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Apoptosis Gene Expression Pattern Analysis of Jurkat Cells Treated with FK506
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Ho Kyun Lee, M.D.”, Sang Young Chung, M.D.

Department of Surgery, Hanil Hospital, 'Korea Food & Drug Administration, Seoul,
ZDepa'rtment of Surgery, Chonnam National University Medical School, Gwangju, Korea

Purpose: FK506 (tacrolimus) is a widely used immunosuppressive agent in the treatment of various medical
conditions, including autoimmune disease, bone marrow and organ transplantations. Previously FK506 was known
to cause apoptotic death of human Jurkat T cells.

Methods: The current study was designed to analyze the gene expression pattern of Jurkat T cells after FK506
application by using cDNA microarray. Treatment of Jurkat T cells with FK506 resulted in a decrease of cell
viability in a time- and dose-dependent manner. Next, total RNA of Jurkat T cells was extracted by using TRIzol
reagent and used to carry out a confirmation test for the purity and integrity of total RNA.

Results: Gene expression levels related to apoptosis and cell cycle process were mainly focused to analyze in
FK506-treated Jurkat T cells. According to the inhibition of calcineurin activity, MARCKS in PKC substrates
and Sp3 transcription factor was markedly increased in FK506-treated cells. Also, cell cycle control gene Id1 and
Id3 were induced in expression from FK506-treated Jurkat T cells. However, FK506 decreased the expression
of Src homology 2, G protein, and MEK 2 genes in bioactive peptide induced signaling pathway. It also reduced
the expression level of the insulin receptor, DRPLA and Bail-associated protein 2 genes, which are involved in
the regulation of cell motility and morphology control.

Conclusion: The author will continue to pursue the exact functional roles of genes that are markedly changed
in expression by FK506 in human Jurkat T cells in vitro and in vivo experimental models. (J Korean Surg Soc
2009;77:225-237)
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FK506 <=&A|¢] FK506-binding proteins (FKBPs)Z} 733}
o] heterodimeric &-$4|5 ¥ Al sto] calcineurin®] 45 <
Al&FaL calcineurinel] 9] FA1¥= A=A HF S A
S 2A o] Fo]Arh(2,3) FK506> 24 8l ZEE oEA
serine/threonine §F¥8Q1 A3} ¥ 49l calcineuring 43S
2] Als}od nuclear factor of activated T cells (NFATs)2] -2l
ASLE A3k o 2 A NFATsoll 9J¢t 24+5 4% b4 A
o|E7k1e] AAE At T FZF 2435 o Alsto]
Y Jlse Adste Aoz ¢HA k@) v
FK5062] 2714 Q) A& A3 A3k A 7159 At
S AREA I L FAES dogIm 53] FK50600 23t
Fir o] o] EabA AlsE ZAeg FHAG5,6)

& ATl A Jurkat T AIZE S E FK50601
o]t A EE=A 7} H2dslo] ¢DNA microarray £4S E3lo]
AZADASE BAR SRR W B 0 AED 7
2 (biological pathway) o E43ozx W <AAQl
FK5069] 4+ A& 7ubs Algstaat sqick 2 A4
I} FK506> At Jurkat TAH|Eol| A A|EAE AL, A E57]
270 BAH FAAE walo] Z7} wE el
thrombin, bradykinin 2! angiotensin 112} 7+ bioactive pep-
tideoll 2JgF MAP kinase &= 34 A}, insulin ¥ dentatoru-
bral-pallidoluysian atrophy Al A& & {2219 vy 7+
& T Y% AFHE ATlell Hargls ot

L =
1) M2

(1) MZEF: A T JZF AZF Jurkat A EE 34
EF ZH(KNCC, Aleta)o g le Fsto] Ay Hf
FatA Adds AAskde
(2) Al ¥ 717]: Agell a3t RPMI 1640, FA3A| =
<-glo} T A (Fetal Bovine Serum, FBS)< GIBCO BRLA}
(Grand Island, NY, USA) A&S, #]ok-87](24-well plate2}
10 cm dish)= FalconA}(Becto Dickinson, San Jose, CA, USA)
oA Fdslo] A-gslgr}. 3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyl tetrazolium bromide (MTT)+<= SigmaAh(St, Louis,
MO, USA)ollA F43F 3L TRIzol InvitrogenAH(Calsbed,
CA, USA)ollA F4d3t3ict.

2)

0x
ot

(1) MIZF oY 2 Al H2|: AlEE COo, AIE ujek7](3

7C, 5% CO)NA 10% elo} TAlo] E3kxE RPMI 1640
WA 2 wfekFallom, 241 7F 7hA o 7 vkl & S A|Ee]
A7) (Log Phase)ol] A= AlZEol] FK5062 X2k = A|E
A4 A3 Microarray s 913+ A& 33l ch. FK506
< 10 mM FEZ DMSOel| o] —20°Cell H3slglaL,
RPMI 1640 #A]of] 3] A4}slo] A-g-slgict.

(2) MZMEE FN: X ALES MIT TAHSE
223519k AZ w ¥z 24-well plate)ol] A Z(1x10°ml)ZS
1 m4 EF8ke] 37k o] CO, AlZuF7] Qboll Al 2+
A7) 3 FK5062 1.25~40 «M/mle] thekat =2 A2
s}tk MTT €9Y4(5 mg/ml; phosphate buffered saline, PBS;
pH7.4)2 ZH2e] vl okA| el wiok ] 17105 7hslo] 44]
7k HEE & well-plateZ 1,500 rpm o2 158 44 Ea2lslo]
G NE AAsh vhtol] F2bE £&A4 9] Hak for-
mazang A% ZAZ3 ¥ 1 mle] DMSO (Dimethyl sulf-
oxide)§Ho 2 FiH3s| Zalgt vhg, 43 =A(ELISA
reader, Molecular Devices Co., Sunnyvale, CA, USA)E o] &
sto 545 nm AN FHEE FAsI] B =z
3} vlazste] WEE(%)E FASHAH

