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Abstract

AIM: To characterize the difference in DNA-
dependent protein kinase catalytic subunit (DNA-
PKcs) expression between hepatocarcinoma
tissues and non-tumor liver tissues, and to
understand the biological significance of the
altered expression of DNA-PKcs in cancer cells.

METHODS: DNA-PKcs expression was exam-

www. wjgnet.com

ined in 86 specimens of hepatocarcinoma and
hepatic cholangiocarcinoma by immunohisto-
chemistry analysis on tissue-arrays and ordinary
pathological tissue slices. DNA-PKcs protein
was detected in culture cells by Western blotting
analysis. The siRNA was used to silence DNA-
PKcs expression in HepG2 cells. Cell prolifera-
tion was evaluated by growth curve analysis,
and radiosensitivity was tested using a colony-
forming ability assay.

RESULTS: Tissue-array analysis showed that
the proportions of cases with a DNA-PKcs ex-
pression level of < 25% (very low), 25%-50%
(low), 51%-75% (medium) and > 75% (high)
were 15%, 20%, 23.3% and 41.7%, respectively,
among the 60 hepatocarcinoma tissue speci-
mens. The proportions of the 64 normal liver
tissues showing these DNA-PKcs expression
levels were 68.7%, 10.9%, 12.6% and 7.8%, re-
spectively. This result indicated that DNA-PKcs
expression in cancer tissues was significantly
higher than that in normal tissues (P = 0.0008).
Immunohistochemistry analysis of ordinary
pathological tissue slices also showed that DNA-
PKcs levels in the hepatocarcinoma and hepatic
cholangiocarcinoma tissues (total 26 specimens)
were higher than those in the non-tumor liver
tissues (P = 0.001). Moreover, the cultured hu-
man liver cancer cell lines HepG2, 7721 and 7402
also exhibited much higher levels of DNA-PKcs
than normal liver LO2 cells. Silencing of DNA-
PKcs mediated by siRNA resulted in not only
an increased sensitivity of HepG2 cells to ion-
izing radiation, but also decreased proliferation
HepG2 cells. We further demonstrated that the
expression of c-Myc oncoprotein was also de-
pressed following the down-regulation of DNA-
PKGcs.

CONCLUSION: DNA-PKcs is overexpressed in
hepatocarcinoma tissues as well as cultured liver
cancer cells. Targeting DNA-PKcs is an antican-
cer strategy acting through at least two mecha-
nisms: directly decreasing the proliferation of
cancer cells via, at least, depressing c-Myc on-
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protein kinase catalytic subunit, DNA-PKcs)JE T
il IR Tk VL% 3- 1% ¥ (phosphatidylinositol 3-kinase,
PB3K)XKWGEHEH, HA 2R/ 752 R & B
WY, DNA-PKes5 7542 WK u70 FIK u80
LR EDNA-PKE 54, /1EDNAXUEE K2 9E
[ii] Y5 A Uity 3% #5215 & (nonhomologous end-joining,
NHE)@ e R HEAEH]. DNA-PKesit H AT
Z5V(D)TEAM . P Y (o s R v B
PETIHER. DNA-PKesHESCID/N U B 41
JHO 6] FEL 5 A S T R . B TDNA-
PKes BT 22 AR/ 7 2 IR H IS 1, Aetfig
MR A YT, Ps3, K 1 Spl, 4%
FITH2AX, DNAS K B [IXRCC4, Jii 3 Kl c-jun,
c-MycHlc-fos%, W g —EER IR M.

