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Mycophenolic Acid Induced Apoptotic Signal
Transduction in Molt-4 T-cells

Soo Jin Na Choi, M.D., Sang Young Chung, M.D. an
Shin Kon Kim, M.D.

Purpose: Mycophenolic acid (MPA), a selective inhibitor of
inosine monophosphate dehydrogenase (IMPDH), is the ac-
tive metabolite of the immunosuppressive drug, mycophe-
nolate mofetil (MMF). MMF is used to prevent an immune-
mediate rejection response following organ transplantation
via the inhibition of the IMPDH and GTP biosynthesis path-
way. This study was designed to elucidate the mechanism
by which MPA exerts its cytotoxic effect on human T lym-
phocytic and monocytic cell lines.

Methods: MOLT-4 and U937 cell lines were treated with
MPA. Cell viability, expression of Bcl, family proteins and
Fas/Fas-L, effects of antioxidants and intracellular Ca’" re-
gulating agents and apoptosis were measured using a variety
of microscopic and biochemical techniques.

Results: MPA induced the death of U937 and MOLT-4 cells
in dose and time dependent manners, which was revealed
an apoptosis with a characteristic ladder pattern of DNA
fragmentation. In addition, BAPTA/AM, an intracellular ca?'
chelator protected MOLT-4 cells from MPA treated apoptosis,
although it did not have an additive with thapsigargin, and
increases cytosolic Ca’' stores. However, antioxidants in-
cluding reduced glutathione (GSH) and N-acetyl-L-cysteine
(NAC) did not inhibit the apoptosis of cells by MPA. Fur-
thermore, guanosine suppressed MPA induced apoptosis of
MOLT-4 lymphocytes, although adenosine did not. MPA also
increased the catalytic activity of caspase family cysteine
proteases including caspase-8, 9 and 3 proteases in
MOLT-4 cells. Sequential activation indicated that the
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cleavage of caspase-8 and 9 precedes those of caspase-3.
Conclusion: The results suggest that MPA induces the
apoptotic death of MOLT-4 lymphocytes via the activations
of caspase family proteases and the depletion of GTP. (J
Korean Surg Soc 2002;62:8-17)
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Mycophenolic acid (MPA)+&= #-7]o]4] ol Bl Alst= 7
Fube& olely] 98l ddH e de Adss Wy
2} Z)A|¢] mycophenolate mofetil (MMF)Q 24 3ehEo]
th(l) MMF= o] A3}e] 4=l i3t T 9 B g9 &
A AdAlste] A7lo] A ARNEE& ‘11]’35‘;}51 A 9
()

MPA¥= guanosine $HA]ghAlel] §lo] A Zﬂ 491 inosine
monophosphate dehydrogenase (IMPDH)Oﬂ Hog 24
s A A o]}t (1) IMPDHYE 2E&571 9 111 Type I &
v FE FAY] HEFA HEE A v,

Type Il E45 F2 FA7] FZ A4 ‘%fﬂﬂv—tﬂ MPA
% Type 15t} Type II IMPDHo|| 5uf A5 AstE2 7+
il vh(3,4) MPAE Type 11 IMPDH®} guanosine®] 3
o] Zrag ziste] AE Ase A dHA A
th(5) w3k MPAE T 3l B gl 25-9] DNA 34 & whafis)
of AE HapoprosissE SEFOZH WA75S o
ghoba Haws Qlont a1 A&7 digh Al 2
L owkalA 97 okt

AzaAe dHAlZ AgAelA A4El 7189 i
I =A 9 g4 FAC A Aeldge] sl Al
x| A% = F-S(programmed cell deathyo]2}i L& 3}
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th(6) AlE FgollA] o]} FEE = A E| A(necrosis) =
AEte] o)z B3} AeAo] AL N Fslol =
Zeglol 5 AE U] F2Eol ARele] st 54E
7HA AL ek, odl] wbste] AEIAE whE &5 H Ao
e AT 5%, AT AT W4, AL o) 2
F 59 37}, chromatin®] -3, endonuclease®] 2413}
ol 2]g DNAQ] At Foke] £ (ladder pattern of DNA
fragmentation) 4] =l M| Hky} AETAL 42| (apoptotic
body)sl WAE FRALD) AETAL FIAAR
(tumor necrosis factor; TNF)ol] 2]3t A|E £& AT Z5E
AEAT 770 wiA7] ABsigond, 2ol caspase
family cysteine proteases®] FQ4o] AAE L Ur}(7,8)
Caspaset= A F7HA 145577} 4ej#] 9lom, o] = caspase-3
proteases (CPP32, Yama 3] Apopain®. & <¢#]7Z)+= 34 kDa
ATFEAREY A5} E o] 17 kDa} 11 kDao & F-3l 5]
o] DNA 579} ~Ed~ g3 il A9 &43 7

S Al F23%F poly ADP-ribose polymerase (PARP)E-
palelo] AEIA AT B4 ZIAUA TE caspase
T o8] 24 chiAe) 2HgaA 75F SAsht E24
S5 fiste] Al e ofe] AzAE EAe E4%
ZA31t}(9,10) £3] caspase-3 proteaser= A|E @A LA
o $93 #49Ql PARPE Hajslo] ATaAS Zudl
ch(11)

