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Coexpression of PCNA and p21 for DNA repair in small intestinal
crypt cells of mouse with ®°Co y-rays irradiation
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Abstract : The irradiation of radioactive y-ray induces apoptosis of radiosensitive organs for homeostasis.
In this study, we investigated the repair mechanisms for homeostasis in the small intestine after cell damage
by ®Co y-ray irradiation. The apoptosis was most frequently observed in the crypt cells of the small intestine
after four and six hours by radioactive y-ray irradiation, and the frequency of apoptosis was proportional
to the amount of irradiation. Also, the number of apoptotic cells was coincident with expression pattern
of p53. Interestingly, PCNA (proliferating cell nuclear antigen) which is engaged in DNA replication and
repair was expressed in apoptotic cells of small intestinal crypts. Also, it was observed that cell-cycle
regulator p21 which is known to induce cell-cycle arrest is co-expressed in the same apoptotic cells of
irradiated small intestinal crypt cells. These findings suggest that the co-expression of PCNA and p21
proteins, which may lead to resistance to DNA damage through cell-cycle arrest is closely associated with
repair of damaged gastrointestinal cells after y-ray irradiation.
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AL o]2A] it} Al ZAl = M ' TE 7S 7 AR RIZE Ag71elA RS FAIsk ] 91k 71
< apoptosis®} necrosis”t AT} [8]. Apoptosis2} necrosis 3 == apoptosisoll = B2 AAFEC] #AEla glom &
= e, Aste, FejgF o R te FEe] Ax 3] p53¢] APl sl e B2 Bavt ok 53] &
AYZ2A] necrosisis ZA]O|A 9] G533 F-o] e whd A E 59 in vivoAl9F ZE A E, human lympho-
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ANl 2 S9bAI3E9) type A spermatogonia®l| A apop-
tosis7} HAYBHA] 2ol HAEHA [3, 12]. o]} Zo]
DNA &4 W& AlXE ps53o 2 98] f=d
apoptosisE 3l A2 AL FA gtk Alte] E
g WolEo=| L Tt [4].

YA o 2 DNA &4 § Fd4 84S fA8H]
f15te] o33 JAHLSZ DNA F-5°] dojdt}. DNA
& AL o7 QA #HE=, 2 F proliferating
cell nuclear antigen(PCNA)= DNA polymerase & =X
8424 DNA BA9} 4P A (nucleotide excision)©l]
Fofsitiar &dEA STt [30]. 22|53 DNA polymerase
7t AlxF7] - whldo) 93] 2EAT= AR
Qe AEZF7] - lojA] PCNAQ| &&o] A<t
o™ [10], PCNAZ} cyclin-dependent kinase(CDK)-
cyclin EHA1¢} F5 2-8-3to] &&A St [1, 20, 27].
et PCNA= 84, 5, Al2d B Al257] 28
of #AE oy dMAET 43 AEske 9LE
Pl Aow BaHAT [12]. AEF7) 2do] o]
Al PCNASH 53 & A3t AxF718 248 -
&= @A Z= cyclin D, CDK9} cyclin depedent kinase
inhibitor(CDK inhibitors: CKI)2] %<1 p21°] &eiA]
Aok [23].

MEF79] -] HHE T d So] QPYH O 7 A
F715 24317 {8 += A (checkpoint)o] 52
= st} M EF71e] de] A2 g o)
58 W7kA] they P o 2] o] BAE
Ak AR o]FolA e 2E 71 93] ¢
], 3t A XF7]o A ] A= T HF o T5ol
oJEst Vet ol2g AARd el gt [7, 11].
5 T HEoRe] 8g a8l MaFr]e] HAA
M AZF7] ZEJMAES] Wo] deHolm, AX
F7] 2HERJMAEAE o8 cyclins?} CDK7} & 31|
Hh. AEF7) Yol G1-S719F G2-M7]9] ZAd o)
A s, o)E=M AEe] FAFol| ek A EF7]
o] P& FA = dAAste AR dHA Ut
[11]. =, 554 X3 DNA &A1 AlxF7]9] A
AE FEFOEZN ME BA oA ZRE {84
Hol AeS A 2o 7M. o] M MEFY
Z13)0] WEo|X e S A EF7] AR (cell cycle arrest)
2} &t} CDK inhibitor24] €& 7 p21 [2, 25|
CDK 7uh o}u2} PCNASH AgHo2H A 27719
Y& FABE AR GEA U} [30]. WEFA, PCNA
= o] AExF7] AAEFH F52-g-ete] LA p21
I o] Gl G2719llM Al 2F7] AAE =gt [1].

