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DNA damage and changes in NF-kB protein expression in HL-60 cells treated with organic
extracts of coke oven emissions WANG Ting, XIE Qiu-yan, WANG Yan-hua, ZHANG Xiu-chuan,
DAl Yu-fei, DUAN Hua-wei (National Institute for Occupational Health and Poison Control, Chinese
Center for Disease Control and Prevention, Beijing 100050, China)

Abstract:

[Objective] Coke oven emissions (COE) are primary industrial and environmental pollutant,
including large amounts of carcinogenic and mutagenic polycyclic aromatic hydrocarbons (PAHSs).
Exogenous chemicals are absorbed into hematological system first, and may cause blood cell
damage. However, few studies have reported the damage to hematological system induced by
COE and related mechanism. This study is designed to investigate the damage and biological
mechanism of hematological cells exposed to organic extracts of coke oven emissions (OE-COE).

[Methods] COE were collected at the top area of a coke oven and extracted to prepare OE-
COE. HL-60 cells were collected in logarithmic growth phase and cultured with OE-COE for 4 days
at concentrations of 0, 2.5, 5, 10, and 20 mg/L to establish continuous exposure models.
After exposure, cell survival rate was detected by CCK-8, cell apoptosis and necrosis by flow
cytometry, DNA damage by comet assay, and the expression levels of inhibitor of nuclear
factor-kappa B (NF-kB) (IkBa), phosphorylation IkBa, NF-kB p65, and phosphorylation NF-«kB
p65 by Western blot.

[Results] After 4 days of continuous exposure, with the dosage increase of OE-COE, the relative
survival rate of HL-60 cells was decreased significantly (P<0.001), especially the relative survival
rate of the 20 mg/L group which was decreased to 38.63%. The relative apoptosis rates of HL-60
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cells in the 5, 10, and 20 mg/L groups were 1.22 (P>0.05), 2.51 (P>0.05), and 13.97 (P<0.05) times higher than that of the control group;
the relative necrosis rates of HL-60 cells in the 5, 10, and 20mg/L groups were 1.23 (P>0.05), 1.16 (P>0.05), and 2.88 (P<0.05) times higher
than that of the control group. The relative percentages of tail DNA of HL-60 cells in the 10 mg/L and 20 mg/L groups were 2.05 (P<0.05) and
2.40 (P<0.05) times higher than that of the control group, and were also higher than those of the 2.5 and 5mg/L groups (P<0.05). The
relative expression levels of IkBa, phosphorylation IkBa, NF-kB p65, and phosphorylation NF-kB p65 proteins in the 5 and 10 mg/L groups

were higher than those of control group (P<0.05).

[Conclusion] OE-COE continuous exposure could induce DNA damage in HL-60 cells, and the activation of NF-kB might be one of the

mechanisms of DNA damage after OE-COE exposure.

Keywords: coke oven emission; polycyclic aromatic hydrocarbon; HL-60 cell; DNA damage; nuclear factor-kappa B
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&1 OE-COEHPAHsSF ST EE
Table 1 Concentrations of PAHs components in OE-COE

PAHs % (PAHs component) REKE (Concentration, mg/L)

3 [a] B (Benzo[a]anthracene) 88.162
A3 [a] EE (Benzo[a]pyrene) 35.079
F3 [b] K& (Benzo[b]fluoranthene) 67.398
ZH g, h, i] 3t (Benzo[g, h, i]perylene) 28.936
ZH [k] & (Benzo[k]fluoranthene) 26.740
& (Acenaphthene) 2.419
& (Anthracene) 13.454
ZZ%FF [a, h] XA (Dibenzo[a, hlfluoranthene) 47.541
3E (Phenanthrene) 57.826
%5 (Naphthalene) 1.509
EE (Pyrene) 43.302
& (Chrysene) 99.137
% (Fluorene) 10.117
K& (Fluoranthene) 71.209

2.2 OE-COE H4ifatExi =5 E T

WIFR 2 P, TEABREIESEZ S OE-COE 4d G AT,
BEEREF SR, H-60 MMM FEXRTIE,
BERBESRITFEENX (P<0.001), S3FFEAELL,
10. 20mg/LAATEBEBERNEE, FalE 20mg/L4A,
HARREAENZ/E R T EE 38.63%

<2 OE-COE&E£:33 4d X4 HL-60 4BRAEXI 72/ E AR
Table 2 Effects of 4-day continuous OE-COE exposure on relative
survival rate of HL-60 cells

248 (Group)  HFMEK (n) MBEMESIIEEZR (Relative survival rate, Xts, %)
X$E8 (Control) 6 100.00
2.5mg/L OE-COE 6 96.61+3.35
5mg/L OE-COE 6 87.54+12.60°
10mg/L OE-COE 6 73.51413.42%¢
20mg/L OE-COE 6 38.63+3.63°
F 51.297
P <0.001

[Ela: S3$BBBAELL ; b 52.5mg/LALEE ; ¢ @ S55mg/LALLE ;
d: 510mg/LABELER, P<0.05,
[Note] a: Compared with the control group; b: Compared with the 2.5mg/L
group; c: Compared with the 5mg/L group; d: Compared with the
10mg/L group, P<0.05.

