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Influence of Bone Marrow Apoptosis and the Activity of Histone Deacetylase in Benzene Inhalation Muouse. Ge Hangping,Yu Kang, Chen
Fengyu et al. Hematology Department, Zhejiang Provincial Hospital of Traditional Chinese Medicine, Zhejiang 310006 ,China

Abstract Objective To observe the apoptosis and the activity of histone deacetylase( HDAC) in benzene inhalation mouse bone
marrow mononuclear cells. Methods Acclimated CD 1 male mice were put in to a self — made benzene inhalation chamber for 6 hours/
day, 5 days/week with 300ml/m* and 900ml/m’ concentrations of benzene and normal air for 12 weeks. The apoptosis of the bone marrow
mononuclear cells was detected by flow cytometry. The nuclear proteins were extracted and the activity of histone deacetylase was tested
with the colorimetric HDAC assay kit. Results 1. 300ml/m’ ; the (Annexin V + PI - ) bone marrow cells in model group (13.80% =+
5.31% ) was 1.65 times higher than the control group(8.33% +0.61% ) (P <0.05), and there was no difference between two groups of
(AnnexinV +PI + )cells(P >0.05). 900ml/m’ :the ( Annexin V + PI — ) bone marrow cells in model group (13.10% +5.39% ) was
1. 83 times higher than the control group(7.16% +2.18% ) (P <0.05). The( Annexin V + PI + ) bone marrow cells in model group
(7.11% +£3.54% ) was 1.57 times higher than the control group(4.54% +0.84% ) (P <0.05).2. The HDAC activity of bone marrow
mononuclear cells in 900ml/m’ concentrations of model group[ (7.89 +2.58) x 10 7> (A4 value/pg) ] was 1.58 times higher than the con-
trol group[ (5.00 +1.52) x107° (A4 value/pg) ] (P <0.05). Conclusion Benzene inhalation in mouse can cause significantly in-
creased apoptosis of bone marrow cells in CD1 mice. The activity of HDAC is increased in bone marrow cells with chronic benzene
exposure.

Key words CD1 mice;Apoptosis ; Acetylation ; Benzene

AJE—AE UL A Tl BRSSO B ThReRE S, F 3 B0 i R 5w v R 4y T AL R
&y B3 AT R I WMAT IR 2 M A Bk, K 32" . Eastmond %5 /8 K 2 85 /N UK & B
WIRKENEME R LRI Y& M EREEn R, R b TR T (TOPOT )
S R R, 3% TOPO 11 I fig 1 e A48 78 28 2l
WOEEVE AR . 3T AR OR IR A IF 9T R B AR Y
A LA B 20 2 B B TOPO 1T 2 18t Ak 1 i K F

T H - H K A AR A IE S BT H (81172613 ,81502793)
YR B07:310000 AT M, #1144 HR B B L W R (5 BT i A

1) 5325000 g BE R 2 BB A BE B (ATHE BREARUE M35 %) B . ASHIF 5% % F 8 W A/ BRURE 2R o UL 824K Y
S A B Tk B, AT BT, T yakang62 @ /N R BE 0 B0 52 o LA M R 4 41 B 1 2 kA
126. com 164 K F 19 25 2 Bk AL Bl % HE ( HDAC) 1 B 45 1

- 31 -



e B

J Med Res,Mar 2017,Vol. 46 No.3

wt
MBS A&

L. ¥y oy SR g s« (1) F i 3l 208 A e
B HUS0mI JC A T G 4 Bl A AT 4R 35ml A2,
T 5 Ul 1 O 2 L, R 0. 8em/h, il it — R
BE ST FE A —A> 250m] A5 0,38 B AR IS ZE I, O % %
— AN R AT AR A IR R U B AR I
SE I 53 B — MR O 3 2 A 1001 3 RLAE 5 1
B — R 3% 2 o 5 23 0 48 B AR AR I A b A
1001 ¥ RHFH v, B AR 25 /N BRUVE I 1) 400, I T DL 2o
PR T BEOREAR T B XRS5 TR 5
1 AN T HESALAR B4R 20em (1 300548 o 4 5 —
AR ) B SORLAE , O D 3% 422 i 1 X 28 SO 8 HL I AR G
BOE B — MR RO e N5 2 SR e R
PR e XU R i e B N N R R R 35 1 A48
T HESE S W TR AR 2 s AR T R LA R R R A A
SRR ) 25 AR DU R B N T ORI E . R B
AL ER, R A R R B, B — AR R
L DR e R A SO 4 2 SR P OR MR L (2)
T R S L A AL 5 AR B KN BRBE AL S 4
M300ml/m® 4 ;S84 n=17 B IE# X4 n =3
H;@900ml/m” 41 : 5K n =31 H IEF 4 B4 n =
4 B, IEFM AL U8 TR W E R Oml/m® BOAS T
oS SR WA T B W FIAROK 5 5250 40« iCE T
FBE 300ml/m’ F1 900ml/m® i F i, WA, 5] ]
AP EYMRK, B 6h/d,5 K/, kE 2 K, 4t
12 J#,

