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DNA Microarrays Analysis of Gene Expression Profiles in

Diabetes-related genes using Immunosuppressant

Kim Kyoung—Shin1 - Kim Byoung—Soo1 :
"Dept. of Pathology, College of Oriental Medicine, Daejeon University

New onset diabetes is a major complication after kidney transplantation. However, the natural

course of posttransplantation diabetes mellitus (PTDM) remains unclear. The aim of this study was to
demonstrate the detailed natural courses of PTDM according to the onset and persistency of hyperglycemia,
and to investigate risk factors for development of different courses of PTDM in renal allograft recipients. The
purpose of this study is to develop novel immune suppressants for PTDM using of action mechanism of them.

The use of immunosuppressive drugs in transplanted patients is associated with the development of
diabetes, possibly due to B-cell toxicity. To better understand the mechanisms leading to post—transplant
diabetes, we investigated the actions of prolonged exposure of B-cells to therapeutical levels of tacrolimus
(FK506) or cyclosporin A(CsA).

The immunosuppressive drug cyclosporine(CsA) is a potent agent widely used after organ transplantations
and various autoimmune disorders. After using CsA, some patients suffer severe complications including renal
and vascular toxicity. The renal or vascular toxicity is influenced by the degree of the endothelial damage.
FK506(tacrolimus) is a widely used immunosuppressive agent in the treatment of various medical conditions,
including autoimmune disease, bone marrow and organ transplantations.

We found some interesting clusters and confirmed the feasibility of ¢cDNA microarray in the study of
Immunosuppressant. In this study, we investigated gene expression patterns induced by Immunosuppressant in
RIN-m5F of rat insulinoma cell line. Gene expressions evaluated using ¢cDNA microarry in two clusters were
increased or decreased. this study provides comprehensive comparison of the patterns of gene expression
changes induced by CsA and FK506 in B-cells. This study could establish that the mode of action mechanism
by which currently used insulin inhibitors inducing PTDM could be elucidated at least in part, which raises the
possibility that novel immune suppressive PTDM can be developed. The molecular biological study on PTDM

will also contribute the progress in diabetes research field as well as in that of PTDM.

Key words : Immunosuppressants, Tacrolimus(FK506), Cyclosporine(CsA),
PTDM(Post-Transplant Diabetes Mellitus), DNA microarray
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Insulinoma cell lineq] Rat RIN-5mF cells
(ATCC® Number: CRL-11605Tm)<& At} #
7 10914 179 Apole] AS AREste], 10%
FBS (Gibco-BRL, Grandlsland, NY), 10 mM
HEPES, 2
sodiumpyruvate, 100 U/mL penicillin, 100 n
g/mL  streptomycing %3 RPMI-1640
(Gibco-BRL, Grandlsland, NY) Media®lA 3
7CoA 5% COZ2 incubatorol A w3t} well
platecl welld 5x10471¢] AXE vfF3t & 12
Algrol Ak 3 AE7F S0l Eol 3] &
S el Fo ARgsklth Mg AlA e &
=% 50 nM FK-506(Sigma-Aldrich. St,
Louis, MO, USA. F4679), 10 uM
Cyclosporine(Sigma-Aldrich. St, Louis, MO,
USA. C1832)2.2 A}&-3}5it).

mM  L-glutamine, 1 mM
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2. 91gd 45 54 (Insulin ELISA kit)

RIN-5mF AMXE well & 3.0 X 10571&
12-well plated] ZF3ste] HdufA]o A 3Lzt
Hjket & HAAAA T-Hak viA A wF3el
t}. modified Kreb's ringer bicarbonate £+&
(KRBB-HEPES, 134 mmol/L NaCl, 4.8
mmol/L. KCI, 1 mmol/L CaCl2, 1.2 mmol/L
MgS04, 1.2 mmol/L KH2PO4, 5 mmol/L
NaHCO3, 10 mmol/L HEPES, 1 mg/mL BSA,
pH7.4)& 23] A3 5 mM =+ 20 mMY
EI59S -3 KRBB-HEPES $+5 o= n}
o 1AIZF wi et &, S A FH3he] 4TAA
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2. RNA Extraction

DNA microarray #2418 $3 RNA9 FH|&
TRIZOL reagent (Invitrogen Life
Technologies, USA)E o]&3}3c} 113 &
ofstdl 2 AEE Aol § 1 mL TRIZOL
reagentE Aglstz A& 587 WAt
1% 47T 12,000 rpmellAl 1083F A4l ®2] st
3 FFEAS Al tubed HATE 917
mL¢] chloroform= #7}8}3l 15% &9 voltex
shelth. 1 % 158 5 Aol WX
F 4T 12,000 rpmolA 1587 UA
B8NS Al tubedl AY. Y
isopropenols 7}kl Ao A 53t
Aot 4T 12,000 rpmoll A 1587F
&t RNA  sample  Agilent’'s 2100
Bioanalyzer System= ©]&3}¢] total RNAY]
quality® 543311 Agilent’s Low RNA Input
Linear Amplification kit PLUSE o|&3}o] &
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3. DNA Microarray % ©lo]g &4

