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Cyanate Induces Apoptosis of Rat Glioma Cell Line
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The patient with end-stage renal disease show several nervous complications. The factors contributing
to the nervous complications are still incompletely characterized. Cyanate, known as one of the uremic
toxins, is derived spontaneously from urea. To investigate the mechanism of cyanate-induced effect
on C6 glioma cells, the glioma cells were treated with 0, 1, 5, 10, 20 and 40 mM cyanate. There was
a dose-dependent decrease in cell viability and the decreased number of cell was observed in glioma
cells by treatment with cyanate. Western blot showed the down- regulation of procaspase-3, which
means up-regulation of caspase-3, and the up-regulation of caspase-8, but the down-regulation by
cyanate. In addition, cDNA microarray showed 934 down-regulated genes and 165 up-regulated genes
on 1,099 genes in cyanate treated group. Treatment with cyanate led to 16 down-regulated genes and
6 up-regulated genes on apoptosis category, and especially heat shock 70 kD protein 1A gene on the
category of apoptosis was significantly up-regulated. These results suggest that cyanate can induce
apoptosis through caspase-8 and caspase-3 in glioma cells and decrease of gene expression including
apoptosis category in glioma cells. These effects of cyanate may play a role in the nervous complica-

tions of patient with end-stage renal disease.
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Aeg, 44, 254 HF &4 9 A Fo] vErdt20].
53], 854 I AFHQ S84 %] T
Folon, o 85Fd 3 AATE 2449 EUA
o3 A HA 7t dolFozN Yrue FAo|T22].
Kimanil 5[10]o] 9J3}H Akt AHFEY o AA5S
EFANFA BN AF7I9E S ApAITA g o, A
3H39 s e g 1Yo Hoste A7) 719 ® oy
& mA  doa ok 2y ofF kA Aljkite] 8 =4
HyZo YAEd N AAolunF AZ Adsiel BHe o
TE uES dFet

B AFA s Akt 954 HYFo Ul 242 &4
SteAl Flstaal AAotuF ME AMES WHEAA A
EIAEAS} AT AAEY WS E dotH1A I}

R
Al

Dulbecoo’s Modified Eagles Medium (DMEM), tryp-
sin-EDTA ¥ fetal bovine serum (FBS)2 WelGENE (Daegu,
Korea)oll A1 743t penicillin-streptomycin< Hyclone
(Logan, UT, USA) A&+ A-&3tAth. 3-(4,5-dimethylthia-
z0l-2-yl)-2,5- diphenyl -2H-tetrazolium bromide (MTT) ¥ A|
M} E &2 Sigma - Aldrich (St. Louis, MO, USA) A &<,
caspase-8, procaspase-3, Bax, Bcl-2, inhibitor of apoptosis
protein (IAP) % ©]x A= Santa Cruz Biotechnology
(Santa Cruz, CA, USA) Al #& AH&3t St} Enhanced chem-
iluminescence (ECL) kit Amersham Biosciences (Piscat-
away, NJ, USA) Al&F<, @W4d H#F2 Bio-Rad DC kit
(Bio-Rad laboratories, Hercules, CA, USA)E A3 HT 1
9 kA ke ANdHE 55 v 99FS AHEsath

7} |55 phosphate buffered saline
*P%o}% on, 4394 DMEM Hj
G TEE AE Aty

ol Hu\ﬂ

A-”EHHOF

A7 otuE M EF(rat, glial cel)d C6 AMEE ATCC
(Manassas, VA, USA)ol A Fuldlo] AF8-319 3 10% FBS%}
1% penicillin-streptomycin®] 3-F+¥ DMEM Hj A& 377,
5% CO, 27 38tol A M ¥ttt AEe 39 HE 2= 0.05%
trypsin-EDTAS A 23t Atjul & kAt

NE =M ZHA
ARkl ofE A2 542 MTTE| thiA} gl 273 MIT
Ao R SA T AAotnF MEE 96-well platec]