3) MZW = RNA £35: AZZ 10 cm disholl 2x10%10
mlo FEE FFslo] 3A17F PR3k 10 W 20 «M/ml
TE 9 FK506S Z+7+ 48A17)F A 2lslo] 15 ml conical HH.
ol FAA 1,200 pme & 527F A4 Felsto] 45ds Al
Aslal 1 mle TRIzolE AELE &3sl9 A=A 71&
H Wgoll A3l total RNAS FZ3l9ic} oA 45
N7} FLFe] isopropanole F7beke] E3tetar —20°Cell

A Zeleted
AeRe AA F AAEE 70% olgh-Zoll Al sto] 2l
Az} of 7)ol TE 9+3-8-94(10 mM Tris-HCI, pHS.0, 1
mM EDTA, pH8.0)2 7}5}o] RNA pellet= £33t % 260 nm
2} 280 nm®| Spectriochotometer (BeckmanA})Z optical density
(OD)Zt Z783to] RNAE A #slsivh %% RNA 129
FE+= EtBro] 3% 1.5%2] formamide-agrose gels o] 83}
o] A7]edgsta UV Al=Hlg o] &slo] &elslgivt.

(4) Microarray2 RNA =& &H: ¢lo]Zl 3 RNAC] cDNA
microarray 234 o] B-5 &elelr] 9Jsto] o] Geno-
micTreeAtol] 4 22519t} GenomicTree A 4 715+
£ migration, peak pattern, 28s/18s ribosomal RNAS] H]-& B
0D260/230H] &% #jslo] F7}slo] RIN (RNA Integrity
Number) 7%= 7274 g}t RNAQ quality= SA1% 2 X2
1~109] ¥9E 7Y 2EES A8EE 273 DNA
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Table 1. RNA furification for microarray

Sample ngl il OD260230 Total (1 g) Ratio (28s/18s) RIN*
Jurkat Con-48h 2.5062 1.94 120.2976 2.0 99
Jurkat F10-48h 2.2160 2.30 106.3680 2.0 9.9
Jurkat F20-48h 1.7765 2.04 85.2720 1.9 10.0

*RIN = RNA integrity number.

microarray analysisE $]3F B4 7k 7 o]do] & E L} B
Agof| A ¢lo]Z RNAY 5= 100] st o3 24
ol A= #sk3ich(Table 1).

(5) cDNA microarray method: Agilent’s Human whole ge-
nome 4x44K glass slide cDNA microarrays& ©|-&}o] 24
3otk FK506 10 M3} 20 « M 5520 AP FL Cy5E &
Aol 747} Cy3= 3A1E tlz=ad} vlstste] vhgo) 34
= A A5

O #= 49l ==l Agilent’s Low RNA Input Linear
Amplification kit PLUSE o] -&3slo] ZZ gl zpula] 3145
et

@ Microarray hybridization: Agilent’s Gene Expression
Hybridization KitE o]-g&s}o] 4=8s}9)c}.

(® Microarray wash: Agilent’s Gene Expression Wash Buffer
KitZ o]-&3}3ich

@ Scan and image analysis: Agilent’s DNA microarray scan-

ner 3 Feature Extraction SoftwareS ©] 23} ).
&t
o] normalization, clustering ¥ filterings}o 2ul] o] 2] &7+
= Hole #od FAAE AWeglal ol Ak 7]
5 SIAe] EL] DAVID’s programs ©]-83Fo] biological
A5

(6) Data Analysis: Agilent’s GeneSpring Software s ©]-&
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Jurkat A|ZEof] ot W A4 FK5062] S48 =4t
7 Hﬁ}oi FK5065 thokgt 552 96417k X 2lgh 3 AlZ
AZES MTT g o2 BAs19) ). Jurkat A Eol 10 «M

FK5062 72A17F X2l A] 62.5%, 20 uM FElA =
45.7%, 304M EEAAE= 33.5% B 40uM FEA=
18.8% 2] AZAEES EFHA T B3 Jurkat Al Zof] 1.25
«M FEL] FK5065 96A17F X8 A] AZAHEEE 91.7%,
25uM EEANAE 84.3%, 5 uM FEANA = 72.9%, 10 #M
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Fig. 1. FK506 decreased the viability of Jurkat cells in dose- and
time-dependent manners. Cells were treated with various
concentration of FK506 for 96 hours, then cell viability
was measured by MTT assay after FK506 treatment. Data
represent the meantstandard deviation (SD) of triplicates.

T EolAE 46.2%, 20 uM FEAE 22.4%, 30 oM FEol|
A 129% 9 40 uM FEAAE 6.6%2] AEAAZES B
th o] 2] 3} Jurkat AlZellA] FK50601 23t Al SA42
FE 9 A7 gEH o8 FUbeE o' e ThFg. 1).

2) FK506 X 2| & Jurkat M|ZEO0{|M total RNA F£& 4
Scatter?} MA plot 24

% RNAQ| integrity= EtBro| 8% 15% formamide-
agarose gelZ ¥Qlsl9l o, Agilent’s 2100 Bioanalyzer
System< ©]-&3}o] total RNAS] quality ¥ integrity & A&+
sk,

BT Z ol A= chip 9] BE spotsg FAIE Ao
Z Cy3-channel (7}FZ3)3} CyS5-channel (H]i:;)oﬂxi 7} sig-
nal intensityZk-& WEbHTE 7120l A4S ZF channelol] A]
72 signal intensity 7%= 7}#] probeEo] HE3FAL 9= A
& Uebdeh 2 Z AellA HA gk spot 20 o] G
kel 27} 8 AS, A AR 2] olel oo
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Z71 == 245 Uelhd Z12 & microarray chip dataol] A]
2s}2) okm u1 1th(Fig. 2A). %3+ MA plot& thz 7ol o
3t 7+ AE T A} W o] Holol| thgt 7 channel®] sig-
757}t ratio (R/G: R=Cy5 signal —back-
ground/G=Cy3 signal —background) Zk Ato]e] A#AAE B

