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Abstract
To investigate the mechanism of cyanate—induced apoptosis in kidney mesangial cells, mesangial cells
were treated with 0.01-40 mmol/L cyanate. There was a dose—dependent decrease in cell viability by
cyanate. Substantial morphological changes were observed in mesangial cells when they were treated
with cyanate. Mesangial cells were detached and floated to the top of the culture dish and monolayer
was not formed. Although cyanate had no effect on the DNA fragmentation, cyanate induced PARB
fragmentation, and activation of caspase—3 and caspase—8. And cyanate induced the decrease of Bcl-2
and cIAP expression under the Western blot analysis. These results suggest that cyanate can induce
apoptosis by activating pro—apoptotic signals. Apoptosis in kidney mesangial cells induced by cyanate
may play a role pathogenesis of renal diseases.
According to these results, cyanate form urea must be viewed as a strong uremic toxin, rather than a
surrogate. Early targeting dialysis doses specifically to cyanate and urea concentrations may be more
important in patients with renal diseases.
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(A) Cyanate formation from urea.

Urea(H,N-C-NH,) <

O 37C and
I physiologic pH

Ammonium(NH;*) + Cyanate(NCO™)

v

(B) Reaction with amino groups.

Isocyanic acid(H-N=C=0) + Amino terminus of peptide(H:N

Carbamylated peptide or protein(HgN-C-NH/\/\r)

EE——
0O

Fig. 1. Cyanate formation and its reaction with proteins.

LAFE EsS(molarity)2 0.8%7F AAHo2 ARkt
oz Aneo] axe} WY AeE oA Y

AGHED, 53] dudd Ao
Z2x4 oeldsg 7]—?__B}E’_‘Qi}(carbmnoylation)/\] 7],
el oy FrIE FAAA AR obElix(free
amino)719} 7} A wh&3ste] Fl2ulrds)t A7)
= Aoz 994 vk AAE Aate AR

A(electrophilic)-g w7] wjEe] olmxik, JE= =

/\]OA_Q. Al

r
r
r
oz

Tl o] opme WS HIES ¢HSE 7 71E
I w7k A wkg-g Ste] FhEniRdstolge Bk
< a4 B OFg 1)

AlgHake oleist FtzutRds) g Fs 9
o] Fxo} 7% WIAIA S22 Aol @
2 A g3 EZo BEAsE 2Ud v
olyz}, &AAkAZ(reactive oxygen species)& AJAH}
T Bl AT Ao]EFRI(cytokine)  AF7FAA}

-—

(growth factor)e] AJ2He F7HAA FEHS AE w
S A &4 fEdte AeE ¥EAL e
0, 22AE A AZAEAE e A
o2 434 ok Fg 2)

HAAE o2 A% A% FHFel A7Y dide]
g3 9= Mund} Golper’™® 2 Park &
f=ozRE A Akt o3 P A
219] gAo] AAHE AL F2aP e, M 57
2 Alokgle] AHH o7 AP e A S ¥y
[}

N7 8¢ fusre F289ch 3, Mun 57

>

W o
o

s

o}

g

lo

ue)

)24

o

&
e

o] B g e slentEdst A S
£ Weay Wsle ooug: AL
sy

ol off ¥ rle
o e
o
3457

e B
r
°
ir

A 4y
ol
.?.J*L.:i‘z
=
1o
>
32
2
o

ofk
oX,
2

2]
N
=
dL = o

o 3
£

=

O e fo

o E

k]
RUANG)

X

e

ofj

>,

2

_1>_;