A & ATl v A% SR EAA W

A o8] frEE ps3 Tl F7tel] 2121 apoptosis

32
)
ol
o o
?N 1o

2 rr o o
aQ

L

o

- At - FE - 0

o

. ;(] og

Flot

o] A A AAY I FAE A ARTIHE &
ol7] 93l DNA FEFA o A= PCNASE Al
F719] AR ¢} AHY A PCNAS EFA S FAst=
p218] HHAPF Y Hste] golr T,

R

MESED “Co ZOMMel =At

& A ARg-E 7-8F% 2] BALB/c mice= KCCH
(division of experimental animal care and management)©l|
A 18kt BALB/e mice®] WA ZAlE o]l
BT HAY Kastan 5 [14]2] WHel wet close-fitting
perspex box(22X 11X4 cm)E AHE-sled “Co Zmhad (Al
Foetal WA S8t a)S 2ARIATE AR
9] ZAFFES 30cGy/minZA ZF 2ol wgl 0.25 Gy, 0.5
Gy, 0.75 Gy, 1 Gy 2 Gy, 4 Gy 283 8 Gyl “Co 7
S 2AbeF T

OffA AZol 22l0A apoptotic cele] ol

AR 24 & AIZE AT 2 AlE S A=
£ olry] 98l 2 Gyo] WMAMIS AR = 47 6
ZF, 12217F, 240178, 48A17F 12| AL 2Rkl Zh2) K
Pk AW 2274719 9% A=E 58 F A=
o] &3laL Y= &G 5 A Z oA apoptosis
Zsl7] 8l &% 23S AFHT F 10% T8 2
Aetal, 7k -2 o o] A M S v
E3AQ ol whet st Eefsial,
hematoxylin-eosin(H&E) G412 3}t
YA S STt e MR 3] AEE PotE
7] 918l 025 Gy, 0.5 Gy, 0.75 Gy, 1 Gy 2 Gy, 4 Gy 1
3L 8 Gyl MAMAS AL § oAbl Fskd L,
719} FUS WhHo R AU o] e AAE
CF AR AL whe-e] &% S0k Al XA R
apoptosis= 9] 915, A9 53 WdAs) 22
AEAE +E 22 FHTE EAS AR EHsY
[15]. E=3F o] & ER13}7] 2l3ke] ApopTag in situ apoptosis
detection Kit(Oncor, USA)S- A8-3] Terminal deoxyribo-
nucleotidyl transferase-mediated d-Uridine 5' triphosphate
Nick End Labelling(TUNEL) assayS %3] $AuH3-2
RHQl Alxe] 5 #H&3sITh A X2 oligonucleosome
Z712 4% DNA fragment2] 3°-OH &l terminal
transferase® AH8-31] digoxigenin-dUTPE &% T}. Anti-
digoxigenin-peroxidase conjugateE A 2|3 FH 0.05%
diaminobenzidine(DAB)= 4| 5te] Fdwk-g-& &<1st
3L, 0.5% methyl green® 2 thx FAEIT) o]9) 7F
S ZAE H&E E47¢elA YERE apoptotic cell
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TUNNEL assay A3 94 -2 HQl A|E9] & Al
ATh

