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M8 Hom. AR B ERAC L0 B & H2AX(Y-H2AX) % 5 5 Kt B 30 0 R AL 22 RA AR K M 5% 45 X 4%
FAMEDNAF % K-F. FIAFHEERBERARZEIBEARARNZEFFTIEZT, AFEZmE
1% 5 (multitelomeric signals, MTSs)#w 3% ¥ 1% 5 4 & (signal free ends, SFEs). #|/ & &2 £PCR%
hAem b E A Y AR A AN s A AR K E A ki B E . R BT, 50 pmol/Lat FE 4148
Fo, 20 umol/L K % % 4k 2 Helan 248 hat 4% 5 556 45 K % 42 £80%, F) BT it & I3 45 o) fe [ 75
R 44 *E(telomere dysfunction induced foci, TIFs)Aw 3% #2 7 % 12 538 %, L FEMTSs w1 1.65%38 /n £
3.98%(P<0.01). SFEs®H2.74%3% 40 £.8.49% (P<0.01). Fi, &R LRI, KEHF4 S, Helatn
st ¥ B E M R E 5, 10 umol/LA=20 umol/L K 3% & 4L 2248 hig, 5% ¥aBa & Mo 7 1 & 4 2 B 40 64
1.424%(P<0.05)#21.9242(P<0.01). % Lk, E£E4E R R0, K FF e S RE ARSI Amtd) feferg
VAB kKB E A &, B A T fe G am ki B A5 A K.
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Emodin Triggers Telomere Dysfunction in Hela Cells

Liu Jing, Zhou Tianxing, Liu Rui, Xiao Yingnan, Geng Xin, Wang Feng*
(School of Basic Medical, Tianjin Medical University, Tianjin 300070, China)

Abstract This study was aimed to investigate the effect of emodin, an anticancer drug and
chmosensitizer, on telomere and telomerase activity in Hela cells. Telomere specific DNA damage level was
detected by phosphated histone family 2A variant (H2AX), referred as y-H2AX immunofluorescence-telomere
fluorescence in situ hybridization. Metaphase-telomere FISH was used to detect abnormal telomere signals,
including multitelomeric signals (MTSs) and telomere signal free ends (SFEs). Quantitative real-time PCR
and telomere repeat amplification protocol were used to detect relative telomere length and telomerase activity
respectively. The results demonstrated that compared with the control group (0 pumol/L), emodin (20 pmol/L)
treatment for 48 h shortened the telomere length to 80% and increased the frequency of telomere dysfunction
induced foci (TIFs) and abnormal telomere signals, including MTSs increasing from 1.65% to 3.98% (P<0.01)
and SFEs increasing from 2.74% to 8.49% (P<0.01). To our surprise, telomerase up-regulation was detected
following emodin treatment. The telomerase activities of Hela cells treated by 10 umol/L and 20 pmol/L emodin

for 48 hours were up-regulated to 1.42 times (P<0.05) and 1.92 times (P<0.01) respectively compared with the
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control group. Taken together, the results suggested that emodin acute treatment triggered telomere dysfunction

and telomerase activity up-regulation. The elevated telomerase activity induced by emodin may be related to

repairment after telomere dysfunction.
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0.1% SDS)PEi21K%, K15 min. Pk I HB@xSSC
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3D E, W3~4TH MR T4 CCHUAEI F, [F e
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1.7 SmhiK BN

WCEEAS [ 25 W) 34K B b 248 hif HelaZll i, 1
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TEM: & 3t X ZLDNA £20 ng/uL. PCRJZ M & 7 &
RFN10 pL, HAE$E: SYBR Green Mix 5 uL. |
TSI (10 pmol/L) % 0.3 uL. DNAREH 1 pL.
DTT 0.4 uL. Betaine 0.8 pL. X{2%/K2.2 uL, &
FERKBEINE . LA36BLAN S . 36B43E K
L 51 W BI(F)N: 5'-CAG CAA GTG GGA AGG
TGT AAT CC-3', i 51 ¥ ¥ I(R)A: 5'-CCC ATT
CTA TCA TCA ACG GGT ACA A-3"; siki 541 bt
51 %1 5 HI(F)A: 5'-GGT TTT TGA GGG TGA GGG
TGA GGG TGA GGT-3', 57 5I(R)N: 5'-TCC
CGA CTA TCC CTA TCC CTA TCC CTA TCC CTA-
3'c PCRIMNAFEF#EA: 50 °C 2 min, 95 °C 5 min,
49 °C 15 sHEAT24MIEPE; 94 °C 15's, 62 °C 10 's, 74 °C
15 sHEAT40MEFR; 95 °C 155,55 °C 155,95 °C 15 s
KRN RNESHRGE, B33 5C T 36B4
s o7 (4 5 ZELC L, AR FH 2-44C B 3 TR 28 s A %o P
SR 36BN FRIL & . SIS, 3K
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protocol, TRAP)A& MU Bl & M

