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ABSTRACT

Potassium cyanate (KCN) is an inorganic reagent and can induce the post-translation carbamylation of proteins.
The carbamylated reaction in the body is involved in cell death in various diseases. According the results in our
previous study, KCN enhances the radiosensitivity of human colorectal cancer cell line, HCT 116 cells. However,
it was not enough to confirm the mechanism that KCN works in these cells. To determinated the mechanisms of
KCN in the cells with increased radiosensitivity, HCT 116 cells were treated KCN with low-dose
gamma-radiation. And then, we examined alteration of the cell cycle, cell proliferation, cytokine level and the
activation of cell signaling protein. As a result, cell cycle arrest and cell death were induced by the activation of
caspase-3 and PARP in the irradiated cells with KCN treatment. These changes of the irradiated cell with KCN
treatment were induced by the release of TNF-a via NF-x B activation. In conclusions, enhanced
radio-sensitivity mediated by KCN induced cell death and it occurs by NF-x B-dependent TNF-a production.
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1. INTRODUCTION WY kel og ko] W a il
Potassium cyanate (KCN)+= 7] 3}5H&Eo|H ol & golx g F WAL g E e, kel gk
TAsk = =49l cyanic acid7} wHE U9 T O S AmsteE afAQ AsgeR 1
FEpo] =91 o} 1=ake] Neterminal# H|7F A o2 Zg o] Zylsla vy 1 F oo, F 5ot
Hhgsto] T ] FRE WIAIZ|IL B4, T2 Beole= 271 AR 53] 8% dHow =
2 55 23 3 EFo 245 Ay A FEY 2715 =ola A¥A 75 AI4E 9
o] B2 WY ¥ 3}A(post-translation)ol] A LAY Sk Zojdt P oy fAerS x ksl tjokdl oFs
= Aoz i 8(carbamylation)o] k3l SF= | TR &= AE FT 21~62% WAPA O] A kA
A =l wEw veksk A A kel Al (radio-resistant)= 7}A| a1 QTN o gl A wRARA
EAMEE fFesttha G A AP aEgA ol E o AFAAS 7R A= dAMESY aHHA A=
o]-§ate] ME APES Fa A=k AE] TF E A e St A sAE Walste] WA o
MEZe AL H iz} gty 58] oot Alxe] 4 sk M2 2] 7+ (radiosensitivity) S o] A58}
Foll= vgFe o FollA AMgEC] & Wow 1 = S/
W E w3k 78] Frbetal okl ook skt QA 2 AT AR A Ee] wALA 7t
o] N5+ WFF FEH AR R, sHeterEA e ol 2 9= Welo® KON carba
S8 AsE QAw PN E esgem el o D e e o A W AE
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A871As FAHeR Fetetazt gl 53 2
AFRE2] o] =FoA KCNo| HCT 116 A|=E
oAl MEZE=go} 75 A, & AT (reactive

oxygen species, ROS) 44t F7} Alo]E7FQl F7}
2 A8 AEAEAL ASE A3 st MESS
g §ED 5 A8 TR Ed KON
A F A A FAdE Akl HCT 116 Al
Fo] ARl tig A SUFE A Rl

1;]_'[15]

WA AE 2 A S4e der:
KCNe| 57de] glof & AgelM = ¥ S 529
KCN 2 mM)S A gs7] 2 AA3A) 2 A1y

= ol =&EollA KCNE| A Z54S &elstr]
3l HCT 116 Aol Fr=¥z AHdd v cell
deathS ¥Z&t =2 A3} KCN 500 ug/mL
(%F 8 mM), 500 pg/mL (¢F 4 mM)oll A cell death”}
ol 8}711 Z7V8H AL 100 ug/mL (2F 2 mM)ol A =
op-dl WEtyt REH A ol E Ao A= KCN
o] M3 cell death A= FTA &2 A T2 A
U A28 Lol 57 wite] 2 mM] B%
Relgle] ARS ATt 218 o] & o] &
shol Al FAEE FushA @i AN e
aE 2T 7 AeA
KCNZ} J*XMj ZALR Qg

sk BEE AEU/e 7S gk flEl cell
cycle, cell death signal protein, cytokine 4|, Al Z 1]
Az ddeulge] wists faste] HesiA 1+
st gk,

ol

mlm 5

II, MATERIAL AND METHODS

1. A

Potassium cyanate (KCN) (Sigma Aldrich, St. Louis,
MO, USA)= SFT(DW)dll 54 10 mg/mL2] stock
solution®. 2 A|Z3}3TH. DMEM A9} AEfjold
“(fetal bovine serum, FBS)< Life Techno logies
Inc. (Gaithersburg, MD, USA)2] A& &8st}

