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A major contrbution to recent
significant progress in the field of organ
transplantation
developments

comes from rapid
of immunosuppressive
medication. Cyclosporine (CsA) made a
marked improvement of graft survival.
The advent of FK-506 slightly decreased
the incidence of acute rejection further.
Yet, even with the most well monitored
blood concentration of CsA or FK-506
therapy, the occurrence of acute allograft
rejection is still not an infrequent event in
clinical practice. This suggests an
existence of alternate signal transduction
pathways, bypassing the calcineurin step
that was blocked by either CsA or FK-
506, to initiate interleukin-2 (IL-2)
expression and to activate effector limb of
the The

important one of these alternate ways is

immune response. most



the CD28 co-stimulation signal. Previous
studies in the CD28/ B-7 pathway were
focused on the use of CTLA4-Ig, which
yielded
controversial results.

initial promising but later

Recent studies showed that curcumin
(diferuloyl methane; CCM) possesses not only
anti-oxidant and anti-inflammatory actions,
but also the ability to block CsA-resistant
CD28 co-stimulatory pathway of nonspecific
human T-cell proliferation in vitro. Up tc now,
there is no further publications for iv vivo
evaluation of CCM as an irnfnunosuppressaxlt
in animal models, and in depth studies for its
possible mechanism to prevent immune
activation. We have studied the combination
effects of CCM and subtherapeutic dose of
CsA with heterotopic cardiac transplantation
models in rats. We also examed the effect of
CCM in mixed lymphocyte reaction.

For the first time, our results on rat heart
allograft models demonstrated that CCM
(dose 100mg/day, po, x14d or x28d), when
used with low dose CsA can prolong MST of
the allografts, and even more, achieve long-
term survival, we speculated possible
synergistic or addictive effect occurred in this

model

In mixed lymphocyte reaction, two MHC-
incompatible rat strains (BNxWKY) in the
presence of increasing concentrations of
Curcumin and/or CsA. These two drugs
showed synergistic effect when examed with
Combination index analysis (C[=0.22~0.81,
<1). This
understanding of CsA

result supports  previous
to block NFAT
activation of Calcineurin pathway while CCM

to block downstream activation of the CD28

pathway.

= - WEAH

ITERBEESHABRENREESEH — K5
REARE RV F RN ESEE -
1980 FEfLLAZRIRMIE (cyclosporine ) HYR
It FEREREFHBANRES - §XK
FK-506 F#EERRE - RN %
PR BAFREHTREAES - B8 - 7~
ELIBTRES, FK-506 145 - R K
BEHNRIREANEERIE - XK LR
REREHIRABERER - BrnRER
MEELREERRE r HERMRER
FK-506 FEHET#f3E-2 (interleukin-2; IL-2)
HERELARIELSER (B calcineurin) - il
ARELIEZTD) - {REARS - —EFHEMN
RSB LIRME calcinenrin 7%
L2 ES  EHPRERENZHE CD28
EREIA S - DI I PERT CD28 BETRE
BIRFFCEERY CTLA4Ig BUGEFE - BERENY
ERERTE - (B2 EATERR AR
L {AERRE -

B A EER~ESE® (curcumin) * —f@
PEUNE b BEHRIL S Y - MEBRDT B
IMAEFIREHNTIR  MAeEEBARE
PGB A T WMEERe 4 0UThiE - B8
RBEEHIHIFTL-CD28 HFif8F: PMA Fis|
FFRYIRE BRI A th EEARERTHTHI TR - B
AR R E - T E— P ERIEER
B A EEEE - BURSEBERIE - &
IS E ST ENP IR TN M
R RBTERMA—MEREEB NI A
] -

M9~ S RaTEh
(1) BREBAEERZFEANRAECERS
PR,

PR 7

EE R REHROR R IR R



RT1") B.OEEE WKY RTIDEZEK
Buffalo (BUF, RTI")E [ fEfEE Wistar-
Furth(WF, RT1") &8 - BEHRERME
NG H{E HRMEBLE - BEEITRE
R OBE FEAE SR RER -
R
7£ BN x WKY %3, - EHRERFERR
BEMERPIIFEERBMSTH-SD)E
20.5+/-7.8 (100 mg/d x 14 d &) BHE—» &
24.5+/-6.3 (100 mg/d x 28d §8) ME— - 48
TG EEHERNERT 9.1+ 1.9 H - S{H4%
HEER R X EREREE0C mgke/d x
T EEFERE LR L REERE
(28.5+/-5.1 Bt 35.6+/-5.9 K)YBRBIE - (P<
0.05). - ¥ BUF x WF iz, - BBl
Rt REERPEFED - (HERBIERM
BEHERE QBB =0 —_BEBEF
& 60 REALLE - BRIATFE (P<0.05) HIE