o F& aAdo g 7RSS A=R+G2), AlZ%2 M=R/G)
Fhe vekitt 7hedl AM=1)2 R=G A& AR 7]
™, M=2 A2 G gk Er} R ghol 29 2 gh& 7HA probes
o] B¥3sla 9 AL el Folar, 1 o] spotst
21 o] =L signal intensity k& 714 probe——g% e
VERHE glom, ofef M=0.5 A& wlio] 292 vpehd
t}(Fig. 2B).
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Fig. 2. Modulation of gene expre-
ssion following FK506-
treated Jurkat cells. Total
RNA was prepared from
Jurkat using TRIzol as de-
scribed by manufacturer. (A)
Scatter plot analysis. The x
and y axes represent Cy3
(Control) and Cy5 (FK506
10 «M or 20 #M) signal in-
tensity values, respectively.
These represent up-regu-
lated (upper lines; red spots)
or down-regulated (under
lines; green spots) genes. (B)
MA plot analysis. The x and
y axes represent A (R+G/2)
and M (R/G) signal in-
tensity values. The R and G
repesent Cy5-background and
Cy3-background signal in-
tensity, respectively. These
represent up-regulated (upper
lines; red spots) or down-

R — regulated (under lines; green

A spots) genes.
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Genetree for>2x fold-changed genes in 1 of 2 arrays

Con& Con&
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Fig. 3. Cluster image showing the different classes of total gene
expression profiles.

Table 2. Two-fold increase of biological processes

A8k o chipoll AH-8-% total gene X} 2+ 7] 5ol ==

Z47E9] clusters EobAl sl i vh(Fig. 3).

4) FK5060{ 2|t Jurkat M|ZE AlHo|A & SO}E
HZte| biological processing =&

0

=277 vlwste] 10 «M 52| FK506 223k A3+
ol 4] 2ul] o] F7Ht A= 30870 2237027 20 «M
E59] FK506 #el3k At vl A 20 o]} Skt
A= 28970 2027091} o] & A= 22 GenBank
£ 53l #alslg) o, FK506 A 2loll o3l 20l o] St
% 348/M%F 251709 %A= DAVID’s Bioinformatics
Resource AnalysisE 53l £413}91.2™, Functional gene on-
cologyoll whe} 182719] FHAE & 58FF2 thakgt bio-
logical processing®} Felslo] E 2 E 78 th(Table 2).

Term Gene % Term Gene %
number number

Positive regulation of programmed cell death 7 2779  DNA repair 7 2.79
Amine biosynthetic process 4 1.59  Establishment of tissue polarity 2 0.80
Cellular macromolecule metabolic process 51 20.32  Translational initiation 4 1.59
Cellular localization 17 6.77  Regulation of locomotion 4 1.59
Positive regulation of microtubule polymerization 2 0.80  Chromatin assembly 5 1.99
Cell morphogenesis 12 478  Somatic muscle development 2 0.80
Cellular biosynthetic process 21 8.37  Regulation of biological quality 18 7.17
Cellular developmental process 32 12.75  Biological regulation 74 2948
Basic amino acid transport 2 0.80  Multicellular organismal development 38 1514
Chromatin assembly or disassembly 5 1.99  Protein-DNA complex assembly 8 3.19
Establishment and/or maintenance of 10 398  Macromolecular complex assembly 18 7.17
chromatin architecture Vasculature development 6 2.39
Primary metabolic process 119 4741 mRNA metabolic process 9 3.59
Cellular metabolic process 113 45.02  DNA metabolic process 22 8.76
Nucleic acid metabolic process 58 23.11  Regulation of cellular component 4 1.59
Monocyte differentiation 2 0.80 organization and biogenesis
Interphase of mitotic cell cycle 4 1.59 B cell activation 4 1.59
Regulation of biosynthetic process 6 239  Coenzyme metabolic process 6 2.39
Cofactor metabolic process 7 2.79  Cell differentiation 32 1275
Vasculogenesis 3 1.20  Organelle organization and biogenesis 24 9.56
Cellular structure morphogenesis 12 478  Regulation of biological process 66  26.29
Cellular component assembly 18 7.17  Regulation of cell size 6 2.39
Macromolecule metabolic process 106 4223  Anatomical structure morphogenesis 24 9.56
Developmental process 52 20.72  Chromosome organization and biogenesis 11 4.38
Blood vessel development 6 239  Cell growth 6 2.39
Interphase 5 1.99  Nitrogen compound biosynthetic process 5 1.99
Metabolic process 126 5020  Cellular component organization and biogenesis 54  21.51
Multicellular organismal process 53 21.12  Establishment of cellular localization 17 6.77
Blood vessel morphogenesis 6 2.39  Cellular protein metabolic process 50 19.92
Regulated secretory pathway 4 1.59  G1/S transition of mitotic cell cycle 3 1.20
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5) FK50601 2|3t Jurkat M Z AlZolM MEXIHAL ZZ
FHALY &e st

cDNA microarray chipell AH&% total gene=3} 2+ 7]-50ll
HAE 47 clusters BobA] - Fatgict AE AL o
Al 7| o] (positive regulation of programmed cell death) -7 &}
% FK5064 2lell 2] 3l] Jurkat Aol 4] 20} o] F713F
ZAAFE5 Table 301l VFERH AL FK5060 93l F743k G4
A= 702 o] F Transglutaminase 29} Natural cytotox-
icity triggering receptor 1= FK506 X 2] %ol gJ&H o &
el o] ZF7Fslgith(Table 3).

6) FK5060f 2|3t Jurkat M= AMHo|AM G1/S transition

of mitotic cell cycle & FHA}Q s 3|

¢DNA microarray chipol] AH-83 total gene 53} 2+ 7]50ll
A= 279 clusters RolA EFslgdct AlEe 79
&=l G1/S transition of mitotic cell cycle - A5 FK506
2ol 2&l Jurkat A|ZEellA 2u] o] 4 Z7lEF &
Table 4ol FERH I EE. FK50601 23l 7}t 542k 370
FJom o]5 GAAL FK506 X8 o o&H oz uky

o] Z7}sl3)th(Table 4).