Agillent Rat whole genome 44K Oligo
chip(G4131A, Agilent Technologies, Palo
Alto, CAE AF-g-8to]
hybridization® Agilent's Gene Expression
Hybridization KitE I12]3l Agilent’'s Gene
Expression Wash Buffer Kit& ©]&3}%ith 1

?]3 Scan and image analysise Agilent’s

Microarray

scanner % Feature
AHE-3Fgith Data

Analysis+= Agilent's GeneSpring Software=

DNA  microarray

Extraction Software®&

o]23}o] normalization % clustering 5
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Fig. 1. Glucose-stimulated insulin secretion
(GSIS)  in  RIN-5mF  cells.

responsiveness is suppressed by

Glucose

immunosuppressant pretreatment. RIN-5mF
cells were treated with 50 nM tacrolimus, 10
uM CsA or nothing for 60 min in complete
RPMI-1640 media. Data shown £ S.D. = P <
0.05.
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Fig. 2 Cluster image showing the different
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classes of total gene expression profiles.
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genes B.

Immunosuppressants

genes in only Cluster  of
NFAT-related

glycometabolism genes C. Cluster of CYP

Cluster of
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Fig. 4. Hierarchical cluster of genes
changing in Immunosuppressants treated
RIN-m5F cell compared with 2X regulated
genes in only FK506. A. Cluster of
NFAT-related genes. B. Cluster of CYP

genes

Table 1 MODY ## FAAT(A)T &
8 §HAEB), NFAT &8 F4274(C), 2
CYP ##d #HA#D)E Helg Holt
d ARl A Akt2 22 FK506
= Aol 3l CsAe 2819 7M7ks =
B, CYP #d fFAAFANAE Cyp2sl
= CsA7} 1o 717k Aol vl&] FK506 4.77
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Table 1. Genes changed in RIN-mbSF

Insulinoma cells affected by Immunosuppressants

(A) MODY-related genes

Name Control CSA FK506 UNIQID

Gek 1 0.4646359 0.6449316 NM 012565
Hnf4a 1 0.7929026  0.6183444 NM 022180
Neurodl 1 0.2181226  0.4547653 NM 019218

(B) Insulin-related genes

Name Control  CSA FK506 UNIQID

Foxa3 1 23881323 0.5891085 NM 017077

Mafa
Pdx1
Irs2
Irs3
Shel
Pclo
Rfx6
Lapep

1

1

M XE2|l DNA microarray &4 15

0.8647901
1.818966
0.5968204
1.101778
0.3767616
0.2594712
0.6665288
3.581737
0.1765321
0.1581443
2.0866654

1.7895476 NM_001108939
0.3982587 NM 017093
0.9651177 NM 019130
9.167803 XM 345846
0.7865572 NM_ 022852
0.8028583 NM_001168633
0.9397765 NM. 032074
1.0724908 NM_001164060
0.42661 NM 001110797
0.6538928 NM_ 001106388

0.7025099 NM 133574

(C) NFAT-related genes

NAME Control CSA

FK506  UNIQID

Calm2
Gsk3b
Fkbp4
Fkbp9
Fos
Ifng
110
14

1
1

1.101
0.6742
1.887
0.2562
0.2917
0.9253
0.8401
1.482

03492 NM 017326
09584  NM 032080
0.9481 NM 001191863
1.06  NM 001007646
09208  NM 022197
0.1961  NM 138880
0.1804  NM 012854
03248 NM 201270

(D) CYP-related genes

NAME Control ~ CSA FK506 UNIQID
Cyp2sl 1 11093131 4.7724085 NM 001107495
Cyp26bl 1 09020542 04621565 NM 181087
Cypllb3 1 09373846 50.930046 NM 181824
Cyp2c79 1 07706707 02123613 XM 219933
m xz 3242
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Cyclosporm A%} FK506S &) datollA &
8] 2holx Qle AEd "YgAA eIt CsAe
1976 AE o)y Arleo]A o A} & 4
a1 F7hE e, FK506- 19870 2w gl

o] 7 7HA A= BT FtolA #eElHde
w, H]E O e AolshAnt A&7 A
g3k TEAel itk o] F 7 kA= AlEU
Al immunophilin®] 2} &8 & F&A9 d3ste

4], CsA9 79 cyclophilin, FK5062] 7-$-ol &=
FK506-binding proteins(FKBPs)o] <& <
oo, o] AEY FEAEL peptidyl-prolyl
isomerase &4& 7FAIL dolA AzUedA T
WA Aoz FEu,  F, A
immunophilin® &3A+= calcineurin® 4¢3}
o] calcineurin® 7]&<Ql nuclear factor of
activated T cells(NFAT)2] &9214tats oA
S 2A, NF-ATd| 93 745 A5 F24 Aol

3) First MR. Tacrolimus based immunosuppression. J
Nephrol. 17:525-31, 2004.

