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The Effect of FK506 to Generate Reactive Oxygen Species on T Lymphocyte Death

Ho Kyun Lee, M.D., Sang Young Chung, M.D., Soo Jin Na Choi, M.D.

Department of Surgery, Chonnam National University Medical School, Gwangju, Korea

Purpose: Tacrolimus (FK506) has been widely used as an immunosuppressant in organ transplanted recipients

to suppress organ tejection phenomenon. We investigated the role of oxidative stress and heme oxygense-1 by

FK506 on human Jurkat T cells.

Methods: The cells viability was examined by DAPI stain, enzyme activity of caspase family proteins, and western
blotting for Baks, PUMA, iNOS, HO-1. Cells were cultured in the absence or presence of CoPPIX or ZnPPIX
and the fluorescence intensity was analyzed using a flow cytometry.

Results: Treatment with FK506 increased the generation of reactive oxygen species (ROS), including hydrogen

peroxide and superoxide anion, and NO in Jurkat cells in a dose-dependent manner. Immunohistochemistry and
Western blot analysis data revealed the hemoxygenase-1 (HO-1) was induced by the addition of FK506 in Jurkat
cells. Induction of CoPP, HO-1 inducer, resulted in decreased intracellular H;O; and NO concentrations. Instead

ZnPP, an HO-1 competitive inhibitor did it reversely. In addition, ZnPP regulates iNOS protein synthesis by

inhibition of HO-1.

Conclusion: Increase of HO-1 expression would induce to decrease the intracellular H;O, and NO concentrations.

Also, HO-1 would regulate iNOS protein synthesis. Consequently, we can expect the regulation of HO-1

expression with concomitants use of FK506 to suppress organ rejection phenomenon by enhancing apoptosis.

(J Korean Surg Soc 2009;77:310-319)
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AzAE L] AL FA A Z i E o] g, S A
w482 (death receptor, Fas/FasL, TNF-a 5)& 3 8-
A (@1AA) AEAE 72} getatetA|, S LF
(reactive oxygen species, ROS) 5 o3t Aol 93l
e = v EZEeoh AL AR AEAE P27 9
t}.(6,7)

& AFolA s A TAZ Aoz 2 oduA
A= Jurkat A|EE o] -&slo] FK50601 2]3F A Z Aol A
A Z Wl A ARAEE B HO-19] o o] thel] - =Absto]
o3t AaE Ad7)ell Harsl wlholch
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1) M2

(1) MZEF: A T ZF A EFQ Jurkat A EE 3H
AEF ZHEKNCC, Asgar) oz le] 4, Al
A Ade AAE

) Alek & 7]17]: A¥oll a3 RPMI 1640, A4 2
$-eflo} A (fetal bovine serum, FBS)< GIBCO BRLAHGrand
Island, NY, USA)AIES, vlokg7](24-well plate®} 10 cm
dish)= FalconA}(Becton Dickinson, San Jose, CA, USA)ol|A]
FYdsle] ALk} 3-[4,5-dimethylthiazol-2-yl]-2,5-diphe-
nyltetra zolium bromide (MTT), DAPI, bicinchoninic acid
(BCA), dimethyl sulfoxide (DMSO)+= SigmaAh(St. Louis,
Missouri, USA)ol|4] F3&}3ich.

2) ¥H

(1) Jurkat M ZF st I A|2fA{2]: Jurkat Al Z3= CO, Al
Z wj71(37°C, 5% COxollA 10% S-elot A o] £t
RPMI 1640 #iA] & wiofalglom, 24417k 7hH o & uljokoy
£ 2 AIs}e] log phaseoll )& AlFoll FK506& 2|t
AZ TAEZT olof A= A3t AdE Tyt
FK5062 10 1M EEZ DMSO°l| o —70°Cel] His}9
3L, RPMI 1640 ®iz|ell 3] A}slo] Ah-g-8l3ich

(2) DAPI0|| oI5t M Z3 M: FK50622 * el A+
FAslo] ) PBSE AH 3 ¥ cytospin (Shandon Southern
Products Ltd., England) 2.2 600 rpm, 327} 3] EARsle] &
gho| EFuhlol ERAIZ L SEto| EFebol] B2H A

ot 4

¥ = 4% formaldehyde S0 2 114} PBSE A& 3s}o],
10 #M DAPIZ 2087t A-&of| A ¥k-&-3g & t}A] PBSE Al
Asto] 38 m]7d(Leica MPS 60, Germany) 2 Z 3 Fe &
w3