B Q7Y BAe MPAG] 93] == Wl AT A
ES5ge AA AxaAe] AxAdd 7Ade szt
T = A3 MOLT-4 A 32} promonocytic leukemia
AEFQ U937 AEo] MPAZ AHeldh ¥ AE AZE,
caspase family cysteine proteases £H4J, Bcl-2 family g2,
PARP, Fas ™ FasL Sl o] Wiz} 242 24319

El g
D MEZZF & Al

1) M=EZ: A=t T X3 AEQ MOLT4 A E9}
promonocytic leukemia A|E32Q] U937 A|EE = A|EF
2ol 4 3ok wo} Ak

(2) MPAQ} Guanosine: MPA$} guanosine2 SigmaA}
(Sigma Chemical Co., St. Louis, MO, USA)ol|A] %13}
t}. MPAE 0.01IM 557} %5 dimethylsulforide (DMSO)
o] x0] —70°Cel] HAs}9lar, AE A RPMI-1640 v A &
3] Aslo] AL} o, guanosine> DMSOe]| o 0.1 M
S5 5A 3 ¥ HF ST RPMI-1640 vz 2 3] A}
et

2) MZ HHe

MOLT-4 A|3E9} U937 A EE- 37°C, 5% CO, k7] ol A]
10% fetal bovine serum (FBS; Gibco BRL, Grand Island,

NY, Englandjo] ¥%¢}% RPMI-1640 (Gibco BRL, Grand
Island, NY, England) sjoFol-S o wiokslel om, 2447
Aoz ekl g Aleke] log phaseoll Gl Al Eoll MPA
£ A% & AEA Q4T olol] E A Y B
AR Ade sl

) Mz 4=z &3

AE AEE A MIT assay 5 o] &3lich Al wlok
FH96-well plate)ol] AZE(1x10° AZES5/ml)E 100 xljwell#] E
Fsto] 18A]7F o4 CO, Al wid7]ol|A] HAPAIZ] & A¥
o] Agslich. MTT (3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyl-
tetrazolium bromide) -§-9¥(5 mg/ml in PBS)2 A wjjokol
Folol| 2F 1/10 §3]7} A H7lskeict vhs- 417 3
10% sodium dodesyl sulfate (SDS)7} E3¥+% 0.0IN HCl &
H-Z 100 gljwellol] Zd7}slo] Ao} 9l AlZef] o3l 4=
H# formazans 234171 t}S ELISA EA47]& 540
nm A FFEE FAH12)

4) DNA 2% #ol

MPA A& & A|ZE YAEZslo] A, PBSE AH sk
% nuclear lysis bufferZ X 7}slo] AEE stk AE 3}
s Holl RNaseE 7bslo] 37°CollA] 5& 5k WHSAIA
RNAE AAs A AE o ghild 2 child X4 ob3
SNE o] &sle] AAZ ¥, isopropanolg o] &3k F A ell
o]slo] 3% genomic DNAE 70% oflgh-&ofl A% &
Ay Az7|Z 7Azsct. of7]o] TE buffer (10 mM
Tris-HCL, pH 80, 1 mM EDTA, pH 8.0)2 7}s}o] DNA
pellets &3lidt $ UV £3FFEAE o] &3lo] 260 nme}
280 nm I}Aol|A] genomic DNAS] & ¥ +&E & =4}
Ak He2l®l genomic DNA 5ug2 1.5% agarose gelol] 4]
50 V, 2A17F A 7| dES A A & ethidium bromide® <3
Astol M2 41stol ] DNA $AR4S BT

5) Caspase family cysteine proteases EME =X

MOLT-4 A|3E&} U937 AEE 4°CollA] 1557} lysis buffer
2 alsla, 20,000x g2 1557 94 Hel Ak YA
Balslo] 1L AE a2 bicinchroninic acid (BCA;
Sigma Chemical Co., St. Louis, MO, USA) ¥} o & t}ulz
S ephan, AE s o 100,.9S B4 %3
Slof] 3AH ¥HFU|AT} 37°CollA 308 WA F
fluorometer 2 Z4 89t} Caspase E4 A =4S 93t
33 7]1 A2 CalbiochemA}H(Calbiochem, La Jolla, CA, USA)
o4 TSIkl ALgtelel. WA caspase3 K A 34
£ & 37]A el Ac-DEVD-AMC 50 uMS A&3]9) o, o]
Z12] proteolytic cleavaged Z7slo] caspase A AEE
AR sl o] wfe] v}A-S 380 nm excitation wavelength2}
460 nm emission wavelengthE A}-£38}-9t}. Caspase-6 H4
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242 71484 Ac-VEID-AMC 50 1M AH-&-813] e,
o] 59 proteolytic cleavageE 380 nm excitation wavelength
9} 460 nm emission wavelength®] S}AbslollA] 24319t}
Caspase-2 34 AL 7|2 Z4 Z-VDVAD-AFC 50 uM-&
ALl om, o] 59| proteolytic cleavageE 400 nm excita-
tion wavelength®} 505 nm emission wavelength®] Z}A-s}ol|
A 24319t} Caspase-8 H4 AL 7| A &4 Ac-VEID-
AFC 50 uM-& A}-£38}90 2m, o] 52| proteolytic cleavageE
400 nm excitation wavelength®} 505 nm emission wavelength
o] spgstoll Al F4¢ick. Caspase-9 i AL VAR
2] Ac-LEHD-AFC 50 uM< &3t om, oS¢ prote-
olytic cleavageE- 400 nm excitation wavelength®} 505 nm emis-
sion wavelength®] s}Alslol|A] ZA )i}