Trypan blue $AAI2F,  Anti-PARP
BAY-11-7082 (NF-kB inhibitor)™ Santa Cruz Biote
chnology (Santa Cruz, CA, USA)2} Propidium iodide

antibody,

(P)= Fluka Chemie GmbH (Steinheim, Switzerland)
o] A& F&3FUTE Caspase-GloR 3 assay kit
Promega (Madison, WI, USA)°| A, OptEIA Set
human TNF-ai= BD biosciences (San Jose, CA,
USA)el A v sl

2. AlEdg 2 KCN AE

HCT-116 M*+=
© = American Type Culture Collection (Rockville,
MD, USA)°lA <438k aL, 10% FBS, penicillin
(100 U/mL), streptomycin (100 upg/mL)°] X3t
DMEM ®l Aol F-fA1A 37C, 5% CO, wid7]el
Hj kst Tt.

KCN A 2] Alefl=
T S 1243 W F 2 mMo] FEE A
glatal o] & 12A413S o wjFekdth

human colorectal cancer cell line

HCT 116 A|ZE wjxo] =2

3. FAA =A

Ao AEI FAo thek FAHA
7}4:7](SIEMENS4L9] SENSATION OPEN CT)
o] &3 FALS A AEAT,

SR

Linacg o|&3to] Axe Fd%dS 217 2 Gy
o] FFAFS YUY F JEF ZAINNoH o
FAE 71E 59 Ax IxMFor I
A om o] MEFS 7|Ho R Axe] vt wd
shobar delA 7] ol

FAA A AL 94 90 mm A E9] HEE
o] 4 (petridish)ol HCT 116 A|XZ 53+ & 10%

FBS7} 719 A &S DMEM #1#] 10 mLol| 5
AF T}, 0] solid phantom$] o] HEZ U HE &
E1 545 9 S build up 1 cmE 318514
bolus 1 cm= E‘l—l— gS3 e 2How ZASHS
o}, A ZAME SSD 100, 4MV (LET 1), Gantry
0°, Collimator 19 x 10, ¢ o= Z P33t}
Al ARG & 4R 9GS 2
14 3lo] ZAF F 2447 F19] A
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4. AIXF71RA (cell cycle arrest) FHA}
KCN Az g F2d ZAF o]F AXEE 70%
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ethanol®ll 31743}al 50 pug/mL 5%=9] PI AleFS A3
of Azl MEU DNAE AASIAUTE o] & A
¥ 72 7](FACScan flow cytometry, BD bioscience) =
ZyzZvo] MIE U] DNA &S S35t

MEF717F AAH oz dojitd DNA T4 7]
Al DNA <ol 287} =i A EF7|7F BdA o=
dojupA] %3te] sub GO/GL 7]olA ®FAl =
DNA %ol #agh A= gt

o5 F43}9] cell cycle arrest =5 &2lsl=
g] ©]Z= CellQuest software (BD bioscience)® =74

shalct.