2.3 OE-COE 4R AT RIFIEIE.

WNE 1 FIF 3FA7R, 5. 100 20 mg/L ZAZAREAYAERY
BATESS EAEXRARN1.221F (P>0.05). 2.51
% (P>0.05) #113.97 & (P<0.05), 5. 10. 20 mg/L 4R
AR RVAEXT IR SE R _E A EXTERZARY 1.23 1% (P>0.05) «
1.16 1% (P>0.05) #2.88 1% (P<0.05) , B 20mg/L£H4H

REAEXT AT RN ISR S HMFIEAML, =
BAEFRITFENX (P<0.05).
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107 100 107 10°
Annexin VFITC-A
[31A: 34884H ; B : 2.5mg/L OE-COE4H ; C : 5mg/L OE-COE4H ; D :
10mg/L OE-COE4H ; E : 20mg/L OE-COE #H,
[Note] A: Control group; B: 2.5 mg/L OE-COE group; C: 5 mg/L OE-COE
group; D: 10mg/L OE-COE group; E: 20mg/L OE-COE group.
1 OE-COE %443 4d B HL-60 AR ATFIFIEENR
Figure 1 Cell apoptosis and necrosis of HL-60 cells after OE-COE
exposure for continuous 4 days

73 OE-COE &3 4d 3 HL-60 ZHARAEXT AT
HEXIF LRI MM
Table 3 Effects of 4-day continuous OE-COE exposure on relative
apoptosis rate and relative necrosis rate of HL-60 cells

bap:| BERE AERNETE (xs) FEXIIFFEER (xts)

Group n Relative apoptosis rate  Relative necrosis rate
X$E& (Control) 6 1.00 1.00
2.5mg/L OE-COE 6 0.88 £0.51 1.06+0.24
5mg/L OE-COE 6 1.22+0.36 1.23+0.27
10mg/L OE-COE 6 2.51+0.61 1.16 £ 0.42
20mg/L OE-COE 6 13.97 £9.24° 2.88+1.26™
[F 11.165 9.986
P <0.001 <0.001

[F] a: SXTERAMLL ; b 52.5mg/LALLER 5 ¢ : 5 5mg/LAALLE ;
d: 510mg/LAALLER, P<0.05,
[Note] a: Compared with the control group; b: Compared with the 2.5 mg/L
group; c: Compared with the 5mg/L group; d: Compared with the
10mg/L group, P<0.05.
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2.4 OE-COE Z{DNA#if{51E.

WE 2F1F 4Fr~, & OE-COE £ & 7| 28y
oo, AHREE EFONAMEXT B 7 & & L F. 10. 20mg/L
AMABEZB ONAEST BN S EN 5 EFAEXTERAN
2.051Z (P<0.05) #12.401F (P<0.05), tEETF 2.5. 5mg/L
OE-COE 48 (P<0.05) o

EIA: XFBR4E ;B 2.5mg/L4A ; C:5mg/L4A ; D 10mg/L4H ; E:
20mg/L 4R,
[Note] A: Control group; B: 2.5 mg/L OE-COE group; C: 5mg/L OE-COE
group; D; 10mg/L OE-COE group; E: 20mg/L OE-COE group.
B2 OE-COEE#4:43 4d BUHL-60 4HAE DNA 55
Figure 2 DNA damage in HL-60 cells after OE-COE exposure for
continuous 4 days

74 OE-COE &4 4d Xt HL-60 4HAE DNA B9$5i15
Table 4 Effects of 4-day continuous OE-COE exposure on DNA
damage of HL-60 cells

ar::| TS MRS ONAENIE D EE (xts)
Group n Relative percentage of tail DNA

X488 (Control) 6 1.00

2.5mg/L OE-COE 6 1.12+0.53

5mg/L OE-COE 6 1.29+0.46

10mg/L OE-COE 6 2.05+0.78°

20mg/L OE-COE 6 2.40+0.62 "

F 7.683

P <0.001

[E]a: SXTBRLEMELL ; b 52.5mg/LALIR ; ¢ @ 55mg/LALLER ;
d: 510mg/LAALLER, P<0.05,
[Note] a: Compared with the control group; b: Compared with the 2.5mg/L
group; c: Compared with the 5mg/L group; d: Compared with the
10mg/L group, P<0.05.