6) Western blotting

Hfjok=l MOLT-4 A3 3] U937 A|Eol] MPAE A |3l &
A EE 22 3}03, cold Hank’s balanced salt solution (HBSS)
o2 23] AHslch dolFl A|EE RIPA £H(50 mM
HEPES pH 7.4, 150 mM NaCl, 1% deoxy-cholate, 1 mM
EDTA, 1 mM PMSF, 1 pg/ml aprotinin) & & - <rofl4]
037 Safeteich Bakel AE shalEb; 200 )
ol] 2u¢] sample buffere} E3ts}od 100°Cel] A 38 EQl vk
SA171 &, 12.5% sodium dodesyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE)E A|3§&}it). A7|d 5o &
Fogel®] wlAL nitrocellulose membrane S 2 semidry
electrotransfer systemg- o] 830 (4°C, 30 Vil 4] 164]7}) o]
EA]7] = blocking buffer (10% skim milk) 2 420l 4] 24]
7F vk A Z ). Nitrocellulose membrane2- 0.05% (v/v)<]
Tween-200] ¢F-3-% Tris-buffered sample buffer (TBST)ol|
1:1,0002.2 3]4= anti-PARP, anti-Bclp, anti-Bax, anti-
Fas, anti-Fas-L % anti-BclXys 3A|9} Aol 4] 247} vE-S-
A7l & o]z} &k horse-adish peroxydase (HRP) conjugated
anti-rabbit [gGE &l 1A 7F WH-g- A% 2n, immune-
reactive bandst= enhanced chemiluminescence kit (ECL kit)
2 olgslo] Aol Wksle.

| ot
1) MPAO|| 2|8t MOLT-49} U937 MZ MZES &3

T ZZF0] MOLT-4 A|3Z9} whalrel U937 A|3Zel] MPA
thekst FEE Helslo] 2447 vkt ohg AlE A
&S MIT assay 2 =439t} MPA X el % 0.5 M
of| A F-E] U937 A|E9| AEE 25% ol 7H4slr] A%
slo] SuM FEolAE 50% AER Fielgen, 5
| EARI AE AEE FAE Hdch ®3 MPAE T #
Z 9l MOLT-4 A|ZEollA 0.05 M2 FEollA5E] §-2
g A5 & UEhllo] 05.M F56014] 50% B 18]

rN

I 1pMellA = oF 80%9] AEE TaE st o
Ao] A3H= MPA7} MOLT-4 9 U937 A9 HEES
x ozAH o ZaAZon, wil MPAd| 93 A TE
ol T =51 MOLT-4 A|Z7} B & 717kslAl wh3-3
= Ak

MPAo]| o3&t A|EZZA ] A7k o] EA Q] HstE F]ls)
7] $18ked U937 A EE 5uM FEE, MOLT-4 A E+= 0.5
M EEE A3 3 AE AESS] WItE ik
U937 @ MOLT-4 A|EX MPA A& 447t o| THE] §-9
gk AlE AEE ATt AAE] o] 3047 o] Foll= oF 50%
uluke] Alxnto] AEsAc) o] 4o] AiF= MPAC 2|3t
AEEA o] U937 o MOLT-4 A|Zof|A] A7t oJEHoZ
SAEE vt

2) MPAO| 2|8t MOLT-4 T ElZ o] 2X3}
(fragmentation) 34}

—

MOLT-4 A|Zol|4] MPAol| ©J3t AE=Ao] AEA
%e AL A % ol Aol SJeto] o] T HEAE F
web] 918 wake] RARAE AUk MOLT4 4]
Zol| 0.5 M MPAE X3t 7+ A 7Fhol] genomic DNAE
Z25h0] 15% agarose gel ol A 2713 Bahgieh. WAL 2
9] %4912 genomic DNAE- ethidium bromide® <3 A4s}o]
zAstglom, o A3 MPA AE| 2547k o] 3] AlxE
ke A 549 Avke] B2oko] DNA 4 (ladder-
pattern of DNA fragmentation) S48 &g 4 9}
(Fig. 1).

