1 ! ( ycophenolate mofetil, MMF)
11

MMF ester ycophenolic acid [2-morpholinoethyi 41 ester of
mycophenolic acid (MPA)] 1 Florey 50

Pénicillium species

CH,

Mycophenolic acid portion orpholino prton

1 MMF
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cell cultures

malignant tumors) MPA ) lymphocytes T
B-cells7 specific uncompetitive binding inosine  monophosphate
dehydrogenase (IMPDH)
guanine nucleotides de novo pathway
polymorphonuclear cell salvage pathway
lymphocytes adhesion molecules
MPA7
. RA RosP+AIP NA
%ﬁn GaroeTP | FRPSrirece AbmreTP
7
SitotwitosHr fogree (R
ShaeRthvey
HoRee 1
Gare  ‘GEmseM irbsre NP AbreEEMP
MP FP IMPEhdapee Aboire Baniress
(lexhiNren) (MD A
Roon.dedick
Reldee
Roonudedice Myaogphordiic
Reldes Add 7
Doyechoare P
. 7 . 7
7
DNA DNA
2 DNA
MPA interleukin-2 (IL-2) T
lymphocytes cyclophillins cyclosporine

tracolimus (FK506)

MPA

(psoriasis)

azathioprine incooperated

mammalian

(advanced
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» rnrmuimin 010*8

nucleic acids MMF cyclophillins

azathioprine

MMF acute rejection 50 6
cyclosporine corticosteroids
azathioprine antithymocyte globulin 34 2 3
2 3
2
12 MMF
MMF MPA MPA glucuronide
(MPAG) 8 high performance liquid chromatography
(HPLC) 254 MPA
MPAG9 ' 1[0 0.100-40.0 4.00-
400 intra inter assay
5
MPA MPAG 4
8 1-4 u -20
MMF
0.400-4.0 intra inter assay
5 MMF
10 2.0 3.2 14
7.6 6.8 -20 6
4 -80 MMF
-80

1.3 Metabolism

2 metabolism

AC-lebelled MMF lebelled



MPA iebelled morpholino
4 1
] 14c 74 100 dd
7 liquid scintillation
counting morpholine-4C MMF HPLC

mycophenolate-1AC MMF

45 (Tmax) (half life, T, 2 17.6
16.0 17.0 MPA MPAG
0-24 MPA MPAG 17 76
blood-to-plasma total radioactivity 0.59

MPA MPAG

recovered radioactivity 90.4 72
96.3 55.7 12
MPAG  MPA ( 0.6) acyl glucuronide conjugate of
MPA 0.3 5

orpholine-14C MPA

(Cmax) 53 (half life, T12 4.34
1
0.25-6 FIPLC 4 3 1) N-(2-carboxymethyl)-
orpholine(CMM), 2.) N-(2-hydroxyethyl)-morpholine(HEM) 3.) N-oxide HEM
(HEMNO) 76 2.9 10  AUCO06 4
2.7 77.2
12 921 24 94.4
168 1 CMM
( 80.8 24 ) 4 3

(HEM, HEMNO, unidentified metabolite) 1



MMF 100 de-esterified

MPA MPAG
1.4 Protein binding
pooled-plasma 44 free fraction MPA
1.25 £+ 0.08% (mean + standard deviation, SD) MPA 1-60
53.3  0.92 free fraction 0.7-69 MPA
a ,-acid glycoprotein warfarin,
digoxin, phenytoin, cyclosporine tracolimus prednisolone
(normal therapeutic plasma concentration) free fraction
MPA 6-8 sodium salicylate
MPAG 475 free fraction
MPA 3
free fraction MPA restrictive
non restrictive clearance 24
cholestyramine MPA MPA 100
warfarin,  digoxin,  propanolol,  phenytoin
theophylline moderate to severe compensated hepatic cirrhosis free fraction
2.80 40 2
0
MPAG human plasma 82
MPAG free fraction MPAG
MPA 99.99 0.01

% vira aDME



15 Pharmacokinetics in renal transplant patients

Vv
plasma protein pharmacokinetics MMF
renal allograft rejection 3
pharmacokinetics ~ MMF single close
* Cmax, Trnax ~ AUCOD

Cmax AUCO0-12

15.1 First dose pharmacokinetics in patients and healthy individuals
"ol first dose pharmacokinetics parameters
MPA  MPAG 1



Group3 Day 1 RT
patients

BID dose(q) 10

N 6

Mycophenolic acid parameters

Cmax(JJ.g/ml) 26+2.5
Tmax(h) 6.1 +4.8
AUCO-12(JJ.g*h/ml) 12.3° +5.8

Mycophenolic glucuronide parameters

Cmax(|dg/ml) NR
Tmax(h) NR
AUCO-12(|J.g*h/ml) NR

Day 1 RT
patients
15

5

51 + 6.2
96+ 36

19.5C+ 139

NR
NR
NR

Day 1 RT
patients
1.75

6

3/25¥93.5
4.8 £4.3

18.8C+9.45

NR
NR
NR

MMF

Day 1 RT

combined
15

47

6.6 + 6.6
45 +5.4

214 + 175

329+ 174
8.65+ 6.8

220 + 140

Late RT patients

15

10

29.7£14.2

12+0.8

521 £17.7

59.8 £+ 19.7
28 0.8

420 + 140

Healthy

volunteers
1.5b
36 '

32.8+8.2
0.90 0.4

51.5b+ 151

433 + 131
1.7+0.5

234b+ 87

a Day 1 patients are on the first day post-transplant; late patients were at least 3 months post-transplant. The combined group on day 1

consists of all patients with renal transplants who received bid 1.5g, and includes the 5 patients in the table from the reported study,

b Healthy volunteers given single dose and truncated AUCO-12 is shown for comparison,

¢ Reported values halved, see text



Abbreviations' AUCO-12 = area under the concentration-time curve at 12 hours; BID = twice daily doses; Cmax = max:mal concentration: MR

not reported; RT = renal transplant; Tmax = time to reach the maximal d ;g concentration.



MMF 1

2
Day 1 combined group MMF 15
2 5 late post transplant data
3 2.25
hemoglobin T 10 cyclosporine8
late renal transplant patients  healthy volunteers
MPAG AUC0-12 renal transplant
patients ' b Y graft
T MPAG
MPAG
MPA late Day 1 renal transplant
patients Cmax, AUC0-12 Tmax Day 1 patients Tmax
MPAG Cmax, MPAG AUCO0-12 MPA
parameters Tmax

152 Sing e dose pharmacokinetics in patients

3-period randomized crossoverl4 interaction MMF
ganciclovir MMF 15 12
3 Cmax 309+ 11 Tmax 09+03
AUCcc 80.3+ 164
MMF 1.5 MPAG renal glomerular filtration rate

(GFR) parameters MPAG
153 Multiple dose pharmacokinetics in patients

MMF 2
3 late set Caucasian 3
MMF 1.5 2 2 3-week posttransplant set
3 Cmax, MPA AUC0-12 1
2 20 parameters 50

late patient group MPAAUCO-12 b



Time from transplant

BID dose(g)
N

Mycophenolic acid parameters

Cmax(|J,g/ml)

Tmax(h)

AUCO0-12(|Ig«h/ml)

Day 20

1.0

82+3.6
16+ 13

32.7° £ 545

Mycophenolic glucuronide parameters

Cmax(|J.g/ml)

Tmax(h)

AUCO0-12(jag*h/ml).

NR

NR

NR

I+

Day 20

15

13.0+8.4
11 +0.6

36.6° £ 515

NR
NR

NR

a Late patients were at least 3 months post-transplant.

AUCO-12 over the interdosage interval,

¢ Reported values halved, see text

Abbreviations: AUCO-12 = area under the concentration-time curve at 12 hours; BID = twice daily doses; Cmax = maximal concentration; NR

Day 20
175

18.7 = 12.2
13+ 08

59.5C+ 6.95

NR
NR

NR

MMF

3 weeks

10

120 +4.9

21 *1.5

47.0 £15.3

90.2 + 344

40+1.3

820 + 400

= not reported; RT = renal transplant; Tmax = time to reach the maximal drug concentration.

