] Aazbg of Al &2 ¥ cyto-
chrome P-450 #4A1& 53 7hdjAle} felxe] &
FEEE 7t B2 AoA T

CsAe] YFFE=E FT7HZ dEE+= ketokon-
azole, diltiazem, erythromycim, oral contraceptives
9 methylprednisoloneS-o} ¢lei}, Wil dFEre

=t} (Table 9).

~
E 7427+ A S 2+ phenitoin, barbuturate,

Table 8. Classification of Cyclosporin A Nephrotoxicity

New Classification

Time-Related

Workshop in Basel

Functional toxicity

Special form . ARF
with oligo-anuria
Tubular toxicity

Vascular-interstitial

Acute toxicity
No morphologic lesion
Peritubular capillary congestion
(Acute renal failure)

Diffuse interstitial fibrosis with
oligo-anura

Acute toxicity
Toxic tubulopathy

Chronic toxicity

Peritubular capillary congestion

Diffuse intersitial fibrosis with
oligo-anuria

Toxic tubulopathy

toxicity CsA arteriolopathy CsA arteriolopathy
Interstitial fibrosis, striped form, Interstitial fibrosis, striped form,
with tubular atrophy with tubular atrophy
Table 9. Suggested Pathogenesis of Cyclosporine Nephrotoxicity
-Dose Depedent Cell Damage-
High dose Low dose High dose
Tubule Small vessel
Giant mitochondria, Vasoconstriction due to : Endothelial and smooth
vacuoles, + RAAs muscle cell damage
microcalcification « PG metabolism i
! « TGF Platelet aggregation
Minor functional « Endothelin release !
disturbance « Autonomic NS Local i.v. coagulation
l
CsA-arteriolopathy
i
Interstitial fibrosis
l

GFR |, RPF |, Hypertension
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alcohol, rifampicinge] <th. 22}, aminoglyco-
side?} NSAIDY cytochrome P-450 &-AA|e} A
glo] CsAs wWgFoA] A7%-& Asrds U
(Table 10).

FK 506

19831 Y¥o] Tsukuba =Wre] EoFolA ¥2ld
streptomyces tsukubaensisgh= Al FoZH-E 3§
dodedd sl gle FK 5068 7337lelt. FK
506+ macrolidedl 9] A2g THEZAAAZMA in
vivo 8} in vitro o4 CsAxc} 9538 d99A &
7} ks s,

FK 506 3}stalpzmeds CsAsh 3sha7zr}
9As) el IL-243Ake] AArdAE weigke
24 TAZ BAHE AAskezle CsAs 7)Ao
E s}, & FK 506, A FKBP3} 2o ey
PPlase(rotamase) @] &4715% AAsA =L, 4
CN3} Agtsio] HAQIate] dujole-& Wit sy
IL-2 $-47ke] HA& AAsA Deb 0 (Fig. 6)

2. NN &5
FK 5068 Q144 o188 2k, A%, Agel4¥ A

Table 10. Drug Interaction with Cyclosporine
Drugs which increase CsA

Diltiazem

Ketocanazole

Erythromycin

Oral contraceptives, androgens
Methylprednisolone

Drugs which reduce CsA concentration
Phenytion
Barbiturate
Alcohol
Rifampicin
Carbamazepine
Sodium valproate

Drugs which enhance nephrotoxicity
Aminoglycosides
NSAID

2alge] o5 steroid N Eo] HABHA W Bl
A] F-284(rescue therapy)] EI}He|tt. £3
FK 506% 7o) Alol4 CsAe) A& 483 9
Lo}, JdEZEATFe} StarzlE(1993) 2] BarelA 4
d o|A7 Y=gl 64% =M WA FPYL B
o}, et ARolalelde] FK 5069} 4#e CsA
o) g3} nlsahA LS ATk,

=3 AA, Teued, A1y G @ ASFTT
5} zre wojA ARSI FK 5069 432 Aol
P En ik = a

3. #x&

FK 506% CsA3} v]5:%t 3248 wolx gled,
23] AASA, ASA, Fud 4250 FAA Hx
gch. el CsAsh wjmste] ARSAL % Az
3w, ASHE Ao TUFE SEROE e
A 31 ¢)c}e®(Table 11).