2. 850 5 SR 5 AR 8 ~ 9 JAliY CD1 S &R
Mt /B 55 (b 5t 4kl 42 A5 B\ &, Vital River
S E) LR S T UES SCXK (3) 2012 - 0001,
ST Ai R (N B AR A BR A R, B4 A i itk
0 ML 53 B W (R BT A R B A R ) R AR R
K5 & (Thermo) , 20 7 1 2% S WEAL S (HDAC) 375 4 1
FE 17 & (Millipore ) , Annexin V. — FITC/PT X 4% 41 Jify
PTG (R A Wil n A BR S ), 2R ok A
i GasaletmicrO5 (BW A #]) .

3. WAL IR AR A R AR R RS 2 K T IR
BRI, IF4b HE A5 21 /N B, 43 B /N BROSUI e B i o
BSCHE LA JE 15 R A B A A

4P BEAN M UE ToA I B Tml A SR oh Uk BE
Fi U YA 2 G TR O 9 3 D, U 4 B 40 A SR O X
20 L ASC R A E AN B R TR . R Annexin V-
FITC/PL X 4% 4 Jd 98 T~ 1257 5 46 U 1E % 44 B2 ( Annexin

- 32 .

V - Pl ) G 140 M ( Annexin V. + PT - ) (i 184
P T MIRIEAR ML ( Annexin V. + PT + ) (HLAR A 15 240 /g
(AnnexinV =PI + ), K Cellquest %43k B 44 %%
i, FH FlowJo7. 6 B At 53 Bt EIZ 45

5. B BB R AN R 2 T A il A T < 3 o
Fr B A A, S IR A 1, A% AR PR,
HEH L OB E (HDAC) 3% #5905 1 50 & A
HDAC PTG o 925020 98 (1) AR 4k 156 B 45 38 50) 75 1)
YR, EAT A TAE IR O], 55 A A& £ 8 7K Tml,
F UG E Tk BT (2) BB O AT
IR ER 96 fLAk, % fL A 2 x HDAC assay buffer
10013 @ 1A % £ 0 BE h 20, B 4 4 18 ( 55 75 T
JK) , BHPE X} B8 (hela neuclear extract) 20wl il A i
L, ATIR 215 @ 78 iR % L fin A 4mmol/L
HDAC substrate 10pl, B2 R ITIR 5 ; @D37C, I H
60 ~70min; & 5 FE activator solution Y& fiII A 20l &
BAL, BRRBRWATIRS) ;© 37C i E 10 ~20min;; D7 [
FRAX 450nm P A Ab BEIOROLBEE (A {H) o SLE R
L2 A BCEBE S e & 255 . HDAC By 36 R R
HDAC By¥&E T = (A 9254 - A (52 AN ) /%
Vo

6. Giit a7k ) SPSS 17. 0 Bl ity ge it~ ik
B, A SL 5 A s TR+ AR 25 (2 5) UK,
A1) PR LA S AR AS ¢ K56, L P <0.05 922 e Ay
Giitr L

& ES

L. /N Bl 00 O 5 2, 0 23 B >R L Flow-
jo7.6. 1 8 (1)300ml/m” 2k BE W A/ L T2 45
S 300ml/m* e JBE A WA /N LR B 40 R 00 T
A (Annexin V. + PT — ), 45 Lt 7R 52 56 41 L1 04 12
AT 5 L 13.88% £5.31% |, 1F 5 % IR 2H L 401 1
TN AT 5 ] 8.33% +0.61% , & L4, SE 5 40
Tl 200 L 0 0 O L B P O e, R BRZE Y 1. 65
(P <0.05,/ 1,18 2);@300ml/m® ¥ J& # W A /)
SeEBEan g B9 - 401 (Annexin V + PL + ) b4 5
IEF X IR 8, 22 S EGe i B L (P >0.05)
(2)900ml/m” 2 e BE W% A /1N BRI T 45 21 : D900ml/
m® e JBE TR WA /N BRUE B 40 A 3598 T 41 S ( Annexcin
V o+ PL—) 255 5o 5206 20 F 400 08 T 240 B o L 4
13.10% £5.39% , 1F K 4f 1 41 5 300 0 T2 40 B BT o5 LE
B 7.16% +2.18% , 1 # A, 525 20 -1 B 40 i 7 400
AT A A L ) T, A E R N B2 Y 1,83 5 (P <
0.05,[& 3,/ 4) ; @900ml/m" ¥ B 1 A /N B i



