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H OE. HIY O hIEA Period2 (Per2 ) X 18 ki a1 48 K562 40 MIkkIE5E Ak JHT-5 W R T REry /T HLl . Jiik
¥4 Per2 FIKFURL pcDNA3. 1-Per2 J 23 % TR peDNA3. 1 431 22 FHES F g Ui A F: % Y K562 Zuf, F G418 fiizk i

Per2 Fo g Rk Mabk . B (YL BRSPS , & B iP5 4L 10 MTT K500 K562 4 3 78, I = 20 i 43534 40 e S A
AYRT, ARSI T, RT-PCR J% Western blot 75 %46 1% 40 itk b 84 41 8 T AH E KL X p53 L cyclin Bl Flc-myc 4 (1)
Fik, W FHERIREE F2IK Per B MUTEE TN AR K562/ Per2 A, 5 25 A Y 20 % oK b B 8 20 20 it AH 1L
K562/ Per2 AUMIAFRZE /N A4 URBE . 5 & W i FE YL LA MTT 5256 & 30 Per2 H4H1 41 AE < 5 3458 68 7 5 I3 20 A S0k
DU 25 58 KS62/Per2 41T v G, AN 22 [ 4 YL 2H (36. 1 £5.5) % , 2544 (12.5 £2.9) % , RAL PR HRAL (9.7 =
2.3)% , P<0.05], Tk il s Fe A AN M -0 3 n [ 14. 8% P <0.05 ] ; BT 45 R W e o Bu vk &8 (W 24, A% [ 4
FRATZ/IMA; RT-PCR A Western blot {7~ Per2 & F i p53 KK AU mRNA FIHE (H #3k , w0l cyclin B1 (c-myc &£ [H mR-
NA FIEE A RIE, 8518 BhEER Per2 fEMIH K562 A A A= K AG A, IF A S R A A T BT S0 AL TE W AR . L
T TTT R 2 20 e X 200 9 ] R S R %) R 4 B o 200 ) T R ke S B

SRR BhIEDA BT T A0 AR TR

REXS %S R394.2;R730.23;R733.7 XHRARIREG: A

Mechanism research and effects of clock gene Per2 in K562 leukemia cells on their

proliferation, differentiation and apoptosis

SUN Cheng-ming' , HUANG Shi-feng', LUO Hong-wei', LIU Ding-bin' , TIAN Wen-jun', ZHU Xi-dan', FENG Wen-
li', TU Zhi-guang', WEN Jian-ping’, HUANG Zong-gan’ (' Department of Clinical Hematology, Key Laboratory of Laboratory
Medical Diagnostics of Ministry of Education, *Department of Hematology, First Affiliated Hospital, Chongqing Medical University,
Chongging 400016, China; *Canadian Blood Services, Hamilton, ON L8S 1HS, Canada)

Abstract; Objective To investigate the effects of circadian clock gene Period2 (Per2) on the prolifera-
tion, differentiation and apoptosis of K562 cells and its probable molecular mechanism. Methods The Per2
expression plasmid pcDNA3. 1-Per2 and empty control plasmid were respectively transfected into K562 cells
with cationic liposome, and the resistant cells stably expressing Per2 gene were obtained by G418 selection.
Their morphological changes were observed under light microscope following Wright-Giemsa staining. Trypan
blue excluding staining and MTT assay were employed to evaluate cell proliferation. Flow cytometry was per-
formed to analyze cell cycle distribution and cell apoptosis, and electron microscopy was used to detect cell ap-
optosis. Meanwhile, the expressions of proliferation and apoptosis associated proteins, such as P53, Cyclin Bl
and C-Myc, were respectively detected by RT-PCR and Western blot analysis at mRNA and protein level.
Results The K562/Per2 cell line stably expressing Per2 gene was screened out. As compared with either the
empty plasmid transfected group (K562/empty) or the untreated group ( K562/untreated), K562/Per2 cells
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was smaller in volume and showed no obvious cellular differentiation. Circadian clock gene Per2 could signifi-

cantly inhibit both growth and proliferation of K562 cells. The percentage of K562 cells in G,/M phase in-
creased [ K562/Per2 group (36.1 +5.5)% , K562/empty group (12.5 £2.9)% , untreated group (9.7 =
2.3)% , P <0.05] and more apoptotic cells were found in the transfected group (14.8% , P <0.05). Nucle-

ar condensation, fragmentation, karyopycnosis and apoptotic bodies were found under transmission electron mi-

croscope in the K562/Per2 group. P53 was significantly elevated at the mRNA and protein level, while