POLYCLONAL ANTILYMPHOCYTE AN-
TIBODY

1960 FHRRE] A7]o|Ale] o]4-Fe] ghed, &
8 FAARRS Ao FLENE Btk AFEE
Qluld AME(BHME, TAE, 3& FAAE)SS E
7], o 2L ool FARE & #Alh. MAbel vl
o] Aol o)™ AJgke] =3, PAHY batchell w}
q71e] zpelrt A& glow, Hapge] sz, %
(1g/9)& Argsfoliict. AHS-R olshro] wa} o2
Zz87} gled, F2 u)Folxe Minnesota ALG
(MAG) 38} ATGam(Upjohn)e] @ol AR=T gle
), ¢ %o A& Fresenius Al (5 )¢ Pasteur

Table 11. FK 506 : Side Effects

Renal Gastrointestinal
Nephrotoxicity Nausea/vomiting
Hyperkalemia Abdominal pain
Hemolytic uremic syndrome  Diarrhea

Neurologic Metabolic
Tremor Hyperglycemia
Headache Hyperuricemia
Dysthesia Dermatologic
Insomnia Pruritus

Cardiovasular Infections
Hypertension Malignancy

Lymphoma
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Table 12. Comparison of Antilymphocyte Antibod-

Table 13. Polyclonal Antibody : Side Effects

ies
Polyclonal Monoclonal
Heterogeneous Homogeneous
Batch to batch varia- Consistent, measurable reac-
bility tivity to human T cells
Variable adverse re-  Predictables 1st dose reac-
actions tions
lg/day 5mg/day

Pan-T and B cells T-cell subsets

MerieuxAH( X2 )0l ALG7} A 2717 o453 9]
t}e 1m0 (Table 12).

1. %871

&A)71 dspol| EA=EH opsonization/phagocy-
tosis 7188 o] AN L(RES) ol o5 24
ot ol9dell= BAE 51 Aoy, xe YT
o] =4 . glat 8}
Aol gL mAb7} THERRS Addx o2 Agsh=
o] ¥bs}e], polyclonal Abs REMWYT = THX, B
AX, FYAE 9 FPA LG i Lo Wrtdo
zhgght), =3 mAb: THES s mapkgo] A
2}, polyclonal Aby epA X3} wxjukg-o] Alsle
Yautad, AYFALF, DG5S oAl
E]_Q.‘O).

2. 44X B8

Polyclonal Abe] 8B 714, AM8-ojHeldy,
A5 WESE m]ogixqoq_\;l_ 279 P QAEZ
oy AASAL, dFE o 37FA] A5l o] 4-H
. F, (1) “5‘3"—111]—4 ey (2) FAATE
(3) steroid A FA AHurgA] Fxmgawe 2%
o]}, Polyclonal Ab®) 4382 65-100% & ster-
oid%7 8 X2] 58%l uvls] F& AAelH, T
OKT3¢}e] Azujao s A2 ujssic}®o,

Polyclonal Abzl-go] & F579 W (pan-leu-
kocytic)ol| v]|%])7] wjEel| 21HAE g Arixz
AlZsic dag s, BT AaF, $d -4
o] B-gta)ol)2]gl 41A<d, serum sickness, FLPZo]
B4 78]t} (Table 13).

Thrombocytopenia

Granulocytopenia

Antigen-antibody-induced GN

Complex-mediated hypersensitivity (serum sickness)
Increased susceptibility to infection

Fever and chills
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MONOCLONAL ANTIBODIES
1. Monoclonal Antibody2| &4

198035 frdggte] MIHAA 59 F

Mouss
™ Specific myeloma
antigen @/ cell

lmmumzalmn . .