M xA|518 AN

AL S AL mR-e] A xF o)A PCNASH
p219] #x2 9 Wy e BEsby] el HYxA st
St A2 A sk W 22 5}8t 412 avidin-biotin
complex Elite kit(Vector, USA)E ©|-&3}5th. Z2dA
£ gt S AAT T 03% FABRERA 22 Sl
W14 peroxidaseE Al A3 L F H|50]Z W
18-S ¥R 3517] 9130 blocking horse serume WHE-A| 7
o} 23 U] PCNAS} p21 H3-g E15l7] $18] PCNA
(1 : 100; Santa Cruz, USA)Q} p21 &A(1 : 50; Santa
Cruz, USA)E A4 1417+ §ESAIZ1 £ biotinylated
anti-mouse 1gGE A-2014] 45%7F RESA|ZTE o]
avidin-biotin peroxidase conjugateZ 2ol A 45%7+ Wk
SAZeH, gukgo] £t 222 3, 3-diaminobe-
nzidine(DAB)-&- 9 | A A Z T 7F @A Abolel=
PBSZ F&3] AlFah FIRke-S vEhd 23S
hematoxylin &4 2 2 t]ZH A3}, ethanol} xylene2]
g 2 53] g S AR § BYste] Fsksn A s
R I =

2 I

HIARM ZALEH] (M2 AF S2MEZEOMS] apop-
tosise| Zgkd

WAL 9t &4 e MEet F719 Fel
wEh o2y, 53] &% AN o] vl =2
A7)olth Ay Ao g OCo 7nlid-g ZAFske] apoptosis
£ et vk gzl tiell H&E E4& AAIs
ATE AR 2AF & 27 oA EoA 9 e 9],
FAAe] &5 Mg 4 22 FEE W3t [22]
= apoptosis”t oSS Y 5 AATHFig. 1A).
T3} apoptotic fragmentES A 3171 9131 In situ DNA-
end labelingS ©]-8-3F TUNNEL assayS A5l &%
o] SO EANA FINESS AT 5 UATHFig. 1B).
o]’Fe] H&E @47 TUNNEL assay®] Z3ollx] WA}
A ZAF & FEF apoptosise 2 29 EA 7
2sHAl ekttt

9Co 7mbd 2 GyE FARE 3 A7kl W apoptosis
= A4S #Eslr] sl 2273 220l A apoptotic cell
o & AFS A AP A T 4X 7 6A]71
A 7P B2 apoptotic cell R1E 4= ASATHFig. 2A).
S AR F7tel] mE Al XSG FEE DolR
71 918k Z+2t 025, 0.5, 0.75, 1, 2, 4 28] 8 Gy9l

Fig. 1. Morphological classification of typical apoptotic
fragments(arrows) in the crypt cells. Fig. 1A presents
typical apoptotic fragments stained with H&E. Fig. 1B
presents apoptotic fragments with TUNEL-positive nuclei
by TUNEL assay. Scale bar =30 pum.

WIALAS ZAFSE & apoptosis7F 7HE I EHA] #EE
A 6A17F Fof] Fdste] 278 J-9)ollA] apoptotic cell
of & FRIgt A} WA ZAFRFo] Tk wet
apoptosis’} S7H== Z1& AEASHATHFIg. 2B).

o o] AAZ Y AR AP F7Fe} apoptotic
cell®] 2 7k 2 4AAAE e A= A
Edesi=

AL =ALO| M2 AF0AMe] p53 WA

WARY A & A A7 A o) ke St
o m& A7goA apoptosis FrEll G HX= QA
24 p539] THYFS western blot analysisE ©]-8-3]
FESIATE AR A & A7l W ps53e]
AP S WAAE ZAFEHA] 42 22 A ol A= ps3
o] wglo] m| ka9 I (Fig. 3A, Lane 1), AN AL &
o= H43] 718t 4r7H(Fig. 3A, Lane 2)3 6A17F
(Fig. 3A, Lane 3)° HIA& B3lom, Azte] et
of wlg} A=A} A3t (Fig. 3A, lanes 4-6) 72417kl =
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Fig. 2. Time (A)- and dose (B)-dependent apoptosis induc-
tion in mice crypt cells after ®Co y-ray irradiation. (A)
Animals were exposed the 0.75 Gy of “Co y-ray maintained
up to 72 hours post-irradiation. (B) Animals were sacrificed
6 hours after irradiation, having reached a maximum yield
of apoptotic fragments. The error bars represent the
standard deviations.
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Fig. 3. Time (A)- and dose (B)-dependent p53 expression
after %°Co y-ray irradiation. At each time and dose point,
small intestine tissues of two mice were processed for the
analysis. (A) Western blot analysis of p53 after 2 Gy “Co
y-ray irradiation. (B) Western blot analysis of p53 6 hours
post irradiation. Zero hour and 0 Gy means non-irradiated
control animals.