I 5 25 ) 4k B S B Heladll B(292x10%)3F 0
A 400 puL # 1xCHAPS#f## (10 mmol/L Tris-
HCL(pH7.5)~ 1 mmol/L MgClL+1 mmol/L EGTA.0.5%
CHAPS. 10% )+ 50 pL PMSF(1 mmol/L). 50 pL
DTT(10 mmol/L)A10.5 uL RNABFHIHIF](10 U/mL).
4 °CZ4#40 minJ5 T4 °C. 16 000 xg #0240 min. W
W B e 2T RS O, —80 °CIRFF. &2
FEUK E#E1E. TRAPKR W 074 {TPCR. 28—
25 PLIPCR = Wi R EL$52.5 pL 10X TRAPZE M
2.5 uL dNTP(2.5 mmol/L). 1 uL TS(10 mmol/L). 1 pL
TSNT(10 pmol/L)s 1 pLAHAEAFEA . 0.25 pL RNAKE
F#57(10 U/mL) £ 16.75 uLIEHEF/K, 37 °CHE H 30 min.
B P25 pLif R AR & A1 puL TS(10 mmol/L).
1 uL ACX(10 mmol/L). 1 pL NT(10 mmol/L), 2.5 uL

*1 5149575
Table 1 Primer sequences
CIEVER S Gkl
Primer name Primer sequence
TS 5'-AAT CCG TCG AGC AGA GTT-3'
TSNT 5'-AAT CCG TCG AGC AGA GTT AAAAGG CCG AGA AGC GAT-3'
ACX 5'-GCG CGG (CTT ACC); CTA ACC-3'

NT 5'-ATC GCT TCT CGG CCT TTT-3'
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dNTP(2.5 mmol/L). 2.5 uL 10xPCR buffer. 0.2 uL Taq
fif§(5 U/uL)FIS pLIf) s — B PCRFZ4), TolE/K AN 2 2
25 uL. %90 °C, 30 min; 94 °C, 30 s; 55 °C, 30 s; ¥F
BE32AMEFR; 72 °C, 5 min. XF 5 " HBPCRIZ“WIHEAT
12%5E P Mt e Bt R H Kk i, FHEBI(1:1 000 B ) e £,
30 min, £ & FKEE2~3IK, B K AMEEIL % & 4t
I3Hre Hot, 10xTRAPZZ MR K43 : 200 mmol/L Tris-
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1o SEIRMAT EHEE 3R
1.9 BB
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ZHAH BE, K3 25 HelaZh i 366 4 L A B 55 1 40 1) 1
FH, i 244 A B 1 385 A g 38
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— A FE S T, 245 47 A 55 7k v, 400 1) 48 0 A P 7
] — 2599k B, 1 FR RS T, 0 sf 356 5 11 P B 5
(FE1B).
2.2 KEFREK™ERDNAKS

FHy-H2AXA U bRic & 5 R ZHDSBs/E 5 (4L ),
I B P28 70 D' 4 A IR B 2% 0 DNABUEE (1 432 £
FEPE . I eas IR, 50 umol/LXT 4141 Lt
K2 (10 pmol/LAI120 pmol/L)4bFH48 hi| B 1%
Z My-H2AXAE Z (K2A); AT E100M 41, 4t
AR N y-H2AXAS S HIEH, giit45 5 0K
2B. HIBETAT I, K82 AL B AEWS 5] HelaZH i /™ 5
F{IDNA$547i -
23 KEZRIFSHAXFREDNAT A