Mouse
hybridoma
cell ‘S’
Mouse variable-
region gene portion /
Human constant-
n@/

region gene partion
@ ©©
for chimeric

am_ibf_:dy @
/ cufture
growth

e
Mouse human

monoclonal
anubody

é’

A
==

Human
cell
Spleen

cell

New
mouse
myeloma
cell

Recombinant
DNA methods

Translectoma
cell with genes

Mass

Human
MDUSE conslanl
variable region
region

Fig. 8 Production of humanized monoclonal antibod-
ies. The initial murine hybridoma( upper left)
is prepared by usual techniques. Using recom-
binant DNA technology, the murine variable
region genes are joined to human constant re
gion genes. The resultant chimeric genes are
transfected into a new cell line which pro-
duces the humanized monoclonal antibody in
murine hosts or in cell cultures.



ol83 mAbol AAb7lEe] wHAAl At
MAbE "tz #AE 4dA4E AxA sHed, (1)
ulgor Rel gAF YAy sle BAZE de
A7 A (immunization), (2) plasma cell#} myelo-
ma cell& Al (fusion)d}e] hybridomag Rl=+ 3}
A, (3) 23 hybridomad Qv A3 (selec-
tion) (4) AA (cloning)#}A 22 o]F<o] zc}. Hy-
bridoma A|¥3¥ shte] A-8-%-9)(target molecule)
o] th3ted 7} isotype FARHE Fiksini, olepzt
£ isotype A= IgM, IgG, IgGla, IgG2b -]
9\1‘;}’9‘%.40.4].44.46)'

2 DNA zgtde s Az hybridoma #E2]
variable region f-#z}2} Q7bA|E 9 constant re-
gion xS §Hste] QAZk3d & F8 &3 (huma-
nized chimeric mAb) & Ao 24, OKT3 A%

xenosensitizationel] 2]%} antimurine Ab 438 28

Table 14. Targets of Anitlymphocyte Antibodies

Polyclonal Monoclonal

Multimolecular Epitope specific
Cell-specific(T cell, subset, etc.)

Crossreactive with molecules

Pan-leukocytic
Crossreactive with
tissue, cells bearing bearing similar epitopes

similar molecules

= g}l =} (Fig. 8).
2. Monoclonal Antibody2| S0|4

Polyclonal Ab7} 2E w3 e Wyl o 2 =he3]
£l W, mAbe Fo] THE olys} Solg
epitopedl7t A-435}0], wleir] w]5:§ epitopes 713
moleculeol|nt wxpuke-& o4 glort oAH Y
9= FHc}(Table 14).

Table 15. Clinical Trials of Monoclonal Antibody Immunosuppression

Monoclonal cps s . Consistent
Antibody Specificity Isotype Targeted Cells Efficacy

HuLy-1 CD2 mlgG2b Pan-T No
0K13 CD3 mlgG2a Pan-T Yes
WT32 CD3 mlgG2a Pan-T Yes
BMAO031 TCR mlgG2b Pan-T Yes(?)
T10B9. 1A-31 TCR mlgM Pan-T Yes
BL4 CD4 mlgG2a 60-80% T No
MT151 CD4 mlgG2a 60-80% T No
MT412 CD4 h/mlgG1 60-80% T Yes(?)
Leu2a CD8 mlgGl 20-40% T No
Xomazyme-65 CD5 mlgG1-Ricin Pan-T No
Anti-T12 CD6 mlgM Pan-T No
RFT2 CD7 mlgG2b Pan-T(blasts) No
SDZCHH380 CD7 h/mlgG1 Pan-T(blasts) Yes(?)
25-3 CDlla mlgG1 Leukocytes(all) No
Anti-Tac CD25 mlgG2a Minimal
33B 3.1 CD25 rlgG2a 97 % activated Probable
Campath-6 CD25 rigG2b 15%resting T No
BT563 CD25 mlgGl Yes(?)
Campath-1 CDW52 rlgM 95% mononuclear No
CBL1 Transferrin R mlgM “Blast” cells No
BIRR1 CD54 mlgG2a ICAM-1 Yes(?)

*m=murine ; r=rat | h=human

TCR=T cell receptor.
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3. Monoclonal Antibody2| &%

daHes AYPFolA ol4=HE e mAbe
pan-lymphocyte, pan-TH X £ activated-TA X
F AEHo SolaA AgsAd HH, 13K+ 4
F2] o]2v} OKT3uHE YAzl ez a7r} F33 2
& z229R] b (Table 15).