IR, AW A FRIRIEDNA-PK st
Jo S SR s . FLIRE . SRR TSR
S T 25 22 ol i JRg 2 23 40 g v kU
FAT S 5 = /T AT, AE e/ 40 A il gt
IEFRE o8 41 2R e i 2 BIDN A-PKes 5
WA IA I, 1 HDNA-PK cs 7 T JH i g 41
2R R AR IK A5 Mg 4 2R A0 i 1) e 75 el AR 58
PR CHPERR AT W A OCPE. K, DNA-
PKes?EMigdl i iyt Rk AW &
X, B . &k, AITFHsiRNAT
HARVERN = HiEHe LaZl U FDNA-PKcs
KiIE, RIJEIEH c-My & IR IE KT
R BN, RIS ER 4 c-My ¢ 25 1 8 S5 i 45 5
P21, P27HINDRG1 LA A Al — 6 41 g
B R 9 FH 9% 3 TR 1) R 08 UK Tl ke AR e AR e
X Lest WHUR, DNA-PKesid ERIATREK T T
OB AWz DGe, JF HAT A ¥ 78 R b A
W RPUE 7 AR S BRATTR ] S B A
AL R, 455 siRNATHHE AT
R RS, 2D oT T B T AR
Y HDNA-PKesRIARGL, FHRITDNA-
PK st - 41 M rh sk Rk i A=) 2 s L

1 #RRSE
1.1 JFHE 20 P I R PY R S A R B
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RPRIAL 50 X AP [t 7 SRR T 40 16 T g T Y
JIEAE 2681, JHF RS 46 A1 5O F R R A1 741, T
WM FEM61]. 973 B L0 ZR R AT A ikt F
PIA. WAL O2, A4 liHepG2, 7721
17402455100 mL/LF £/ L7 DM EME:
FE T B 7%, DNA-PK sk FsiRNAFR IR B AL K
sSiRNAJTHI e SR E ", JsiRNA-H1A
siRNA-H2/F ] [fIDN A-PK cs#L 34143 HI A7 T-1%
FEDR R G A A VG P X (11 637-11 655)F1 Ty R dak;
[AJ[X (12 321-12 339), siRNA-NC ¥ 1% i 551
Ambion 7] HE it

1.2 JRORIDN AR YL w24 h, RS X10°
HepG24i i T-60 mm¥5 =M, £ Lipofe-
ctamine 2000/ 5 DNA-PKcsHsiRN A i i
YeHep G240 M (F a0 & vl e AF). g n
48 hi%1 X 10°4N 41 figFh T-60 mmffE5 3R,
17 BRI B PE 7 (250 mg/L), RF3 dFE s
TRV, I BH I v B 40 o K5 5%, Western blot
G B EIVIZE 3R A8 SER AR, 7] A e — B M X I, B
H4 5 N G i K5 DR 1) G R 1) e B 2k
TEFERE R A M. A D) R BRI 2K S, AR
30 mL/LIH,O, ¥ = i &' 5-10 min, WHER
P R A Bl v . A D B SR
HZ/K byt JFPBS¥ILS min/&, & 11 mmol/L
EDTA(pHS8.0)F10.01 mol/LHIRR £k 2% vh i,
92°C-98°C#F4:10-15 mindEATHLEUE L. WIn
50 mL/LULIZF 1035 TAR AR REDNA-PK esPLiA
(H-163, SC-9051, Santa CruzZAl)(1 : 50), 4°C
R V)R S PBSIHUE3 UG, N BAR B bR 10
Y2 P LR (PV6001, Zymed Laboratories
Inc), 37°Ci# H 30 min. DABE (O B4 )5, JhA
R G, B BB MR e A g a1
JELYI R, HIMias20009% 21 T 3k B 45 5 A
k45 . DNA-PKes A% HE A, 4 k%4 44k
R B £ T B Ay B P TR 0 . S5 2 28N Y 1
— AN AR SRR B D) R BEALE B A
FLEF(X 200) DN A-PK cs2¢ 32 BH M 41 it Lb %
FRAE PH M R IE R0y A4 <25%(MARRIEH]),
25%-50%(MK £ L L), 51%-75%(hZEELA),
>T75%(FAIEAL). B A G 2y K5