5. Trypan blue &2
<l 3}71 ﬂﬁﬁ Trypan

bl
=2
=) "
jutal
o I
_O‘L
s
=
]
ox

k“ gL_ ( ):ﬂ—1 = =z

6. Caspase-3 activation ZA}

Caspase-3 activation(Z4d £) ZAF= Caspase-GloR
3 assay kitE o]&3le] @AFAHAAMH
(enzyme-linked immunosorbent assay)2- 2 ZAFS}FS]
o AHAAES ds] 8.9FsHH, 96 well plate©l]
SAstazt st AEE 5k vl o] F 100
L9] caspase-3 Glo reagents F7}sto] A -20l4 30
%) gke}, hoF A U] caspase-37F 443}
W 3} 8h A (chemiluminescense)©] -2
g el dojuyar ol&
(Tecan 200  Pro,
Switzerland) = WP o & A3},

luminometer Infinite Tecan,

7. Western blotting
AZ W wde PEs) s Adl ALge

MEE AELAA(10 mM HEPES, 10 mM NaCl,

0.1 mM EDTA, 0.1 mM EGTA, 1% NP-40, 0.5 mM
PMSF, 0.1 mM DTT, 0. mM Na3VO,, protease
inhibitor) &2 A X 9S &A1 A dN A S FE35)
At

ArgeE=S 12%
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)

ol A7]9%53Fe] nitrocellulose membrane S 2 7
71955k Tl d B35S o] FAF T

sodium dodecyl

6] % membrane®l| anti-PARP antibody2} WH§-A|7]
3 7)Ae] MSAHEE pHEete] AL U PARP
g o RBE st 7 AMELS B-acting] HE
Fs Vleew Husgla APd e g S
g2 #AE fle] dld A H =5 Quantity One
software (Bio-Rad Laboratory, Inc.)= =
3 sh9ie.

5
=4
3

gt A

8. Cytokine ¥H] &3

ME7} 0] Sk= cytokine (AFO]1ETFS) & A|lE
ZAAFeF B QlE TNF-aE 2Hel3l7] 918 TNF-a
ELISA kitE o] &3ttt ¢4 245 A7t 2 Al
ERFAE A AFAOE &7 Hol dAlE

9% sol e Relstgic

mean + SD 2 ¥ &
aste) BAHA frol4e
3}7] 913l SPSS statistical software package
(Version 10.0, Chicago, IL, USA)°l| 4] Student’s t-test
= AAIEFATE p valueZt 0.05 o]3tol¥ & A EHH
o= folsitia peai.

I, RESULT

L KCNel 98] A 7549 37k 39l
KONS| MAb 444 271 5948 2elshs] 9
s che grAEe vls) WAkl Aol tha 3l
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tan el o g AEE olgstudt Aty ol
SFA|EFQ HCT 116 A EE o] &3]t}

Fig. 1< colorectal carcinoma”} &A% 500 ‘7

2}2}2] PET-CT (Positron Emission Tomography/
Computed Tomography, &2 W& FA5FH @5
2J7)) AR o2 A Fd A dhEAQ 9
dojst W o2 ARggth A g o] B
= TAStE A= AIAMEzAAFEYH ¢ E
Asted didA g dAEdd gigk A5 a5t
A= oot AL A XFE o] &3ttt 1 Fol
EAH O = HCT 116 A7} Th HCT 116 A
Aol Ao R A Bog e A)Hsle] W
2ol 7hsatAl & A AE
v EEol A= AR el A3
FAGL Axe WHstE
R7] Wil HCT 116 MEE A 85t
Bl

|

Fig. 1. PET-CT in Rectal Cancer.

KCNell o3k Alze] WAk 23S
= o] ZAo]7] wje] AESA] gl KONe)
ELE AR or MAASIaAF 59} o].;(]u]-’ H
AFAE o] AT AFeA KON -s=H
(0.1, 1, 25, 5 mM) AESA 293 s ngk
o} 15l

Chang!'"2 5 mM<2] KCNE& * 2]3}3]
zEAol AR FoF zol7}
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AP E AEEA o RE
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Fig. 2. Sub GO0/G1 ratio of irradiated HCT 116 cell
treated with KCN.