Cyclin B1 and C-Myc were downregulated. Conclusion Expression of circadian clock gene Per2 can not only

inhibit the growth and proliferation of K562 cells, but also induce massive apoptosis possibly through its regula-

tion on cell cycle associated genes and subsequent inhibition on cell cycle progression.

Key words: circadian clock gene; proliferation; apoptosis; cell cycle; rhythm regulation

TPk 40 M 1 1. ( chronic myelogenous leukemia,
CML) J&— P AP i ifn 40 i v R 3 78 PE 1L v 3R 42
ALV 95 % (1) B 35 B 8 A0 LA RR AR M A st % o
S (BRI EAR Ph) | 1% 5 0077 2E ber/abl filtG 35
PR B FL 4 () Rl A5 B 1 AR 20 I R A R vl o 22
AFET o CML 28— P S DR I A 100 9 T4 %5 4
MER, Aoy 7 H 2 i ISk SR BT IR ANG TY CML 1Y 58
W 8 [ N A MIFSE AT TE 98 3R R g ]

B LR Per2 & Period J R 52 5 B 53 Hh 19 OG5 —
G, I RE PR B A (24 h) TMAS 44, FEAMITFE SR
B BhRE D Per2 5 /NRUMIR & B OG . B
e Pex2 S [K T 42 4l /)~ B A fi 72 40 B 2 A= 0 T2
[, X CML B BT 27, Per2 mRNA JKF- il
CML & P 1 ) S A8 0T %) e A2 i o 20 2 A8 1 < 18
B <1EW Ao HE, EINAXS Per2 JELE I, 47
S CML 272 i AR i 20 W R G 98 . ABFoR LA
CML 27211 K562 il ik 2 8L, W5 A i 2 5k
Per2 FEPRIGF K562 4 34k 14 5 AN A T2 i 52 e, IR
WIATRERYHLE , B AU IH Per2 HEPRAE Ky — Fh i RE A
TE CML Hh 45 8 2R H], R U AR R CML JEPR YT
FRHTHE o

1 HRS5HE

L1 A5 A

NS Pt 40 B F 00 2 4] KS62 4 A bk SR 7 3 R A, G
- MLVE S B 1O 22 55 A2 ) AR MR B A R P R
pcDNA3. 1-Per2 i35 [ T 5 £ £ 2~ i ( University of Massachu-
setts Medical School ) Steven Reppert 5 | 23 2% pcDNA3. 1 Jiiki
A ORAF o BrRLfE O] & e TBciatR) & 8 RNA $2 50
e Sk EE M-MLV B B 9 b) BEL BE BT MR Lipo-
fectamine2000 %53 5| H TaKaRa ., Promega . Invitrogen /A ] 5 Fil
Pt c-myc p53 .cyclin Bl Hifpll) § Santa Cruz Biotechnology 7%
Al S BRI BT R ol B LA,