0 5 10 15 20 25 30

Time (hr)

Fig. 1. MPA induced the ladder-pattern fragmentation of genomic
DNA in MOLT-4 cells. The cells were treated with 0.5
1M of MPA for various periods. The genomic DNA was
isolated from the cells and separated on 1.5% agarose gels.
The DNA was stained with ethidium bromide and vis-
ualized under UV light.
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3) MPAO| 2l R
hatstr|el g1t

Atoll Ojx|=

HE-2 Al Ab4=7](reactive oxygen species; ROS)
AF3}A £=Ak(oxidative stress)S A EZ A} AL G
48 779 shtz 2 delA Jek(3) olo] B QT
2= MOLT-4 T &8 Z39] AEIAE § 538 MPAO
AZEH] 2g AR A el Bl of 2
ZA stz sFASEAQl reduced  glutathione (GSH)Z}

me lo 2 pir ok

A
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=
2 60-
=z
8 40-
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Guanosine
(M) 2508
MPA —_ + + + + +
(0.5uM)

N-acetyl-L-cysteine (NAC)& tleket =2 Aelgt 17+
&, MPA 05 ME §7}sto] 24417 Foll A AEES
2Astgieh. MPA g5 A 2lell ofsto] MOLT4 A|£2] A

£g0] 0% A% AAsGom], R HE 0] LA,
GSH % NAC A2l MPAG] o1& AIEEA 0] 213 o
e R A skt o] o] A MPAC e fX
+ MOLT4 T %’fﬁ" AEaAE Ao AE EFe 7
Aol Sleto] wiASIA koS Slulshich

T 2

100
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Fig. 2. The effect of guanosine and adenosine on MPA-induced apoptosis in MOLT-4 lymphocytes. The cells were pretreated with various
concentrations of guanosine (A) and adenosine (B) for 10 hours and followed by the addition of 0.5 M of MPA. The cell viability
was measured by MTT assay 24 hours later. The results represented as the mean+SD of quadruplicates.
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Fig. 3. MPA induced the activation of caspase-8 and 2 proteases in MOLT-4 T lymphocytes. Cells were treated with 0.5 M of MPA
for various periods. The lysate from the cells were used to measure the activity of caspase-8 and 2 proteases activity by using
fluorogenic peptide Z-IETD-AFC (A) and Z-VDVAD-AFC (B) as substrates. Each value represented as the mean+SD of

quadruplicates.
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4) MPAO|| |3t MOLT-4 T /I M|ZEDTALY| O/X|
= ME L} Ca’'o g&

AZ W G FEe ke AZTA A4S sifetE
o] AZAT Fake] wa A, AE F7](cell cycle)?
24, AE FA3} B3} 59 ekt AX 7)5S #HIA
Atk (14,15) B ATl AE AE I 22 AL 8he] Ca’’
59| w37} MPAo| 93k MOLT-4 T & ZF A|ELA
o] u %] oJgkS sholslaizl EDTA, EGTA, BAPTA/AM,
3l thapsigargin 5-& X 2|e ¥ AE AEES =2As )
A Eutol] EA)stE Ca® S chelationdl] 4] 55 #3147
+ EDTA 4 EGTAYX MPA¢] 9o]slo] z]&}E MOLT-4 A
To] AEES R AER 3 EAZ w3 AEA
Ca’" 5 w3}A]7]= BAPTA/AM3} thapsigargin® o]
831 A3 o)A BAPTA/AME MPAo|| 23k A|TEA o &
HE] MOLT-4 A|E2] AEES 3]5A]7] ubHol), thapsigargin
o] MPA A|E5A ol u[X = fol3t gk 3t 5= gl
ek o] A7 Ca’' o] MPAS] 23 MOLT-4 <7
o] AETA Ao FoJsln], NE W Ca°' EE9 Z7}
5 oAlslH o]of mlalsle] MEILA AET} RS Al

Asigiet.

5) MPAQ| Q3 REXl= MEIDAL O/X|= guano-
sineQ| sk

MPAL IMPDH®] JA[A| £4] guanosine §A4]-& A A%t
tha & &e{A rh(1,16) MPAe 23t AlE A 7]F o
A| guanosine®] #H o FE Agkslazl vkt FE9
guanosine 10A]7F A *|2]7} 0.5 xM MPAe]| 2] MOLT-4
A2 AEFA | vX] = J¥Fe 243 Fig 2A9]
AT AHE 05M MPA THEXg]lE= MOLT-4 A|Z9
AZEEE 60% o] FHAAZ 21} guanosine 5 M 0|49
A FE dEHor AE QESES IEEUch
Guanosineel] 23t ¥ 317} MPA A|EFA]ol] AE1ZAA] of
F5 &lslr] Slste] ok @At <17]1Q) adenosined thk
% BEE A7 Aeld ¥ A AEEE 2
(Fig. 2B). Adenosine> MPAol| €3 MOLT-4 & Z 9] A
ExAol o8 dake vAA Esleh ol Ase
MPA<]| o3t MOLT-4 #ZF9] M| EIA+ guanosine
A9l AARZ QU3 guanosine®] m7Zko] FL7F 2L 714
& AAskz 9.