A ES

7) FK5060{ 2|5t Jurkat M[ZE AHO|M 2H& 24= 7
MAL9| biological processing &

= vlstste] 10 4M F=9] FK506 23 AT

oll A 2uf o] Zhazdk A= 71370 F 59870107 20 «M
E59 K506 A2t AT ulaL A] 2vf o] S
A= 39770 F 33709} o] & f- AR 22 GenBank
= &3l skl om, FK506 A elell ol 2uf o] A3k
% 74409 44 % 61870¢] 4 A= DAVID’s Bioinfor-
matics Resource AnalysisE E38l £4J3}91. 21, Functional
gene oncologyoll w2} 44371 §-AAE v}kl biological
processing?} & 3lo] FZ E7F3tH(Table 5).

8) FK5060f o|st Jurkat M|=E AtZEoj|A cell cycle proc-
ess 2 QAo s w3}

cDNA microarray chipell A& total gene53} 7+ 7]5oll
HE 77| clusters & ]' Al ki Al 719
25 cell cycle process F-A A5 FKS06 A elol] 2|3l
Jurkat A|ZEol| A 2uf o] FHA3k FAAEE Table 691 1t
R At FK50600 o3l 7H4m3t R-AzbE 3270%1em o] &
FRAAE FKS06 A 2] Fikell ojEH oz Wi Fhasigl
tH(Table 6).

o

9) FK5060] 2|8t Jurkat M[3E AFHO|A cell death 22
FHXte s st

cDNA microarray chipell A& total gene=3} 7+ 7|50l
B 2+ clusterS RobA] ERFalelch AE Azt
HH = cell death FA A= FK506 ?'4 2ol 93l Jurkat A=
ol A 2wl o] A4S FHAES Table 70 YERNA )

<,

4,

Table 3. Two-fold positive regulation of programmed cell death (7 Genes)

GENBANK DAVID gene name FK506 10 «M FK506 20 ©M
NM_198951 Transglutaminase 2 1.39 2.03
NM_138818 Chromosome 9 open reading frame 65 2.99 1.81
NM_002167 Inhibitor of DNA binding 3 4.92 1.10
NM_004064 Cyclin-dependent kinase inhibitor 1B (p27, kipl) 1.44 2.03
NM_005157 V-Abl leukemia viral oncogene homolog 1 1.02 2.34
BCO051787 Nacht, leucine rich repeat and PYD (pyrin domain) containing 1 2.29 1.09
NM_004829 Natural cytotoxicity triggering receptor 1 1.48 2.04
Table 4. Two-fold G1/S transition of mitotic cell cycle (3 Genes)
GENBANK DAVID gene name FK506 10 «M FK506 20 M
NM_000944 Protein phosphatase 3 (formerly 2B), catalytic subunit, 1.48 2.16
alpha isoform (Calcineurin A alpha)
NM_005504 Branched chain aminotransferase 1, cytosolic 1.23 2.03
NM_004064 Cyclin-dependent kinase inhibitor 1B (p27, kipl) 1.44 2.03
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Table 5. Negative two-fold regulated biological process Table 5. Continued

Gene Gene
Term Term

number number
Carbohydrate metabolic process 27 437 Macromolecule metabolic process 231 37.38
Multicellular organismal development 79 1278 Organic acid metabolic process 24 388
Mitochondrion organization and biogenesis 7 113 Protein metabolic process 126 2039
Hexose catabolic process 6 097 Filopodium formation 3 049
Ras protein signal transduction 14 227 Alcohol metabolic process 18 291
Cell cycle phase 16  2.59 Protein modification by small protein conjugation 7  1.13
Biopolymer methylation 4 0.65 Cell differentiation 64 10.36
Organelle organization and biogenesis 43 6.96 Secretion by cell 14 227
Cell cycle process 33 534 Death 32 518
Biopolymer modification 88 14.24 Regulation of cell cycle 22 356
Secretory pathway 12 194 Establishment of protein localization 30 485
Cellular process 398 64.40 Morphogenesis of an epithelial sheet 2 032
Regulation of apoptosis 24 388 Establishment and/or maintenance of 16 2.59
Regulation of progression through cell cycle 22 356 chromatin architecture
Regulation of a molecular function 23 372 Protein amino acid autophosphorylation 5 0381
Carboxylic acid metabolic process 24 388 DNA packaging 16 259
Cellular component organization and biogenesis 105 16.99 Vesicle-mediated transport 26 421
Cyclic nucleotide metabolic process 5 081 Chromosome organization and biogenesis 18 291
Protein amino acid phosphorylation 28  4.53 Microspike biogenesis 3 049
Regulation of developmental process 14 227 Regulation of programmed cell death 24 388
Protein modification process 81 13.11 Monosaccharide catabolic process 6 097
Cell development 46 744 M phase 14 227
Protein complex assembly 14 227 Double-strand break repair 4 0.65
Cellular protein metabolic process 117 1893 Establishment of cellular localization 39 631
Cell death 32 518 Glucose catabolic process 6 097
System development 65 10.52 Phosphate metabolic process 40 647
Cellular macromolecule metabolic process 118 19.09 Peptidyl-arginine methylation 2 032
Protein transport 28 453 Phosphorus metabolic process 40 647
Histone modification 6 097 Cell cycle 37 599
Biopolymer metabolic process 176 28.48 Sterol metabolic process 7 113
Covalent chromatin modification 6 097 Cellular localization 40 647
Chromatin modification 12 194 Monosaccharide metabolic process 10 1.62
Cellular lipid metabolic process 25  4.05 Detection of stimulus 6 097
Protein ubiquitination 7 113 Cellular developmental process 64 10.36
Cholesterol metabolic process 6 097 Peptidyl-arginine modification 2 032
Apoptosis 30 4.85 Regulation of cell differentiation 10 1.62
Metabolic process 287 46.44 Anatomical structure development 82 13.27
Primary metabolic process 265 42.88
Macromolecule localization 36 583
Cellular metabolic process 258 4175 FK50691 9J&l Z+43F SAA= 337090 o] §AAE=
Glyct?rophosf.)hol.ipid metabolic process 6 097 FK506 X2 5ol o|&4 02 uralo] 7+231% th(Table 7).
Protein localization 33 534
puracellular fransport S 10) FK5060 9|3t Jurkat Al Z AFHOiA] Calcineurin
Protein autoprocessing 5 081 H FHAY W w3l
Protein processing 7 113
Post-translational protein modification 65 1052 cDNA microarray chipoll A& total gene53} 7+ 7] 5ol
Clycoysis 60T e A duser® RobA ERelsick el
NZ:\?o?lzriilﬁ?:mpig/e;i)pment 36 5:83 FK506> Al NFATS] QIS frAsto] Al 54
Intracellular protein transport 20 324 S A5} serine/threonine kinase®] Y%l calcineurin®]
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Table 6. Negative two-fold regulated cell cycle process (32 Genes)