N T HE D R T K F N R X DNA R 51455
YEH, AT y-H2AX$UAR FAFITCIR £ 43 milbsid 1
o FE R ZHDSBs 5 5 (41 t0) Al it ki A5 5 (S £0), W5 Fl
5 5 1 A AR 3R i R X R S HEDNATR 15 (EI3A
H € 55 Sk A7), B o A0 D BE B A5 452497 kL (telomere
dysfunction induced focis, TIFs). 4 il #% FIDAPI4:
BE ). 45 R BN, AWK E K 210 pmol/L
F120 pmol/L)AL #48 hf5, 40 il N TIFs%EL H 1 £ (K
3A); 5 =4 TIFs 40 f vt A TIFs B M 20 i, 1)
3B R T RBE AL S, TIFSPH M40 A & s 4i g4
B0 e G- i 2 5 =100/41), 7 1,10 wmol/L AN
20 pmol/L K 3 2 RE % 175 5 B 16 1) i 42 [X DNA$ 1

(P<0.05). {HAFVEERZ, 50 umol/LX} HE4LAH B,
150 @8 43h
@ 72h
S
&; 1001
z
=
©“ 501

5
Emodin (umol/L)

10 20

A: KHE R FE Helall A= K i148(9 d); B: KigZAFHCT 11641248 h(E172 h)J5 MANIAAF3 . *P<0.05, **P<0.01, 5 X2 (0 pmol/L) LhA%
A: growth curve of Hela cells treated with emodin (9 days); B: the survival rate of HCT116 cells following emodin treatment for 48 h (or 72 h).

*P<0.05, **P<0.01 vs control (0 pmol/L) group.

Bl KEZRXHelaZHfBFIHCT 11640 KRR T HNHI1E A
Fig.1 The anti-proliferation effect of emodin on Hela cells and HCT116 cells



182 i Ftie 3L
(A) (B) .
, 301 o
Emodin (pmol/L) 3 — |
e ==
e 204
0 g
&
w0
10 pum| e
— o}
=
8
=
0 10 20

Emodin (umol/L)

20

10 pm|

A: KIEFRAEMAS b, y-H2AX R TOER (. WAIDAPIR(, 20 ARy-H2AX(E 55 B: KERAHE, 8K T DSBs ML 41
100N . *P<0.05, #*P<0.01.
A: images of y-H2AX immunofluorescence staining following emodin 48 h treatment; blue indicates DAPI staining; red indicates y-H2AX signals; B:
average number of DSBs per nucleus following emodin treatment. More than 100 nuclei were analyzed per group. *P<0.05, **P<0.01.
El2 KEZIIDSBsERHFM
Fig.2 The effect of emodin on DSBs production

(A) B) ., 2
y-H2AX Telomere Merged % - 1
Emodin (umol/L) i 2 154 *
‘B 1
& I
B 104
0 <
°
5 7]
e O'
~ 0 10 20
Emodin (pmol/L)
© @8 Times of total DNA damage

Times of TIFs

*
. T
T

5 37
=
E 9
l-j

1

Emodin (pmol/L)

A REZRIEIRAS h)g, v-H2AX B9 IbiFISHY L 1 2Lt fARy-H2AX(E 5, SEARImRE T, W ENDAPIRt, H tF kIR mum ki o fe
S IETIFs; B: K3 R AL S, TIFBAYEGHNAT & B0 H 43 L, C: K3 FRAL B AL DSBs K3 ki Ty it 7t 4 352 0 )k TIF s i B 5 (5 % B AL AH
th). B ZEATHE004M 4% . *P<0.05, **P<0.01.

A: images of y-H2AX immunofluorescence-telomere FISH staining following emodin 48 h treatment; red indicates y-H2AX signals; green indicates telomere

20

signals; blue indicates DAPI staining; white arrows indicate TIFs; B: percentages of TIFs positive cells following emodin treatment; C: the activation times of
total DSBs and TIFs in emodin treatment groups (compared with the control group). More the 100 nuclei were analyzed per group. *P<0.05, **P<0.01.
B3 KEREAIHRXFREDSBs