6) MPAO]| 2|5t MOLT-4 2 NZTAN| UMM
caspase family cysteine proteases &AM S}

MPA®]] ¢]3F MOLT-4 ®lZF AlxaAe] 2H8714& &
o} X 7] $]s}o] caspase family cysteine protease?] caspase-2,
3, 6,8 3 92] &4 #A4-S fluorogenic substratesE o]-8-3}
o] =243}t MPA X glol] 9]slod caspase-8 protease?]

aa AL A 5AZ el H X (=T 2.50)F e}
ot o] A Haslte] 10417 A TolAe Wz
o] E o7 B39 th(Fig. 3A). MPAY: caspase-2 prote-
ase®] A FAS MPA A SAI7F FHE AL R
Z7} X ZcHFig. 3B). Caspase-3 protease®] 4 42 MPA
A SAIZE FRE Frksly] AlEglem, 104 7R ol =
=z 115w Z2o] 84E vehd 3 307744 &

A
144
5 —o— Media
5 129 —e— MPA
3
£ 10 1
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——— e <y o | T 116K
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B = o .-
- =
.| * 40K
— T

Fig. 4. MPA induced the enzymatic activation of caspase-3 pro-
tease of MOLT-4 cells in a time-dependent manner.The
cells were treated with 0.5 xM of MPA for various pe-
riods. (A) The lysate from the cells were used to measure
the activity of caspase-3 protease activity by using fluo-
rogenic peptide Ac-DEVD-AMC as a substrate. Each value
represented as the mean+SD of quadruplicates. (B) PARP
cleavage was measured by Western blotting analysis with
anti-PARP antibodies. (C) PKC- § cleavage was measured
by Western blotting with anti-PKC-§ antibodies.
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Fig. 5. The enzymatic activity of caspase-9 and 6 proteases in MPA-treated MOLT-4 lymphocytes. The cells were treated with 0.5 xM
of MPA for various periods. The lysate from the cells were used to measure the activity of caspase-9 and 6 proteases activity
byusing fluorogenic peptide Ac-LEHD-AFC (A) and Ac-VEID-AMC (B) as substrates.

Aol R et A A 3] 7 Gich(Fig. 4A). B3 caspase-3
protease®] Aol 92 AEA | 7|A 9] WIS Hahs)
7] $5Fe] MPA X8 & MOLT-4 279 PARP % PKC-
skl A o] uk e & Western blotting analysis2 Z A3}
9t} Caspase-3 protease?] 7] %2] i}el 116 kDa PARP
= MPA A g 5A|17F Y] 85 kDao] #2188 2= n|&
4 fragment® 27} A|ZbE| o] 2041 7F A2 Tl A= 50%
o] ol Zallxlo]l AUrhFig. 4B). & vhE 7|29 sl
PKC- 6= MPA #g] 847} o] X E] 78 kDao] £A3 &
&7t = 7] AlEFslo] 12417 Aol 4] 40 kDad] cat-
alytic fragment7} €<1%] 9] t}(Fig. 4C). Caspase-9 protease]
H4 AL MPA Al A7 o] 5 A 3] 7l
ARrste] 20417 Ml el A HaA65u) HAL ek
H & FA3 A 743} cHFig. 5A). Caspase-6 protease)
a4 842 MPA A A G938k S7HE 38 5 gl
t}(Fig. 5B).

7) MPAO|| 2|8t MOLT-4 2T MEZDAL LM

Bel, family EHHZIO| 5l QHALO| 13}

AEDAE 24elE AE o] Fo ATHLEAR B,
family DAL ohE g A del AES
Aol BolsA g xS AES 24, 5 AT F
g oAl Ak lsol Uk B AGelAE
MPA A& A MOLT-4 & %39] Bel-X;, Bel-X, Bel, 1]
3 Buxd] W] Gake Lobn] 9ste] MOLT4 @
Foll 0.5M MPAZ H 2|3t & A|E skl olgich ©h
w2 A ek L anti-Bel-X, anti-Bel-Xs, anti-Bel, Z22] 3L anti-
Bax x| & o] &3}o] Western blotting-& A|§s}ic}. A&
A oAk g oA Bel-X o] W& MPA A gl 12
A7k ol F ] HAY 4T uglor ATAH H4 o

0 8 12 16 20 24
Time (hr)
" - <& Bcl-X,
.‘ ‘3‘-.‘ *BC|-X5
B
0 5 10 20 30 40
Time (hr)
T — WO — *BC|2
C
0 5 10 20 30 40
Time (hr)
S B S . w4 Bax

Fig. 6. The expression of Bcl, family proteins including Bcl-Xi,
Bcl-Xs, Belo and Bax in MPA-treated MOLT-4 lympho-
cytes. The cells were treated with 0.5 ©M of MPA for the
indicated periods. Then, cell lysates were probes with
antibodies for Bcl-X;, Bcl-Xs, Bcl, and Bax proteins.
Immunoreactive bands were detected by enhanced chemilu-

minecence.
WA A BelXso WS MPA A2l A A7 o
o) uhel W) obahg BAY 5 ATHFig 6A). L2}

Bel-X.#} Bel-Xs2] A ¢l 8] 4-(Bel-X,/Bel-Xs)-&

AR U BIXS) W G2 Aokl MPA A
12217} o] F3¢] 7Haskgieh. Bel, S-S MPA el 40
Az A oﬂw 28 kDa Bel, shuje] ukel 747} 9
2%l chFig. 6B). e} AT AL 226k Bax

A E
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A9 W Y MPA M2l Aol mE fOF WE
W3 golehFig 60)