HAA)3] 7+l THFig. 3A, lane 7). 28] Ao =
7hll whE p539] W YES Aol Skl et A

2 S7FRe A% B9eH, 0.25, 0.5 ZL2]3L 0.75 Gy
g AR &% Ml*it ul ekt 77t A A
(Fig. 3B, lanes 2-4). Z12]3 1 Gy(Fig. 3B, lane 5)%} 2
Gy(Fig. 3B, lane 6)°l4 2} F7}Fste] 4 Gy(Fig. 3B,
lane 7)E ZARE 2322 e AR ps3el WS
o] Z7He BAT & YU

upEba] AR O] osk Al 24 Al FHE= %
MA 2 Gzl ps3e] wEAYSS s v Al
o} A#gF7tol| whE apoptotic celle] 47 H3}e
o] WG] Wyt AR Axs #FE F 2
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o

WAMO]| ofsf F=E AF Zele| apoptotic cel
olMe] PCNAS| u+a
PCNA= DNA EA|¢} 50 Hofsls JAAEA, o
g AEF7] AT FEAE-S she o2 IEA
AT} [30]. WAFAOY 28k &=4dol TISE DNA 5of &
3= PCNAS] HAPFSS a7 $1ske] 0, 0.25,
1,2, 4 3 8 Gyo| ¥AMAS ZAVSE mhe- 4% X239
A1 PCNA®] tiste] W2 3}8t A8 Akt
WA S ZARBIA] 9 uhg-20] AR A M = T
o] §E FFA XS} S A FgnkEo] TEE S
ok 23 025, 1, 2 B 4 Gyo] A FEEe
A7Fe] WAPA S AN A e AR S ZAL
317 2 AFxA T & A E, oA
29} &) Hut o] Agd MEoa Fguk
& UERHAAIRE, EF71%= apoptosis7t =¥ =9}
2] apoptotic cellol~] PCNAS] th3t FAuHe-S el
Th(Figs. 4A, B). 3H, 8 Gyo] wA B3-S 2ALE 424 &
9}01]*1 el apoptotic celloll Al PCNASY tf gk 47 vk
o Mo FEEe] AT B}; A3 vk
o NS Bt
olde] AR RE Aol XA
£ Aol P%‘554 Ao WAt
2 ]*1“ 27 599 ap
7RIS &+ 3

¥

optotic cellol 4]

SARMO| ol R=E A% F2fe| apoptotic cel
oMol p21e wa

0 A FES 98] XTI FgS BA
3l7] 93] CDK ¥4} oju]2} PCNAS}H Ag3to 2x) A
2F7] BAE sk E‘r‘?ﬂé‘% p21 [30]e] ALY
< WxA e A dAste] skt o A
PCNA®| tfgh Wel o] Aze} fAksHA 0.25, 1, 29
4 Gyo| AMFT} T A7k WAME AR &
A 29}e] apoptotic cello|A] p219]] tfgh Fgduk-g-2
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Fig. 4. Immunostaining for PCNA and p21 in the irradiated mouse intestinal tissues. (A) Arrows indicated the PCNA-
positive cells in irradiated intestinal crypt cells. (B) Higher magnification of Fig. 4A. (C) Arrows indicated the p21-positive
cells in irradiated intestinal crypt cells. (D) Higher magnification of Fig. 4C. Immunostaining for PCNA (E) and p21 (F)
in serial sections of irradiated intestinal tissues. PCNA and p21 were localized in same apoptotic cells. Counterstained
with hematoxylin. Scale bar =60 um (A, C, E, F) ; 30 um (B, D).