GENBANK DAVID gene name FK506 10 4 M FK506 20 «M
NM_002634 Prohibitin 0.85 0.40
AF086214 Tumor necrosis factor superfacmily member 8 0.45 1.13
NM_032271 TNF receptor-associated factor 7 0.88 0.42
AB209345 Atrophin 1 0.84 0.34
NM_002575 Serpin peptidase inhibitor, member 2 0.54 0.43
NM_138622 BCL2-like 11 (apoptosis facilitator) 0.46 0.35
BC033331 Clusterin 0.37 0.25
NM_022086 Engulfment and cell motility 2 0.79 0.39
NM_015316 Protein phosphatase 1, regulatory (inhibitor) subunit 13B 0.60 0.39
NM_001455 Forkhead box O3A 0.87 0.22
NM_173824 Chromosome 3 open reading frame 38 0.81 0.47
NM_021209 Caspase recruitment domain family, member 12 0.76 0.49
BE930053 Annexin Al 0.80 0.39
NM_003901 Sphingosine-1-phosphate lyase 1 0.81 0.44
NM_002457 Mucin 2, intestinal/tracheal 0.95 0.47
NM_001737 Complement component 9 0.36 0.29
NM_003877 Suppressor of cytokine signaling 2 0.89 0.42
NM_020313 Cytokine induced apoptosis inhibitor 1 0.88 0.50
NM_032797 Hypothetical protein MGC13000 1.20 0.31
NM_000333 Ataxin 7 1.02 0.47
NM_014800 Engulfment and cell motility 1 0.74 0.42
NM_020397 Calcium/Calmodulin-dependent protein kinase ID 0.81 0.32
NM_032375 AKTI substrate 1 (Proline-rich) 0.87 0.24
NM_139015 DKFZP586C1324 protein 0.96 0.49
NM_006282 Serine/Threonine kinase 4 0.86 0.32
NM_002371 Mal, T-cell differentiation protein 0.33 0.26
NM_002312 Ligase IV, DNA, ATP-dependent 0.89 0.42
NM_014281 Fuse-binding protein-interaction repressor 223 0.44
AJ711693 Protein phosphatase 2 (formerly 2A), regulatory subunit 0.71 0.43
A (PR 65), alpha isoform
NM_006384 Calcium and integrin binding 1 (Calmyrin) 1.15 0.39
NM_004309 Rho GDP dissociation inhibitor (GDI) alpha 1.26 0.37
NM_012306 Fas apoptotic inhibitory molecule 2 0.89 0.42

AANAZ 2 G A etk Jurkat A|ZEN| A myristoylated ala-
nine-rich protein kinase c¢ substrate (MARCKS) (NM_002356)
FAAE 104M FE9] FK506 A2 A 07819 dEE W
93, 20 M FE2] FK506 %2 Aloll= 20602 WHedo] =
7FsFAe}h. B3} transcription factor sp3 (SP3) (NM_003111)
SAAE 10 «M EE9] FK506 X 2] A] 1.058, 20 1M &
9] FK506 A 2] A] 2.04¥] & FK506 5% o|ZF o8 Zr}3s}
3t} o] 5L DAVID'sE 53 £4 23} Keratinocyte £3}

=
oF #H" FAAEEE AAE 5 Ugih(Table 8).

11) FK5060f ofst Jurkat M[Z AFEojlM GO~S Fo| =

W RUAtel & #H3

TAE 43 S4ddle TE2 AA4AA7E FHslo] 9l

=l o5 GoollAl §7] 129] Kol FAH AALJNARI 1d
o] utd-g =4l el. cDNA microarray ¥4 3} FK506
2] A] Jurkat A ZEol| 3%-5-2] IdsE 1d 13} 1d 39] wh&l w3}
7} 2= 9k Id 1 (NM_002165) SAAE 10 4M S59]
FK506 2l A] 2.414), 20 «M 552 FK506>] 2] A] 3.074)
o] ZFr1elgla, 1d 3 (NM_002167) FAA= 104 M &
E9] FK506 X2l A] 4.9241, 20 «M &5 FK506 > 2] A
L1ve] ube =715 29I rh(Table 9).

12) FK5060] 9|t Jurkat M|E AFEO|M signaling path-
way #H RHEXtQ 2hs w3}

cDNA microarray 4 723} FK506 *] 21 A] Jurkat Al Zol|

A] thrombin, bradykinin B! angiotensin II$} 22 bioactive
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Table 7. Negative two-fold regulated cell death (33 Genes)