8) MPAO]| 2|3t MOLT-4 ME =20 0{AM Fas/
Fas-L CHZIOf HH5] QFAF Hi3]

Fas -2 tumor necrosis factor (TNF) B nerve growth
factor (NGF) S=-8&-%||<5(receptor family)ol] <&}, A|xat 2
.2} 371 2] domain (cysteine rich domain)
o] 9= whlA Z A Fas ligandol] So]F o g Zgtsto] A

EaA AZE ADFdc}, Fig. 30| 4] caspase-8 protease?]
a4 84 FUke] A o] Aavt AZAEAA FollA
Apioll S8 Fas W FasLle) Agkg 08 4 AeE o

A8191 7] wfjFoll MPAES 4 e]3F MOLT-4 auli%cﬂm Fas

5] FasL uHdS zAelgith. MPAYX MOLT-4 A Zol|A]
#2] 30472 o|F3E] BASA 45 KDao] Fas Shufal o
s F7HAZHFig. TA). FLR3 A Ad el
FasLe] W A o7t Zrbsbs Age vebdlchFie
7B). o]49] A3} MPA7} MOLT-4 A|¥9] Fas &9

B cysteineo] %

—

Z BAE ZIMAAA] caspase AT A DA FH s}k
caspase-3 protease] A4S FE3lo] AEZLS uls)

slezet F45 ek

¢

_?_i-,

A
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Fig. 7. The expression of Fas/Fas-L in the MPA-induced death of
MOLT-4 lympocytes. Cells were treated with 0.5 ©M MPA
for the various periods. The expression of Fas and Fas-L
by the MPA in cell lysates was detected by Western
blotting analysis using anti-Fas (A) and anti-Fas-L anti-

W& Z7HAH o, o] & Qo] caspase-8 protease?] & bodies (B).
A B Cc
51 141 6
> > >
25 4] Ze ) 22 9]
S5 85107 85 41
Y3 3] ?3 81 23
3. $.c e 34
To 2 g 61 o]
58 58 4. 58 21
§= 1] §= §=
10 I : ' .
0 . oM . . 0 A . .
Guanosine + Guanosine _ _ + Guanosine _ + B +
(20puM) (20pM) (20pM)
MPA _ . . MPA . .\ MPA . .
(0.5uM) (0.5uM) (0.5uM)
D E F
116 K — —
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Fig. 8. The guanosine suppressed the catalytic activation of caspase protease, including caspase-2, 3 and 9, as well as Bcl, degradation
in MOLT-4 cells by MPA. The cells (1 X 10° cells/well) were pretreated with 20 M guanosine for 10 hours and followed by
stimulated with 0.5 xM of MPA. And then cell lysate was used to measure the activity of caspase-2 proteases (A) caspase-3
proteases (B) caspase-9 proteases (C) by using fluorogenic biosubstates. The datas represent mean=+SD of quadraplicates. The
Guanosine was preincubated in MOLT-4 cells and followed by the addition of 0.5 M MPA for 20 hours. After cell lysis, equal
amount of protein was used to subjected on 12.5% SDS-PAGE, transferred onto nitrocellulose membrane and immunoblotted with
anti-PARP antibodies (D). The Guanosine was preincubated in MOLT-4 cells and followed by the addition of 0.5 M MPA for
40 hours. After cell lysis, equal amount of protein was used to subjected on 14% SDS-PAGE and immunoblotted with anti-Bcl,
(E) and anti-Bax (F) antibodies. The immuno-reactive signals were visualized by enhanced chemiluminesce kit.
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9) GuanosineO] MPAO]| 2|8t MOLT-4 NZ =20
0lXl= &3t

MPAo]| 2] MOLT-4 A|Z3A}el] u]X]+ guanosine?]
e 2437 918ke] guanosines A A 2|3t 3 MPAo]
o8t A EFS-& MTT assay 2 ZAs}Sdth(Fig. 2). Guano-
sine A A2 MPA (0.5 M, 242710l <lsko] 40% A%
2 ZHAEl MOLT4 AlE9] AEES 90% o] o 3|5
AlZt}. o]eol] E A& ol 4] guanosineol] 23t MOLT-4 A|Z
AEE 3]50] MPAe|| 23t Al £} A A 2A9| caspase
proteases ¥4 ZA o AR E F2ls}¢r}t. Guanosine
(20 M) 5 52 MPA (5 uMyol] Z1 X &] 3k $of] MOLT-
4 A|E2] caspase-2, 3 B 99 ¥4 FAS =AYt
MPA¢]| 9]slo] MOLT-4 A4 <k 458 =7} cas-
pase-2 protease?] Al guanosine A A2l A] =T
T ek 7 okAle g E] Al MOLT4 Aol
caspase-2 protease®] Aol op-El Wsrh gl vh(Fig
8A). W3l MPA MOLT-4 Al|3Eol|A] caspase-3 protease2]
2442 10w 18]I caspase-9 protease] AL 5wl oA+
S7HAZ o, guanosine %1 K eloll osle] F HAo] &
Ko| lzF 4307 Asl%YchFig. 8B, 8C). Fig. 8BS
7 3}9} §-AFslA] guanosine A 2 (20 1M, 10X]7H) A] MPA
(5 M, 20A17hel] ]k PARP thiiA o] FaE o Alskel
t}(Fig. 8D).