10,000 cells/well®] =2 HF &, ME7} plate v ol
FAstd 2% FBS7F ¥ WA o Ak 0-40 mM 9
FEE 24N F AT stal, v R 44 S 20 ule]
MTT 494 (5 mg/ml) 7 welloll #7}5te] 37Col| A wH-&-A
731’% MTTel 93 48 Betd HHEQ] formazan 24

& dimethylsulfoxide (DMSO) 150 ul& H7}ste] =<l %, mi-
croplate reader 550 (Bio-Rad Lab., Hercules, CA, USA)2. &
570 nmol Al FFEE A3 H

Western blot

Adte AGd AZE 35T F, AX &3 ¢34(10
mM Tris-Cl (pH 74), 5 mM EDTA, 130 mM NaCl, 1% Triton
X-100)% @A Zejas AAA EFAH(02 mM phenyl-
methylsulfonyl fluoride, 10 png/ml leupeptin, 20 U/ml apro-
tinin, 1 mM NaF)& Q1 4Tol M 3087 W& 9t g
1,000% g2 4TAA 1583 4T F Fds Aol &
WA A& kit (Bio-Rad laboratories, Hercules, CA, USA)E
o] gate] £eld Tl FEE ATt dojd v
8¢ Y94 %< polyacrylamide gel electrophoresis (SDS-
PAGE)E #7]953 F°| immobilon-PVDF transfer mem-
brane (Milipore, Bedford, MA, USA) 2.2 7 7]0]5& A5}
ATt I membranes 5% skim milk7} 352 TBS-T €4 (20
mM Tris (pH 7.5), 137 mM NaCl, 0.05% Triton X-100)2.2
2ol A 177 blocking@tth. 282 YAFA L o] 2} A

o} ¥g A7 & ECL kitE o] £3Fo] ¥4 A 7] 3L, autoradiog-
raphye AA AT YAIAZE caspase-8, procaspase-3,

Bax, Bcl-2 & IAPO] tidt FAE AE3tSith

RNA &2

20 mM9] AR A2 A E2E 3 £, 1 mlo) TRIzol
49 (Invitrogen, Carlsbad, CA, USA)S.Z #H3AZ &, 02
mle] choloroform< 7}5te] A 2o 587 WA 3 thg 1527t
Eate] doA 1087 AT #EAE 4TAA
1,000% g= 153+ A4l E st 7] &35 DNASH WA
H gmAS AAsL, £8459 RNAE 2t 5F9
isopropanols #7tate] Aol A 1083t BRI &, 4T A
1,000x g= 8&3+ A4 Eelste] RNAS IAAAT. A9
RNAO] 75% ethanol 1 ml& 7}3 %, 4Tl A 500 g& 587t
YA E st RNAE A4S o5 583t A0z AZT
71%% RNAE diethyl pyrocarbonate (DEPC)7} A& € =2
=l &, AFste] sz AHgsgt

ol)(

l

cDNA F&Zt OIMHIE M

cDNA f22 WA E 24 (microarray)& (F)H A B A
=2 2 A (Seoul, Korea)dll =33t} 5, 20 uge RNA®] 2
ul®] oligo (dT) primer (0.5 ug/ul)E& #7}sti DEPCT} A€l



HEZ HF 31 uE ¥ & TF FH 70CAAM 1083
HESAZL 3, dg 0 g 187 43 a 7,500% g2 587 44

wstel RNA EF4L Atk RNA EF o] 5x first
strand buffer 10 pl, 0.1 M DTT 5 ul, Rnasin 1 pl, 50x amino-
allyl-dNTP mix 1 pl, SuperSeript T (200 U/ul) 2 ulg H7}st
o 2THA 147 H-EAF T RNA 99 1 M NaOH
165 wlet 05 M EDTA 165 ulE #7hste] & 412 o 65Col
A 1587 RNAES 748 '5H 3}31, 1 M HCl 165 W& 7}3t4