GENBANK DAVID gene name FK506 10 «: M FK506 20 «M
NM_001789 Cell division cycle 25A 0.85 0.49
NM_002634 Prohibitin 0.85 0.40
BCO051317 Retinoblastoma binding protein 6 0.75 0.47
NM_004036 Adenylate cyclase 3 0.69 0.48
NM_006109 Protein arginine methyltransferase 5 0.87 0.43
NM_001722 Polymerase (RNA) III (DNA directed) polypeptide D, 44 kDa 1.00 0.48
NM_022447 PAP associated domain containing 5 0.78 0.49
NM_015316 Protein phosphatase 1, regulatory (inhibitor) subunit 13B 0.60 0.39
NM_006429 Chaperonin containing tcpl, subunit 7 (ETA) 0.84 0.50
NM_005858 A kinase (PrkA) anchor protein 8 0.77 0.46
NM_017900 Aurora kinase A interacting protein 1 0.78 0.47
NM_183001 She (Src homology 2 domain containing) transforming protein 1 0.60 0.39
NM_002498 Nima (never in mitosis gene A)-related kinase 3 0.64 0.48
NM_015705 Run and Tbcl domain containing 3 1.19 0.43
U73799 Dynactin 1 (p150, glued homolog, Droshophila) 0.27 1.52
NM_003443 Zinc finger and BTB domain containing 17 0.97 0.46
NM_176095 CDKS5 regulatory subunit associated protein 3 0.51 0.35
NM_014268 Microtubule-associated protein, RP/EB family, member 2 0.74 0.34
NM_133378 Titin 0.41 0.75
NM_198219 Inhibitor of growth family, member 1 0.92 0.50
NM_003579 RADS54-like (S. cerevisiae) 0.70 0.50
NM_001896 Casein kinase 2, alpha prime polypeptide 0.59 0.37
NM_018560 Putative oxidoreductase 0.97 0.35
NM_175932 Proteasome (prosome, macropain) 26s subunit, non-ATPase, 13 0.81 0.44
BX648945 Sestrin 2 0.78 0.46
AJ711693 Protein phosphatase 2 (formerly 2A), regulatory subunit 0.71 0.43
A (PR 65), alpha isoform
BE019257 Cyclin D3 0.57 0.41
NM_006879 MDM2, transformed 3T3 cell double minute 2, 0.89 0.36
p53 binding protein (mouse)
AK021983 SCC-112 protein 0.81 0.13
NM_172171 Calcium/calmodulin-dependent protein kinase (CAM kinase) II gamma 0.68 0.45
NM_014751 Metastasis suppressor 1 0.41 0.77
NM_006337 Microspherule protein 1 0.84 0.44
NM_004442 Eph receptor B2 0.55 0.32

Table 8. Changes associated with calcineurin in keratinocyte differentiation by FK506

GENBANK Name FK506 10 «M FK506 20 M
NM_002356 Myristoylated alanine-rich protein kinase c substrate 0.70 2.06
NM_003111 Sp3 transcription factor 1.05 2.04

Table 9. Changes of Id proteins in regulating the GO-to-S transition of the cell cycle by FK506

GENBANK Name FK506 10 M FK506 20 +M

NM_002165 Inhibitor of DNA binding 1, dominant negative helix-loop-helix protein 241 3.07
NM_002167 Inhibitor of DNA binding 3, dominant negative helix-loop-helix protein 4.92 1.10
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Table 10. Changes of bioactive peptide induced signaling pathway by FK506

GENBANK Name FK506 10 «: M FK506 20 «: M
NM_002165 Mitogen-activated protein kinase kinase 2 1.27 0.37
BC063426 Guanine nucleotide binding protein (G protein), alpha 11 0.43 043
NM_183001 Src homology 2 domain containing transforming protein 1 0.60 0.39
Table 11. Changes of gene associated with Diabetes and DRPLA
pathway
| &
FK506 FK506
GENBANK Name 10 4 M 20 M
Q‘ . . fe) . . ‘I:_‘Q‘
NM_000280  Insulin receptor L15 0.44 FK506< calcineurin®] serine/threonine phosphatase 7]5<
AB209345  Atrophiin 1 0.84 0.34 AAFOZA cytokine] HAAEA ol Fodst= NFATS] &
NM_017450  Bail-associated protein 2 0.65 0.30 014312 o A|slo] WA 7|5S JERE Zq\ o7 oty

peptideol] HH-2-}+= signaling pathwayol] ZroJ=l |4 #}2] uk
o] A3 7HA3FA o). Mitogen-activated protein kinase
kinase 2 (MAPKK) (NM_030662) f+37= 10 M X2
FK506 A 2]A] 1274 F7Fstl ot 20 1M 5] FK506
x| Al 037802 WHeo] Z+A8}l9l 3, Guanine nucleotide
binding protein (G protein) alpha 11 (BC063426) §-% A= 10
1M 5E2] FK506 2l A] 043w 2 e o| 7hasiglom,
20 #M EE2] FK506 Al Aloll e FL3t Wl oFds B3
t}. EESF She (src homology 2 domain containing) transforming
protein 1 (NM_183001) A4 10 M E 52| FK506 %] &
2] 0.64H, 20 M FE2] FK506 X2l A] 0.39vH= 7HA-3}9
tH(Table 10).

13) FK50601 2|3t Jurkat M|ZE AMHo|AM Diabetes}
DRPLA pathway 2t RMXIO| Ws 3}

FK506 X8| A] Jurkat Al EollA 2w #t Ak F47
o] W8-S cDNA microarray 247435 53l Ak
Jurkat A|Zol| A insulin receptor (NM_000208) %A= 10
1M FE2] FK506 A2 Al L1sw|2 wdo] F7leigl on
20 #M FXE2] FK506 A el Al 044uf & o] Zhazsgict.
T3t Haw River syndrome (HRS)S] €1¢lo] == atrophin 1
(AB209345) A= 10 #M FE2] FK506 2] A] 0.84+l,
20 #M FXE2] FK506 A el Al 034w o] Zhazsgict.
A E2] mobility?} morphogenesisoll =¥ bail-associated
protein 2 (NM_017450) -4 A= 10 «M F52] FK506 * 2]
2] 0.654H, 20 xM F52] FK506 A&l A] 0382 7+4}9]
tH(Table 11).

A ok W vk fE 27 FAARS IL-2, IL-3, L4,
IL-12, granulocyte/macrophage cology-stimulating factor %
TNF-2 59 cytokineo] FK5060l] 93l|4 jA|do] Ky
Ach(7,8) HEELS FK5062] calcineurin &} Aol <3 A A}
27212 NFATS] A9t #HHAH cytokine] 2Hdl ZH ol
et A7 AePs] 3 93t FKS06ol| 2)8h A|EAE AL} 2
HE Az wE g 7] - ol gk A7) vk AR o]
vl whgbA] B odFol| A= cDNA microarray %41 &3]
FK50691] 9|3t Jurkat Al E2] Aol s 0242 whd
okahg zAel9eh. FK506-S Jurkat A E ol A F%9} A7
AR AIZ F4E o738kl <DNA microarray 4]
A3k FK5060l o3l 20l o] F7bele A= 348707}
ST Z5lom o]F GenBankollA #<2lo] 7}53F 251709
SAAE Ao FE DAVID’s
Analysis®] $JA}o] Eol| A4 gene ontology s #43sto] ukS
biological processol] T H FA o] whd o] wig}s}gdc).