1o

off

k1

k

o
t

pous
o

g

LN

o

N i
e
in3
2
;O
lo ¢
o
it
Rl
rO
2
s

¥ ¥ o> 2 m

Moo o T O

N N

lo o

i Jo b
1w
ol
rr
dg
(JO
M|
i}
fr
3
ofo
.?‘.‘4

i

g e off
2
2
2
rJ
z
rO
-4
flr
50
£ X

TFolME Atite] AZEAEAL B AR
FEate A GATAEZAA AE ZAEA

o] 7)ss ARY F A

e
o
i3
o
lo
s
X
>
ol

1. Al <F

Dulbecoo’s Modified Eagles Medium (DMEM),
Antibiotic-antimycotic (10 UfmL penicillin % 10
g/mL  streptomycin), trypsinfEDTA 2 fetal bovine
serum (FBS)= Invitrogen Co. (GIBCOTM, Grand
Island, NY, #]3)olx T34t 3-(4,5-dimethyl-
thiazol-2-y)-2, 5-diphenyltetrazolin bromide (MTT),
phosphate buffered saline (PBS) 2 sodium cyanatex
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TNE Death stimuli : Chemical and physical stimuli
Fas] Survival factor and growth factor withdrawal
Genotoxic insult, UV irradication

NF-KB Caspase8 Lipid peroxidation

Bax < ROS
Bad
Bid
Oxidatives stress
Bel-2 \_. DNA damage
Bel-XL
‘ Mitochondria
v // L
JNK
Cytochrome ¢
’ Procasepase9 ~ |——» | Caspase9 |- > Effector caspase
(caspase-3, 6, 7)
v

o

Apoptotic substrates
(Rb, PARP)

cIAP

Cell shrinkage Chromatin condensation DNA framentation

Membrance blebbing

Apoptosis

Fig. 2. Regulation pathway of apoptosis. —p  : Stimulatory modification ; —m : Inhibitory modification.
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Sigma Chemical Co. (ST, Louis, MO, ¥]=h) A&
Monoclonal anti-poly- (ADP-ribose)-polymerase (PARP),
anti-procaspase-8,
nuclear factor-KB (NE-KB), anti-retinoblastoma (Rb),
anti-cytochrome ¢ @ ©]x}&Hll= Santa Cruz Biotechnology,
Inc. (Santa Cruz, CA, ©}®) AEEL AL&3dd)
Enhanced Chemiluminescence (ECL) kit+ Amersham
Biosciences (Piscataway, NJ, ¥]=) A|&-§, &#d 4
#Z2& Bijo-Rad DC kit
Hercules, CA, ©l=)Z A}8-3}¢it}. Caspase-32] 7|4
2] Ac-DEVD- pNA+ Calbiochem (EMD Biosicences,
) AEFS AT O 9

53 = YFES Asdan

anti-caspase-3, anti-caspase-8,  anti-

(Bio-Rad laboratories, Inc.,

Inc., Darmstadt,
EABTRMEEE

2. NE EHZIM Z (kidney mesangial cell)2| Hi2F

A=A & 771 Z(American Type Culture Collection,
Manassas, "=)E wjdst] Aol ARE-EFATE uiA|

+= 10% fetal bovine serum(FBS), ~L2]1 penicillin®}
streptomysin®] 1% #7}% Dulbeco’s minimal essential
medium(DMEM, GibcoBRL, Gaitherburg, MD, ©]3)&
Mg, MAS 2ol da Zzte) 47 Qo
FBS 05%%-2 H7}3%ch

Athul ke 0.05% trypsin-EDTAZ A|XE
2 %, 3ge) AR AEA

oAl

3. ANQHAS HIZE

Aorake. 1 mollL EFEJ} HEE
buffered saline(PBS)ol] o gAoz AL&3HoH,
280 AE= DMEM H|A 2 3Aste B3 srg
Mlazol A28tk

phosphate-

}&lj

34
&4
€

R
_.L

T
Pl

|24 &
Ao th}ed tryphan blue® @A3le] &
Z(ECLIPSE TS 100, Nikon, Tokyo, ¥&)o
AEFE FHSAT