A7t DNA HHgH-& Microcon YM-30 (Millipore,
Bedford, MA, USA)Z ?‘é 0}04 cDNAE du & AFe=
Az DNAE 759 1 M sodium carbonate buffer
2 =3 ¥, NHS-ester Cy dye 2 WlE #H7bste] A9 4alo]
A 1A S A ZA T WSS QIAquick PCR purifica-
tion kitZ AAY thF AFoz Axsfth Axd NgE
hybridization buffer 220 plZ =3 $, 95T A 587 #2
% 30% &<+ A7 A F T Hybridization chamber®l| slideE

AL slide EHY 9 FA W Ao ANEE HZH3 &, cover-
slipo 2 dof 42T A 164 7F WA A T Hybrldlzationﬂ
slidee= Al A& o5 A ZAA Scanarray Lite (PerkinElmer
Life Science, Boston, MA, USA) 4] ¢} GenePix Pro 3.0 Z2
1% (Axon Instruments, Union city, CA, USA)& ©| &3t
28k A T

SHEN 2M

RE AYAFE P + AFUAE BN L, Uz
A3 Abol 9] HlIE SPSS 19.0 TE 1 G o] 831 t-test
PHo R AFHATh BATH FofFEL patol 0.05 1T
A ASE AT

A 1

AlgHAO| AlAOtE M|Zo| MZE DXz P&

AQEske] Aot E MY AE WA E YEFS Fotr
7] 938t 0,1, 5,10, 20 2 40 mM FE9 A oHaHE 244 7F
AP T, MIT EHHOE AX AES A A3s
Fig. 17 Zth 1 mM § 59| AMEE 273 &<l Aol

7F Ao, 5 mM o)) FEAAE AE AEF] F3t
Al (p<0.001) F43H% L Aﬂi 2SS Ao AE B
M EETE TR 9EF FAENS A=

A|OHAO| caspase-8 Ei8i0fl O|X|= &k

A QE4ko] caspase-8 W ol PIX = FEFS LotR7] Aot
0,1,5 10,20 2 40 mM FE9 A¢HHS A Aol AlE
64N B9 AP &, A ZZRE Gl A S 2557 west-
ern blot& A& A3H= Fig 29 2oh. Algkate] A F=of
vl gte] MEAEAE §3 9 AYA 7| =8 F71 5HE cas-
pase-89] W@ F7h3kA Tt
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Fig. 1. Effect of cyanate on the growth of glioma cells. Glioma
cells (1x10* cells/well) were treated with 0, 1, 5, 10, 20
and 40 mM cyanate in DMEM medium containing 2%
FBS for 24hr. The growth inhibition was measured by
the MTT assay. Values are expressed as mean * SD. ***:
p<0.001, compared with control.

Cyanate (mM) 0 15 10 20 40
Caspase-8 - -- — 35kDa
B-Actin ) == T - e— +—42kDa

Fig. 2. Effect of cyanate on caspase-§ expression in glioma cells.
Glioma cells were treated with cyanate (0, 1, 5, 10, 20
and 40 mM) for 24 hr. The cell lysates were resolved
by SDS-PAGE, and blots were probed with antibodies
against caspase-8, and {-actin. The presented results are
representative of three independent experiments.
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Fig. 3. Effect of cyanate on procaspase-3 expression in glioma
cells. Glioma cells were treated with cyanate (0, 1, 5, 10,
20 and 40 mM) for 24 hr. The cell lysates were resolved
by SDS-PAGE, and blots were probed with antibodies
against caspase-3, and B-actin. The presented results are
representative of three independent experiments.



270 BBULRIX| 2017, Vol. 27. No. 3
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Fig. 4. Effect of cyanate on Bax, Bcl-2 and IAP expression in
glioma cells. Glioma cells were treated with cyanate (0,
1, 5, 10, 20 and 40 mM) for 24 hr. The cell lysates were
resolved by SDS-PAGE, and blots were probed with an-
tibodies against Bax, Bcl-2, IAP and B-actin. The pre-
sented results are representative of three independent
experiments.