3 weeks

15

13.9+8.3

225+1.2

60.3 +25.3

116 +43.1

48 +1.8

1000 +450

Late3
1.5

13

23.2+11.9
09+0.2

61,3b+ 28.7

111 +26.5
30+ 12

1040 £290



13

MPA AUCO-12
30-50 3

13
acute rejection total
plasma MPA concentration 16 free MPA
active 7
combined dose-normalised pharmacokinetic

MPA  MPAG
AUC
Cmax
1
1.6 Enterohepatic recirculation following administration3 1013
MPAG secondary peak
Cmax MPA 14C MMF
recovery 24 7
21 MPA
AUC 13
enterohepatic
recycling MMF
MMF rejection
' 17 MMF 1.75-2.5 MPAG
choledochocholedochostomy nasogastric tube 18 (
16.5-26.0) 1 MPA
Crossover cholestyramine (241
1. MMF3 ) MMF 1.5 cholestyramine

MPA MPA AUCT2 37(10-61)



MPAG cholestyramine Cmax

cholestyramine enterohepatic recycling

degluciironidation ~ gut flora
drug interaction

1.7 Pharmacokinetic interactions with MMF

MMF MPA  MPAG  plasma esterases

glucuronidation metabolites cytochrome P450
interaction

enterohepatic recycling renal tubular competition with MPAG
enterohepatic recycling  cholestyramine bile acid

sequestratants gut flora gram-negative anaerobes
degljcuronidation MPA
renal tubular competition with MPAG MPA
MPAG interaction 11



3 concomitant drug medication MMF 1,1418

Drug medication N Study design MPA plasma PK  MPAG plasma PK Drug plasma PK

Aluminium/magnesium 10 Crossover study in patients with  Cmax -1 37% Cmax r 26% NA

Hydroxide(Maalox®) 10 ml RA using an oral  of 2g AUC A15% AUC i 11 %

qid orally

Cotrimoxazole 800 mg/160 mg 12 1 Crossover study in healthy Cmax <-> Cmax <-> ND

SD orally individuals using an SD of 1,5 Auc ~79% AUC <>

Aciclovir 800 mg SD orally 12 Crossover study in healthy Cmax 1 < Cmax <-> Cmax T 18%
individuals using an SD of 19 Auc T 9% AUC TI0% AUC T 18%

Cyclosporine ss oraljy 10 Sequential study in patients ND ND Cmax «<->
with RT using 1,5¢ AUC <-»

Ganciclovir 5 mglkg IV 12 Crossover study in patients with  Cmax 4m 0% Cmax <-> Cmax <->

infusion RT using 1,5¢ AUC AUC <> AUC



3( ) concomitant drug medication MMF 1, 1418

Oral contraceptive 18 Crossover study in healthy Cmax rix 9% Cmax T 7% EE: Cmax T 14% 12
women usinga  of 1g AUC <> AUC <-> EE:AUC

NET; Cmax T
10%
NET: AUC 1
8%
Cholestyramine 4g tid orally 12 Crossover study in healthy Cmax 'l' 6% Cmax <> NA 12
individuals using @~ of 1.5 aAyuc A 39% AUC 4 34%

a. Cotrimoxazole (trimethoprim-sulfamethoxazole) twice daily for 7 days.

b. (Sandimmune®) dose at steady state was 275-450 mg/day on a bid schedule; mean trough blood cyclosporine concentration at steady state was~150 f-Ig/L.
c. Two tablets of Ortho Novum® [norethindrone 1 mg (NET) and ethinyl estradiol 35 mg (EE)].
Abbreviations and symbol; bid = twice daily; IV = intravenous administration; MPA = ycophenolic acid; MPAG mycophenolic glucuronide; = numberof participants;

NA =not applicable; ND =not done; pk =pharmacokinetic; FD:oraIIy; gid =4 times daily; RA =rheumatoid arthritis; RT =renal transplant; SD =single dose; SS =

steady-state; <-> indicates effect was less than + 5% ;T indicates effect was an increase; A indicates effect was a decrease.
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46.5 2
MPA AUC Tmax
10 . 20 . Cmax 24.6
delay gastric emptying time MPAG AUC24 Cmax
29.8 14.1 glucuronidation
MPA AUC
f
1.7.2 concomitant antacids
Maalox 10 aluminium hydroxide 1200
magnesium hydroxide 600 4 4
MMF 2 Maalox 3 doses 4 AUC24
Cmax MPA 16.8 31.7 Tmax
MPAG MPAB
MPAG  MPA reabsorption
MPA initial secondary peaks
absorption reabsorption enterohepatic recycling MMF
antacids MMF

1.7.3 Drug interactions
cholestyramine
cyclosporine, a combination oral contraceptive,
cotrimoxazole(trimethoprim-sulfamethoxazole), aciclovir ~ ganciclovir
aciclovir — ganciclovir

single dose 1 2 MMF concomitant drugs

17

aciclovir MPAG

AUC24 ( 10)  aciclovir ( 18)

competition renal tubular secretion  ganciclovir MMF  renal clearance



12 MMF  concomitant
medication?!
pharmacodynamic interactions
single'dose ,ganciclovir4
cyclosporine

18 rue pharmacokinetics pharmacodynamics
181 MPA
double blind large scale clinical study24 ]
: MPA MPAG

MPA MPAG 0-12
delayed graft function (DGF) -|

percentile distributions MPA MPAG
MPA MPAG (
cytomegalovirus (CMV) )
percentile distribution MPA MPAG

percentile distribution 3



* Adverse events

50 54 Diarrhoea -~ Nausea W Leucopenia 4 CMV 7 Other
and vomiting
40 . . . -
<
£ 307 1 1
£ 204 | . .
£ B ? .
L] ® = .9
0 /I\?\‘.ﬁ.—wO = S ——ﬂﬁkﬁ—f:' S2 “‘%ﬂa

350 - . ° E - 1
— 300.< - - e - -
S, 250 1
£ 200 1 1 - T
e 1504 2 : oo % |
P : AL é o
< 100#\/ \/ \/\/\/ . \\7‘\/' § N’“\»/, . A
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O T | P i 1 T ] , T | (RN THED 55 T i p | T T T ? T T J T T T T T T T | RS 2 T | [RSSRR T ,—
0 24681012U 02 4 681012U 02 4 681012U 02 46 81012U 0 2 4 6 8
Time after administration (h)
3 MPA MPAG MMF 2

percentile 50, 90 95 delayed graft function
] 1



18.2 MPA (correlations Of

MPA concentration with immunosuppressive effects)

MPA IMPDH
classical sigmoidal lymphocytes T B-cells
mitogen human peripheral blood mixed lymphocyte
reaction(MLR) free MPA concentration 50 (1C50)
20 - 100 ( 03-1.4
free MPA 1

lymphocyte transformatio

11 free concentration MPA MPA (free
fraction protein-bound) free fraction
MPA MPA free fraction
12
MMF interdosage in vitro mitogen lymphocyte transformation assays23
2 6
5 4
31

t MMF



MM F dose MM F dose
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5 / / N =
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N
Q I S
O 50 / N
r / \\
] j <
C
Pre-dose 2h 6h Pre-dose

Time to lymphocyte assay '

relation to dose

4 phytohaemagglutmin(PHA)-induced lymphocyte proliferation!
20 cyclosporine, corticosteroids
MMF 2 2 6 1
1.8.3

(Correlations of plasma MPA pharmacokinetic parameters with clinical

effectiveness)

pharmacokinetic

pharmocodynamic

mitogen-stimulated antiproliferative effect on lymphocytes in vitro

clinical acute rejection19

cyclosporine steroids
lymphocyte
MPA
logistic regression
acute rejection  Crnax
rejection 50 AUC0-12