1.2 7k
L.2.1 Zufdsse K562 4 & 10% K i 4 1 . 100
U/ml 582 M1 100 U/ml 555 2 1) RPMI1640 ¥5 350, F37 C |
5% CO, Y NG B (9 TR S5 IR h G 5%, R AR, BN 4
AR A A T PR 25
1.2.2 JFUkiigy) % e
BT,
1.2.3  Fokifk e Mfa e ik
1.2.3.1  PHES T H5 50 A& A 5 0 o0 A % Z: HEHR T A
(Lipofectamine2000 ) 156 1 5 r gk i 241 Jf0 7 YL B A 20 SR AT
JEORE R A 4 B 1: 1 Lb ) G 45 b DA I RPMIT640 7
B P RRRA G 5 30 min, A LLTCILYE RPMI1640 %
B S P AN ER 5 x 10° (19 K562 402, iR iR A, &
37 CHE S h FIMAE 15% R4k LiF (FCS) 1Y) RPMI1640 1557
WAL FR
1.2.3.2 FaE KAk YL 24 h AT MUAEAR 5 2
RIFUEPE % Je (1 20 B A6 2 800 pg/ml GA18 Y15 Fe B rh 85 5%,
GA18 [y B 2 v B [ N A BT JE i 8 , S P AE R I SR & A
W 2 Ko 10 ~ 14 d J7 , WL BN Bt e b, 8 2 A PR vk 0
TR vE B M A M, B IR I A0, AT SR 22 . [l LA
Je peDNA3. 1 25 3% ok K562 £ Ay 25 441, K562 4k A ib
X
1.2.4 mlRgets R XTBUE R IIY K562 4, PBS ¥k ¥
3 PG HATHM O U o SR8 10 min J5O0EET WEE4H
MUEEAZAL
1.2.5  4iiffnA A< ih 2 HilAE 6 Wy Gk, O R
KIANMILL 1 x 10°/FL3ERD T 24 FLISSRMD 1 8e 95 5 d, £
RE3 FLANAL, LA {5 M 4 36 2o v 1050 0% 20 M 4, B8 (4 Tl A=
K.
1.2.6  MTT 346 ) 4 g 38 5 WS AR Yo AR A T 1 S e 2]
pcDNA3. 1-Per2-K562 | 25 #; pcDNA3. 1-K562 %} IE K562 4 , ##
P T 96 FLESFRH(3 x 10°/L) , ANl b BE S d, RRALIEE S5 A4
FATFL. LA MTT J53EE 4 h, T 595 nm PN IR OCEE(E
[ D(595) ], 11434t a8 i 40 i) 22

YR RN 2 = (AEIAA OB AE - 25 AR (E ) /
25 IR x 100%

¥ BamH 1 F1 Xba 1 NV {8 3%
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1.2.7 A S 00 240 A J) 44 A28 AR R L R oR
A HEL K562 4L, 2 PBS Wik, 70% L EERH 5, A PBS W
FIRALIE 30 min, .00 B, A S0 pg/ml RNase A JH 4L 30
min, ALK EEH 50 weg/ml BYHEPIE (PT) 44 €4 30 min, |
A A A

1.2.8 At i AS e I 7= B YL IS 48 h 4
T, K G 2 25 4 4 A D 5 PBS YRI5, $R IR A Tl At
WAL SR , AR Ab P8 KS62 240 il Jhy %ot PR, 7 3 =X 240 S i)
AT,

1.2.9 WGUEEHT BORERYYE 48 h g
ke (ZAEEL > 10) [ (4, U A, 4 66, H-6001V R 57 5 Hy
T T LS IR S A0S S AR A% A2 A ( < 8 000)
1.2.10 RT-PCR ¥ iAH 3G I R F ik RNA 2B Trizol iz
51 (Invitrogen ) ¥ 1 BH F#E47, B 2 wg RNA, F M-MLV i #% 5%
fitg ] % cDNA,J 2 wl cDNA #E47 PCR ¥4 286 b JH 2 649 B
AHolWFsmnE 1 Pis.

%1 RT-PCR ZBHEHHIGIMFII R~ KE

FEHHFR 519751 7K (bp)
B-actin( BCO01301 ) 5'-CTGACTGACTACCTCATGAAGATC-3’
5'-GTGAGAAGGTCGGAAGGAAGG-3' 247
p53 (NM_000546.3) 5'-AGAATCTCCGCAAGAAAGG-3’
5'-GCAAGCAAGGGTTCAAAGAC-3' 417
c-myc( NM_002467) 5'-CAACCCTTGCCGCATCCAC-3’
5'-CCTCCTCGTCGCAGTAGAA-3' 318
cyclin B1(NM_031966.2) 5'-TTTCTGCTGGGTGTAGGTC-3’
5'-AGGTTCTGGCTCAGGTTCT-3" 407
Per2 (NM_022817) 5"-TGTATTTTTAGTAGAGACAGGGT-3’
5'-CATAACAGCAGAGTAAGATTTTG-3' 444