BEAERSE el 2017 4E3 A H546 & 453 10

10¢
B jol Q2
0.375% - 220%
10
A 1024

100 . B e 3
10° 10! 10? 10° 10*
Annexin V FITC

-~ —
o [ = =
B 104 ol @

10.705%

100 S ks 7
10° 10! 10? 10° 10*
Annexin V FITC

E1 NEEREAREHATER
A TEH MR, Q3 X5 5.58% ;B. S84l , Q3 X 5 21.4%

200 M6 65 300 9 T 40 B ( Annexin V. + PL+ ), 5256 41 i 30
TS PT 7 LB 7. 11% = 3. 54% 1E F X 18 20 i 1
PAT- ML T o5 L) 4. 54% +0.84% , 1 20 LK, S5
2H B A0 E 4 TE i, S X R 157 £F (P <
0.05,5),

2.900ml/m” ¥ BE LM A /N B 86 40 g HDAC i
TP S . 900ml/m® ¥k B IR W A /N BB SR A A% Al
Jitl HDAC Tt 3% P A6 00, 245 R 7S 52 46 20 HDAC g 7%
PE(7.89 £2.58) x 10 A {H/ 4 78, 1% X B4 HDAC

Q1 Q2
12.74% 1.81%

10! 10? 10°
Annexin V FITC

N
92}
1

P<0.05

[
(=]
T

Annexin V +PI- 4H i3 (%)
o

o}
st :
0 - :
X BB ZH (n=3) S2BSAH (n=17)
2 MANMNREREAREHATEBAERE

S A B 300ml/m?

10!

10° 10! 10? 10° 104
Annexin V FITC

B3 NREHBEREHATER
AL IEH XTI B S22

WG VE(5.00 £1.52) x 10 A {8/ v, P4 L3k, 56
W T T, T R A 1. 58 4% (P <0.05,
K6,% 1),
wo®
T R AR (0 SR R R A AR X A

IR B 1 A T e S v L R
72 5 BT A0 M A 0 AR OET 20 128 80 ARAR
AT SR 1 T8 A 7R PR Y 5T 28 0 U SO AR 1
P450 4 0 K il R 409 2E1 i (CPY2EL) (9 5 4L ™
Az — R Y, (ER  Se U™ W B e = TR R

.33 .



~
5]
I

J Med Res,Mar 2017,Vol. 46 No.3

P<0.05

[
o
1

—_
W
1

—_
o
1

W
1

Annexin V +PI-4f fifi(%)

S (n=31)

X IR (n=4)

4 FHENMNREHAREHAEATHEE
KM A M BE 900ml/m?

P<0.05

Annexin V +PL+4f fifi(%)

SLIGH (n=31)

X TR (n=4)

5 TN E BE A R HA A T 4 B
ZEWE A M B 900ml/m?

*x1 EEMBRFELEBNREHAANZER
HDAC iEME (x+5)
HDAC B4k (A {H/ 5 x 10 7°)

4151 n

5.0+1.52
7.89 £2.58

1E X R4 4
RIE A 31

O
1

o
1

%))
1

HDACHHE M (A{E/ 5 x107)

(=)
1

WM n=d) SRMHn=31) HeLadil

B o6 wWH/NMR HDAC B iE 4
G A BF 900ml/m?

NARAY 25 A0 88 B b, b f 5 209 AL B 20
it
1996 4F Frantz %5 "* {4 51 41 il 52 56 b 1 v 42 1 K
(0 3% P A Bl LU 4 41 52 A 1 1L (TOPO 1T o)
.34 .