12

20-45
acute rejection criteria

acute rejection '

AUCO-12
AUCO-12
30

7 BRlaw
»I7«8 BH



rejection 90  AUCO-12 55
1.5-1.75 2 3
rejection
intent-to-treat 2

1.8.4 Therapeutic drug monitoring
therapeutic drug monitoring MPA
MMF ' 1
cyclosporine corticosteroids 2-3
AUCO-12

pharmacokinetic pharmacodynamic
AUC0-12 ¢ trough
enterohepatic recycling

TOM  MPA
MPA short bowel
syndrome, ileostomy
19
MMF  prodrug MPA de-esterification
MPA systemic availability 100 MPAG
Enterohepatic recycling MPAG
MPA AUCO0-12
acute rejection MPA drug

interaction



2. Acute Graft Rejection

(kidney transplantation) I
(end stage renal disease)

(graft rejection) J

graft graft ' ' (donor)
(recipient) 4

1) autograft

2) syngraft (isograft)

graft autograft

1] )

3) allograft species

graft graft

4) xenograft (species)

xenograft transpiantion

graft allograft autograft syngraft graft

rejection xenograft transpiantion
graft rejection graft 3

1) Hyperacute graft rejection graft

(preformed antibodies)  preformed antibodies d HLA class |

ABO
(comple-ment),



hyperacute graft rejection

graft cross match ' tiymphocyte
2) Acute graft rejection graft
1
lymphocyte graft

delayed type hypersensitivity (DTH), B cell
cytotoxic T cell cell mediated cytotoxic
3) Chronic allograft rejection

6 1
chronic renal failure
atherosclerotic change, glomerulosclerosis, interstitial fibrosis
chronic rejection

chronic rejection
nephropathy
graft

T lymphocyte
(glycoprotein) glycoprotein
major histocompatibility complex (MHC)
Human leukocyte antigen (HLA) HLA
(polymorphism) 2 HLA

24

preformed antibodies

T

macrophage

graft

tubular atrophy

chronic allograft

MHC

allograft T lymphocyte

graft HLA

graft (graft rejection)

allograft



5 1)
lymphocyte (T cell activation phase) 3)
effector phase) 4)

(self requlatory phase)

2.2 Immunogen and antigen

ailoantigen (allorecognition phase) 2)

5

T
helper T cell (TH cell

ailoantigen (effector phase ) 5)

immunogen
' antigen
immunogen antigen
antigen immunogen hapten hapten
carrier I
hepten “Acute Inteistitial Nephritis")
immunogen '
T lymphocyte
epitopes antigenic determinants epitopes
T lymphocyte  paratope
epitope monosaccharide
4 6 peptide peptide
peptide T lymphocyte epitope
peptide’ MHC molecule
B lymphocyte epitope
' peptides MHC
molecule

2.3 Major histocompatibility system (MHC)
MHC

graft

MHC allele

glycoprotein
T lymphocyte
graft



allele (codominance) 1
MHC 2 1) MHC class |
HLA-AB C 2) MHC class I HLA-DP,DQ DR HLA-AB DR
graft (graft survival)
2.3.1 MHC class | HLA 3 HLA-A, B C
(neuron), ' (RBC) MHC
class | 2
(44 kD)  heavy chain (domain) 3 CCL, CC2 0a3

(12 kD) (3, microglobulin light chain (  5) MHC ciass |
| lymphocyte CDg’

1 (alloprotein)
viral protein tumor protein large multifunctional
protease (LMP)  cytoplasm 9
10 T ceil
epitope MHC class | endoplasmic reticulum (ER)
transporter associated with antigen processing (TAP) protein
MHC class |- peptide complex ( 6) TAP LMP
MHC class Il ]
1 epitope epitope
MHC class | T lymphocyte
2.3.2 MHC class 1 HLA 3 HLA-DP, DQ DR

T lymphocyte (antigen presenting cells)
macrophage, dendritic cell, renal mesangial cell, buffer’s cell, alveolar type 2 lining cell

B lymphocyte MHC class II
cytokine interferon-gamma (IFN y), interleukin 2 (IL-2) MHC
class | 2 ' alpha chain 34 kD

beta chain 29 kD 2 CCL, CC2



‘P, P, (5 epitope (peptide binding cleft)

oc1 heavy chain {1  light chain

13 20 T lymphocyte ~ CD4"
MHO class
endocyto-sis epitope
MHC class Il ER compartment for peptide loading (CPL) (
6)
Peptide-.binding
/ region \
B2
777
: 114
MHC CLASS | MHC CLASS Il
Y /
f ¢ S
4 H }}]
A Cc B DR DQ DP
HLA GLO
5 major histocompatibility complex
(MHC) MHC class I~ w transmembrane glycoproteins
3 6 N =amino

terminus of polypeptide chain, ¢ = carboxyl terminus of polypeptide chain -
intrachain disulfide bonds2)

27
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6 peptide antigen MHC class | antigen

presenting ceils (APC) protéasome
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7 peptide antigen MHC class Il antigen
presenting cell 4 1) MHC
class I class llassociated invariant chain peptide (CLIP) antigen
binding groove endoplasmic reticulum (ER) 2)
peptide endosome 3) peptide antigen
MHC class Il compartment for peptide loading (CPL)

CLIP aptigen binding groove 4) peptide MHC class
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MHC maleoule 2 1)
2) ' ' T lymphocyte

nonself antigen

2.4 T lymphocyte

T lymphocyte

graft T lymphocyte 1)
(differentiation of self from non-self)
(T cell receptor : TCR) 2) (specificity) 3)
(memory)
T lymphocyte marker

(CD4, CDg) 4 1) CD4 CDg' T cell helper T cell (TH
cell) 2) CD41CDg' T cell suppressor T cell (Ts cell), cytotoxic T cell (CTL) 3)
CD4, CDg T cell (double negative ; DN) immature T cell (thymocyte), natural killer

cell (NK cell) 4) CD4 CDg* T ceil (double positive ; DP)

T lymphocyte X stem cell
(thymus gland) T cell
DN (cortex) thymus gland T cell CcD4
CDg TCR DN cell
CD4, CDhg TCR T lymphocyte
thymus gland (selection) 2 T lymphocyte
MHC class | class |l epithelial cell cortex
CDg* T cell CD4* T cell T lymphocyte
MHC class | Il apoptosis T lymphocyte
95 positive selection
T lymphocyte (medulla) thymus gland T
lymphocyte self MHC medullar dendritic cell (high
affinity) negative selection
tolerance self antigen autoimmunity

( 8) selection T lymphocyte



graft rejection 2

24.1 Effector T cell

2411

(intracellular organism)

Thymus gland
)

31

T lymphocyte

alloantigen CDg 1CD4

cytotoxic T cell (CTL)

tumor cell, allogenic cell

Cortex

5% Medulla

9

T-cell receptor

Dendritic cell -
or
*§ macroph

age 3

v

_ recellar |
1

Positive

- 3 .
2 % selection
E M . i
ﬁ’t‘:} x"v,,l“ POSi!iVe :\ |
i .'r._'gf&j“;-’é Driles selection l
’-w_ A epithelial |
INAY T call . : |
MY o : AN !
l"" l“)";&, CDS{.;C Cbﬂ_l'f“_ :
© R 24 ‘2}1 |
prte: ‘ ~ + Ao Megative !
S A 2 selection |
S+ Apoptosis Surviving '
cells leave the |
thymus i
i
8 positive negative selection T lymphocyte  thymus

gland2



24.1.2 Delayed type hypersensitivity T ceil (Tdth cell) T lymphocyte
' lymphokine IFN vy, IL-2. 10 tumor necrotic factor-
alpha  (TNFOC) monocyte
macrophage delayed type hypersensitivity