?Jll[

Fig. 3. Cell viability of irradiated HCT 116 cell
treated with KCN.

sub GO/GT (%)

Cell viability (%)
o
&

=]

T A¥} KON FAA S g0z v Ash
A E A= AL F7]9A sub GO/G17]12] H] &
o] W37}t glAA T KCN A § FAd S A
A EZANAM = Fig. 2.0014 FAIHSZ {235k sub
GO0/G1717} S 7FstQith. ol AMEF7I7F B4 o
2 APEE= Aol olYE} sub GO/G17]oNA] HE A
H], = cell cycle arrest ’\LEH7} Hol A FA4& ¥
Atk AE on gty =
dobdle AEFE SA3 A3 Fig 29 whzEA
2 Fig. 3.914 KCN A2 & FAAS A A X
oA AE&o] FFashltt. o= KCNell €8] HCT
116 AlZo] WARI 2o sk s Ko
Sal=

Sk Trypan blue &4]2

128



pISSN : 1976-0620, €eISSN : 2384-0633
"J. Korean Soc. Radiol., Vol. 13, No. 1, February 2019"

2. KON 93 AlZ S& 235 #3d ¥zt #F

KCNe|] HCT 116 ngﬂw g fAUES ¥
Zhetaral A S A & AlZEAPEC] S
] g2lsl7] 9380 cell death®} AFH A XA
9 G A9l caspase-39F PARPS] wd W g4
SAetltt. 1 A3 Fig 49} Fig SollA e} ol
KCN A& ¥ FAAS Z2AFgE M 3ol A caspase-3
¢} PARPS| &4d317} F71ehs gelstdlth

90
60
30

o

KCN+GIR

N
Mo = rr

Caspase-3 activity (%)

Fig. 4. Caspase-3 activity of irradiated HCT 116
cell treated with KCN.
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Fig. 5. PARP activity of irradiated HCT 116 cell
treated with KCN.

3. KCNoll 9]3] Al¥ 2v] 22 w3 #F

A% =] KCNo| HCT 116 Al E2] WA o
3 S FUHAA AETE APEO] He A
Fig 2~57kA1 ¢} o] gl & 4= gt} o]t M
o] FA% Bl &= AﬂEﬂMW s s B4
Abo|EFRRlo] A&t A7 B

2+ AR g Al BT T Al <
2 7l Astel #HEEHAE TNF-a9 &4

| rulo

[‘

=2 OIN

KON % #pilo] g3k 4 Selstgieh. 1 2
7} Table 1914 th& A3 ilOﬂ M= Wt A E
Al g2 gk KON A & FAAS 2AMgE Al
of WjFaE Aol TNF-a 27} S715 0] S-S
g

Table 1. TNF-a level of irradiated HCT 116 cell

treated with KCN

Group Con KCN GIR KCN+GIR

TNF-a(ng/mL) | 1.9+0.1 2302 21303  3.0£0.6*

T3 KON FA}4 0] TNF-a
AZ oA ou gt AT H=Z OE‘ Y=z 3ols}
71 S8 Az dx4d 45 2%
Aol NF-kBE ##&3tuxl 39t} 1@ 4] NF-kB9]
A A A BAY-11-70828 M x| WA A3}
o] NF-kB 2152 2}e+3l 138 KON FAA L A
gl 1 A3 Fig. 6914 YERG Hpel o]
Table 1914 Z7}3F TNF-a9] 2@ o] BAY-11-7082
of oaf s WA ol= KON} FAH4
o <&} ME ] NF-kB7} 243} 51 0|3 TNF-a

Pdo] AFVREL S & 5 Ak

iJiI[

KCN+GIR BAY+KCN+GIR

[
W
o
g::

=

TMF-a level (ngfmL)

Fig. 6. Involvement of NF-kB in the release of
TNF-a.

IV, DISCUSSION

A ol A cyanater 22 (urea)ZH-E] -3 F]
of AAE = EHE ALY FF e ZAdH R
ZA)sta o]l A AAEE cyanate™ W E o] FEx
v 84S WYPA7)e= 7hebd sl(carbamylation)
ekt aeu e 4o cyanate’t WHI AL
dAe, sMAsTH F2 AyolA Frksta F