Y

b

i

5 M= S54 HAA
AlQkate]l 9)F AMEFAL MIT utiAl o
ZAE MIT assay2 &A3H e}l ROS 17/2.8 Alx =

ZHA 22 AFEAL

96-well plateo]] 5,000 cells/welle] g HEF3 I,
M| ZE7} plate vlo FZ3H FBS-free DMEM Bl X
2 wAse 24 A7 T AlZY F4E HAAAHA
th. 2%<] FBS7} $Hr® wiA|o] AJQHARS 0.01—40
mmol/Le] FEZ 48 A7t F<t A sln, viA 4
AlZF 9t 10uLe] MTT 295 mg/ml)ES Z} wello]
H7sted 37 CeollA whgAIZ T MITol| ofs] Hshd
o] HAEQ formazanZ g2 dimethylsulfoxid (DMSO)
150uLE A7psted =¢l &, Model 550 microplate
reader (Bio-Rad Lab. Inc., Hercules, CA, ¥|=)Z 540
mmol A FFEE ST At 2% AES
AL g Aoz YehiAth

A535 nm of sample—AS535 nm of blank
AS535 nm of control-—A535 nm of blank

Cytotoxicity(%)= (1- )x100

6. M EXHAHapoptosis) Sl SHEfSIE ZHE
o 23 A1 dITMEe FHelsd Wzt
®34} & wu]7ZA(ECLIPSE TS 100, Nikon, Tokyo, ¥

7. DNA SHHS| g4
ANEE I3

M(Analysis of DNA fragmentation)
t}S, DNA isolation GFA5
mmol/L.  Tris(pH 7.4), 20 mmol/L EDTA, 05%
TritonX-100, 1 mmol/L. PMSF)Z 1064} X% 500 uL-&
23, dgdA 308 FAh 29 o 15,000
pmolA] 2087 AAEAT The, AR AP
% phenol-chloroform- isoamylalcohol(25 : 24 :1 [ v :
v:ivZE 13 HEg &, 15000 rpmol X 1023 L4
g sigoh a8 o, dEdel 110 &%
sodium acetate9} 2uj] £3<] ethanolE 7}3}e DNA
s #ANZ F A¥%EL Azsgt 1 %
RNase(20 pg/mL)7} €& TE &4FH(10 mmol/L
Tris(pH 8.0), 0.1 mmol/LEDTA)Z DNAE %<l ¥
UV 233 cAE AME3te] DNAS AFE F, 2%
agarose gelollA] 4%53}H T

8. Western blot
AgHakg A3 dHRTAHEE F4e F, AX
23] 29810 mmol/L Tris-Cl(pH 7.4), 5 mmol/L. EDTA,
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120

Cell viability (%)

control

60 |

: * %
40
20 |

20

Cyanate (mmol/L)

Fig. 3. Effect of cyanate on the growth of mesangial cells. Cells were treated with the indicated concentrations of cyanate for 24 h.

Values are expressed as mean = SD. * : P < 0.05 vs. control ;

130 mmol/L. NaCl, 1% Triton X-100)3} Tz Raf &4
AAQA EFNO02 mmol/L phenylmethylsulfonyl
fluoride, 10 pg/ml leupeptin, 20 U/mL aprotinin, 1
mmol/L NaF)2 23 4To)A] 3027 wrxlatch. 2
¥ ohg 12,000 pmO 2 4THA 1583 A4 £
o 4Fole mz 7 oL, DU WP KNS
Agstel Be@ wudel FEg ATHAG. dol
A owhaid B Eo] RS Sodium dodesyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE)E #17]
Q%38 o], Immobilon-PVDF transfer membrance
(Millipore Co, Bedford, MA, H]Z)2 A7]o]5g A
Al & &, filter® 5%2] skim milkk’} $-8-F TBS-T
2ol20 mmol/L Tris(pH 7.5), 137 mmolL NaCl,
0.05% Triton X-100)2.2 4-20]A] 1213} blocking 3
%, G 2 o|ARAS} #3A7 F, Enhanced
Chemiluminescence kitZ ©]-83le] 54 wze] wbsp
& F=3tutt Yx}8HA|E= procaspase-3, caspase-8,
cytochrome ¢, NF-KB, Rb 2 PARPe] tf3t &
AH&-8 AT

9. AN AHH
AuE FF + FFANE BASY, Y2F
A8 F Arole] Bl E Student’s t-testZ QPo0, B

AstA geol4ze. pgro] 005 vjwtoz gtk

*% 1 P < 0.001 vs. control.