2.4.2 Regulatory T cell

2.4.2.11 Helper T cel! (THcell) co4
allorecognition acute chronic graft rejection
2.4.2.2 Suppressor T cell (Ts cell) coy
1] (regulatory phase)

9 scanning electron microscope immunologic
crosstalk antigen presenting cell (dendritic cell) helper (CD4) T cell (
) A CD4' T cells 2 dendritic cell
B dendritic cell CD4"T cells C
dendritic cell CD4' T cell

3



25 allograft (allorecognition phase)
alloantigen TH cell
T lymphocyte TCR
(fragmented peptide epitope) MHC molecule
(native structural protein) APC B
lymphocyte (native form)
APC (9

2.5.1 Antigen presenting celi (APC)

alloantigen MHC class |l restricted T cell (TH cell)
APC 1)
alloantigen 2) MHC class Il molecule
1APC Th cell 2
. professional APC APC { THecell
costimulatory ligand 4 professional APC
macrophage dendritic cell
. honprofessional APC APC THecell
costimulatory ligand
costimulatory ligand TNFCC, TNF y heat shock protein (
necrosis) 2
Nl costimulatory ligand '
professional APC tissue macrophage alveolar type 2 cell, Puffer’'s cell

renal mesenchymal cell

2 costimulatory ligand
lymphocyte, endothelial cell epithelial cell
2.5.2 T cell receptor (TCR) 1T lymphocyte
MPIC molecule APC T cell receptor (TCR)
2 (heterodimer) ce (3 chain

immunoglobulin (Ig) constant domain variable domain



joining segment variable domain

variable domain

(diversity) 400 antigenic binding site
1056 T lymphocyte antigenic binding site T cell
clone repertoire antigenic binding site variable domain
T lymphocyte alloantigen constant domain
] carboxyl terminal TCR lymphocyte
T lymphocyte alloantigen TCR
peptide segment MHC molecule APC trimolecular

complex of antigen presentation

253 T lymphocyte allograft
] allograft allograft
(procurement) (warm ischemic injury)
(brain  death) graft
(cadaver) allograft
] (cold ischemic injury), 1

(reperfu ion injury)

APC graft

chemokine

(complement) (coagulation)

graft donor APC . graft donor

graft donor APC graft
recipient alloantigen APC 2
2531 direct allorecognition alloantigen

donor APC recipient  cell alloantigen donor MHC
molecule 2 cell donor MHC molecule
alloantigen . ' donor MHC molecule y (molecular
mimiacry Acute Interstitial Nephritis) donor peptide
recipient MHC MHC molecule
peptide fragment cell direct

allorecognition graft (acute rejection)
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allograft donor APC rejection

cadaveric graft graft survival living graft (codaveric
graft procurement living graft donor APC
graft )
2.5.3.2 indirect allorecognition alloanligen
recipient APC recipient TH cell alloantigen
recipient APC
alloantigen
indirect allorecognition chronic allograft rejection acute
rejection T cell clone direct allorecognition
indirect direct allorecognition recipient THcell
alloantigen
Th cell peptide segment variable region MHC
class | alloantigen T cell clone

alloantigen (chronic or late acute rejection) T
cell  clone intramolecular  spreading
intermolecular spreading ( SLE) indirect
allorecognition chronic rejection

alloantigen APC THcell

(regional lymph node) (spleen)
Th cell antigen thymus gland (naive
cell) lymphoid organ memory T cell
graft
APC alloantigen MHC class Il molecule
donor kidney lymph node spleen ' naive cell

activated T cell

x~010" »



P

Costimuiatory

the raceptors

T-cal
receptor

|’ \'

10 transmembrane protein
helper T cell ' ligand transcription
I transmembrane protein
T cell receptor CD3 ligand 1 CD154 (CD40L)
CD28 ligand coactivation signal signal 22
2.6 helper T cell ( 'Hcell activation phase)
! naive TH cell trimolecular complex
naive THcell (differentiation)
activated cell allograft
CD3 1 adhesion
'molecules, costimulatory signal ( 10)
CD3 molecule T lymphocyte
polypeptide 5 y,d, ,0 y TCR

(signal transduction)
TCR CD3 TCR-CD3 complex monoclonal antibody OKT3

(monoclonal Anti-83 chain of CD3 antibodies) T lymphocyte
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cytokine TNFCC flu-like cytokine

release syndrome THcell
(paralyze T cell recognition) TCR- CD3complex
. costimulatory signal MHC molecule TCR

(high specificity 1low affinity)

Th cell
trimolecular complex costimulatory
signal 4 CD40 (gp 39) CD40L (CD 154) CD80
(B7.1), CD86 (B7.2) CD28 THcell trimolecular complex
costimulatory signal apoptosis
anergy
. adhesion molecules (adhesion)
matrix selectin, integrins (LFA, VLA) Ig
superfamily (ICAM-1,2, VCAM) adhesion molecule 3
1) allorecognition TH cell APC TCR
(groove) TCR foreign peptide 2) THcell activation (
TCR foreign peptide MHC APC ) THcell APC
Th cell costimulatory signal
Th cell Th cell integrins THcell
lg superfamily APC 3) effector activated TH cell

inflammatory cells

graft



4 Adhesion/Costimulatory Molecules

Receptor

CD4

CD8

LFA-1 (CD11a)
LFA-1 (CD11a)
CD2

CD28, CTLA4
CD28, CTLA4
VLA4 (OC4J31)
L-selectin (CD62L)
P-selectin (CD62P)
cu(37

PECAM (CD31)
CD31

CD45

CD40

CD44

4-1 BB (CD137)

. cell cycle control

phase

Cellular Ligands

Ligand
MHC class |I
MHC class |

ICAM-1 (CD54)

38

TOIT 3

ICAM-2 (CD102) , ICAM-3

LFA-3 (CD58)
B7-1 (CD80)
B7-2 (CD86)
VCAM-1 (CD106)
MadCam-1
Sialyl-LewisX
MadCam-1, VCAM-1
CD31
av(33 (VMR)
Glycolipids
CD40 Ligand

Plyaluronate PLNad

Pleat shock protein (HSP)

microtubules

, G, phase

6

30

?"' ' ,Thecell GOphase
DNA L
G, phase 12 1
DNA RNA purine, pyrimidine 1
azathioprine, mycophenolate mofetil (cellcept), leflunomide
brequinar phase DNA
G2 phase M phase 6
G2 phase

s



G, G2
cyclins
cyclin dependent kinases (CDK)
CDK inhibitors cyclin CDK 2
cyclin/CDK4 6 complex INK 4 family
P15IN¢h P16INGg P18, 19 20
cyclin/CDK Cip/Kip family p2i GdWAl 1p27Kpl p57K®
CDK 2,4 6 cyclin CDK 2
G1 (restriction point) tumor suppress gene product
. transcription factor cell cycle
(transcription) DNA
transcription factor cell cycle
transcription factor IL-2 transcription
factor 4 nuclear factor of activated T cell (NF-AT). activator protein-1 (AP-1
c-Jun c-Fos ), nuclear factor-Kappa B (NF-KB) octamer-1
(Oct-1) transcription factor binding element DNA
transcription  factor
transcript IL-2  ( 11)
Th cell
4 ( 12

13)



CD,/CDy ~ TCR/CD,

e

e

Lo} fyn
CK )59
S &
/ ZAP70 i .-
= S i
PLCy S Ras ‘
- T
>3 — PIPZ— /// l
”l“ DAG .
L Ral
Ca++ PKC l
Calcineurin ' BRIS
! - | NIkB l
NFAT ELK
|
— =
b e LD
gy, = HOs| JNKE
2 | =
NUCLEUS ALl
NFAT AP-1 B, @ AP=1 07N NFAT AP-1 NEAT AP-1
et B o i p— 1 S — ;
n signal transduction THcell transmembrane protein TCR/CD3 complex,
CD4/CD8 CD28 ligand intracellular signals transcription factor NFAT, AP-1
NFKB Oct 1 transcript interleukin 2 (IL-2)