PCR WK Z 4 x ANTP 2 ul, 10 x buffer 4 pl, Fi75145(5
pwmol/L)2 wl, FIE5149) (5 wmol/L)2 wl, 5% =) 4 ul, Taq
DNA B4 (5 U/ul)0.4 pl, K 40 ul. PCR 1 4
94 °C 3 min;94 °C 40 5,55 C 1 min,72 °C 1 min,30 PE#F;
72 °C 5 min—4 C {#£4£, BPCR 724 5 pl FRET 1. 6% (35

EREBERS T, 80V B, HLUK 1 ho BERC BT RGEWEE 0T o
1.2.11  Western blot &M% [ #1i5 W2 3 A L YL 2H 2
JRIFIA R PH KS62 217 /D , 4 0 2 gk v 412 B4 M5 2 9, O 2
&R, H80 wg & 1T, #E47 12% SDS-PAGE ik . 1o 7% I,
BSA HHA 5 , Iin—He BB BRI & 0%, PUAFR Ry 1:2 000,
BURSE I —HEPURL(1:2 000) 236 FIFEE 2 h, TBST % 3 W5
g R R iR & B AT U 7B . GAPDH R N2,
1.3 %it5F oM

FILERLL & £ 5 TR, SAS 8.2 Gl AF#E4T Student” s

R L
2 FR

2.1 FT4F#¥ pcDNA3. 1-Per2 #) SR Bty % €
pcDNA3. 1-Per2 E4 JFiki % BamH 1 /Xba 1 SEGFY) 5 007
WIS 5 500 bp(H peDNA3. 1 ZR{AE41) 1 580 bp F13 323 bp,

915 peDNA3. 1 #k K 28 BamH 1 Bl V) J5 3815 09 454
(5 500 bp) FIfE & $E AL B D) Fr B B AR — B, T4 iR
R e 245 5 5 B 78 22— 3K
2.2 Per2 &£ K562 tm L i, oh 4% 3

5 0 198 3 B4 PR o R 4 3% S5 HR B RNA 336 %% 5% J5 (E 4T RT-
PCR , 255 /R Per2 5 Ye 4] H: mRNA 7K 0 i = F 25 2 41 fn
XFHRH . W L TR

M 1 2 3

2 000 bp—

1 000 bp—
750 bp—

500 bp— <—444 bp

<—B-actin

250 bp—
247 bp

100 bp—
M: A7 (DL 2000); 1: K562; 2; pcDNA3. 1-K562; 3; pcDNA3. 1-
Per2-K562
E1 RT-PCR #&ill Per2 &iX

2.3 mpB AR

A S 20 A0 25 Bl QL € 5 7RO R LR I LB 3 B
Yett JR AL, SN 2 iR, KS62 414 Per2 N ;e
J& , FLAN AR G 0 AT B AR Ak, (R A0 AR AR AR /N, 1A
Per2 X} K562 41534k TG BAEM .
2.4 sfmiet KW ERHR

3 1o X A A i 2R B TSR & BE : Per2 3 3R X K562 411 g fry
AR AT B S A VR s 2 AR K562 41 i i A= 4 I B
B, ARG N2,

x2 FEEFHMEN K562 MAITHER ( x10°/L, t+s)
215 1d 2d 3d 4 d 5d

B 1.3+0.4 5.0+1.1  8.7+1.73b 21 +3.29 28 £4.1%
23#4 1.4+0.3  6.1x1.2 29+3.6 75 +4.5 120 £11.2
M4l 1.3+0.2 5.5x1.1  23+3.3 68 +4.1 113 £12.4

a: P<0.05, 5% &M%, b, P<0.05, 53 B bsx

2.5 MITT %3z R

Per2 3o Feik X KS62 40 I fr) 14 8 HAT WY b iy 1 0 4 T, 44
FEAM 2 T1% | 107 25 PR % K562 41 il i 33 78 G Wtk 52 i
(9.1%),
2.6 K562 4mhe. B #1449 % vh