1) BED. A vl QAH S8, TG
314, A18¢ F-=13, ppl00-111, 1999.

5) Liu J, Farmer JD, Lane WS, Friedman I,
Weissman I, Schreiber SL. Calcineurin is a
common target of cyclophilin-cyclosporin A and
FKBP-FK506 complexes. Cell 66:807-15, 1991.
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EFIIY HALE AN, gEAQl AARI
AH(transcription factor)?l NFATE FdAF g
& ZHe] 2loJA transcription coactivator
(jun, fos)o] iz} AeAolw thFdt FA=t
e g3Fs vXA "ot wetA 7|EY] WY
AAAEL NFATE wi/l2e AA7|HS 3%
Ao g2 A 7} ofEo] mE e FAol A
B4 GEgS v

H o] o A A (CsA%} FK506)&
calcineurin/NFAT signaling &A1& zt7] uji-

&t FAAr il dFgFE A A "k &
e FARA A NFATE 49 24
AR A Ao dEA JTE. NFAT

% 283}
o ded ¥ES xdshy FHAL o]
calcineurin
Knockout(KO) wl$-2& o]&3to] NFAT &4
£ FE3Md Jded &4, wEAxze F4%
A71E EA7|IM KO wh9-29] G TS 3
ZA18th= W9} calcineurin E&8X4 3o ]3|
HIELA| E o] Ao] NFATc12 2oz B4
Atke A998 F3 NFATc ©@¥do] HeA
29 calcineurinel #§- A2l IS 71H|
o, HERAES] 47FA NFATc o9
(NFATcl-c4) @382 calcineurin®l 9]
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6) Clipstone NA, Crabtree GR. Identification of
calcineurin as a key signaling enzyme in
T-lymphocyte activation. Nature 357:695-7,
1992.

7) O'Keefe SJ, Tamura J, Kincaid RL, Tocci M,
O'Neill EA. FK-506 and CsA-sensitive activation
of the interleukin-2 promoter by calcineurin.
Nature 357:692-4, 1992.

8) Michael C. Lawrence, Harshika S. Bhatt, Jeannette
M. Watterson, And Richard A. Easom: Regulation
of Insulin Gene Transcription by a Ca2+
Responsive Pathway Involving Calcineurin and
Nuclear Factor of Activated T Cells. Molecular
Endocrinology 15(10):1758-1767, 2001.

9) Wang H, Maechler P, Hagenfeldt KA, Wollheim
CB: Dominant-negative suppression of
HNF-1lalpha function results in defective insulin
gene transcription and impaired
metabolism-secretion coupling in a pancreatic
beta—cell line. EMBO J 17: 6701--6713, 1998.
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A dALET olF &4 FHAE oy F
9  v3A(polymorphism) &  Ho]
(mutation)7} EAetaL A=dl, 7l HE ofd
o] fFHAE 7 =kl whebd ks o
Aol zbel7h YERGTEHIDIZ), H A A A Q]
FK506(Tacrolimus)®] 9% kAl djAls] o
cytochrome P450 isozyme CYP3A4 EAhAE
o] &gt} o] aaAlE Ad AIA|, 2EHZo|E,
cyclosporine, macrolide 344 5< Abslo=
Holgtmz ofe] ofE e 7Vs et
TH3), CsA9] A4E 85 2 24 & FEvk
o= 917%4¥ 9 2k Ul AEAF P450 (CYP450)
axvw % CYP3A4 % CYP3AS ¢
P-glycoprotein®] #ojgit), o] tixAA & 4
FENde §A8 £= vFA8 JEs ¢
ol & <lale] 9l 7+ = 9l W] oFE
zpole} o] & Qlal] Q14 o 2
AUTH T e %A o' CYP3AS+] allele
< 7Y CsAY ¥F sE7F HolxH
CYP3A5#5 alleles 7HA¥ dF CsA®] s%=7t
Folxitta el gl

ol oA WY oAAR AR =

o
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10) Heit JJ: Calcineurin/NFAT signaling in the
beta—cell: From diabetes to new therapeutics.
Bioessays. Oct;29(10):1011-21, 2007.