(2) BRBHEESERFANMERETR

[ZJE
PRt e O s
AR Ak Bk 2E RO 2 i (one-way MLC)
EEERS REIHRE - RFENNTH
GEie - B LAt - AR
53 FE R (o EWKESLER - DA mitomycin-C £
oL 2 E B oW B OBRR (12107 FL &
)BrownNorway (BN, RT1%) SHE:3% T
BR(*107FLEE) WKY (RT1Y) HEHSER
—RIRIEEE T BB to 1.0%10°
ng/ml ) EHBEE RO to 50 M) &
RPMI1640/10% FCS 96 FLIZ &4 37°C; 5 %
CO; 1 144 /BEE% » BIA 1uCi [H]
thymidine » & 6 /JNEFBIEBHKEER » LIRT
FEECBUREIE cpm MERMUEHEISE - B
B =D E AT BT R T
P
HAZFRTIHEREHSRTHAELRZ R
MR RFE > S 2ERBPERE®E -

(ED50=1.44pM) - AN EEZERZBET
CIREBUNFERISERFEHERSE
(synergistic suppressions) - ##[] - MLC fz
FESF[’H] thymidine #5427 PIBESIBER
10 M BFFE K S0ng/ml RAIBIDEIE
(54154521 opm) FHELHMT— S B R8s AT
10 pM B #(8297+2247cpm): S0ng/m! 5
A2 (12982+1877cpm) - {fEIPY « 71 - 724
{4 I ZE$5E(C], combination index) EHXE
& BRERE MLR RIEEGTHREREHESE
{(synergistic effect, CI=0.22~0.81, <1)[+
N B NN RETEAIREAR T HGEER CA
FHETEE Calcineurin AR NFAT {&fL
CCM FHEF second signal(CD28) T i 7E bk
HrymEEY SR -

£ - HEIES

BMESEEEEHRZE - BAE
BEUTAREHAXERLEREER - A
Bpt LA m MBS M HE R = T RO & fE s
Y ERSTAT

EE I NEL GBS EEEE R
o TP A 58] CCM B
B CsA HEHBIEERBINOS 15
- & E R E R R EE (ong-term
survival) » JLEE 5 CCM 2 CsA fF4:88
P EIRE Bl REAT AH DN AE Tt 2 SR N1 3
R IEGE TR H e -
EMEERAE R E S - TFITE T BT
AR AREWKY( RT1") xBN ( RTI)VE—
RYRIGBEER CA”HE/RCCM I
T FAFTEEILIEEAE 2 combination index 2R
M - CCM B CsA 7F MLR EESDREES
FEFRI R (synergistic effect) » 1EBIHABRIETE
THERTHIFERE CA FHE 4
Calcineurin i~ NFAT 7&{k. » fij CCM [H
B second signal(CD28) T i 75 (b A4ty it
s fESHY -

i 2 DO BRI E S 2y s
% MR (cytokine) 7> M 72 58 1] 3T & it



R BN - L BN AR EIE =5
B ERMVISIRE BEE B
2 A:HHEY RNA #17 RT-PCR B » H
FrE A _ BRI RIRE B Al i RS B AT SERTAS
# - AR B REGER N AR R
B ERE R EGHEE R A s
RNA 2KH5(ref 36.) - DUHAER ST HIROMBRMT
TEEESRERE -

A~ 2R

oy

1. Calne RY, White DJ, Thiru S, et al;
Cyclosporine A in-patients receiving renal
allografts from cadaveric donors. Lancet 2:
1323, 1978.

2. David A. Laskow, Flavio Vincenti, John
F. Neylan, Robert Mendez, Arthur j. Matas:
An open-label, concentration-ranging trial of
FK506 in primary kidney trannsplantion.
Transplantation 62(7): 900-905, 1996.

3. Kahan BD, Welsh M, Rutzky LP:
Challenges in cyclosporine therapy: The role
of therapeutic drug monitoring by area under
the curve monitoring. Ther Drug Monit 17;
621-624, 1995.

4. L.G. Bowes, LJA Clunie, DMA.
Francis, 1.M.Macdonald, and P. Kincaid-
Smith: Increase risk of rejection in renal
transplant recipients with in vitro cyclosporin-

resissstant lymphoid responses.
Transplantation Proceedings 21(1): 1470-
1471, 1989.