MAby= TAHIZES] 2h4-8-9o) o2} =24 33xF2 o}
59t} A= TCR/CD3 E3tao] A4 =gsh=
Ao 2 OKT37} Aoz, 54 CAME E3 co
stimuli® x}54A)7]%= mAbZH antiCD2 mAb, anti-
CD4 mAb%-o] 9low, A4 IL-2587]& 2dA]7|
£t mAbZ antiTACEo)] glc}'s.

22 8¢ OKT37} A7lolAlelA ARukg-o)
ofupz 8ol 7pgRe] ol4Eln ATF-Ee] gl7l,
EEolae F2 OKT3el| ujgh 24745} 2 Baps
& 7]&slma] o} 15 90 (Table 16).

4. Z}&7|M (Mechanism of Action)

THAEZRZH+= CD3E v FEslod CD4, CD8 %
TA $579 A Eo] slon, olF Y
Ao i3t whg2 z}7] tiEd. TAXZ $UE F
CD3 g4 & A5d TAXLe} FAAE(thymo
cyte)®] Hof] Eojsl= dolct. Fig. 204 B
vpe}zro] THE 47 B84 (TCR complex)& 2

Table 16. Monoclonal Antibodies

Anti-TCR/CD3 complex mAb
Anti-CD3 mAb (OKT3)
BMA

Anti-CAM/co-stimulatory molecule mAb
Anti-CD2/LFA-3
Anti-LFA-1/ICAM-1
Anti-CD28/B7
Anti-CD4(0OKT4)

Anti-IL 2-R mAb
Anti-TAC
Campath-6
33B3.1

Others
Campath-1
IgM mAbs(CBL 1, CHAL 1)
Anti-CD45 mAb
Anti-CD7 mAb

78] polypeptides(a, £)2 F4% TCR &, 34 <
Al (antigen recognition structure)2} 5702 po-
lypetides(y, &, & & 7)2 A9 CD3Z TAs]
dem, o5 AE Zge] M2 YA QAo
oleh. 2k o dhkle] 38l AAAe) RAHR, 1
A5 (signal)7} CD3SRHAE Foto] ATz W
HA =Hv, 22} AW kinaseel] ¢J3] Ca* -CaME
) 2] Z7}2} protein kinase CEA 9] 84317 dod
“ DNA Zg=e] 37b82 404 Hab} Loi}
AE FAo] dof}A =Hcth zehd, OKT3 &2
A7} CD3 ¥bile] A=, CD3 2ghale) 724
37F A7ie, of® o] g4l A4 Al A o=t
= Asot AENZE Ho] 52 dond M EZFA 0]
LolbA] @A Sl Selepon e,

Table 17. Specific vs. Nonspecific Effects of Mon-
oclonal Antibodies

Ligand/receptor inhibition
IL-1/IL-2R
ICAM/LFA-1

Membrane modulation
CD3/CD4/CD7
LFA-1

Target opsonization/phagocytosis

Complement mediated lysis

ADCC and promiscuous killing
CTL
Monocytes/macrophages
NK, CD16+cells

Apoptosis

Table 18. Monoclonal Antibody : Side Effects

Over-immunosuppression
Opportunistic infection
EVB activation-lymphoma
CMYV infection
Acute cytokine release syndrome
Febrile responses : flu-like symptoms, fever,
chills, headache
Respiratory responses . dyspnea, asthma, pulmo-
nary edema
GI responses . nausea, vomiting, diarrhea
Neurologic response . aseptic memingitis, sei-
zure, impaired vision, tre-
mor
Antimurine antibody due to xenosensitization
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OKT3% X33 mAbe) zhg7lde a3h8 194
gz} g4 glevt, (1) IL-2 R mAbs} o] lig-
and/receptor {A|7]A3} (2) OKT3%} 7to] TAE
Fel] EAEE Alxete] Wiyse] (3) ol v
o A A E A AR AAS AL (4)
a9ol= BAFAI}(C3a, Coa)oll 23 714 (5)
ADCC ¢ (6) 9% THEE: wdztyog &£48
We-F apoptosis 7]Fel] 9%t 7158 A% ¥
o+ 40 (Table 17 ).