1.2.1 s JERERE AL B0 AR
0, SRl MR, Al o, LAgFLL X 10t
B 244U, T-37°C, 50 mL/L CO, 557746+
WK R. R A AL, AL SE G
W e, A0 vt ORI, 2l Kot Ze, s
B AT AR, SR H AR 3 I T 1 3 024 00 et S
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JL A7 30 R T A . B R o AR K
A, e R ) AN R, I Co yHiT ek
T AR EGRE 2 2.0 Gy/min). H]
S B 2R AR AN 5] 1) HER 77 6, B — o e 1)
A1 160 mm AR RE TR, AN 50) F 434N,
EHF37°C, 50 mL/L CO,# 4177512 d. PBSIE
21K, 750 mL/L LB 7230-60 min, HARET 5
Giemsa4eh, THE040 M v b (v =501 41 i
()5 o B ). MR P4 R 4 B AT R E L THE
AN HATIE R, LRSI 3R
1.2.2 (Western blot) o A5 I HH
BHPE 5 B Bk 10 i 4k 2 15 %, W87 25 BIK BE o
(125 mg/L), WM Mg F Lysis buffer(50 mmol/L
Tris-HCI1 pH7.5, 10 mg/L Noridet P40, 5 mg/L Jit
FUEIZEN, 150 mmol/L NaCl, & [ B 17 F 571
1)7/50 mL Lysis buffer) 241 EH 1, 455
s s e tikE | . 20 pg B A B,
281 ot B R Y SR D 0 T v 5t i LYK (S D S-
PAGE)J5 K& 1 ##% FIPVDFE I; 50 mg/LJiE
HE 9Ky =B H1-2 h, 5—PDNA-PKesPiik
(H-163, SC-9051, Santa Cruz/A #))kc-Myct [
PUPR(9E10, Santa Cruz/A ] ) =il /EH 1-2 h, K5
5B A bR i) P s A h)E B
SAS 61288 tHRAF T 43 HT,
e Rk K, P<0.05H S8 tt24 7 L.
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AR I 1) TE T2 S AOes BL P 7 T8 A WL 4
PR B A IR DO P Y, bR 2 20 S s A
T gt ) 5 R B, W R T IE I AL 2R (]
LA). W30S T WIS ATt 7 H e 4 23 4t i
HIDNA-PKcs#IA KT 35 i 1 1E % T 4 214
(& 1B). 6011 DN A-PK csBH I 22k %K
ol <<25%(W AR R IE A, 26%-50%((R K IE4]),
51%-75%(HH 2R IEU), >T5% (R IEL) 5
WA IWI(15%), 12(20%), 14(23.3%), 25(41.7%);
I 1E i 2R 6451 1, - DNA-PKesPHPER L
Y5 BT 444091(68.7%), 7(10.9%), 8(12.6%),
5(7.8%). 1 WL60% LA b AN 1) 1E 5 JF 4 21
DNA-PKcs A HRARR LK, 1M 4l 2
DNA-PK sk [ 2 A0y, o124 3
JF3E 4 2R DN A-PK s BH 1 2 41 g i3 95% (&
1C). IFEH 20 i 55 95 40 il 2 [))DN A-PKes
%08 2 5 HAT B3 M4 % 3 X (K%,
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P =0.0008). H¥m41ZFRDNA-PK csfHPE & &
I M S B TEAE, BH A4 B S s 4040 et
TRl B R (1B, AL WoR R 4
DNA-PKes#IE 7K1 W& S (R ).

&R 1 FFIEEREBLALADNA-PKcSEVZRIAN = 49)

DNA-PKcsPRIEZRIXZRAVBIEL

4841
N <25% 25%-50% 51%-75% >75%
26 0 2 5 19
b7 9 5 2 1
b 6 4 2 0 0

°P<0.01 vs o )

LO2 HepG2 7721 7402

2 Western blott&NAFEMEHepG2, 7721, 7402F0IEE
FFAIELO2C00DNA-PKcsRIA.

2.2 DNA-PKcs RE
HepG2, 7721, 7402""DNA-PKcs&K A K F-1)
B T T4 L 02(E2). 41 i % 4t
DNA-PKcsfi 7 1siRNAE A FikisiRNA-H1 8§,
SIRNA-H2J5, 455l 07 %6 R 45 502 Hh A e e v B
i ZHepG2-H1 MHepG2-H2. 2 HU4H i i &
1, Western bloth 45 B 27, K siRNAKL 4L
4l fiiHepG2-H1 flHepG2-H2 FDNA-PK cs# i 7K
P S AR T G AR o6t ETOR ) 41 g He p G2-
NC(EI3A). 5k, HepG2-H1MHepG2-H2H
St 3 Rl c-Myc £ A 2R 15 /KTt (2 3% PR (I3 A).
2.3 siRNA DNA-PKcs HepG2