1. AlQhAtO] AE HPZEM Zo| M E0| 0| x|
YA ] ATE] ) ]
S golry] $3) 0, 5, 10, 20 mmolL E%

AHS 24N 7F AEdt & MIT WHez Az A&
S

=

L r{r rr
> of 08
of & ot oY

2]

S ), 5 mmolL o}Fe] FEoME 4
FRETol FA Fzden, AX HEFS
T TR #HAs

n

Al QHEHO] HIEQI HERH H=I§|-0|| ajx |L:. oy 5t

2
rO
B
L
>
o
)
o
[
\l
=~
=
s
o
ol
fu’
B
%
i‘l
=2

U] A

St 2
Ao F-2= 7] %‘}31 5z &A%Y, g5
FAetA] B3l sith(Fig. 4)

3. A|QHAO| DNA THESIO| A|X|= FE

MNZAFEe] EA¢ internucleosomal DNA Z ¥ 3}
E o137 93] 2% agarose gel—g— o]&3}a DNA
W9ES NS o, DNA FAF e %
A ATk (Fig. 5)
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(A) ®)

©

Fig. 4. Cyanate induced morphological changes. A : control ; B : 5 mmol/L cyanate-treated cells ; C : 10 mmol/L cyanate-treated cells
; D 120 mmol/L cyanate-treated cells.

Cyanate (mmol/L)
0 5 10 20

A|QFAbo] caspase-3 EE| W= JFS g-oL 3}
71§18t AI/MAES A ERTAE
b AXFHAT MEEzyE guas
Western blotg 2A|3IES w), M7 Tz B3}
o v&4 FEY caspase-3 ©HA] <k
#FZAHAY. =, &4 caspase-39] Ao
SATh.(Fig. 6)

_—

B
ofN oY
o
N

5. A|QHARO 9I8H M EEAE T} caspase—8 B3}
A|QFAFo] caspase-§ & w|X|&= JFTS Fld)
1 918t AJQaks A1 EHAPAIE 24A]7F <t

25 AT AELZHE S =253 & Western
blotZ AABIAE w, M FZo HHsI &4

r

Fig. 5. Analysis of DNA integrity in cyanate-treated cells. DNA 2Rk caspase-8 gl Qo] ¢k _—] =717} BFE Ak
was extracted and electrophoresed through a 2% agarose e o s ]
gel and visualize by staining with ethidium bromide. =, 879 caspase-89] FAo] SISt (Fig. 7)
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Cyanate (mmol/L)
0O S5 10 20
-

——

Procaspase-3

Actin

Fig. 6. Effect of cyanate on procaspase-3 expression. Cells were
treated with the indicated concentrations of cyanate for
24 h. The protein expression was determined by Western
blot in cell lysates.

Cyanate (mmol/L)
0O 5 10 20

e

N e

Fig. 7. Effect of cyanate on caspase-8 expression. Cells were
treated with the indicated concentrations of cyanate for
24 h. The protein expression was determined by Western

Caspase-8

Actin

blot in cell lysates.

6. AlQHMO|| 25t PABP THHZEQ| HH3}

Caspase-39] &40l WE caspase-3¢] 7|22 PABP
Ao Ak FFE ZANEH] #ste] AhikE &
AE 24X HX A AEz25E Sz

2% & PABP @ Ho| T3t Western blot<
Al 3RS o, AlRMAtel ©]s] PABP ©iE ] A
= A3t (Fig. 8.)