5 AR b R0 B 45 A Y A AT LE K562/ Per2 4 G, 1]
ML B R (R 3) , ZAAE Gt E L (P <0.05), &R
Per2 iof FIKREILAE AN K 2E G, IWIRH I (181 3) .
2.7 2t K562 2B 64 %

AnnexinV-PI 3 (8,45 S B - AE X T 5% HR 4 48 i (S T2
3.0% ) A2 SR ANME (P TR 3. 68% ) , B Y H A (PR TR
14. 8% ) JA T RO, 204 G it (P <0.05)  ILE 4,
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®3 Ks62 HEAMKEN(%, v x5)

bl G S G,
L] 27.7 +4.4 36.2 5.7 36.1+5.5
el 58.9+7.8 28.6+4.1 12.5+2.92
X HR2H 46.4 6.3 43.9£5.9 9.7 +2.3%

a: P<0.05,5 # 4k

2.8 WA MR T

BT WL E %t 2H KS62 40 A fRa K, i se |
AW Qi A L, TG Y 20 40 i 2% T A ok
B L R R 1)) O RN ) i = WP N 7 T
Wiy BT A2 AR FE T PR T /IMA (181 S) o

2.9 RT-PCR #: | p53.cyclin Bl ,c-myc 2 B mRNA
o9 KA

RT-PCR 45 i 4% 21 K562 4fi Jfd p53 . cyclin Bl c-myc [
mRNA (25K 6 fiR, pS3 FEH A mRNA kKT,
1M cyclin BI Fl c-myce FE P 1) mRNA 35 7K 57 00 4% B9 8 9,
PL#5 H 1 264 N 2 B-actin (1% BEAH HE, #6 Ye4 p53 RiKk/KF
G L2 2R Rk B2 p53 Rk AKFTHE T 1.4 45 F1 1,56 £,
P B 22 5 (P <0.05) s 6 Ye 21 3R 3K /KO- 43 1) Lo 4 4 AN
Xf B cyclin Bl ZRiB/KFREAIRT 26% F123% , ¥4 o M2
(P <0.05) ; MiFE Y c-mye eIk K43 51 L 25 B4 FXT iR
2H c-myc FKK IR T 28% F133% , IRIA B E £ F (P
<0.05)

| Debris
¥ Apoptosis
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Channels FL2-A
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Annexin V FITC
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A bR, B, w4, C. 44

B2 K562 fpamiKEBER (1 x1000)
I IDebris ADebris
1 000 miApoptosis #Apoptosis
mDip G, 800 mDip G,
800 mDip G, mDip G,
. LiDip S ~ 600 ODip S
15 (53
= 600 £
3 3
z Z 400
400~
o €
0° T 0 =
50 100 150 200 250 50 100 150 200 250
Channels FL2-A Channels FL2-A
A, x4 B, w4 C, 544
3 K562 4R A R S4B B AU i 45 SR
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R il
100 - x 10°
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e dF
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Annexin V FITC
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A:xfMR2E; B: 7
BE5 K562 MR THBENRER (TEM)

p53 cyclin Bl c-myc
M 1 2 3 1 2 3 1 2 3

000 bp—
700 bp—
500 bp—

300 bp—
200 bp—

100 bp—

«—B-actin

247 bp

M: DNA #ffe; 1 25205 2 sbMRaL; 3 w84
E 6 RT-PCR #;ill p53 .cyclin Bl .c-myc EFE &KX

2.10 Western blot ##| P53 Cyclin B1 ,C-Myc % & &
ik
Western blot 2 5: 5 RT-PCR &5 - 5A W &, i —H U T
Per2 FePR XI5 AAH G B AT ME T . Per2 E[HIXT CML 4 Jifg
B — A K Is A R AE T2 SR, B ARPLH T 58
T 2 X A0 S A AR OGP g TR A E A . nlEl 7 TR

P53 Cyclin B1 C-Myc
1 2 3 1 2 3 1 2 3

CAPDIL o - - e e

1: #4258 3. 84
&7 Western blot #&ill] P53 .Cyclin B1 .C-Myc & H K i%

3 itig

TR T2 AL R RS T A R
TESREAE A EE AR A BT B R R B 1 R
AR B HH RS, N B B AR K B —RE
R o AT AT R W R FE R Lok
AT AR R T IR R LB A PRy 5
PENHES) TS IR o DR IR AR 7 5 H i 1
Je HE NI A — &, EUR 35 A TN 5 i )
Sr AL AR