A Zoll 24 Tk Aee &, AZ2RY dids 5
1 western blot& A AIg A= Fig. 49 2}, A H4t9
F=ol nldetel MEALDAE 4AstE AR BaxE?
waskglont, B2 9 IAPS] d e W ete #d + §

3 e
oo oo

Q2 p

=
20 mM9| A gkabe A F, Aot F Al E9 RNAS
Feotd FAA T WsE =AY 2dE Fig 59 2t

Fig. 5. The scanned images of cDNA microarray in 20 mM cyan-
ate treated glioma cells. Glioma cells were treated with
0 and 20 mM cyanate for 24 hr. RNA was isolated from
the cells. Up- or down-regulated genes were observed
red or green color in cDNA microarray analysis.
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= 934 7§ol 3Tt Table 1& H&o] 5
AAE 25 /M9 715 HFE LR AE
FARNA S7H FAAe) ¢ 38 A, 2

19 A= 7b4 2 HskE Yeplig. =3t
AN S7He A
AR e 16 oL, AEF7] Bd FAAAA F7}
AR e 40, ZaT FAAY FE 11 Aoldn.

58 Azada #4d F7HE 44 7H&H heat shock
70 kD protein 1A 9.65741 9] @AY S7H8 YEHHRLaL, 1
=S & growth arrest and DNA-damage-inducible 45 al-
pha7} 27364, 18] 21 heme oxygenase (decycling) 1°] 2.699
wj ol Z715 YeER QI th(Table 2). M EAEA 3 2" &
A7 Foll A& Bel-2/adenovirus E1B 19 kDa-interacting pro-
tein 3°] 0.26641 ¢} 714 2 A E YEYL, I OHo R
tumor necrosis factor (ligand) superfamily, member 97}
0.2808, 12|31l caspase 6°] 0.284H}9] ZHAE YER AT
(Table 3).

AEzF7] #d F7H /84 7HEd polo-like kinase 2
(Drosophila)o] 291681 ¢} 714 & F7He YEtSla, 1 o
9 2 growth arrest and DNA-damage-inducible 45 alpha7}
2.7368], 181 prostaglandin-endoperoxide synthase 27}
23119 8 F74E UER A tH(Table 4). Al ZF7] #€ ZHad
824 94+ mitogen-activated protein kinase kinase
kinase 8°] 02934 ¢] 714 2 Z4F YERIAL, 1 Oso 2
B-cell translocation gene 30] 03264, 1811 pre-B-cell col-
ony enhancing factor 10] 04228} ¢] Z+4& YERH S Th(Table
5).
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40 mMZ 7L SFE A7 otaE AT o] AEEo| F5}
A A3t E T (Fig. 1). T3 AlQkato] Aol A E9 Al
ZAEAL G v A=A Fstr] s #Ed AAEY

W3S gl d A7 caspase-89] F7F 2 procaspase-39] 74
7} #2 U h(Fig. 2, Fig. 3). Caspase-82] 57} caspase cas-
cadeol] ©J3 caspase-39] &4 3S ofwlstm, EF procas-
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Table 1. Functional classification of up- or down-regulated genes of 20 mM cyanate treated glioma cells

Category Up-regulated genes Down-regulated genes

Angiogenesis 2 6
Apoptosis 6 16
Cell Cycle 4 11
Cell Death 4 14
Cellular Physiological Process 33 119
Chemokines & Receptors - 2
Common Cytokine 1 7
DNA Damage Signaling Pathway 2 -
Endothelial Cell Biology 3 10
Extracellular Matrix and Adhesion Molecules - 5
Immune Response - 7
Inflammatory Cytokines & Receptors - 9
NFkB Signaling Pathway 3 8
p53 Signaling Pathway 1 10
Response To Stress 8 11
Signal Transduction 9 32
Signal Transduction PathwayFinder 2 13
TGFb BMP Signaling Pathway 3 9
Th1-Th2-Th3 1 5
Toll-Like Receptor Signaling Pathway 2 6
Toxicology & Drug Resistance 12 11
Transcription 7 26
Wnt Signaling Pathway - 9
Others 62 588

Total (1,066) 165 934

The genes were selected as significant when the ratio of mRNA levels were more than 2.0 or less than 0.5 in cDNA microarray

analysis.