5 5siRNAHIHIDNA-
PKcs# ik )5, HepG2-HIFIHepG2-H241 it f 1
B 5 I Hep G2-NCAI B A EE, B B2 (K
3B). BEFECCo I L SRR (K8 0, 4 A7 3%
FORWIBEAE. L2 N, DNA-PK s3Ik 1)
HepG2-H14H i} H B a5 (R ok, 228 3w
T34 FE AN R HepG2-NC(E3C), Wi2Gy Hit o ik
A1 HL I A735 2R (SF2)M ZE 745, 5370 0 4.8% F134%.

3 17E

DNA-PKcs/e—HEHIDNAREE W 24 510516 &
FLIH, ] DU 52 A G AT 245 9005 30 e g
JHIDNAXUHE WL, A5 e 40 i B AT URC IR 7
RULITi 52 (RS, R84 iR DN A-PK csfH)
T PR OO I AR TR JR V0T T R PR IR
(IR 22— AT R DN A-PK cs il
SR P S A i, GO U 3 0, $27RDNA-
PKes 1] DA Ay 4 S B B0 T7 IR #E 4% . DNA-PKes

www.wjgnet.com



DNA-PKcs

SiRNA

3819

A HepG2-NC HepG2-H1 HepG2-H2
DNA-PKcs

c-Myc

B-actin

r _e— HepG2-NC
14 L —m— HepG2-H1
—&— HepG2-H2

12

(x10%)

10 +

» o)) [oe]
T T T

—A— HepG2-NC
—#— HepG2-H1

0.1 L 1 | |
(Gy)

B 3 SiRNAJTEADNA-PKcsTRIAR X c-Myc BB RIAH
YMAEILIEISZIE. A: Western blot  DNA-PKcs c-Myc

. B: ; Ciy
. HepG2-NC: , HepG2-H1
HepG2-H2 DNA-PKcs SiRNA

DNA

L5 I8 R DG R ], T AR A7 A A i
AN ADNA-PKcsDN A E FIV(D)J &
A IhREAL, DNA-PKcsid LA 4 RE e (ki b ok
s A 8 PEIIVE L, DRk SR i B R, e 4
PRI R AU e M R 3 EEE AP, Someya
et al®REM T 936 K LA 7 1K) IR B R4 1
91 fekt e 75 SRS 40 A 1 bk B2 4 R DN A-PK es )
TR, 45 AR B B A L e R R
DNA-PKesif P B 20 Tl S g, HbEAE
DNA-PKesHIEMERRAG, etk 5 wxcs

www. wjgnet.com

By Gt AR B . RWIDNA-PKesid
PEVR TS I, B0 T ORE RO s K R, S
5T R I TDNA-PKcs BB Z A/ 7 & 1%
BB E TE . JF AT B R Ak 2 P A S IR T R
T HE R =), Rt He A AR a0 e b g R
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AN IR AL 2R S BH R IR, 79.8%(450/564)
(5 i AL 21 IXDNA-PK cs. {HAH K40 BT &
IIDNA-PK cs#IA [k 55 g 1F Ji Al R 701 i
Z B E M, FERDNA-PK e s — [IRg 5 Jik
. g S BATTN 458 A e, HEM R N 2 —
DNA-PKesfF A —HEXT) 8, 7EA 423 AR
FA 2k #61%, DNA-PKestit 2 33 DNAH 51
S, B8R e R T 22,

6 Ah, DNA-PK csf 7 i 8g 21 23 40 i v e o
Ik, AR IR, AR B AR
21 10 SRS () 384 B R PR 4 i P DN A-PK es [ 3R
IKPABAZAE W] 2 1) 22 572 G A B A g £ oy
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