2.5 OE-COE B NF-kBBREAREINT
FHF 20mg/L OE-COE £A4RREAERY7Z/EZ 7 38.63%,

T 50%, AN 20 mg/L 2B A AE NF-«B 1B R & B
KRB N NE3FIR, &I EHMAIYRIE IkBad
p-IkBa. NF-kB p65. p-NF-kB p65 & H, HS5¥JERZAELL
FERRREERNNZ, WE 4A. 4B Fl4ACFIR, 53T
¢H#8 Lk, OE-COEZ F 4d [T, IkBa. p-IkBa 5 NF-kB p65
EAMNFRIAE EF#EE, 7£5. 10mg/LAPZ=MEH
HIRIXKFYEZ FIHIBA (P<0.05) 5 2.5mg/LLAR
Et, 5. 10mg/LZBBY IkBa BB FRIAKFFHE (P<0.05) ,
p-IkBa 5 NF-kB p65 & H FRIAKFINTE 10 mg/L A F
= (P<0.05), b9, S3TERLA T E 2.5mg/LLAME L,
5. 10 mg/L ZHRY p-NF-kB p65 & A FRIAKFIFHE (P<
0.05) , 1B 10 mg/L £H p-NF-kB p65 & FH FIA X 5mg/L A
HINT T (Bl 4D)o

GAPDH M A

! A N
p_NF_KBpes_

SFHRZH (Control) 2.5mg/L 5mg/L 10mg/L

&3 OE-COE &E4:E 4d B HL-60 40 NF-kB i8I E R AINEE
Figure 3 Changes in NF-kB pathway proteins in HL-60 cells after
OE-COE exposure for continuous 4 days
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0
W 25 5 10
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[F] + : S33BBLAMLL ; # : 5 2.5mg/L4A4BLL, P<0.05,
[Note] *: Compared with the control group; #: Compared with the 2.5 mg/L
group, P<0.05.
El4 OE-COEEL:E 4d ¥ HL-60 40 NF-kB BEREHE
XFFRIAIKFRIFZ AN
Figure 4 Effects of 4-day continuous OE-COE exposure on
expressions of NF-kB pathway proteins in HL-60 cells
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HINE, NF-kB 55 BEEIE N,

HL-60 A Al 2R F A E MRmMAELL, 59
BRI EHBEAELL, ZHiE A& 1E4I85EEES], 1]
USRI R, RtEWIERNEE-E
MRV B R o, HEMRSYETM
MRSV EARFRAT Z, WEBRB MBENE
BEXMNGIFR T, BRERARTE HL-c0 AR
ETARAFIENEYRIAAREE B MmAIAE, 5190
Nishikawa 2 2 @i KR H1, 2, 4 K= R F
HL-60 AR R I AREAREEY, RINE 1, 2, 4 K =F2FR5|
A DNA KL R E B B IMFEN — N EEEYF T,
KR FRLERRKE, EARKEHB OF-COE 445 4d
& HL-60 RN/ ER TBE, 20mg/L AABREABRTTZ
TEE TR E 38.63%. ¥ 7~ HL-60 4l Al £ OE-COE EFS
T, HIM T AR, b, FEE RS T E891E M,
HL-60 4HRBRY B TR MR TG EFH, Wt —P A
OE-COE X MR AR A ER.

DNA R A BB L 2P — KB EH, 15
EEREA N SB DNAR G A LS EERF 782K
T, SiEERERTMEMAME RN Y, zhai F ) i@
id OE-COE A INIE S 16HBE ABA 1515, KM E 5 DNA
BB EEREMFE - MM X FRo Xin F ) &I OE-
COE A S HepG2 Al DNA EBTZY, Olive B ABIEN,
JPTISKEEHY OE-COE 51 %289 DNA AR E & FJP [0
Pl teoh, IR FTHAR A BF O R B4 & T HA
EZT PAHs EIFTELL T A DNARIA/KEEERE
B B RO AN ARG A0 2, FEAOR SR, FEERS
FIZRIIEIN, HL-60 BRI E S DNA B D & 218
o0, 4HREEY DNA RATZEZMINE, LIFE AR
M RER—HKRPCOE RE A 52 IEE M =
HAR B9 DNA 115, 3REH COE R EE 1] S UM A AR
DNA #if5,

EEHRALZI, DNAR A A LUIE S NF-«B 1B & &

£ 24250, Huang & 1) & T = 1 BR 1% 5 4B DNA 35215
SEENFkBES IR MRS XuE W EFERB
BRSNS AR RS HAEEMAL DNA RIS IEH,
KRIINFkBIES B AL, IkBa. p-IkBa 5 NF-kB
p65. p-NF-kB p65 & HAVRIA EF, TEARIAFTH, KA
AU OE-COEELFF 4dfa, SYWRAML, EF2
ZHAARBAY IkBa. p-IkBa 5 NF-kB p65. p-NF-kB p65 & H
BIFRIR_EFF, 7R OE-COE RIE HL-60 4HA NF-kB S S
BEE . 1B DNARAIE S NF-«B BB /LRI HIIE
EEH—FH R

45 EPRIR, 2R 53853 185 A3 OE-COE 4235 HL-60
SHRRIE I ARREAREY , H R 4dESERS, BINAIRE
GRBIRE, £ERIZTNF-«B B EWAIRER OE-COE
1SRRI RZHAE DNA AR E BN 2 —o (BARHFRN
EARIMARREE ST cOE FRABBE NS R YN MRS
MHTTEEN, BEEERNRENYERFFHTT
OE-COE XY & BEIE MINEE X MMAY SRR TR 5, HATE PAHs
FHYWMRIRE A B X o
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