: PLC y = phosphatidyl-inositol phospholipase c-gamma, IP3 = inositol 1,4,5 triphosphate, DAG - Diacylglycérol, PKC = protein kinase c, PI-

3K = phosphatidyl-inositol 3 kinase, JNK = Janus kinaseX



PO T, B3 o e BT P N
iSignal 1. |Signal 2 1Signal 3

i\Calcineurin

12 3 signal T cell signal
cytokine signal 3 3 signal
resting cell cell cycle process (G1-S-G2-M)

Yd)
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CD28%

TCR

CD40

1. TCR engagement

APC \ / x TCELL

AP

2. CD40:CD154 interaction

.f il /M \ 2‘ :C\CﬂVATION .
g\—-b-’ 870 cazs-————’-;'é '
| __/——U X
T cell signal signal 1
MHC-peptide complex coactivation signal
CD154 signal 2

B7
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2.6.1 T-cell antigen receptor mediated activated signal (signal 1)

(engagement) TCR-CD3 complex peptide-MHC
class Il complex APC naive
Th cell activated THcell
phosphorylation P043 phosphatidyl-inositol phospholipase C-
gamma-1 (PLC-yi) tyrosine kinase (p59Rmnlp56Id)

intracellular tail TCR-CD3 complex CD4
PLC-yi membrane phospholipid (phosphatidyl-inositol 4,5 biphosphate ;
PIP2) diacylglycérol (DAG) inositol 1,4,5 triphosphate (IP3) ( 11)
. IP3 calcium ion intracellular organelle
(mitochondria ER) calcium
(103 105 ) intracellular Ca2' calmodulin CaZl-
calmodulin complex calcineurin (calcium-calmodulin
dependent phosphatase) P043
transcription factor nuclear factor of activated T cells (NFAT) NFAT
active regulatory region IL-2 (transcription) IL-2
transcription factor NFAT cytokine
IFNy, 4 TNFCC GM-CSF calcineurin
cyclosporin tacrolimus (FK506) cyclosporin cyclophilin FK
500 FK 506 binding protein (FKBP) calcineurin
. DAG IP3 Cazf Ca2
DAG protein kinase C
1) nuclear regulatory element protooncogen C-fos C-jun
transcription factor AP-1  2) NF-kB

cytoplasmic tail 6 Chain (CD3 TCR-CD3 complex

ras-MAP kinase pathway she, GRB2, Sos, Ras,
Raf extracellular signal regulated kinase (ERK) c-Fos
transcription factor AP-1 ( 11)

2.6.2 Coactivation signal (CD40 : CD40L signal)
CD40 professional APC B lymphocyte CD40L CD154

T lymphocyte tumor necrotic factor (TNF) TNF



receptor (TNFR) CD40 CD40L

signa! 1 APC B7.2 ICAM-1
B7.1 B7.1 resting APC
2 T lymphocyte ligand B
lymphocyte class switching ( IgM IgG IgE)
signal hyper IgM syndrome

2.6.3 Antigen-nonspecifie surface molecules provide costimulation signal (signal

2)
coactivation signal APC B7.1 B7.2
T lymphocyte CD28
2 intracellular motif (YMNM) phosphatidyl-inositol 3 kinase
(PI3-kinase) TH cell P043 ATP D-3
phosphoinositol lipid 3 phosphatidylinositol 3-phosphate

(Ptdins  (3) P), phosphatidylinositol 3,4,- biphosphate (Ptdins (3,4) P2

phosphatidylinositol 3,4,5 - triphosphate (Ptdins (3,4,5) P3 Pt dins (3,4,5) P3

Ras Rac, MAP kinase family (ERKs
JNK), C-fos C-jun AP-1 1
transcription ( 14)
2 1)
antigen THcell (antigenic stimulation threshold)
Th cell antigen
2) stabilize cytokine transcription gene product IL-2,4,IFNy TNFCC
1 3 3)

anti-apoptotic factor (bcl-xL) 4)
"Th cell phase signal 1 5) THcell

anergy 14
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Ny S

v o A
. , RN U Y A7 T,
: i Actin poiymerization
o3 3 | Vesicular traftieking | N i
A ‘ I Unknown functicns? : N fo
T b/ ? N i
Unx.‘.cwn | / 1 \
: funcuons : | :
Celt sursivay ; : ;
cell death? /17
X | |
Calcium Kinase cascades T
J
T /1 Cel /jva ; Cell death
Caicineurin
/ | /
7 t
c-tos \ / c-jun [/
NF-ATp . A g Y 1> T
g | Celsuvivar T NF-
1 ceil death? T
\»\ ) 1
NF-AT1 - IL-2 gene transcript
14 transmembrane signal CD28
phosphatidyl-inositol 3 kinase (PI-3 kinase) 1

: Ptdins (3,4,5)P3= phosphatidyl-inositol 3,4,5
triphosphate, PKC = protein kinase c, JNK = Janus kinase, AP-1 = activator protein 11
NF-AT = Nuclear factor of activated T cell, NF-KB = Nuclear factor-kapper B, IL-2 =

interleukin-227
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Lim ited expansion 3L Robust expansion
M axim al cytokines

B
%]
0
—-

Minim al cytokines (yp)
Requires high concentrations ofAg > _/\aq_)n/\sto
Non-sustained responses % "AY low Ag concentration

Anergy &/or apoptosis Sustained responses

Cells primed for re-challenge

15 CD28 costimulatory signal helper T cell

P costimulatory signal signal 1 (trimolecular complex signal)

costimulatory signal helper T cell5
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L e il ST s s e

p70S kinase -* TOR/RAFT
. T
! down regulation of Kip 1
protein synthesis % Nucleus

~Activation of
Cydin-cyciin dependent kinase

Progression of cell cycle

16 IL-2 (IL-2 receptor)
TOR = Targets of rapamycin, Pl-3-kinase = phosphatidyl-inositol 3-kinaseZ/
naive THecell 1 2
|L-2 growth factor growth factor
3 1 Th
cell alloantigen (antigen specific activation) 2 costimulatory
signal
2.6.4 cytokines as mediator of productive T-cell coactivation (signal 3) 16
IL-2 growth factor 1 2 1
2 naive THecell
activated THecell |L-2 (autocrine effect) THcell
(paracrine effect)
IL-2 (IL-2 receptor : IL2R)
activated TH cell ( IL-2R resting TH cell)

transmembrane protein chain 3 CD25, CD122 CD132 CD25 segment
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IL-2R monoclonal antibodies fully humanized
(daclizumab)  chimeric (basiliximab) acute
graft rejection

IL-2 IL-2R
multifunctional phosphatidyl-inositol kinase-mamalian target of rapamycin
( TOR) FRAP RAFT  mTOR :
cell cycle control cyclin CDK mTOR
, p70% kinase : PO 40
ribosomal protein P70%  protein phosphatase 2A (PP2A)  down regulation Kip1l
Gl phase
rapamycin (sirolimus) FKBP
mTOR, (stability) P27kp inhibit CDK2/ cyclin D 1
hyperphospharylation retinoblastoma protein E2F DNA
dependent  factor
restriction point Gl phase sirolimus promote
apoptosis Bcl-2 activity
signal THcell
( M phase) surface receptors signal transduction
transcription factors gene products
growth factor, growth promotor, cytokine
purine pyrimidine

(differentiation)

2.7 helper T cell (THcell effector phase)
naive THcell activated THcell

chemokine adhesions
activated THcell
CDg* T cell cytotoxic T cell, macrophage stromal cell
delayed type hypersensitivity B lymphocyte
alloantigen T lymphocyte cytokine