Calcineurin?} ##H =0} =38 §4219) MARCKSE 3
4 % plasma membraneol] 9%} actin filament$} cross-
linking®}+= o]t} MARCKSE calcium-calmodulin¥}
7Z43%tslo] plasma membrane o ZHE] o]EtE]o] F-actin®
cross-linking 4 A3}, MARCKS <AL calm-

odulin, actin, synapsin} Z33}o] cell motility, phagocytosis,

Bioinformatics Resource

membrane trafficking B! mitogenesisE ZZ3dhc}. =3t
MARCKS+ A=W calmodulin reservoir24] 2H-8s}m] PKC
off oJaf 143t =™ calmodulin?}o] g o] oF3tx|o]
calmoduling "3k}, (9) FEE, Sp3E isoform SolF o E
transcription weak activator *5 repressor® 2183} con-
sensus GT-2} GC- boxes promoter element2} 7Z23}3}3L Spl12]

C2H2-type zinc-finger L2 dfjol] EAstn] ot FEHe



Tae Young Jang, et al : Apoptosis Gene Expression Pattern Analysis of Jurkat Cells Treated with FK506 235

Aol Al Wk Het0) o] AL slte] zine finger
DNA-binding domain?} 2] 70€] transactivation domains
ZFA AL o] FH AR S FA e o Alshe
bifunctional transcription factor® 28 dkvl.(11,12) 3+ E2F
A2 AA 2H91A}7} retinoblastoma-tumor-suppressor -
Z A} A= (pRB), cyclin?} cyclin dependent kinase (Cdk) 72
cell-cycle progressoll Foistal &3] E2F12 DNA damage,
repair, checkpoint activity B! differentiationol] ¥ods}=7l Sp3
L o5g oAl $eh3)

GO/S cell cycle transition?} F#H =] =25 FH2}2] 1d
helix-loop-helix (HLH) S22 1d 1~1d 47}4] 4557 &
A4 slos wmdez AZRe HH 2 AR Gosiive
regulator)$} A|EE3}FS] SA] =4 A} (negative regulator) =
A& k(4 o5 thE T HLH AA=AA2E
A Als}= dominant negative antagonist@ 2}-8-3}o] 23 A|E
o] A|E E3hol| Fofdhet wdl, 1d whlA-& Cdke} retino-
blastoma protein (Rb)ol] ]38l ZA == cell-cycle-regulatory
pathwayoll Froighel. 2] Id Thl A2 A E 2] A So vk
sto] AlxF7]9F F3t w fRz wd e Fedk =24z
24 FEE PR ek 1 1S 54 AE 244
m ot & HLHE 2+ AAIkeE Zdtste] DNA Zde <
Alshe] Aol EA0s cell growth, senescence B differ-
entiationol] 238k 1385 3t} 1d 3+ basic DNA-binding
domain®| 72¢{¥l HLH thA &4 v} HLH AA=4 ©h
w2 9} Hl-2-&}o] heterodimers €Al gt £3] Id 3% mus-
cle creatin kinase E-box enhancerol] tH&} E2A-containing %+
A E3kAe] AjhS A 3lst, phorbol 12-mystrate 13-acetate
(PMA)oll oJaliA] o] frizxlo] o]l $1X|SlIL lung,
kidney$} adrenal glandol]4] Wt& =t} (15,16)

Jurkat A|ZEoi|A] FK50601 o3t A|E Aol A cDNA mi-
croarray 4 743} 20l o] whdo] ZHAH 74470 Azt
ZollA GenBankE &3l ¥4l 7hs3t 47k 6187l gk
gene ontology 4 Z 3}, 4437112] §-A A& biological proc-
ess@l #HsFo] Eirsl3irh. 53] function pathwaye} #&H s}
o] bioactive peptidecl] 2]¥+ MAP kinase2] signaling pathway
3 diabetes/DRPLA pathway ¥ -4 712] ko] 24wl
t}. Bioactive peptideol] 2]} signaling pathway +%Al%
Mitogen-activated protein kinase kinase 2 (NM_030662)
(MAPKK 2)= MAP kinase kinase kinase (Raf Y-+ MEKK1)
ol] 234 QAkS} Ht). o] E2] Z o+ cardiofaciocutaneous
syndrome (CFC syndrom)2] %19]o] =]o] heart defect & men-

tal retardationo] ¥t} TEZF, MAPKK2+ ERKI1Z} ERK2
MAP kinaseE #4413} 3}, mitogen growth factor signal
transductionol| Al =838} 7153 F3]3lt}. o] kinased] 1A
= degradation Yersinia 2} anthrax2] A3} FH o] )
t}. Guanine nucleotide binding protein (G protein) alpha 11
(BC063426) t}okdt transmembrane signaling systemol] 4]
modulator X+ transducer®]t}. Alpha chain< guanine nucleo-
tide binding siteE 7FA] 3L 9] 2.7 phospholipase C2] activator
2 A5

She (src homology 2 domain containing) transforming pro-
tein 1 (NM_183001)= %A1 3}5 epidermal growth factor re-
ceptorol] ]34 Q1AFS} E| 31, p45 She, p52 She & p66 Shco]
isoforme] £A0s}o] insulin, hygrogen peroxide Z=+= UVell <]
3|4 Q14ke} Fle}. o] el vhekdl growth factorol] WG
s} Q1 AS}E Trk receptor®t 73 g6l Rase] 24 ol] Thod
gke} p66 She Ras®] 4 3tell= ko slA] ghont oxida-
tive stress®} life spanol]l -2 %l signal transduction pathwayol]
ZAgke}. o] p66 She= tumor suppressor p532] downstream
target > 2 A intracellular oxidants, cytochrome c release®}
apoptosis®] Z7}ell M3k Aoz deix dr)