(3) Western blot analysis: FK506-2 ] 2] &t Jurkat A Z+=
EAsto], Wl PBSE 23] Al¥slqict. odolZl AlE= el &
°H(50 mM HEPES, pH 7.4, 150 mM NaCl, 1% deoxycholate,
1 mM EDTA, 1 mM PMSF, 1z g/ml aprotinin)3} 4°Col| A 30
i ukgskadek. &k Al E e oH (200 £ @)t 2X sample
bufferS £3+slo] 100°CellA] 35 7}dslo] gl o] w4
=3k &

o O

oll 10% SDS-polyacrylamide gel electrophoresis
(SDSPAGE)S Alasteleh. 7)ol Bt gell Tl
< electrotransfer system (Ellard Inc, Seattle, WA, USA)2 ©]
(0.8 mA/cm)3}o] nitrocellulose membrane & & ©]-FA]| 7] iL,
blocking buffer (5% skim milk)®} 2ol A 2A] 7} B35}
t}. PERK, phospho- PERK, CHOP, Grp78, Grp94/BiP, Bcl-2,
Bak % £ -actinoll tHgl &A= 0.05% (v/v)2] tween-200] St
% tris-buffered saline (TBS-T)oll 1 : 1,000 2 3|4 s}o]
nitrocellulose membrane¥} -0l 4] 2A] 7} HF-g-3}9l o v 7t
glAlol] tigt o] 2}8kA| anti-rabbit IgG conjugated horse radish
peroxidase (HRP)®} anti-mouse IgG conjugated HRP= TBS-T
2 341 : 3,0008F0] -l A 1A17F BE-3-3F $, enhanced
chemilluminescence (ECL) kit (Amersham, England)E- o] -8}
o dstaict.

(4) Caspase7| cystein protease 8MT =X: FK506* 2
% ZAH Jurkat A Z(1x10%Z 4°Coll A 155 lysis buffer
(1% TritonX-100, 0.32 M sucrose, 10 mM Tris/HCI, pH 8.0,
5 mM EDTA, 2 mM dithiothreitol [DTT], 1| mM PMSF, 1 g/
ml aprotinin, 1 g/ml leupeptin)Z £-3|3}3L 13,000 rppm o2
155 A4 Zelsisich A Eelete] ol Al E shafjoll 2
bicinchoninic acid (BCA, Sigma Co. MO, USA)¥ & & thula
= Ak, Aot £ $H5-8-94(100 mM HEPES,
pH 7.5, 10% sucrose, 0.1% Chaps, 2 mM DTT, 1 mM PMSEF,
1 12 g/ml aprotinin, 1z g/ml leupeptin)ol] 3] 4= 347])4d 3}
37°Coll 4] 30 "S-t & Fluorometer (Molecular Devices Co,
USA)Z &4 391t} Caspase-3 protease2] T4 A 9] =4
< 3347149l Ac-DEVD-7-amino-4-methylco-umarin (AMC)
(Calbiochem Co. CA, USA) 50 uM< o] &3}l ow, o] 3%
7174 2] proteolytic cleavage% ZA s} caspase BA4E A
skt olul]e] 32 excitation wavelength (380 nm)2}

emission wavelength (460 nm)& AF-8-3}91t}. Caspase-8 pro-
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tease A% A2 Ac-IETD-7-amino-4-trifluoromethylcou-
marin (AFC) (Calbiochem Co. Germany) 50 1 ME 7|4 & A&
9o o]59 proteolytic cleavage% 400 nm (excitation
Wavelength)ﬂ- 505 nm (emission Wavelength)ﬂ A slol|A] =
As}9Ac). Caspase-9 protease A% 42 Ac-LEHD-AFC
(Calbiochem) 50 1M& 7|42 A-g3lo] o] F2] proteolytic
cleavageS 400 nm (excitation wavelength)$} 505 nm (emission
wavelength)®] s} sholl A ZAs}9]

(5) M ZLH ROS A4M ol £H: FK50601 o3&t AlE LA
&%) A& Fsl7] SIstod 353 probe 2, 7’-dichloroflu-
orescein diacetate (DCF-DA; Sigma)& o] -2-3}it}. v 35
A9l DCF-DA+= AlE W] hydrogen peroxide®} =% per-
oxides =l A ¥%e] DCFE gty o] =42 33
th. Jurkat Aol FK506& 23 & AIZE ¥s}7] Aol
51M DCF-DAE X elsto] 37°CollA] 30 wiekslict. =i
ket A|E= PBS (pH 7.4)E AlEstoe] flow cytometry
(FACSCalibur, BD Biosciences)Z 332 243} 1 CellQuest
software (Becton Dickinson)E ©]-&3s}o] EAs}ich.