AZ32 AZHALAL] F ARl Belb9t Bax ghilzl
o] kol th3l guanosine®] <33F& ZAtslick MPA (5
e ME A2k 40417k Fofl AelA] Bel, T A o] guanosine
= A ATl A 45 kDao] 243 FAgo g oely]
A ch(Fig. 8E). &1} Bax thiA 9] #aloll= MPA 32
guanosine BF7F obEl ddkg w| XA FEFchFig. 8F).
o]A+e] A3} guanosineo] MPAe] 2]gF MOLT-4 A|E9]
AZ212E Al en, 2 287142 caspase-2, 3 4
9 protease®] FA A A ellag A

il &
A7)0] A& W Sl 27 YA BA g o3 A
FubeS WA sy SJste] Wl AAAE Fol A =
th(16) HI7A A7 olA] Foll AL WA AZE

cyclosporine, corticosteroid @ FK5060] F% w e o )| 7| o]
9l o1} # < mycophenolate mofetil (MMF)2] AL-g-o] &4
3] Z7)ks}a vl MMF+ cyclosporineo]1} FK5063+= 2
gl AAEA I A7 FA 0] 7] wffell Aol 7ol
Z7)dl| AR = AlolA e ARNEE X Eat=dl u
S+ T8 ALE F Jrh(7) FHE AT Aol w2
W WA AR AEE = MMFE] &4t AHAHE Q] myco-
phenolic acid (MPA)X guanosine &Alol|A] Q3 H 49l

inosine monophosphate dehydrogenase (IMPDH)2] 7}914 9l
AANAZA () AE2A 71K A3E Fste] T AlE
o) 71%5% olttel WHlATUS) B3l YEFE e F
ol AZ9} wlarste] GTP 7ol 53] ®lzhelvha 4
A Qeh(19) ¥ Aol A guanosine®] Z X gl MPAd]
o3k MOLT4 #Z49] PEE ZEE WA Gua-
nosine-> MPAol| ¢J3}o] A 3}w]E= caspase-2, 3 Y 9
protease®] 4 A AT Hk ofy e} Bk ElE
W28 ic}. o818t A3+ GTP7} caspase family cysteine
protease®] FAloll Fa3& AAELSc.

B dFollA MPAE A T |l 2491 MOLT-4 A2}
kel Ghol U937 A|EoA AEIAE 5319, MPA
9] ICso2 U937 A)3Eo]| v]3] MOLT-4 A|Eof|A] 10w A%
ugkth. o] 49l At MPAS] AlE5A0] T §lZF o T
q1ZHgEE om|giel. MPAoY 2J3F MOLT-4 #Z 9] A%
F42 MPAS] =9 AZbel] oE3qich. 3, AlEx
A Aol A HE-2AL4 7] (reactive oxygen species; ROS)e]|
93l AL3HA <=4k (oxidative stress)o] FQ&}tha dejA 9l
th(13) £ Tl A= MPAS] °]gk MOLT4 g Z7-2] |
Ex 40| A3 E4el Sletol AR e Slel
o] GSHS} NAC 59| anti-oxidant@ *]2]3}9 21} MPAe]|
S| AERAGNE o}l G FA EHE s
o olelh A3Hs MPAS] wolol Al Eao) Wl A Lol o)
3 8P4 ST TGS A4 B AE o
SEo] WAE ATDA Al Fo UAE LA 3
th(20) B Ao AT A HEA Ca’ chelatorz L&
BAPTA/AM 2] A] MPAd]| 23t MOLT-4 A|Z2] A%
EXo] AES 85193, endoplasmic reticular Ca’ -
ATPase AAZA AEA W Ca*' sEE T/
thapsigargin®] %] AJoll&= MPAel| 2|3 MOLT-4 A|:Z<]
AT SAol ol Geke FA Tokich. o2 MPA
o SJ3 AEA Wl Ca'' =S Z7HE AE SR Ao
2 5 9l 8% 20 sto] thapsigarginel] ]3]
AEA W €' FET} T Skt E AIE SAdl of
Pl g8 74 e Aoz Anue.