5. X &S

MAb2] A M- BE o3 371R] Agdl o]
48t} (1) A7le)AlE #5884 (induction thera-
p) Al (2) A7le]AF AHubg-o] 27|A8A], (3)
steroid A& FAAFEEA] Selc}h. 229 mAb
8 A-Ale 71, AR2-2) #He] Al (simplicity of use),
H A (immunogenicity), 3} % JAHE So] 17
sojo} &rio g Ate{Elch,

OKT39} A4 ABAAL FAARYS X84
94% 9] A1 T8-S B4, steroid A8 A)e] 75% |
H|3] 19% 9] x}o}E Mg} T steroid =234
A3A3E Bl A4 OKT3E ARg3 x|
(rescue therapy) ] 65% 2] AZ&% B},

oje}zte] OKT39 WA &I} F3iste 2T
e A AF, AGHRE Hel ARdEo®
steroid 7842 4o} steroid] H-3hgo] gy
#Atel A OKT32] ARg-e] wejsx gich. =37 o]
2], 3 HLA Ab(pannel reactive antibody) <7}7}
< #7, 2 FEATREY AAHe] A" A
M x84 2 OKT3E AH-3rx gt

6. Haig

OKT39| Ag-ol] m-E F-2H8-2 =7 3704 Helz
vephdt}e 250 (Table 18).

(1) 389 <A (over-immunosuppression)

(2) FA4 cytokine ¥ (acute cytokine release
syndrome)

(3) 7ztell 2% antimurine antibody 34

1) 1Y HH|(Over-Immunosppression)

OKT3+ 7&3 "o dalz]o]7] dite] HA7]5-E
Y5 X278 7133k 9] Wxr) S B9
Ebstein-Barr virus(EBV)$} CMV 2] 714de] dixr}
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%7} F5 9len, EBVZ) ¥AstEd olslEe] whal
25 A71el ZAIEoF o). webs gaojate g
%, elepAlele] WRAAY A3 Fode zeis ojot
g} wdebd OKT3 ARg-9] ddubdql f13e (1) 15
Aol AHEstA] LA, (2) 1Y 5mg olA4S A
43bA1gar, (3) CsAe) H3tsoa] CsAel & &g
+ Foof g,

2) 24 Cytokine ZE%I(Acute Cytokine Re-

lease Syndrome)

OKT3= HAAELY &4ws A3l oA}
FAAE) 2] HEel A epitopest TANIES
oz F4 cytokine TFFIRL EHAAE 1}
ehdolet. Al EE9 anti-CALLA 37} A4 =g
A9} wapabgstel AAdE deoeArglt). feF
83 712 459 THAXY F22d 44 g%
9] cytokines(TNF-¢a, IFN-y, IL-2, IL-6)E°] &
glsle] e AlA W0 R wlA] AR 3] 4
2 AEo .

OKT3ell 93t cytokineZ¥7-& A 4712 o}
=5 oled, (1) 924 (febrile responses) : .4,
23, 5%, (2) Z&7] ZFA(respiratory respon-
ses) | ZRT=, A4, #HEF, (3) 94T 3G
responses) : 24, TE, AAl (4) Al7ZZAH(neuro-
logic responses) : o4, A4, ™, A5
o,

olepzhe FALE-E2 A 43 FUF 1A% ol
dojv} A7 A4EY, ey FAX] rpAEln
Y], 54 43 F94) el £0 A¥AE &
Ttk B3] 9L A9 RESRPM FH "9
Z1el vlE] A dA 52 Foir} ozt ey A

Table 19. Presumed Mechanisms of Action or New
Xenobiotic Immunosuppressive Drugs

Inhibitors of cytokine synthesis
CsA
FK 506

Inhibitor of cytokine & growth factor action
RPM

Inhibitor of DNA synthesis
MZR . .
MPA } purine synthesis
BQR | pyrimidine synthesis
Inhibitor of cell maturation
DSG




cytokine Z&¥7-& OKT3 %o 1A]7tAel cortico-
steroidv} anti-TNF mAb¢] 592 F4H2 <ddhi#|
€ AT