==

H

o

o ot ot

Cyanate (mmol/L)
0O 5 10 20

——116kDa
e e | —=— 89 kDa

| " —

Fig. 8. Effect of cyanate on PABP expression. Cells were
treated with the indicated concentrations of cyanate for
24 h. The protein expression was determined by Western
blot in cell lysates.

PARP

Actin

7. APEAO] 2|8t Bol—22| Bs)

Algkato]] o3 HAAE APET Bel-29ke] BAE &
918}7] 943 Westem blotS AAISIHS W, AQHH] &
Tof vl#sle] Bel-2 @A o] AstAthFg. 9)

Cyanate (mmol/L)
0O 5 10 20

Bel-2

Actin

T——

Fig. 9. Effect of cyanate on Bcl-2 expression. Cells were treated
with the indicated concentrations of cyanate for 24 h.
The protein expression was determined by Western blot
in cell lysates.

Cyanate (mmol/L)
0O 5 10 20

clAP

Actin

— -

Fig. 10. Effect of cyanate on CcIAP expression. Cells were
treated with the indicated concentrations of cyanate for
24 h. The protein expression was determined by
Western blot in cell lysates.

27] ARA BRA = 27| WA, 78], =3
7159 FAaz A3 A8EH, 24, FE, 4%,
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93 AE e BALEe] BwslA Bdsle HF2
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AE UFe] EZE0] A (apoptotic body)ZHe E
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AN L AP
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2 AR glor), B ¢I7o)A DNA A7} 3
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olol & wA|g} ATk

AZALAE IS FF) DULEY FE2

o] o3 A= =H, caspase, Fas, cytochrome ¢ &

inhibitor of apoptosis protein(IAP) ¢ #HX}-0]
R ER L RE L IR PP B!
Wz Ba] @49 caspasert WAEAA  caspaser}t
AZAEALY FAHA 247 ZAE3s ez b
53 b Caspaser= FA7FRA] 14 2£9] isoform
ol ¢&HA glomn, ol ridl, MEAHEAN AF
HHFo g 47 caspase-3= A FALBA T O] 93]
24stEd 7]d gid Balg dozith a8,
caspase-8-2 Fas®} tumor necrosis factor-a (TNF-a) 4+
SAe AEE FHd FY¥se 5AE, o
caspase oA AEeel 7B Zizte]l A gtt
Caspase-8 &47)} MIAIE REATEFA N AgHs
5 ZAgE AZAPEAREE B3 HedH, 8488
caspase-8-2 caspase-3, -6 B -73 & caspasee| &
AE SHAAZT E AFAA ADA X At
< A A7, AN wxe mE 2439
caspase-82] W& ZF7)9l wIFAE ] caspase-3 T E
wale) 2av) BRYU ol BAR caspase:3
} AuHez 2898 oRIaH, caspase-8e)
Z4J8}i= caspase cascadeo ]3| caspase-3S A3}
AlA MEAEAE dolubA] "ok oo diE
AQErbol] 2]3t AT E L] M EXEAME caspase-3
o} caspase-87 LS AAL S & & ANdTh

Caspased] 93] 2g)doz HAoEHe oz 7]do]
Aol gEA Aed, 53] FASE caspase-3&E
PARPS$} Rb5-9] 71A-& Mgt do] EAste &
4 PARP= DNA £739] gk 3|8 T3
PARB®| Zuji 9= MEALDALE AXE o7 A
F oA caspase-3Z EF3F 2] caspaseo] 23}l A
gxjo] HeEcth” FAdE PABPE L IEAX
A MEAEAY Azs FgaiA Aot 2 4
T A PABPS] HES ¥Rl & F AoeH, ol
AT At #AZ Ao AZE, E3 B A
TFJA] AEAEALE AT ¢ Bel2 ¥
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AZALAE SEdvn Y4Ee, Agte A7
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