Table 2. Up-regulated gene profiles of 20 mM cyanate treated glioma cells on apoptosis category

Gene name Probe 1D Fold
Heat shock 70 kD protein 1A A_42 P493162 9.657
Growth arrest and DNA-damage-inducible 45 alpha A_43 P12397 2.736
Heme oxygenase (decycling) 1 A_43_P11472 2.699
Heme oxygenase (decycling) 1 A_42 652275 2484
Activating transcription factor 5 A_42_P665879 2.206
DNA-damage inducible transcript 3 A_43 P12400 2174
pase-39] ZHA ¢ caspase-39] &40 AR FIIEUS AZAEAE 2Hdste G A< IAP F+AAH15]9 48 4
& ATE Ao o4 AR FADE ATEAS 1T T AR A TR UUAD 98 AGE

Ao T oEA s AEAPALE 427, o] FAH L cas-
pase-8 % caspase-3¢t WA BAF Y&5E & F AU
old &AL 6] ATAA AljAte] 2EA Y AEA
34 F caspase-8 ¥ caspase-37F HA3t At Ao} UA
3t Bal-2 AT S e e, Hefsta Aol
A ANZAEAE 2dste 58 GHAES AAsted, of
T % Baxt AZAEAES A A AT AES A
719 Bd2& ol & #Walste 4TS e AMUeE ¥HA 3
o mebA ofd TmA S o o Fof el AFAEE0]
AEsAY Adobd A AT1]a ok 223 AlE el A

A7E W, IAP 4
A" S7HE & 5&5}[19] E} A, Al °“H R
7t F7HE 4 E caspase-89l 3] £4435tE = Bax WA S
caspase-89] F7t = 237 Z.}Z.:’E}ﬁi_ﬂ(l:lg. 4), Bd-2 9 IAP
< B dEH7 o U FdaE ALE A4HH, ol
Bel-29k TAP7} Al okl g Al 9] MEAE A F 2o

EAZEY. =3 ol fAAe TEE Fotiy] el v
A s A LY AAS AA doke £ Y wHd
cDNA 87 wAE #4425 a3t cDNA F22k w4
g BAL 3 wo AYor Eo|d vt By 4

F

N
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Table 3. Down-regulated gene profiles of 20 mM cyanate treated glioma cells on apoptosis category

Gene name Probe ID Fold
Caspase 3, apoptosis related cysteine protease A_43_P11619 0.500
Transformation related protein 63 A_43 P15281 0.492
Myeloid cell leukemia sequence 1 A_43_P11069 0.488
Tumor necrosis factor receptor superfamily, member la A_43 P15259 0.481
B-cell translocation gene 1, anti-proliferative A_43 P14062 0.470
Hormone-regulated proliferation associated protein 20 A_43 P21751 0.469
"Rattus norvegicus tumor necrosis factor receptor superfamily, member 11b A_42 P777115 0.457
(osteoprotegerin) (Tnfrsf11b), mRNA [NM_012870]"
Caspase 1 A_43 P11551 0.403
Phosphatidylinositol 3-kinase, regulatory subunit, polypeptide 1 A_42 P835950 0.394
Inhibitor of apoptosis protein 1 A_43 P12384 0.387
Reticulon 4 A_42 P481213 0.372
Interleukin 6 A_43_P11475 0.362
TGFB inducible early growth response A_43_P12535 0.361
Caspase 6 A_43 _P12673 0.284
Tumor necrosis factor (ligand) superfamily, member 9 A_43 P17932 0.280
Bcl-2/adenovirus E1B 19 kDa-interacting protein 3 A_42 P611883 0.266