2.1.1 cytokine polypeptides glycoprotein

45

15 25 kD
(CMIR)
(HIR)
(proinflammation)
(antiinflamma-tion)
cell growth, proliferentiation differentiation
apoptosis
fibrogenesis tissue remodeling
chemotactic factor 6.2 cytokine ]
4 1) redundancy cytokine 1
redundancy IL-2,4,7,9
15 y Cchain y chain signal
transduction receptor knock-out cytokine
acute rejection IL-2, 4 IFN y
rejection
cytokine
cytokine 2) pleiotropic activity cytokine 1 f]
3) cascade formation cytokine

cytokine 4)
amplification cytokine cytokine cytokine
receptor

Th cell cytokine

3 TH), TH, 2 cell 17 5 6



50

High Antigen Expesure /,// \\.\
Effi:ie:*.:Egﬁ;&nlulat:cn ,’l’ \\ Cytokines
NG (2 |
TNFB
N D + 1112
3 4 X q W\ / |-Mediated
¢ ‘\‘ N/ & N C‘1|m"run|
£ - e \
o N Tho | m
EZ‘: % & £ ,"’} TR / wmn?}y
) / N
g ' . # NP \ Cytokines
</ Antigen Reccgnition ril-4 [
P = e | U
i 7 \ /6
iy A \ 7 IL-10
Low nn'.;-;eé\vcErxp:su:e \\\ / IL-13
Inatficlant Co-Stimulation \*‘/
17 helper T(THcell 3 naive Th cell (ThO)
antigen presenting cell 1) activated Thl
cytokine interleukin 2 (IL-2), interferon-gamma (IFN y) tumor necrotic
factor beta (TNF (3) (cell-
mediated immunity) interleukin 12 (IL-12) 2) activated Th2
cytokine interleukin 4,5,6,10 13

(humoral immunity)
interleukin 4 (IL-4)



5 cytokine

Thicell

IFN y
( T cells, NK cells)

Activates and  recruits
macrophage inhibits and
migration of macrophage
helps to generate cytotoxic
T cells

Increase MHC class land Il
expression may support
proliferation and Ig
secretion of B cells

Leads predominantly to
production of Ab of IgG 2
isotype

High amount of IFN-y can
suppress or kil activated B
cells

Most

IL-2
T cells)

effective  for

the

generation of cytotoxic T

cells
Stimulates
CD4

prolifertion

of

THcell

IL-4 ( T cells,
mast cells

basophils)

TH cell
IL-5 (
mast cell)

T cells

Serves as T cell growth Helps to generate cytotoxic

factor ~ promotes
differentiation ~ helps  to
generate cytotoxic T cells
activates resting B cells to
proliferate and differentiate
Increase MHC class Il and
B7 on B cells provokes IgE

lgG, production by B
cells increases expression
of adhesion molecules on

endothelium IS
chemoattractant for
macrophages

cell to proliferate
différé ntiate

TH T cell activates resting B

and

T cells
macrophage)

IL-10 (

Potent ~ suppressor  of
macrophage and T cell
function

Decrease MHC class Il and
B7 expression on monocyte
does not effect alloantigen
presentation by  other
APC's

Enhances CTL proliferation
and cytotoxicity stimulates
monocyte Fey RI
expression and ADCC can
suppress THLcells



5( ) cytokine
Can inhibit TH clones

Increases the secretion of
inflammatory ~ mediators

such as IL-1 and TNF-OC

THcell



. TH) cell naive THcell cytokine
. THL cell cytokine IL-2, IFNy, TNFCC
granzyme) macrophage, NK cell

cell cytotoxicity

lymphocyte mediated cytotoxicity, delayed type hypersensitivity

mediated complement and cell mediated cytotoxicity

cell  THLcell  IFNy |L-2 APC
TR cell cytokine IL-4,5,6,9,10, 13
1) B lymphocyte
lg class switching (IgM—>1gG, IgE)
2) inflammatory mediator releasing cell
mast cell
3) CMIR Th cell
counter regulation
THcell L4 L-12
acute graft rejection
allograft THLcell
f
APC CMV
IFN TH
clone IL-10 TR
2.1.2 chemokine polypeptide
cytokine
chemokine
cytokine
40 20

N-terminal cysteine 4

Lclones

53

TH

lymphotoxin (perforin
cytotoxic T cell

CMIR
alloantibody
TH
GM-CSF
plasma cell
HIR

eosinophil, basophil

tolerance

TH cell
TH TR cell

Th 2
2

cytokine

] ' chemokine

chemokine
70



. Cxc chemokine (ce chemokine) chemokine 1
N-terminal cysteine 2 (X ") IL-8, GOP-2. ENA-
18 neutrophil

. CO chemokine (j3 chemokine) chemokine
N-terminal cysteine eotaxin, monocyte/macrophage chemoattractant
protein (MCP 1,2) macrophage inflammatory protein (MIP-10C, MIP-Ij3) regulation
upon activation normal T cell expressed and secreted (RANTES)
eosinophil, monocyte/ macrophage lymphocyte (
ANCA associated vasculitis  Acute interstitial nephritis)



6 cytokine
Cytokine

Interleukin-2

Interleukin-4
Transforming growth

factor-beta
Gamma-interferon

Interleukin-10

terleuki -12

Cell source
T cells

CD4+ cells, mast cells

T cells, macrophages

T cells, NK cells

T cells

T cells, B cells, NK cells, monocytes

Cell target
T cells
NK cells

B cells

T cells
Macrophages

T cells
Macrophages
Macrophages
Endothelial cells
NK cells

Macrophages
B cells

NK cells

T cells

Primary action

Growth, cytokine production
Growth, T cytolytic function
Growth, T antibody synthesis
Growth

Inhibit activation

Inhibit activation and maturation
Inhibit activation

Activation

Activation

Activation

T Class land class I MHC expression
Inhibit function

Stimulation

Stimulation

Stimulate differentiation



6 () cytokine 1
Cytokine Cell source
Interleukin-1 Macrophages, T cells,

Epithelial and endothelial cells

Tumor necrosis factor Macrophages, T cells, NK cells,
Mast cells

Interleukin-6 ~ Macrophages, vascular endothelial
Cells, fibroblasts, T cells

MHC = major histocompatibility complex; NK = natural killer.

Cell target Primary action

Macrophages T Acute phase reactants

Vascular endothelium  Inflammation

Liver and hypothalamus Fever

Vascular endothelium T Expression of adhesion molecules
Neutrophils Inflammation

Macrophages Fever

Liver and hypothalamus T Acute phase reactants

Liver 1 Acute phase reactants (fibrinogen)

B cells Growth, stimulate differentiation



*

. C-Chemokine chemokine N-terminal cysteine
chemokine lymphotactin lymphocyte
. CX3C chemokine chemokine 3 N-
terminal cystein fractokine neurotactin
allograft '
chemokine - endothelial cell, platelets, subendothelial tissue - tissue
macrophage.
2.8 (effector phase)
Th cell cytokine chemokine
lymphocyte, macrophage NK cell
neutrophils allograft
3
28.1 Cell mediated cytotoxicity allograft
non self antigen effector cells 2 cytotoxic T
cell Natural killer cell
2.8.1.1 cytotoxic T cell (CTL)

CTL MHC
class | direct allorecognition, costimulatory signal 2 (B7/CD28 pathway) growth
factor . L2 IL-2 A TH, cell CTL . .