Diabetes 3! DRPLA pathway2} =% 574 #}Q] Insulin
receptor (NM_000208) -+ 2} vt o] 74+ insulin #] &4
o] 2]#l diabetes mellitus®} Z+= ¥t} Insulin receptor+= in-
sulin?} HH-g-3}o] tyrosine-999 ZH7|7} autophosphorylated]
™ IRS13} PI3KE FE3HF downstream mediators®} receptor$}t
A& FA8 HFH 0 E glucose uptakes ZA 3|
i gt}

Atrophin 1 (AB209345) ¥+& 9] 7+A = Haw River syn-
drome (HRS)®] €1¢lo] %|v] HRSE dominant neurodegene-
rative disease 4] huntington disease, spinocerebella atrophy<}
dentatorubropallidoluysian atropy (DRPLA)E €2.7]™ neu-
ron®] 4417 A E vk DRPLA (Atrophin 1)9] AJ%=3H4] 7]
2 A A 94 short AEARAS Batelol
caspase-32] 7] ¢l nuclear repair ¥+& k& PARP, DNA-
dependent protein kinase == U1-70 kDaZ A %tz|o] DNA
degradation®} A= 9lr}.(17,18) DRPLAS] bipartite nu-
clear localization signalQ] N-THeh-2 A EA}HE ALA] A elE]o]
AAF 2 ol A AEAZ o] 53w ArkEl DRPLA &
WAL A FEAEAE F 58+ dominant negative effectS
Zre= Ao 2 Holr) Sk DRPLA wH4 -2 caspase protease

2] 7] 9] nuclear lamins, actin, fodrin, actin-associated protein
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I Gas2X] 3 microfilament A &3 Adtslo] AE F=
2 Al TR dRe Fu(92)

Bail-associated protein 2 (NM_017450) §-% &}of] o]l A}
A= oA -2 brain-specific angiogenesis inhibitor (BAI 1)-
binding THAZ FHE|9l o =3t insulin receptor ty-
rosine kinase substrate@ 283} F3A17d A|ol| 4] insulin,
stress fiber 3 cytokine2] ¥Aloll FHofdtc). BAI 12 1,584
ofuf = Ako 2 FLAIE adhesion-type G-protein coupled re-
ceptor (GPCR) family2] subgroup VIIol| &3l whid g
cell-cell Bo+ cell-matrix interactionol] ¥os}ar ol 4] p53
7} vbE3lo] angiogenesis®| neovascularizations < A|gk
t}h.(22-24) 21} BAI 191l 3} ligande A QA %1
yeast two-hybrid screenol] 2|34 ELMO 13} ZA3sl= A
2 Bas]9lck ELMO 12 AlEAIE Aol o8t AlEE en-
gulfments} 7 1} degradations}=d] Foghe}. wizlA BAI 1
o] BH A EE 7] 5ol A2 apoptotic A|3E2] uptake S
A&k 25) HAE o] 9] 2] A|Zoll4] BAI 12] ¥ 2 human
monocytes®} macrophagesol| 4] microarray analysesol] 2]l K.
25 1k gik26)

FK506°1 2|3t Jurkat A|Z2] AFHel|A] cDNA microarray
2A AT 3w 0 A7 Hel A ATARA 2 AEE
7o) watoll #A0 G449 wale] 27} E a9
S MARCKS7} Z7hstela A= A4 spasl
o] F7katsirt. w3k AIEF7]olA GO~ SF7| 2 Holst
Lol eln G424 ARe BAE Al 1 19 1d
39] Wk o] ZF7lsk3i el ¥l bioactive peptide (thrimbin,
bradkynin, angiotensin I)ol| 2J&t A&7 Zof] FH = She,

rﬁh

MEK2 % G protein @-11 A%} E‘cﬁ_% **}915} 3
g QI4A oA FK5069] Aol whE FAg o g B

diabetes®} TedE [SAHAEE  insulin receptorﬂ— neuro-
degenerationol] T+ ¥ atrophin 1 B A|E2] 547} mor-
phogeneisell T2 = Bai 1-associated protein 29] W3 o] 7H4
St9leh webdl, 471014 o Ak W) A gel HA S

r o
g X8 7170 24 5 WY AAA FKs062] g B AE
7170l 3t Ak AEH 7Rk A = s Aol

Z =

A5k Jurkat A|EE 442 Z FK50601 23t A|25A4 7}
= s}o] cDNA microarray H41-& Eslo] A|ZAH AL} 2
Ayl fAAe] i okt 9l AE3H 7 Z(biological path-

way) oo wAsle] vt 2 AES o

1) FK506-S A% TAZ QI Jurkat A Eoll X, A7 &
Al AZ=AS Erh

2) FK506°1 2|38t Jurkat A|E Aol A] 2ul o] 4 Z7he
183712 §-A A= 7153 gene oncologyoll W} 58FF=
& BTk

3) FK5061 23 Jurkat A Aol A 2wl o] 4 7hA®
443712 AR 7153 gene oncology®ll vl 87572
& BTk

4) FK50601] 93t Jurkat A|3E AFHol|A] calcineurin®] 24
o Ale} 5l MARCKSS] Wzt A=A 17kl Sp3 #
AR ae Zsl,

5) FK50601 23} Jurkat AlZ AdollA] AlEF7]9F 9=
1d 13 1d 3 A Wl Skl

6) FK50691 &3t Jurkat A|Z A
(thrombin, angiotensin II) A1 37 29} #=1% Src homology
2, G protein, MEK 2 F+7#}2] wtd e 74319t}

7) FK50601] 213} Jurkat Al AdollA] 2xH Wzl 3
# =l insulin receptor, DRPLA (Atrophin 1) 9 A|Z¢] %3}
Fell FAlol] 2% Bail-associated protein 2 -3 A}2] Wk
- Zasksich

FK506 calcineurin®] 2H4] 2 Al|of] w}& NFATS] &4 &
AAFE ot AEAHA, AEFY], choFt ATHE 2
S AN A veht= G o] Wt Alxe 53 ¥
e Aol AaE AR wEo] FhaE o] A7lo]4) 8l A}
7w X 5ol A w5 8 A7 7|7k 24 5 W

ol 4] bioactive peptide

AAAl FK506°] 71l thdt £4F et 7ibe Aled
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