Fig.3 Emodin caused telomere specific DSBs
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10 pmol/L4H 55 5 it 32 K ZH DSBs AN 2 X FE 4 11
1.45+0.021%, 5 FTIFsf %L H 72 X & 25 1)3.30+0.49
f5(E30), Ja# B & & T 174 (P<0.05); 20 umol/L4H
43 N 1.48+0.10416.471.95% (EI3C), J5#& W & &
THT#H(P<0.01). DL ESEREH, 55k S5 FH
DNA A b, R 3 2% 5 m) T 5 o o [X 4 e 1
DNA#45 -
24 KEZRIFSHeaiRFEint{ESHEIES
N T3k — 0 B K 3 2 N HelaZ M 3 bz 1 45
1315 O, FRATTR A 3 e 8 AR -FISHA: A A I G £
A A B g REIR A5 . 45 SRR, 50 pmol/LALH L,
10 pmol/LA120 pmol/L K 3§ # 4b #Hela4f A48 h

Ja, Bt R R g ) 7w RS S, R 2 RS
(multitelomeric signals, MTSs)F1 4 (8 44 K iy iy #5715
5 6k K (signal free ends, SFEs)] .1 £, 2 7 4t
TR X (P<0.05). [FF}, 20 pmol/LAbE 2H 5] A2 i
MTSsH i % T SFEs(P<0.01)(&l4).
2.5 KEZiERHelaZAfimhi K E 4558

Hela4Hl ffl 260 umol/L+ 10 pmol/LF120 pmol/L
RICFHALTEAS hm, Al 206 € BPCRIT VAN i ki
KB LLO pmol/LXT FEZH v br K B M1, Ko 3 Ab
FHA8 b 4 I P SR 1 P 2 A L 10 pmol/LAHL 48
J2 % B 2H (1)0.85+0.06 1% (P<0.05), 20 pmol/LZH 4
Ji it BEZH 1190.80+0.04 15 (P<0.05)(5) .

5 um

(D) @ Pecrcentage of chromosomes with SFEs
Percentage of chromosomes with MTSs
*%
10+
k%
=
8
S
5 O
8 *
=] k3
§ 44 sk T
& T
i
0~ T T T
0 10 20

Emodin (umol/L)

A+ B: 0 pmol/L. 20 pmol/L K 3% F A EE f5, HelaZfll il s 5 4 (I €)1 A ity it AT 5 (S ) BB 4k . 205 87 Sk FEZRMTSs, H (4% Sk 8 /R SFEs.
C: EBH A Y OARBOKEG . D KK RH G, FMTSs(EiSFEs) Y ik il 5 [\ Ll . 415D T 5205 240, i Ho k% H =800.

*P<0.05, **P<0.01, 54} R ZH.(0 pmol/L) L 45 .

A,B: the change of telomeres (green) located on chromosomes (blue) of Hela cells after 0 pmol/L and 20 umol/L emodin treatment. Red arrows indicate

MTSs and white arrows indicate SFEs; C: enlarged images of some chromosomes in figure B. D: the percentage of chromosomes with MTSs (or SFEs)

after emodin treatment. More than 20 metaphases were analyzed per group. More than 800 chromosomes were counted per group. *P<0.05, **P<0.01

vs control (0 pmol/L) group.

El4 AFEFREAHelaZAfimHKLAfE 4 {5 S (MTSs/SFEs)FA R 15 %
Fig.4 Emodin significantly increased telomere fragile signals (MTSs/SFEs) in Hela cells
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1.5 9

0.5 4

Relative telomere length

10 20

Emodin (umol/L)

*P<0.05.

5 K| ZEXTHelaZBum ki< AU S/G

Fig.5 The effect of emodin on telomere length in Hela cells
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100 bp—s e ¢ mavend e

¢ el W

S0bp=— 7 2 —

kk

0 10 20
Emodin (umol/L)

A: KR X Heladl i i ki S5 5 A0 200, B: K 3% 3R A0 BE J5 Hela gl Jg S B B35 1 2R BE 4B 20 B *P<0.05, #*P<0.01,

A: effects of emodin on telomerase activity of Hela cells; B: the gray-value of telomerase activity of Hela cells after emodin treatment. *P<0.05,