(6) M= L§ NO MAo| =X: FK5060l 2|3k Al W A3}
A& Nitric Oxide, NO)| 84S A3 7] Slste] P
probe 2°, 7°-diaminofluorescein diacetate (DAF-DA; Sigma)E
o) §5151ek. v 332 4¢) DARDAL AIE o] AL £
A Al %] DAFR Wghs]o] 49 335 Wb} Jurkat
AlZel| FK506e HEldk & AEE F8t7] Aol 5u4M
DAFE-DAS A1elsho] 37°Col1 4] 303 vjoksielet. okt 4]
¥ = PBS (pH 7.4)Z A& 3}o] Flow cytometry (FACSCalibur,
BD Biosciences)Z %3-S ZA¥l3 CellQuest software

(Becton Dickinson)E ©o]-&3slo] EAs}¢dt)
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(7) Dl E2E2(of UMY EH: v|EZ=e|o} A9l ¥
35 zA817] Aske] IC-1 S Aleslit). FK506S A
23k A EE ZAslo] W PBSE A3 3 cytospin (Shandon
Southern Products Ltd., England)©- 2 600 rpm, 3527+ 3|4 &£
Aste] FefolEFuhlell FXAZ ) SElol EFublol
F25 AE= PBSE AlFslod, 10 £ g/ml JC-13} 2087+ A
Zol|A] HF3-3 ¥ thA] PBSE A|Hsle] 333 m] 7 (Leica
MPS 60, Germany) 2.2 3e] w35 Aslgict.

(8) SAIXME: TAHE A 39 o] Fe] F7H AdA
ol A AIS] FA|X 2= student’s t-testol] 3} ]
23}l 3, P-valueZt %] 0.05 (P<0.05) o]3}el HS-E
fot Aoz AAsA

Z 2

Ml

1) FK5060| T 2l = 3, Jurkat M|Z9| M ZAIH| o|x|=

02
o2

AZAE ] EAAQ A4g 2elsle AlE W A4
71K ol A caspase®] FQAJo] olu] A <A 9lrt. FK506
ofl 2|3t Jurkat Al 2] AL A4do] caspase 2433k} A7}
AE=AE gHolslr] $J3slo] caspase-3 proteases®] A% &+
A& o] 249 §37]4 (fluorogenic substrate)s ©]-5-3}o]
12A17F rH 0.2 ZAs 9t 1 23} Caspase-6, -8, B -9
protease®] A4S 2ol v Zslo] $-23k wWzsl 9l
SOv}m]ubsE A A), caspase-3 protease A7t S]EX o F =
Jbefol FK506 Ml 247 F dizoll vleko] 2ol 42
o] Z71E BAS B rh(Fig. 1A). B3k, FK50601 2|3k Al
E AdollA Feed 5AS wEslr] flste] #ike

A
g

Fig. 1. FK506 induced cytotocixity
and nuclear fragment on Ju-
rkat cells. (A) Cells were
treated with 10 M FK506
for 12 to 72 hr and lysed to
measure the activity of cas-
pase proteases by using flu-
orogenic biosubstrates. Data
represent the mean+standard
deviation (S.D.) of quadru-
plicates. (B) Cells were trea-
ted with FK506 (10 M)
for 72 hr. Then, cells were
stained with DAPI and
observed under fluorescence
microscopy.
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DAPIH A& 38} el Jurkat A3l FK506 (10 «M)<
72217+ A2l dt 3 DAPI A& Al3Yst Az, B4 =29
a2 bl o] 243 el A% 3 A Ve
O}, FK506 72417 H2l9] 2 ofe] z7zto s B4
G Aol Frlxle] W& QchFig. 1B).

2) FK5060] 2|3t Jurkat M| ZAIEOIAl ME LH EHAAA
WMo o|x= g

H.0.9| A
FKS060ll o] AIE W) 244H4=91 B0, A4 H3hs 3%
317] $]s}o] DCF-DAE 333 flow cytometry® H-4]3}

2th. DCE-DAE AIE W] H0,8F HH--A] ¥ 3%-S ul:= DCF
2 AzkEe 2 A7) FK506 35 9E2 el 2712 Byt
(Fig. 2). o]42] A= FK50601 o3t A|E o FAJ A4l

A
H0, BAe] AZAE S 5% 7Hs4s A4

%
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oJEZ 0 7 NO2| oFo] Z7}e} i th(Fig. 3A). B3k, A X u{
NO ¢4 & 491 NOS9] 14l ¥ 3}E Western blot B o2
25 ZA3E iNOS ' o] hglo] FK506 A 2] 12417
B Z7hsto] 2447kl H ool WSS Helom 4847k
ol RE A Faste e HchFig. 3B). webA
FK506 X 2ol 93t Jurkat A|E2] A|ZEAE L iNOS 44
o] W F7tell wE N0 AA F7tell ozl 2aiE S Al
Apslaiet.