Table 4. Up-regulated gene profiles of 20 mM cyanate treated glioma cells on cell cycle category

Gene name Probe 1D Fold
Polo-like kinase 2 (Drosophila) A_43_P15327 2.916
Growth arrest and DNA-damage-inducible 45 alpha A_43 P12397 2.736
Prostaglandin-endoperoxide synthase 2 A_43 P11872 2311
DNA-damage inducible transcript 3 A_43 P12400 2174

Table 5. Down-regulated gene profiles of 20 mM cyanate treated glioma cells on cell cycle category

Gene name Probe ID Fold
Phospholipase C, beta 1 A_42 P571216 0.500
Caspase 3, apoptosis related cysteine protease A_43_P11619 0.500
Polo-like kinase 1 (Drosophila) A_42 P643500 0.497
Protein phosphatase 3, catalytic subunit, alpha isoform A_42 _P777177 0.494
Transformation related protein 63 A_43_P15281 0.492
Cyclin A2 A_43_P15962 0.491
Cyclin-dependent kinase 7 (homolog of Xenopus MO15 cdk-activating kinase) A_43_P15773 0.449
Jun oncogene A_42 P741027 0.447
Pre-B-cell colony enhancing factor 1 A_43_P18467 0.422
B-cell translocation gene 3 A_43_P12009 0.326
Mitogen-activated protein kinase kinase kinase 8 A_43_P15587 0.293

A5 FE oS Bu ol BHE Ax AT H4A ¢
F ool A mE NS ke FHIdAY & &
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012 I FAAE vl ZEA A5 & heat shock
70 kD protein 1A2 Ao W& &2 A< o8 FFeo
A=o] e A AlEW FA o] STHEE Al AAE] FH

2% fA F2E 4T8¢ Fr12]T WA ek o)sh
%22 heat shock 70 kD protein 1A%] §4 & 1&j3tH A XA
kel o] MEE BB A3 FHA Fdo] F7E A

o2 AZtHET
wrebA, AQkakR Aot F ML A caspase-8 ¥ cas-
BAE AL B oyt Ao}
WF AEZ FRAA LS JANTE ACE 4T &
g, 27 AR Fa9] A F7H At Aot F Al

54 HWS e Fddte 94 22
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E5 1 AQHMO]| ofst MOt B M| KjEAL

23t western blot ¥ 72 Hd 9 HILE A5}

B4 & s At Ae 52710, 1,5 10, 20, 40 mM F7FE 5= AAolwE AL A
A2 NEAEA T8 98& 3 caspase-8E F7FE I procaspase-3E A4S AT Y cas-
of os 435 Bax GHA L A A w27 S7HEF caspase-S«] STt = sk A, Al
EX}‘% € 4ot @A B2 IAPL B &3] #AJAT 5 AT DNA F84 vAwE &4 23, &
1,099 F9 FAA FolA 934 /Mo FHATE AL S AL 165 A AZALA B FAANAE
Tad AL 16 M, $74 6 /) 44 7F&H heat shock 70 kD protein 1A7F @A F715 YERH ST
o) Az Hol, Akt A oluF M LA caspase-8 X caspase-39 HAH MEAGAE FEA Y,
AAotuF ML fFAAEY BHE FaAIE Aos AZ4En. treba AelA F7HE Agtite] A7 ot
T AR FFe WA 27 ARA S249 A FlE dFS F= Aol A4EH.

BooaA3s gy ARA gate] AUdA F7lEE Aokt AR ol o107 2Hg3tERA Lol
2} AQkak Aol wE AAotnF HE C6 AEY bﬂi}ﬁ HEASAY. T3, Aokt o3 BHE = A EAE
A #E AAE GotRY AA 87 A 2t Mlﬁﬂ%
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