JE AR R AL T L R 40 R ) S B L X

— W5 o 00 A B AT D A AR A LR B P AR 3 IE
S AN B R DR R R R A T
B R K A TR AR E . KA 10% (1)
TR ARG FAYE " mPERI Fl mPER2
GRAR (A /N BRI M 6 53 54 T S0 B e B AR AR/ N R X
SURF oY F W R T L N AR A A o 24 B T Y
YEH o TEARZ A0SR AH S L B H  e-mye \p53  cyclin
D1 il eyclin Bl 254 5 AL R prr s oAb AE
/0N BRFF RS (R AR 9 Sk 7 1 8 5 DR 1 4 B A
4R, T HAEVE Y G,/M Bk 72 v R B A
Y. BB e A 52, Perl 25 7 ATM-chkl/
chk2 ) DNA $5 473 )2 1w 38 [, I 5 3507 ] GBAE g — i
RPN P RS o AR [ Ah 1 F 5 0 R, AR AIF 5
LT RPIEI Per2 PN A M2 PR 40 M 1 1L K562 21
1534k 3G EE AR TS m IF R AR B T ] RE AL
il o

AR S UE S Y Per2 FE RN} K562 41 fifd ELAT 145
TOHIVE R, S REAE 20 40 B 08 T, 1m0 B AR 4 /DN, FRAT
A3 BT AT B8 40 I P8 T A —FIR A (R X 4k e B
BAE . WM KS62 40 i & 2 G,/M IFH
¥ ,RT-PCR FlI Western blot ¥l i 7%, G,/ M ] )45 %
cyclin B 45 B i T, 5 Per2 3 [K ] B8 13 X4
i G/ MUy 8 e DAY (9 3080 2 17 55 W) 40 ) A0 0 R
G,/M 3 1) o R 2t TG 19 Cde/Cyclin B1 259 it
KB, cyelin B [ 5% 56K 7 FTRR K - AR K X G,/
M R SCHAME . Cyclin Bl R RIATE—EF2E
ERTLAS B0 L Gy MUY BEL , 2 240 i 39 58 a1
MFE NV 22 e AR LEE 2] Cyclin BI fyad ik,
AW DNA $i455 0 7T LS Cyelin B1 [ 7K,
cyclin BI ) mRNA 7K 7 F R ] G U6 F H A e T o
T340, 24 DNA 454554630 15 8% 38475 )5 , Cyelin B1 2B (4
32 BIFE o A RIFFEIE S > 4 I 24 20 A5 47 B,
% 14330 HAMS 514330 UL PS3 {07 %
ik VA 4k & Gy/M IR . AR 5T 45 SR R W A
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FEH Per2 £ G,/M P il H HE A M, c-mye
DR A Jie i ARSI D, A 9 I PP Ak 1Y, LRSI
ML ANGE A B IE B . AP ISR R Per2 Xt
c-mye FATHHIAE AT, (B HARPLH A Fr iR A DT
pS3 g fil e 0 ) e DR, JHC R 3K T AT LA A AR ) A
KO ABIEH Per2 B 13 p53 JEIN Y FRIA, S n 3
] Per2 A7 Al AEIE i p53 X — 15 5 3 i 5 i I 410 o
YERT.

AMWFSEUESE T 5 A A AE CML o 0 B 224
SRIMTIX — 3 ) A AR BA TR FE A A5, PR AL
A5 S DA PfRg b i e e AR S A VR T DR ke AR
FHVA B IAEAR - 5% S AL P A4 e % 45, 1o R B
AT TRE—L 05 a0, 7R IR )T R iF 2
TR 67 7 2k RAG 2 5873 049 % 4, 11 i 8] 42 )97
BTN — BRI T B E SRR BIA T, BAR H
AIVE 2 520 SR AL T Sh W B B B, i R 1 A PR
I (B3 — A7 75 58 I S A 5 465 T A £ Ok
IR E o

S 3k
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