5. Liu J, Farmer JI), Lane WS: Calcineurin
is a common target of cyclophilin-
cyclosporine A and FKBP-FK506 complex.
Cell 71: 649-662, 1992,

6. Flanagan WM, Corthesy B, Bram RJ;
Nuclear association of a T-cell transcription
factor blocked by FK506 and cyclosporin A
Nature 352:803-7, 1991.

7. Barri JF, Fotini P, Nobuaki H, James
EB, T.B:
modulate CD28 mediated pathways for

Dimitrios Glucocorticoids
interleukin 2 productionin human T cells.
Transplantation 62(8): 1113-1118, 1996.

8. Carl HJ, Jeffery AL, Marjoriec M.G,
Tullla L. Craig b. T: T-cell proliferation
involving the CD28 pathway is associated
with cyclosporine-resisstant interlukin 2 gene
expression. Molecular and Cellular Biclogy.
7(12); 4472-4481, 1987.

9.  Scott WU, Bart B, Olivier L., Ronald
H.S. Regulation of interleukin 2 gene
expression by CD28 costimulation in mouse
T-cell clones: both nuclear and cytoplasmic
RNAs are regulated with complex kinetics.
Molecular and Cellular Biology.15 (6): 3197-
3205, 1995,

10. Ana-Mana Garcia-Alonso, Alfredo M,
Manuel M, Jesus O, Alberto T, Luis M,
Pascuala L-S, Manuel M, Maria-Rocio A-L:
CD28 expression on peripheral blood T
lymphocytes after orthotopic liver transplant:
upreegulation in acute rejection. Human
Immunology 53: 64-72, 1997.

11. SW.Van Gool, Yigun Z, A kasran, M.
DE Boer,
independent activation of human CD8 cells:
the role of CD28 costimulation. Scand. }.
Immunol. 44: 21-29, 1996.

12. Lenschow DJ, Walunas TL, Bluestone
JA: CD28/B7 system of T-cell costimulation.
Annu Rev Immunol. 14: 233-58, 1996.

13. Wingren AG, Parra E, Varga M, etal. T
cell activation pathways: B7, LFA-3, and
ICAM-1 shape unique T-cell profiles. Criitical
Rev Immuno. 15; 235-253, 1995,

14. Bluestone JA: Costimulation and its role

JL.Ceuppens: T  helper-

in organ transplantation. Clin Transplantation.
10: 104-109, 1996.



15. Enver A, Anul C, Mary ER, Laurence
AT, Wayne W H, Mohamed H.5: CD28-B7
T cell costimulatory blockade by CTLA4lg in
the rat renal allograft model. Transplantation.
62(12): 1942-1945.

16. Meike S, Thomas H.S, Anil C, John P.V,
Laurence A.T, Mohamed H.S: Comparative
strategies to induce long-term  graft
acceptance in fully allogeneic renal versus
cardiac allograft models by CD28-B7 T cell
costimulatory blockade: Role of thymus and
spleen. J. American Society of Nephrology.
12: 891-898, 1997. Molecular and Cellular
Biology.

17. K. Nadeau, H. Azuma, A. Chandraker,
M.H. Sayegh, N.L. Tilney: Inhibition of
CD28-B7 T-cell costimulatory activation
intragraft cytokine and
growth factor expression in chronic renal
allograft rejection.
Proceedings. 29:1038,1997.
18. Haruhito A, Anil C, Kari N, Wayne W.H,
Charle B.C, Nicholas L. T, Mohamed H.S:
Blockade of T-cell costimulation prevents

pathway affects

Transplantation

development of experimental chronic renal
allograft rejection. Immunology. 93: 12439-
12444, 1996.

19. Mary ER, Wayne W.H, Enver A, Africa
F.W, Troels G-J, Theresa AW, Mohamed
H.S: Chronic cardiac rejection in the LEW
toF344 rat model. The American Society for
Clinical Investigation. 97(3): 833-838, 1996.
20. Anil C, Mary E.R, Troels G-J, Theresa
AW, Mchamed H.S: T-cell costimulatory
blockade in experimental chronic cardiac
allograft rejection. 63(8):
1053-1058, 1997

21. Steven FB, MD, Hua L, MD,
Laurence AT, M.D.. The time course of
CTLAA4Ig effect on cardiac allograft rejection.

Transplantion.

. Surgical Research. 63: 320-323, 1996.

22. Barry DK. : The synergistic effects of
cyclosporine and sirolimus. Transplantation.
63(1): 170-176, 1997.

23. Chemoprevention Branch and Agent
Development Committee: Clinical
development plan: curcumin. J. Cellular
Biochemistry. 26s: 72-85, 1996.