IL-2
(amplification) target cell (18
. perforin-granzyme mediated ’ perforin granzyme B (serine
protease) granule CTL
exocytosis perforin Cq complement
(perforin polymerization) membrane phosphalipid target cell
pore 200 A membrane attack protein (C5-q) pore

target cell 3 1)



hypoosmolarity osmolysis 2) Ca2

apoptosis
granzyme B caspases
apoptosis ( 19)

CIL Target cell

Apoptosis

= _——>= Cell lysis
Perforin channel
18 target cell  cytotoxic T lymphocyte (CTL)
Fas FasL, granzyme B perforin CTL

MFIC class | target celly
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19 target cell perforin storage granule

killerT cell (NK cell. CTL) perforin Cq complement
exocytosis (polymerize)  phospholipid
membrane  target cell ! kil
. Fas-FasL interaction CTL FasL FasL
Fas receptor target cell apoptosis  ltarget cell
CTL target cell apoptosis
intracellular Oa2" Fas Fas L  granzyme
B
2.8.12 Natural killer cell (NK cell) lymphocyte
cells TCR surface Ig
alloantigen
MHC class 1 NK cell target cells NK cell  tumor cells, allograft

viral infected cell activity target cells NK cell
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IFN, TNF IL-2 NK cell CTL
serine elastase (19
2.8.2 Delayed type hypersensitivity (DTH)
allograft
sensitized T lymphocyte, macrophage, endothelial cell stromal cells "]
lymphokine, monokine extracellular matrix

activated TH.cell IFN 'y, TNF a, IL-1
macrophage chemotactic factor (MCP1.2; MIF1)
macrophage natural immunity

1) reactive oxygen species (ROS) proteases

neutrophil 2) vasoactive
substance vascular activating factor permeability

graft

adhesion molecule 3) stromal cell proliferation matrix production

platelet derived growth factor (PDGF) transforming growth factor beta (TGF (3)

2.8.3 Alloantibodies

Alloantibodies B lymphocyte THecell
alloantibodies cytokine THcell TH
cytokine alloantibodies lgGl  1gG2 TH2 cytokine

alloantibodies 19G,, 1gG4, IgA IgE isotype

subtype alloantibodies
alloantibodies  acute

rejection

complement, macrophage (opsonization)
CTL NK cell (antibody dependent cell

mediated cytotoxicity; ADCC) 20
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20
target cell

alloantibodies?

2.9 Regulatory phase

apoptosis
memory T cell

apoptosis

(self limited)
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antibody dependent cytotoxicity (ADCC)

killer cell (NK cell  CTL)

autoimmunity

lymphocyte
(clonal contraction)

activated

61
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induced

suppressor T cell

idiotypic regulation

1

immune regulation



Central Tolerance

Peripheral Tolerance
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21 central peripheral tolerance T lymphocyte self
antigenx
29.1 immunologic  tolerance
T cell
(complete) (partial)
tolerance 2 tolerance ( 21)
) central tolerance tolerance T lymphocyte
thymus gland autoimmunity
peripheral tolerance
tolerance anergy deletion T lymphocyte

clonal selection
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) peripheral tolerance tolerance T lymphocyte

thymus gland lymphnode 6

peripheral tolerance
1) Anergy hyporesponsive T-cell antigen/MHC complex
costimulation signal 2 ! anergy T

lymphocyte cytokine
2)  Regulations  (suppression)

TH TH
CMIR
3) Deletion T lymphocyte TCR
ligand self antigen central tolerance '
T lymphocyte  peripheral tolerance
4) Exhaustion T lymphocyte Fas : Fas
ligand (CD95 : CD95L) TNF-OC T lymphocyte
self antigen
5) lgnorance T lymphocyte TCR
self peptide anergy T lymphocyte
proliferation T lymphocyte antigen
APC APC T-cell
.6) Sequestration tolerance self antigen
(privilege area) T lymphocyte
T lymphocyte testis stromal
tissue Fas ligand

2.9.2 activated induced cell death (AICD)
T lymphocyte
1)
apoptosis Fas Fas L 2)
T cell anergy cytotoxic T lymphocyte antigen-4 (CTLA4
CD152) B7.1, B7.2 T lymphocyte
activated induced cell death (AICD)
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2.9.2.1 apoptosis
cell death factors, growth factor withdrawal

DNA damage cellular mechanism '
caspases
cysteine

cytoplasm cell shrinkage, DNA fragmentation, nuclear
condensation, membrane blebbing apoptotic bodies -

macrophage cell death
factor cell death receptor Fas ligand (FasL) : Fas (CD95) TNF :
TNFR FasL TNF cytokine tumor necrotic factor Fas
TNFR  transmembrane protein cell death receptor

autoimmunity self tolerance (22, 23)

22 apoptosis FasL

T lymphocyte a) cell shrinkage nuclear condensation b) marked
nuclear condensation membrane blebbing c¢) apoptotic bodies®



g/ & f : = Cyteplasmic

Y Oeath Comain
-Stmylatory Q_‘ra g Melecyles
Tyresine Kinases

Antigen-Specific Cell Signal
GTP Binding Proteins

22th Signaling Molecyles

Rho TRACD
Rac FADO
cted2 RIP

MAPK Life or Death Decision Enhance Caath

Bax
8ak
Bad
Ect xS

cell Activation ICE Family Cysteine Proteases
(ie. CASPACE Family)
Granzyme B
PARP
CPP32

Specific Gene Transcription
Cell Proliferation (Cell Cycle Progression) EndonUCIeases

Activation of Surface Adhesion Molecules

DNA Degradation/Ce!i Death

23 apoptosis Bax,
Bak, Bad Bcl-xS Bel-2, Bel-xL, Mcl-1
nucleus caspase, endonuclease DNA

degradation cell death 3

65



(induce) apoptosis
* OKT3 (monoclonal anti CD3 antibody) CD95-L (FasL)
TNFOC apoptosis activated lymphocyte

» Polyclonal antithymocyte antilymphocyte globulins (ATGs ALGS)

T-cell activating antibody ATGs apoptosis resting T cell
CDS5-L activated T cell CD95-L

» Monoclonal anti-CD2 antibodies apoptosis CD95-L

* Methotrexate (MTX) apoptosis pathway
CD95-L

» Daunorubicin doxorubicin ' apoptosis resting activated
T cell

2.9.2.2 AICD induced by Fas and FasL

cell death receptor Fas (CD95), TNFR, CR30. TRAMP
(CD3), TRAIL receptor (CD4) T lymphocyte cell death
factor apoptosis  1THcell cell death receptor
Th cell |L-2 IL-2 apoptosis
Th cell expression FLICE-like inhibitory protein (FLIP) ]
Fas signal IL-2 T cells AICD

severe autoimmune disease
|L-2 cyclosporin, tacrolimus,
monoclonal anti-CD25 antibody tolerance
allograft (24
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A@n)duccd cell death

Pmli\fcmlinn armrest
\ )

Leng-term
\_..allograft
acceptance

Time \

Peripheral transplantation
tolerance

Alloimmune Response

24 interferon gamma (IFN y) interleukin 2 (IL-2) 2
T lymphocyte
active form "MT
lymphocyte activated induced cell death

peripheral tolerance  albantigen?

2.9.2.3 cytotoxic T lymphocyte antigen-4 (CTLA-4) engagement
CTLA-4 Th cell CTLA-4
1.1 B7.2 APC CD28
ligand
resting THcell CTLA-4 CTLA-4
negative feed back
CTLA-4 1g ligand

immunologie tolerance ,

2.10

.. 2537



Banff . . 2535
. . 2537 . . 2539 Banff 97
vascular tubular lesion rejection
cellular infiltration 7
7 renal allograft biopsies Banff 9734

1. Normal, see Definitions
2. Antibody-mediated rejection
Rejection demonstrated to be due, at least in part, to anti-donor antibody
A. Immediate (hyperacute)
B. Delayed (accelerated acute)
3. Borderline changes: “Suspicious” for acute rejection
This category is used when no intimai arteritis is present, but there are foci of mild
tubulitis
(1 to 4 mononuclear cells/tubular cross section) and at least i1
4. Acute/active rejection
Type (Grade) Histopathological finding
IA Cases with significant interstitial infiltration (>
25% of parenchyma affected) and foci of
moderate tubulitis (>4 mononuclear cells/
tubular cross section or group of 1tubular
cells)
IB Cases with significant interstitial infiltration (>
25% of parenchyma affected) and foci of
4 severe tubulitis (>10 mononuclear cells/ tubular
cross section or group of 10 tubular cells)
iIA Cases with mild to moderate intimai arteritis (v1)
1B Cases with severe intimai arteritis comprising >

25% of the luminal area (v2)
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I Cases with “transmural” arteritis and/or arterial
fibrinoid change and necrosis of medial
smooth muscle cells (v3 with accompanying’
lymphocytic inflammation)
*) Chronic/sclerosmg allograft nephropathyO
Grade list .onthological findings
Grade | (mild) Mild interstitial fibrosis and Ribular atrophy with-
out (a) or with (b; specific changes

suggesting chronic rejection

Grade Il (moderate) Moderate interstitial fibrosis and tubuiC' atmohy
(@or ()
Grade Il (severe) Severe interstitial fibrosis and tubular atrophy

and tubular loss (a) or (b)
6. Other Changes not considered to be due to rejection,
The recommended format of report ' ', dP)c?opfivp narrative sign out followed by
numerical codes in parentheses. Categorization should in the first instance be based
solely on pathologic changes, then integrated with clinical data as a second step. More
than one diagnostic category may be used if appropriate.
bGlomerular and vascular lesions help define type of chronic nephropathy;

chronic/recurrent rejection can be diagnosed if typical vascular lesions are seen.