11) Thomas R, Gerlinde W, Henrike W, Norbert T,
Jens L, Thomas E, et al. CYP2D6 genotype:
Impact on adverse effects and nonresponse during
treatment with antidepressant—A pilot study. Clin
Pharmacol Ther 75:386—393, 2004.

12) Dahl ML. Cytochrome P450
phenotyping/genotyping  in  patients  receiving
antipsychotics. Clin  Pharmacokinet 41:453—470,

2002.

13) Budde K, Fritsche L, Mai I, Neumayer HH et al :
Clinical pharmacok inetics of tacrolimus the
rapyafter renal transplantation. Int J Clin P
harmacol Ther 34:493— 497, 1996.

14) Coto E, Tavira B. Pharmacogenetics of calcineurin
inhibitors in renal transplantation. Transplantation
88(3S):62—7, 2009.
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cyclosporine FEFE9 X5 HHZ FolA
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o] g5 7]E HAAAe vl A3 L et
Atk
HEAQD HAAAR]  (CsA9t FK506)+=

calcineurin/NFAT signaling A& z7] &
of NFATel oJa] wlepAl £ 9] 1&ad L2 EE o
2g-35lo] oy weS 2SS Zet 9
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NFAT #& fdzte] 820 485 &2l &

4 Jth 2 A3 Maturity Onset Diabetes of

Youth (MODY) #& FAAES 5420 A
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Sl
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15) Dumont RJ, Ensom MH : Methods for clinical
monitoring of cyclosporine in transplant patients.
Clin Pharmacokinet 38:427-447, 2000.



18 AHAAXER REBHRH @

W<l Maturity Onset Diabetes of Youth
(MODY) 3 Fog o  HAHAAELS
transcription factor hepatocyte nuclear factor
4a (HNF-4a/MODY1),
(GCK/MODY2)
hepatocyte
/MODY3),
(IPF-1/MODY4), factor
hepatocyte nuclear factor 18 (HNF-18
/MODY5), Neuro D124 1&#d 48] M ¥
9o - Fad 9Es she Jor 4l
AUTHO. A3 A3 i MODY ##As
CsA, FK506 EF F&4o=z oAAstes ¢S
el 4 Ak

CsA$} tacrolimus EF PTDME] A 913&
Foledl &S VAT Aow dHA YA

3L

glucokinase
factor
(HNF-1a
factor 1

transcription
nuclear factor 1la
insulin  promotor

transcription

¢

old o] oA AFEAE tacrolimus?F CsAdl
Hlgl] oF 5u) 7hF o Gl o] H=ria 1
s YUy, 3k G HEAETE o] §

3 Ao M= tacrolimus7t & #4] A<
o] @AdA Jded FHlT S “401“?47(]”}
tacrolimus& A& 3}A ¢god thA] d&d &

g 35T BAFE b Jup9. 5F] Qe
A3 9 o] disk FK506 1-f9] &
sojok & FA 2 Holglr). 7]E] AE AP}
g AT AHES FTE8HH CsAY tacrolimus
9} & calcineurin JAAEL HF Ao A
A 0] E./Hg Oi}\i PTDM,] %/\@H?ﬂ% %O]

H

=
ol FE =

16) X MODY 3. dlgkholulitn|shs)A,
15(1):1-6, 2010.

17) Kasiske BL, Snyder JJ, Gilbertson D, Matas AlJ:
Diabetes mellitus after kidney transplantation in
the United States. Am J Transplant 3:178-185,
2003.

18) Vincenti F, Jensik SC, Filo RS, Miller J, Pirsch J:
A long-term comparison of tacrolimus (FK506)
and cyclosporine in kidney transplantation:
evidence for improved allograft survival at five
years. Transplantation 73:775-782, 2002.

19) Uchizono Y, Iwase M, Nakamura U, Sasaki N,
Goto D, Iida M: Tacrolimus impairment of insulin
secretion in isolated rat islets occurs at multiple
distal sites in  stimulus—secretion  coupling.
Endocrinology 145:2264 -2272, 2004.
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Ak E38] tacrolimusyE #A BAH o= ALg
st g3l PTDMO HAAAEE o =9t
g g 9Tk

FK506% E%%% #Fx}50] CsA 58 3AE
BT} o)A & 2 PTDMEHEEo] ¢ 70% =
thE Barb Qlem(29.7% vs. 17.9%)2D, 1%
% FK5069] AF&-S CsAol Hlsted PTDMS] 2+
Aol 594 f9AA= YEa FK506 5§
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