24 JNM commandeur NPE

vermeulen: Cytotoxicity and cytoprotectives

and

of natural compounds. The case of curcumin.
Xenobiotica. 26{7): 667-680, 1996.

25. Sreejayan, M.N.A Rao: Nitric oxide
scavenging by curcumin. J. Pharm. Pharmacol.
49: 105-107, 1997.

26. Yoshimasa Nakamuro, Yoshimi oOhto,
Akira Murakami, Toshihiko Osawa, Hajime
Ohigashi: Inhibitory effect of curcumin and
the
promoter-induced reactive oxygen species

tetrahydrocurcuminecids on turmor
generation in leukocytes in vitro and in vivo.
Jan. J. Cancer Res. 89: 361-370, 1998.

27. Marion M-C, Hsing-I H,, Marilyn R F |
Dunne F.: In vivo inhibition of nitric oxide
synthase gene expression by curcumin, a
cancer preventive nature product with anti-
inflammatory ~ properties. Biochemical
Pharmacology. 55: 1955-1962,1998.

28. Ewa J., Amna B-Z., Ewa S., Janusz
S.,Ewa R., Katarzyna P., Grzegorz B.
Glutathione-independent  mechanism  of
apoptosis inhibition by curcumin in rat
thymocytes. Biochemical Pharmacology. 56:
961-965, 1998.

29. Min-Liang Kuo, Tze-Sing Huang, Jen-
Kun Lin: Curccumin, an aantioxidant and
anti-tumor promoter, induces apoptosis in
human leukemia cells. Biochimica et
Biophysica Acta. 1317: 95-100, 1996.

30. Yen-Chou Chen, Tsun-Cheng Kuo,



Shoel-Yn Lin-Shiau, Jen-Kun Lin: Induction
of HSP70 gene expression by modulation of
Ca® ion and p53 protein by .curcumin in
colorectal carcinoma cells . Molecular
Carcinogenesis. 17: 224-234, 1996.

31. Ying-Yan Wang, Min-Hsiung Pan, Ann-
Lii Cheng, Liang-In Lin, Yuan-Soon Ho,
Chang-Yao Hsieh, Jen-Kun Lin; Stability of
curcumin  in  buffer  solutions and
characterization of its degradation products. J.
Pharmaceutical and Biomedical Analysis. 15:
1867-1876, 1997

32. Ranjan D, Johneston TD, Wu G, Elliott
L, Bondada S, Nagabhushan M: Curcumin
blocks cyclosporine  A-resistant CD28
Costimulatory pathway of human T-cell
proliferation. J Surg Res. 77(2): 174-8, 1998.
33. Daniel A. Shoskes: Effect of
bioflavonoids quercetin and curcumin on
ischemic renal injury. Transplantation.
66:147-152, 1998.

34. Dinesh R, M.D. Alex S., M.D., Thomas
D.J, M.D., Gaunghaan Wu, M.D., Moolky N.,
PHD. : The effect of curcumin on human B-
cell immortalization by Epstein-Barr virus.
The American Surgeon. 64(1): 47-52, 1998,
35. Rideout DC, Chou T-C, In Chou T-C
Rideout DC (eds):San Diego, Calif: Academic
press;pp 3-19, 1991

36. 36. Yong X.Xu, Kirit R. Pindolia,
Nalini J.,, Chris J. Noth, Robert A. Chapman,
Subhash C. Gautam: curcumin, a compound
with anti-inflammatory and anti-oxidant
properties,  down-regulates  chemokine
expression in bone marrow stromal cells.
Experimental Hematology. 25: 413-422,
1997,



Cum Survival

Survival Functions (BN-WKY) .

1.2

1.0H

8y

2

oo+

.2 O control
Q 10 a0

Bde -
2

SURY. Time {days)

B — : InBN to WKY model, CCM alone significantly increased
the mean survival time (MST) +/- SD to 20.5+/-7.8 (100 mg/d x 14
d) as compared to 9.1+/- 1.9 d of non-treated controls.
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+E = : InBN to WKY model, CCM alone significantly increased
the mean survival time (MST) +/- SD to 24.5+/-6.3 (100 mg/d x
28d) days, as compared to 9.1+/- 1.9 d of non-treated controls.
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[E = : Combination of CCM and subtherapeutic doses of CsA (10

- mg/kg/d x 7d) produced further prolongation of MSTs to 28.5+/-5.1
and 35.6+/-5.9 days, better than that of CCM or CsA alone (P< 0.05).

concentrations described on text and figure, on the primary one-
way mixed lymphocyte culture of BNx WKY experiment .
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BNx WKY MLC experiment.
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