2.10.1
V5 Banff
1 (adequate) glomeruli 10
2
2. (minimal sample) glomeruli 7
1 adequate minimal sample cortex



3 (Inadequate)

H & E (hematoxylin

PAS (periodic acid-Schiff reagent)

Masson's Trichrom stain !
PAS silver
tubulitis

tubular epithelium

eosin) 3

glomeruli

slide 7 34

It

/ silver stain 3

basement membrane

tubular atrophy double contour of

glomerular capillaries arteriolar hyalinosis 1
Masson's Trichrome interstiterstitial fibrosis
2.10.2 graft
rejection
0-3
1. GLOMERULUS (G)
2. INTERSTITIUM (1)
3. TUBULAR (T)
4. VESSEL (V)
2.10.2.1. glomeruli (glomerulonephritis) ( 8)
mononuclear cells
glomeruli endothelial cell glomerulonephritis
acute graft rejection endocapillary cell
infiltration antibody-mediated rejection

glomeruli (glomerulonephritis)



8 ( glomerulonephritis ("g")3t

gO = No glomerulitis

gl Glomerulitis 25 glomeruli
g2 = Segmenta! or global glomerulitis 25 75 glomeruli
g3 = Glomerulitis (mostly global) 75 glomeruli
PMN glomerular capillaries glomerulitis
antibody-mediated  rejection thrombotic

microangiopathy

2.10.2.2 interstitium (interstitial inflammation)

interstitial inflammation

rejection inflammation
rejection rejection
Banff 9
9 mononuclear cell interstitial inflammation ( ")3

10- No or trivial interstitial inflammation (< 10% of unscarred parenchyma)
1 - 10 to 25%) of parenchyma inflamed
12- 26 to 50% of parenchyma inflamed
i3- more than 50% of parenchyma inflamed
Indicate the presence of remarkable numbers of eosinophils, PMNI, or plasma

cells (specify which) with an asterisk (

im/nunohistochemistry graft reject T
lymphocyte (50%) macrophage (25%) monocyte
eosinophils, neutrophil plasma cell interstitium 5
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hypersensitivity interstitial inflammation

cortex 10 interstitium
fibrosis, immediate subcapsular cortex adventitia
2.10.2.3 (tubulitis) 10
tubulitis arteritis cardinal sign graft
tubulitis mononuclear cell 1
tubule tubule
mononuclear cell tubular epithelial ceils 10

atrophic tubules

10 tubulitis ("t")3+

t0 No mononuclear cells in tubules

Foci with 1to 4 cells/tubular cross section or 10 tubular cells

P Foci with 5to 10 cells/tubular cross section

t3 Foci with > 10 cells/tubular cross section, or the presence of at least two areas of
tubular basement membrane destruction accompanied by i2/i3 inflammation and t2

tubulitis else where in the biosy.

2.10.2.4 (vasculitis) 1
Banff 97 intimai arteritis endothelialitis (mononuclear
cell endothelium) arteritis tunica media
/ fibrinoid necrosis vasculitis
tubulitis
interstitial hemorrhage infarction

severe arteritis



n internal arteritis (V)3

VO - No arteritis
vl - Mild-to-moderate intimai arteritis in at least one arterial cross section
V2 - Severe intimai arteritis with at least 25% luminal area lost in at least one arterial
Cross

section
v3 - Transmural arteritis and/or arterial fibrinoid change and medial smooth muscle
necrosis with

lymphocytic infiltrate in vessel

2.10.3 acute rejection
nephron
acute rejection Banff 97
( 2.10.2.3) ( 2.10.2.4)
glomeruli ( 2.10.2.1) interstitium ( 2.10.2.2)

graft survival

type | tubulitis, type 1 vascular rejection intimai arteritis type il
severe vascular rejection transmural arteritis

fibrinoid smooth muscle necrosis mild tubulitis / mild
focal interstitial inflammation "borderline" ( 8)

211

acute graft rejection 60 )
creatinine (Cr) (oliguria)
graft

cyclosporin Cr



A

2.11/1 immediate posttransplantation period graft

delayed graft function graft

. postischemic acute tubular necrosis (ATN)

cold ischemic time 24 , induction
cyclosporin 10 . 1 o
bioincompatible membrane 24 , severe
vascular disease
Hyperacute rejection (HAR) antibody-mediated rejection
syndrome recipient Ab
(preformed antibody) Ab ' endothelium graft
complement Ab IgG Ab MHC class |
IgM Ab A B blood group Ab endothelial-specific Ag
MHC class Il Ag
hyperacute rejection graft
renal scan duplex doppler
blood flow biopsy intrarenal coagulopathy
thrombi small artery glomeruli ; renal necrosis
. Accelerated rejection 2-5
donor Ag occult T cell crossmatch graft positive B cell crossmatch
renal biopsy cellular rejection
. atheroemboli thrombosis
emboli ( organ procurement
angiogram) emboli
graft
thrombosis graft rejection

( 05 6) cold ischemic time ,



. Urinary tract obstruction

ureteral necrosis hematoma allograft
rejection ' delayed graft function
ultrasound urinary tract obstruction vascular thrombosis
, cold
ischemic time 24 , ,
2.11.2 early posttransplantation peroid graft
1fil 12
. acute rejection
. cyclosporin tacrolimus nephrotoxic
whole blood cyclosporin 300
. infection cytomegalovicus (CMV)
. recurrent of primary disease focal segmental glomerulosclerosis

(FSGS), hemolytic uremic syndrome (HUS), thrombotic thrombocytopenic purpura (UP)
anti-GBM antibody disease
. drug induced acute interstitial nephritis
cyclosporin
300 . : 0:5. B9 . : 1 2
' ' 1 renal ultrasound
urinary tract obstruction
2.11.3 late acute posttransplantation peroid
graft 3
. prerenal azotemia voliimn depletion
. cyclosporin tacrolimus nephrotoxicity
. acute rejection
(noncompliance)
. urinary tract obstruction
. recurrent of primary disease

. renal artery stenosis



. denovo renal disease

. infection human polymavirus type BK interstitial
nephritis
u 10.2
2.12 acute rejection
acute rejection
T 7 -1
rejection 1
steroid 2)
cyclosporin, tacrolimus sirolimus PA) enzyme inducer
rifampicin, 3)
mycophenolate mofetil 4) 1
bile acid séquestrants.-5)
rejection
4
1 Pulse methyl prednisolone 3 5 1
3 5 cytokine NFkB
2. anti T cell antibodies T lymphocyte polyclonal

antithymocyte globulin
monoclonal anti-CD3antibodies (OKT3
3. Nonantibody rescue therapies
1 2 tacrolimus

4. Allograft irradiation

polyclonal thymoglobulin

refractory rejection
mycophenolate mofetil

allograft
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