A%

1

N
L)
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7} cyanatet™ T A 9] carbamylations YOS A A
FAEALS F2517] = ek B Cyanates BA A}
o] Al A QAo ot FA= &
A Qb A7 5 o] Aol A carbamylationS 0 7] &
AAg o] &sto] old AFelA S AEFe
/H]_EJ_X]'U:]/\]' TE 1].7<L5]_031;1r[13,14] Yang et al'[13]
of WEw, KON HEZE=Fole] 253 Fo
mitochondrial membrane potential (MMP)E %74 7]
31 ROSE WAIAA AE AP o] 27 ghrfal B

ase] gl o] AN MEZEe ol EYsHE
T wHH AL o] =

3t 3 EZESo] A XA
A5 Alo]lEgRlolgtar gl 7 F Yang et
all'"le] o] AATtell Al HCT 116 Ao KCN *
2o 98] T7hek Aol EFFQI S & TNF-a7} 2l
=t TNF-ai= pro-inflammatory cytokine 2.2 A| 3
W Ca’ =5 FT7HA7]1aL ROS AAE} caspase
cascade A 3E FEdle] HEFZ o2 AEXHA}

N

E FEITEI ojd] KON @ &35 HolA
gz o] 7|2l WAL X7 2}2] synergic effect
& stz & Aol s HARdel tha AF
AE 7ML ds Y AlEZF21 HCT 116 AlE
£ o] &3t WA AFAEE Hole SAE
U A= A 8E A8l tha 5 Ao WAL
A& 2AME ol gled ol FHe uE AN
A ZAAE otd s mztt ol WA sly] 93|
stete Wl A A8E Wyshd aazow
A5E & F Aok Fig 29 Fig. 32 717 @50
2 A FEo] KON Fapas A2k Al vls|
KCNS "lE] A2gh vhg A Ao Fads A}

gk M EAA AE FA F7)7F ZASA =
FO] 24X BEEO] FATS BTt 1y
I Fig. 49} Fig. 514 eERE AA Y o= AlE4
HAbe] HF 9792l caspase-39F #HH sk
PARP &4 &}ell o]all HCT 116 Al £ 2] FH&o]
Aos dESATH
A 7= KON F2pd Ak o8 Al o)
W32 Folsotd AE 9Fow Yehte W
stz A=A F1skr] 93l H]EU} %Hlé}% Afo]
EIRRIE Flshalat flelA] <
oA KON# FApd & ‘%
gk Al H]3] KCNS A ths 3 ES ZAL

gk AlEAA A A
U AsdgdiAdS
=AE gl fs)
NF-kB inhibitorg AF&-3}S1TE TNF-a= AlE
o] FE&A AFst] AXUR MTE AL
He o olwf KK &35 frieste] k-Bad]
etE dovla Azl NF-kBE A3
t}. @43l¥l NF-kBE= DNA A} 2= 2dxp= 2}
&3] TNF-a9] MBS S7HAI71AL M 2] AE
7 FHoll #AshA Aok I Al A % Fig. 6
N KON} FApA FAbel 98] HCT 116 Al
¥7} EH3HE TNF-a NF-kBol|l <98 EuHlE&
gelstelar ols FTH&ME A3 F7FE TNF-a7t
CHAl MEE 2A3}0] cell cycle arrest, caspase-3/
PARP activation #3S A cell deathS 2|51
S7HA71=d el gitiar sjA e ¢ gl

V. CONCLUSION

AA WA 2 mMye] KONS Al Zoll Fofsha
of 7 A AP AN 2AFE A g
A EFRD HCT 116 AlX] 55 2T + A
a1 71 4ol Al KCN©] NF-kBE &3¢ TNF-a= A
AFEal cell cycle arrest, PARP cleavage, caspase-3
activation TS AX & RS gsqlt) ol
ARES ENE KON WA wko] g ehgh At
HAE sl FS53HARE KCN©|  radio
sensitizer= 4] &3 4 Q)& VheA S EUAT

AT
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Potassium cyanatex= 77| 3}3= 2 il o] Mol & 3o A sk E]r(carbamylatlon)e g o+
ol gt 7hupd sl RE-g-2 vhekel AW Bl oA Alxe] APE Y feo] k. o] AF-A T A KCN

Abel tg e Al EFQ1 HCT 116A1 9] AN s A7+ A :@*O] SFAAT 1 71 & Uﬂﬂo]
sl Wol F5% Aotk E Aol ARl thA A AE A= ol AlEel A KCN
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