E£3) OKT3%¢ F¢ %% (pulmonary edema)
o] Aarold A F glew, sH¥Fe] A7 A% A
A 4 97 Wi 2As|o} @k OKT3 &4
vr} AFe 277 > 3%l AS ARFe] WHIe
2 OKT3 Hgde] AFHHe] TP,

3) o|ZU=tol 28 &A|A44J(Anti-Murine Anti-

body Due to Xenosensitization)

OKT37} el ez mAbelmz  Felidt
xenosensitization ©] doldZgith. OKT3 5-F-of
A] 65-80%¢]A, cyclophosphamides} T4
30-40%¢] antimurine antibodyz} Azit}h. wehA
OKT3AH Al 2:3e] b A9 AAIS BFdE
Bzt glr}k. AT o]2}zrE xenosensitizationd 2t
7188ty Qzre]l AL Eeldle mAb(huma-
nized chimeric mAb) & 7143}7] ¢ A-7Fel 3l
T} sy,

NEW IMMUNOSUPPRESSIVE DRUGS

1980 e Futel¥ 2 BAEES 744l A4, i
4, e $49) d9dAAE] qFF7t A
glt;. Mizoribine(MZR), deoxyspergualin(DSG),

Ca?*.DEPENDENT Ca2*-INDEPENDENT
{ I
LIGANDS LIGAND

+ +
TCR-CD3 CD4/CDB CD28

‘ CD2 LFA-1 . ‘

e

FK 506, mycophenolic acid(MPA : RS-61443), ra-
pamycin(RPM), brequinar(BQR) Lo] a2t EFQ
dE2M FA ol AFARFo|.

olgjte AMEL WAJAAEL 4FFE HET
9l&=tl, (1) cytokine g4 A)Al, (2) cytokinez}
AR} (growth factor)e) A4, (3) DNA ¥4
ARAl H (4) AEAS A Foloh(Table 19).

A2e BAJAASY 249 CsAel FK
5069} 7Z+& cytokine HAAAAE AEe] AR
Z Gy GHAE A7), RPME cytok-inedt
QAAAE SA RS AL G > SHAE %
wA)7lch. =8 MZR, MPA, BQR $-& S — G,<7
£, DSGE MeHAE 2] (Fig. 9).

o|5 o}A| 53 MZR, MPA, BQR % AZAF2
7+o] nucleotides] A& JAst7lel 5544 7t
A2 qlel A AMslE AL FEoln*(Table
20).

olelzre MRS oFAES) BT el SslA A
mule o ANEsbeAde $AES dod, IS
vzl oo s gzbdc). whd ojehzkd W
QoA A e g7 JAH EHE A3 LA
o, sy AdodA) W] 718 43L CsAoly FK
506% ¥rhx] GAE 7ot 7)o H471A
o] ThE ok E Arlshe o] 2olA FAlolth 2
27 o2 CsAolr} FK 50698 FolA sjof A

4 @ @ FULLY

DIFFER-
N\ ENTIATED
CYTOKINES @ @ CELLS

sl
Csa MzZR
FK508 MPA
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6, a, S <0y M

Fig. 9. Schematic representation of the possible sites of action of the follow-
ing immunosuppressants on activated T cells: CsA and FK506 pre
vent the transcription of early phase cylokine genes, RPM inhibits
the signal transduction of IL-2 bound to its receptor and may have
other antiproliferative effects unrelated to lymphokine signals; MZR,
MPA, and BQR all inhibit purine (MZR, MPA) or pyrimidine
( BQR) nucleotide synthesis, DSG seems to inhibit late stages of T-
cell maturation. RPM, MZR, MPA, BQR, and DSG also on activated

B cells at the sites shown.
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Table 20. Approximate Comparisons of Characteris-
tics of New Xenobiotic Antimetabolite
Immun-osuppressive Drugs

11)
AZA RS MZR BQR
Prophylaxis + ++ ++ ++
Rescue — ++ ? ++ 12)
Steroid/CsA sparing  — + +  (+)
Myelotoxicity ++ + + +
Blood level assay - + + + 13)

EAS gol, EAo] steroid9 OKT3Z9] AR x
EA "zleld, T4l Ado dAadlelgt Fhgdot
gFo] WA $igle]r},

14)

15
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