_,
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Fig. 2. Production of H,O, in FK506 treated Jurkat cells. Cells were treated with indicated dose of FK506 for 72 hrs. Then, cells were
incubated with the dye 2’, 7’-dichlorofluorescin diacetate (5 M) and the fluorescence intensity of more than 10,000 cells was

analyzed using a flow cytometry.
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Aol FAsHA EE3chFig. 4). =3 o]w] Bel-2 family
il Z Bakdt PUMA ghaizl o] whdl st 54@71 =
slo] Jurkat Aol 10 M2 FK506S * 2|3t ¥ Western
blotS A A8} 1 A3}, 647t ©] F5E] pro-apoptotic 7]
= Z+ Bak ©A Y] WS ZUHE Holdh A 4

= FEs U AT o] F HRT FEoE 4D
9., anti-apoptotic 7] 5= Zr+ PUMA 122 FK506 %]
gl A7l eEH g ZhaE e U e H3vh(Fig.
4B). o|uf] ThulA ke B .acting Fvlo] FUE FUE ¥
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Fig. 3. Effects of NO production and iNOS protein expression in Jurkat

cells. (A) Cells were treated with indicated dose of FK506 for
72 hrs. Then, cells were incubated with the dye DAF-DA (5
#M) and the fluorescence intensity of more than 10,000 cells
was analyzed using a flow cytometry. (B) Histogram status of
A Cells were treated with 10 M FK506 for various periods.
The equal amounts of protein from cell lysate were subjected
on 10% SDS-PAGE, transferred onto nitrocellulose membrane
and immunoblotted with anti-INOS and anti- £ -actin antibodies.
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Aol wlg zAsh WA AE Hl H0,9 A st
DCF-DA 345 53l flow cytometry 2 £A43}3ich. o A7}
10 #M F52] FK506 *]2] 48A17F Fol tzFol] H|slo]
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FK506 (10 uM)
0 6 12 24 48 72 hr
. &
T EESE - |
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«— f-actin

Fig. 4. Change of mitochondrial membrane potential transition and differential expression of Bak and PUMA in FK506 treated Jurkat
cells. (A) Cells were treated with 10 ~M FK506 for 36 hr. FK506 treated cells were stained with 10 /2 g/ml of JC-1 visualized
under a fluorescent microscope. (a) Control cells, and (b) FK506 treated cells for 36 hrs. (B) Cells were treated with 10 « M
FK506 for various periods. The equal amounts of protein from cell lysate were subjected on 15% SDS-PAGE, transferred onto
nitrocellulose membrane and immunoblotted with PUMA, anti-Bak and anti- 8 -actin antibodies.
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A2 Al FK50601 olell A 571 H0,9 &2 ZHast
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g. 5. Effects of H,O, production and HO-1 protein expression in Jurkat cells by CoPP or ZnPP. (A) Cells were cultured in the absence or
presence of CoPP or ZnPP for 48 hrs. Cells were treated with 10 ~M FK506 for various periods. Then, cells were incubated with the
dye DCF-DA (5 #M) and the fluorescence intensity of more than 10,000 cells was analyzed using a flow cytometry. (B) Histogram
status of A. (C) The equal amounts of protein from cell lysate were subjected on 10% SDS-PAGE, transferred onto nitrocellulose membrane
and immunoblotted with anti-HO-1 and anti- 5 -actin antibodies. The immunoreactive signals were visualized by ECL detection kit.
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Fig. 6. Effects of NO production and iNOS protein expression in Jurkat cells by CoPP or ZnPP. (A) Cells were cultured in the absence or
presence of CoPP or ZnPP for 48 hrs. Cells were treated with 10 #M FK506 for various periods. Then, cells were incubated with the
dye DAF-DA (5 #M) and the fluorescence intensity of more than 10,000 cells was analyzed using a flow cytometry. (B) Histogram
status of A. (C) The equal amounts of protein from cell lysate were subjected on 10% SDS-PAGE, transferred onto nitrocellulose membrane
and immunoblotted with anti-INOS and anti- £ -actin antibodies. The immunoreactive signals were visualized by ECL detection kit.
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