M, SRR Fh S A Al D AR 2K H 52 m DNA ) 4 4k
RZS M B 4 DNA, e 0% S A 08 T w4k ok
20 Jf S 36 AF 5 A S, TN B B A A R v
R gw Ja BB 0 40 0F T DL Sz TOPO 1T 3% 3k K
Wl R R, WA AERE TOPO T o J ) F4H & (1 HA 2
B Ak KT B AR, % SR % AR 7 R B ol
B0 VT B85 48R 1 2 AR S B2 A7 AE — 8 AR G
TE— 25 VA A1 240 0 52 56 TF 5% U S U Y 5 AN B B R
A% 20 i A 2R 11 2 £ Tk Ak i P SO mRNA 35K
S-S5 A T, 2 I A — a2 ISR S L R TR AR P 5
AL 3 I A3 5 3o R R 1 20 P 2 2 kAR S ) T
HRE MR Z K F 5 HDAC 35 1 7 f o6 .

BT B, 6 /N BB S R e
ERUR ZS AN = A R S R TR R ER = g )
TE 25 27 RN 20 205 L~ 35 1 s 1 00 4 JH o 2D | Al 3 i 4
R, 2 0 B R 4, BB BE 41 4 TUNEL £
BOoRBEEARE AT L ASHE S AL IR T WA R AR
Yedg, 2 A TR S ARAR /N BB BE B AZ A0, — R AT
20 R O T ARG, S 4 R R R A /N BT 40
PR B RGN, R SOk R R 0 BRUCR R AN A
WF5E 450 — 20, 45 5 7 i ViR I 15 200 i e 100 9 1
FIRBE T I &8 o SCHRAF 7% 0 m 28 3k AR P 5 7E
IR T IR AT AR, 2 i 3 5 B iV FH 2B R B, Rl
Km (B 3K, 24 4 v 8 ok vmp A, 8 5 4% % ity 8 391 4y
AR | i 2% i 25 3 ) 25 W 5 1 Ak A FH 7= LT o
KREEVE ) R L2, BV AR S . 900ml/m?
ARG T R A A il 10 A FH v T A A A
MR T FEAEH G AT REHAA ERE N
FR LT BE AN A T R A B AR B A
it ik — ST

Eastmond %[2’ Blyg B6C3F1 ME: /N B 440mg/kg
RHE ' 3 KJFHRAT /N BUE BE A% 40 b S
PRI, % B0 FL T 1 B B, I S AT L o /s B
B BE BN AZ A0 TOPO 11 3y 8 , 15 5 A WA AT 57 5 5% i)
MAIL T I ARAE S — 2 A5 . TG A RSN 5E R 7E
UNENIIRE ) T EIVSEN TE Sy PN =g R R ¥
i g 2] TOPO T o 35 4 Je & 2 35 B0 8 T B, IF 1)
RS TOPO Nl o JR s FAEH H, LBk K1Y
REA, MOl 2 A6 7K S 1 B AIK AT RE 2 TOPO 1T o 1
P R A LA 2 —

R T IF R HE— 2 RN AEST B E R LR 5 —
o3 B BE S A% 20 ML AT HDAC i 35 MR, AR 52 06 45
2 7% 900ml/m* ¥ JBE A WA /N B4 B 204 A% 4N i



BEAERSE el 2017 4E3 A H546 & 453 10

e B

TOPO Il o J& 8l T I 4L 26 11 19 2 £ Bk AL il (HDAC) 1)
T PERCIE B0 B W B 0 5 . A8 BEOR DA IE T 59 TR
NS R P 0RO S Y =R (1
{H SRk S 1B 1 09 2 B AR 8 M K 7 T AL R 2
TR AR T AN 4 B 11 £ Tk 7% i W) 995 19, 177 Sonne-
SN T S WA K B R B R 2 X T
AT 5 P AR A S o O 2 2 TR A T T

& b AT DL R U SR RS, BT — 25 B
¢ H bR gk 2 W kil /s BRUA Y TOPO T o Ji5 3 F 40
A SR AL KO 19 728 46, DT R 36 F 195 25 22 (] (1 156
Z UL S AR PN B TOPO T3 4 &5 72 A 1 5%
ﬂ@u&ﬁﬁﬂmﬁ¢&A£aM%%mﬁﬁFﬁm
BT G WA B B 40 M 0 T R 25 £ AR S P S
%ﬁ%ﬁﬁﬂwm¢mm i 4 453 403 AL 1 o

Zi Lk g5 A IR AL T IO, 2B R IR L
LA ™=y P 350 10 5 R S 2T A KT BRI AH G, 31X
Al fig Sl o HDAC 3 PR A7 4 . A SL e i — 25
R T X 2R 7 W 350 ot 453 45 AL A A AL, [T o 2
TR A T 1 700 8 36 97 % B0 1M 453 405 1 1 IR Iz FH 4
e — A~ 1 L

mann

&% ik

1 Gasiewicz TA, Singh KP, Casado FL. The aryl hydrocarbon receptor
has an important role in the regulation of hematopoiesis: implications
for benzene — induced hematopoietic toxicity [ J]. Chem Biol Interact,
2010, 184 (1 -2) :246 -251