AlzaA AZADGANA Faio] & LeiZl caspase
family cysteine proteasess= A7 A 14Z577} S84 o
™, o] % caspase-3 protease®| 3ol thalA] W A7t
ZeP=] 3 Qlrh.(21) Caspase?] 28-S F72 7] 3 (substrate)ol]
upel ot wid 5 DEVDE QA Adkele
caspase-3 protease®} YVADE Q1A sjA] Axlsl= ICE-like
caspase 2 ¥ =t} #A3}E caspase-3 proteaset= PARP,
PKC- ¢, lamin, MEKK 9 t}& Z59] caspase 5 o8] X%
A whde] A 758 BAME BRARE G
slo] Al AZAE FAe] A4 243922 £ o
Foll A MPAo|| ]38t MOLT-4 ZF AEnA 4o
caspase-3 protease?] H 4 FAS}LE FHlsHS sHold 4= 9)
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9Jch(Fig. 8). 3l 2 ol Zy}ol caspase-2, 3, 8 Y 9
protease®] ¥4 A ] MPAJ| 9|3 Z7}9} caspase-3
protease2] A|3E W] 7]Z 2l PARPS} PKC-§9] Axle o}37
7}A HaE wpr}b ik Fas ©bul A& 1 ligandQl Fas-Lo}
Aol FAY ATFE) ATE A, AL F
Fooll whel o 43AEE Rol7t rkn YeiA ehe3)
B4 A5 AL Fas ATAS] FADDE 7 §shol
caspase-8 protease®] HA FAS ZIVIAAA HFHoR
caspase-3 protease®] ZAI3}E Zdjsla o]2]dk A= end-
onuclease s 243k #H A DNAS| AHA}E F- =24
Fas/Fas-L/FADDE 73 -G-8+ caspase AT A ZA|2] F24
2 anti-sense RNA2] *] 2]} Interleukin- S converting enzyme
(ICE) A A& &3k A¥olA anti-Fas Aol <J3k Al
EIA A AFellA] FrHE I Qleh(25) £ AT ATt
A E A MPA7} MOLT-4 A|*9] Fas®} Fas-Lo] wldl&
ZIWX 7 o 23 caspase protease?] FAI}E FE3lvia
A5 = cHFig. 7).

Bel,= A89] 2 Z & (human follicular lymphoma)¥} H 74
A wAE FAREA g o] ek 28 kDao|H,
o diARtele Eel AEFAdE HeslA kit Al
A A7)l Fofstar Qheh(26) AZAAE A
3 Bebo] 2714 Askshnbs-ol =24, AlE W o
29 ¥ =24, caspase proteasel| H 4 A %A nEZ
Zglo} 2k 9], ol DNA B4, ~E#|2~ ol MAP kinase
ol JNK 9 p38 kinase2] H4 A& zAgtla 44
otk 83, Bax thl AL Behot: 2l 2s]d] AlEAE
= FANIE 7les Tt dEA Adche7) £ o
T~ Z3}ol| 4 MOLT-4 B Z o4 MPA 2|3 Bel-X;/Bcl-
Xs 8] 9] i AlEaAbel] A4 A QL odgtke] givkar ek
1} Behd] H3ll= MOLT-4 A9 A&Ego| 20% w|uto
2 745 MPA A g 404]7F o] Zol] 2% 9)or, Bax
B e Wste RS F gle A& Hof Bel, ¥ Bax
g o] Wby > MPAo]| €3k MOLT-4 A9 A|Z314k
dgat Fasichn AzR

o

[N

] o of 7| 288 ¥]+ mycophenolate mofetil (MMF)2] £+
A ) AFAHE-Ql mycophenolic acid (MPA)el] 2]&lj 4] f&=
£ AEDATL Y27 Welolal Aol ol Fad
Aeg ghrhe Bavt glolA] o] st AlEIAL] 74 o
Bhsjo] Qobuul B A4S Sulslel g ol ARE 2

9}

1) MPA= MOLT-4 A|3E9} U937 A|EZo A&
g A7k o)EH o7 7HAAZ o, MPA 9]3l
£© MOLT-4 A|EZF7} U937 AEFH ) 108] A
o},

2) MPAof| o3t A|lE°] £35 A] DNA A o] Haw]o]
AlZ32bel] o3 A EFFo] AP AT 5 Adct

3) thkst w529 3H3HA|(GSH 3 NAC) # el MPA
o] o3t AlEFAll FoI3k Ak nXA] ekt

4) EDTA, EGTA, BAPTA/AMS MPAd]| 2]s}to] #sl=l
MOLT-4 A|Z9] AEES o3t AER I HAZ 2,
thapsigargin®> MPA A|Z=A]oll 2|3k J&F2 w2A] &
k.

5) GuanosineS & A2 u] MPAS| 93 A|EILA
7 A gk

6) MPA *|2] % caspase-2, 3, 8, 92] &Alo| A7} &
2o 7 Z7}slg) on], PARP TFHl 22 caspase-3 protease2]
LAS}F A Zboll nldlste] Arhdg Hslgich

7) MPA 5-o] & Bcl-X. 9] #F88 MPA X g 124]7} o]
FHE AR ZFAE Bl ot Bel-Xso] 3l MPA X
gl Al A Hd Wzt e 3EE 5 oYded,
Bcl-Xi/Bcl-Xs9] H]& Bel-Xp o Wl 7ZH4 2 ¢lslo] MPA
Aol 12AZ ol FRE] Fashelet.

8) MPA+= MOLT-4 A|*Eol|4] Fas ¥ Fas-Lo WS =
A

9) MPAd]| ¢]s}o] MOLT-4 A|Zof|4] Z7}% caspase-2,
3, 9 protease®] A2 guanosine A HE A] 2T FF
< e

ol4e] ZAztZ MPAo]| 23k MOLT-4 A|E9] A|E3A
= GTPY] 112+-& 7|22 &}w, caspase family proteasesE
BARANE H4E B g A5AT BAE)
A gl 9o o FolRE & & YNk

0 X 3

X
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