**P<0.01.

El6 K= HelaBum i EEE MRS

Fig.6 The effect of emodin on telomerase activity in Hela cells

2.6 KEZESHelaiimRIESE M S
HelaZl g 420 pmol/L. 10 umol/LA120 pmol/L
KR AL P48 him, B FHHTRAP G 5 A5 W ity Ao B v/
Yo KEAMT R SR, wmbEEEEREA . 5
0 umol/LAH tb, 10 wmol/LZH f) ¥ H B 3% 1 T+ /3 N
1.42+0.131%(P<0.05), 20 wmol/L4L i) 3t ki il 7% 4 T+
15191.9240.1315%(P<0.01)(&l6)

3 Wig
AW AR IE T K 25 25 0 Heladh [ Py 345k il 3

L 1 s, RO T8 2R R % 3 B 6 ) B RS,
BN MG TE . [RINE, A SEaG R B, KF R A
J, SR I P B T, AT R SR S B
Ko

DNA# 1 5 ¥ B 1(topoll )il it fi {L DNA XL 5
Wi 454, TAEDNAMRINRAS, TEDNAK i,
2 RN S AR R R 1 L) RE, [FIRT, topollth
Se U 250 F B s 2 — U, SCRRIRTE, KR
= RE 0% 18 I H | ATP S topoll 1) 45 &, F# 1K topoll ]
TEE, AT S|4 N T2 DSBs™. A HTHiRIE 1
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S5 — B, AW IR, KR BE W i Hela 4t i
(RSG B, [5]3R5 2 R ZHDSBs ] 4 2
DNAH 175 fie % 5 k2 41 B J& S BH i & — R FIDNAfE
RN, #5545 IDNACK BE 3R 43 S N IE A 12 &,
T2 15 AR B BTz IR RE DR A W A, AT - B4
N ER AR B BE T

ORI T AR IE, topol D4 ik LA ORI, 41
1) 40 1 7 A L) 3% 1 3 0% 5 | A o b DX 12 o s 4
Inest SCERRIE, KB ER R (I I 41 i A O AR
(reactive oxygen species, ROS)I) A= !, i J&5 & X
B DR A s WL P50 B A B 0 A RO AR T B, R
B2 Sk X DSBs(RITIFs) I BE /1 W & T 5
Kol FE R ZHDSBs ¥ E /1, 3 B K 3 306 s K (X DNA
FAR /R o A S0 IR 5 0K 3 3% X dii Kir
AR5 O A BAE = AT T — & Sk X Ry 5 VE DS Bs (i
EWZ, TRmAEIEE S 2, A2 ImAE T
(MTSs) M G {0 4 A Sty o KL B# 2K (SFEs ), = 2 i biL A<
FEOR R4 . VEE M iRkiE, TEN1Gmbigh & 2 I CST
HE WA Rz —) R bR B8 52 W] 2 AIMTSs A
SFEs, 31X Pl 7 ¥ A5 = 1) H 302 o b 52 ) I LR B AR
) S4Bl 2 SR ) AR B i L D) e P
R S BERHAATRE, OFFHRRE. ik
R i R 55, R AT A0 M B A 7 E A BB P

i A% il 308 5L A % €0 AR i 75 0 i REDNA - 41,
T8 K 22 H5Uh 8 24 PR R 7 A 200 B e 81 A R RS e iy
R TE VR P ARsein g IR, RE KRB S
3 i L Pl P T v, T SR B Y A L, R i KL
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N, BRI, X5 2R AR 0575 T BRI R 41 A vt
L PR T, [ IS G (A W 2R Ak R IR B
/N B L BB, 73 i A 8 T e 2 S DNAS 1
JE B S BE; SR AN, iR Ak T 245 P55 S
HUDNA$5 17 P8 3= [F) A AT LA 51 7 v b Pl 7% 14 T v e
WAE BK B AL 05 R I, AE Gt AR i) 4
b IR TR KL A B PR RATTHEN, KR
it S Hela ] Y i KL 2y BE B AS, TT0 i 38 175 3 i R Bl v
YEThE . SR BT 45 00 kL S RA B R EHA
it — DR TR SE

T R B R PUIOR A T B4R H 234 22, (HH
Xof S A A S L RV 2 Y M o A AR . AT 5T IR
B T KR AL 5 3 N\ 20 HelaZH 12 31 KL 1) e
BERS, 2 T Xof 4 L 8 B 3 RSB 93 R M), X O R R AE
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