3 2 9IS Th(Figs. 4C, D). 28] 2L HAMIS ZALSHA]
BAL 8 Gy] A7k WMAMS AR 2% S99
apoptotic celle| Al p21¢] tigh Y gute-2 dA3| i

5 AMFFo|u FExe] ARe] WAMS 2ARE &
& 9] apoptotic cellolX AA3] 7SS & +
AATE.

Z18] 3 apoptotic celllA] A EF7] HAo sl

PCNAS} p219] HAIE Lolrr] 93] 2 Gy 4 Gy
WA S 2ALEE 4 27 o] AL A PCNALH
p21°] tiste] 7tzh W xA stk GAS AA ST
2 A3 PCNAS} p212] &L FA3 apoptotic cell
oAl TAE A THFigs. 4E, F). o]’ AafellA wAL
A 2AFF &% 590 Y apoptotic cellol A &+
¥ PCNAS} p219] S AXF7] AR E F=
3te] DNA &7 w2 2d5d R Ags W



462

A|SHaL, DNA 5
2 AlgHrh

]

|

in vivooll Al BIAPA ] &3k &=Ake] S5
AT ol olFolA St 4, 7, 13].
o 98] F=% apoptosiss AlEW L A8
Skl 7]@2& AdHA 9lom, o] ps3 xte} WHsH
Al B&Eo| Ut} [3-5, 26]. H2 Aol w2 AR
B EE‘ apoptosis p530l] 2]F&2|Ql 7 =t ol
2} v eEA] AR7F HAEHAT [6]. & ATellXE “Co
AP S AR -2 Aol A p533’Jr apoptosis2] -
T7F RS BEAo] S I9IsTh e, WA
A ZAl o7 2% FoMA| A 5= apoptosis
o] Hlee WAl M) S7tel vlaEghs #ad <+ 9l

A
A

Ak, FEFF p539] W Mo Frtol] oA oR F
7FEI QAT ol o] Azt WA o8 = A%
S-9FAI Eo| A apoptosis®] W1t ps3e] ZAS W= A

[e)

o & 4 e,
p53S DNA &4 Fo] 44 S
apoptosis®] Fr= I8 FEA|7HS

EF7] A F 7R 7N1AE 2= 54
t}. p53& A EF7] AR E Esz FEER]

&2l thsked apoptosiss F=5HE A

t}. ps3ell 2= p219 4”?88 xil;s%—
Eate] DNA &35 58 Aks 853
H Bax®] @&l o|alAE apoptosis”t -.-,—_;_E] 7= it}
[29]. o] FF 9] A& o] MxF7] A QA= A

RNy R

#A3] %

Aol vk 2 F AEFT] AR Beddhs JAAEA
g 9484 JE p21S PCNA, CDK-cyclin 53 A%

g e 7154 1S 7R AL (1921, ol & &

A Agste] AxF7] 218 oAt sl &
HA AT} [9, 26]. DNA F&o] Z23 212161 PCNA
= p213 Ao 2 MEF7] - e it
B AT E AXF e S50 AFE A
27 R0 M} gEo] 5912 apoptotic cell®]]
Al PCNAS] IS #FE F o, adgoae
PCNAS| IS #ET gttt 2% B oJsd
p530] AojE Al EoA PCNAL] @&o] Z715PH DNA
B 7 dojube whdd ps53e] EA)s}ol] PCNA7F E&
FEOF FAETHH DNA Fio] dojuA| 7 PCNAZ}

FAY e 02 EX|A] apoptosis’t F-=E Tk g
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PCNA®} p219] “35 280l thall arejatedof & Zlot}.
Tk B Aol A 5L 3l apoptotic cellolA] PCNAS} p21
o] o] et mM, Al EF7] AR E =T
Aoz AZtE= p219] PCNASF CDK-cyclin #4153}
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