2 Eastmond DA, Schuler M, Frantz C, et al. Characterization and
mechanisms of chromosomal alterations induced by benzene in mice
and humans [ J]. Res Rep, 2001, 103:1 - 68 ;discussion69 — 80

3 Plappert U, Barthel E, Seidel HJ. Reduction of benzene toxicity by
toluene [J]. Environ Mol Mutagen, 1994, 24(4) .283 -292

4 Snyder CA, Goldstein BD, Sellakumar A, et al. Toxicity of chronic

benzene inhalation:CD - 1 mice exposed to 300 ppm [J]. Bull Envi-

1982, 29(4) :385 -391

5  Wilbur S, Wohlers D, Paikoff S,et al. ATSDR evaluation of potential

Toxicol Indust Health, 2008, 24

ron Contamin and Toxicol,

for human exposure to benzene [ J].

(5-6):399 —442

15

16

Pyatt D. Benzene and hematopoietic malignancies [ J]. Clin Occupa-
tional and environmental medicine, 2004, 4(3) ;529 - 555
Andrews LS, Sasame HA, Gillette JR. 3H — Benzene metabolism in
Life Sci, 1979, 25(7) :567 — 572

Frantz CE, Chen H, Eastmond DA.

rabbit bone marrow [ J].
Inhibition of human topoisomer-
ase Il in vitro by bioactive benzene metabolites [ J]. Environ Health
perspect, 1996, 104 Suppl 6:1319 — 1323
Yu K, Shi YF, Yang KY, et al. Decreased topoisomerase Ilalpha ex-
pression and altered histone and regulatory factors of topoisomerase
Ilalpha promoter in patients with chronic benzene poisoning [ J]. Tox-
icol Lett, 2011, 203(2) ;111 =117
TR SR X N B RS A A AN M 4L A% £ e AR T R
(1], sARss g TR 2k, 2016, 34(3) 1189 - 193
AEATIN, ATHE, WL, 5. AR5 A /N B Az e P S A 2R
SRR [T]. RN BE 2B B E 4, 2004, 34(05) 1331 -333
Wells MS, Nerland DE. Hematotoxicity and concentration — depend-
ent conjugation of phenol in mice following inhalation exposure to ben-
zene [ J]. Toxicol Lett, 1991, 56(1 -2) :159 - 166
Eastmond DA, Mondrala ST, Hasegawa L. Topoisomerase II inhibi-
tion by myeloperoxidase — activated hydroquinone: a potential mecha-
nism underlying the genotoxic and carcinogenic effects of benzene
[J]. Chem Biol Interact, 2005, 153 - 154 ;207 - 216
MEAE S, ATHE, BRIG, S AR E B S B TOPO 1l o
IR R LA REALED [J]. RN B B4R, 2010,34(02)
164 - 167
Kurz EU, Wilson SE, Leader KB, et al. The histone deacetylase in-
hibitor sodium butyrate induces DNA topoisomerase II alpha expression
and confers hypersensitivity to etoposide in human leukemic cell lines
[J]. Mol Cancer Ther, 2001, 1(2):121 -131
Bolden JE, Peart MJ, Johnstone RW. Anticancer activities of histone
deacetylase inhibitors [ J]. Nat Rev Drug Discovery, 2006, 5(9) :
769 - 784
Sonnemann J, Gruhn B, Wittig S, et al. Increased activity of histone
deacetylases in childhood acute lymphoblastic leukaemia and acute
myeloid leukaemia:support for histone deacetylase inhibitors as antile-
B J Haematol, 2012, 158(5) :664 — 666
(M H 3922016 —07 — 18)
(f&18 {1 .2016 —08 —02)

ukaemic agents [ J].

~OC.OC_5Q_ 5. 5. OO OC_. 55O 5.5 9. OC_. O -5 5. 5.5 O . 5C .55

(EFEHRH

(B

TEFE A ) B 28 L FE RS A B AR G2, i 4 LA 2 8 s (R 24

SYERRAZERBHLERENES

JF 5% 2 75 ) M3k 2 hitp o // www. yxyjzz.

en, EM AR R AT BN . B W ELIE 010 — 52328677 (1 4idE ) ,52328679 (i diiHE ) o

«Eiﬁﬁi‘]—lb\>£ﬁ &

- 35 .



