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ABSTRACT

Objectives: Ethylene oxide (EtO) is classified as a human carcinogen, but EtO is still widely used to sterilize
heat-sensitive materials in hospitals. Employees working around sterilizers are exposed to EtO after sterilization.
The aim of the present study was to assess the exposure of EtO level, coupled with occupationally induced
micronuclei from hospital workers. The influence of genetic polymorphisms of detoxifying genes (GS7TT! and
GSTM1I) and DNA repair genes (XRCCI and XRCC3) on the frequencies of micronuclei in relation to exposure
of EtO was also investigated.

Methods: The study population was composed of 35 occupationally exposed workers to EtO, 18 student controls
and 44 unexposed hospital controls in Korea. Exposure to EtO is measured by passive personal samplers. We
analyzed the frequencies of micronuclei by performing cytokinesis-block micronucleus assay (CBMN assay) and
GSTM1, GSTT1, XRCC1, and XRCC3 were also genotyped by performing polymerase chain reaction—restriction
fragment length polymorphism (PCR-RFLP).

Results: The frequencies of micronuclei in EtO exposure group, student controls and hospital controls were
18.00 £7.73, 10.47 £ 7.96 and 13.86 £ 6.35 respectively and their differences were statistically significant, but
no significant differences according to the level of EtO were observed. There was a dose-response relationship
between the frequencies of micronuclei and cumulative dose of EtO, but no significantly differences were
observed. We also investigated the influence of genetic polymorphisms (GSTMI, GSTT1, XRCC1, and XRCC3)
on the frequencies of micronuclei, but there were no differences in the frequencies of micronuclei by genetic
polymorphisms.

Conclusions: The frequencies of micronuclei in EtO exposure group was significantly higher than control

"Corresponding author: Graduate School of Public Health and Institute of Health and Environment, Seoul National
University, Seoul 151-742, Korea, Tel: +82-2-880-2715, Fax: +82-2-747-7082, E-mail: chunghw@snu.ac.kr
Received: 7 December 2011, Revised: 22 December 2011, Accepted: 28 December 2011

429



[ral

430 oM - YK - EHEF - 0|F

o

-0l

rt

.21
=

- 4loje

B4 - AT - Ho

140
o
140

groups. A dose-response relationship was found between the level of EtO exposure and the frequencies of
micronuclei, but no statistically differences were observed. We also found that the frequencies of micronuclei
were increased according to cumulative EtO level. There was no association of the genetic GSTMI, GSTT],
XRCC1, and XRCC3 state with the frequency of micronuclei induced by EtO exposure.

Key words: Ethylene oxide (EtO), Genetic polymorphism, Glutathione S-transferase (GST), Hospital
workers, Micronuclei (MN), X-ray repair cross-complementing group (XRCC)
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Table 1. Characteristics of control and exposure group

Variables Student ~ Hospital Exposure
controls  controls group
N 18 44 35

Sex*
Male 13 (722)° 13 (29.6) 8 (22.9)
Female 5(7.8) 31(70.5) 27 (77.1)

Smoking status®

Never and former 11 (61.1) 40 (90.9) 30 (85.7)
Current 7(389) 490 5 (14.3)
Age 3164125 344483 401497

(meantS.D., years)
Duration of work
in hospitals -
(mean+S.D., years)®

8.04 £6.93° 13.45+10.52

EtO exposure level
(ppm)®'
“Significant difference by EtO exposure status (x* test,
p=0.001), "Number (percentage is in parentheses),
“Significant difference by EtO exposure status (x> test,
p=0.0148), “Significant difference between control and
exposure group (Mann-Whitney U-test, p=10.0041), ‘The
mean shown is the geometric mean of the EtO exposure
level, ‘Significant difference by EtO exposure status

(Kruskal-Wallis test).

0.001 0.002 0.010

5. FEX Cred 24

PCRel| 93t SZHAE ol F44 oA &4
< 39 th. Deoxynucleotide triphosphate (dNTP),
KCl, Tris-HCI, MgCl,, DNA polymerase”} %73}
Al wigt=lo] 2l PCR premix (Bioneer Co., Seoul,
Koreayll ZF2+] DNA template?} 2} -1%1] primer
£ 10 pmol¥ F7VsIAy. GSTMI, GSTTI 3A
o] A71EE 22 Roodi, N., Schlade-Bartusiak,
K. 9 97E usa,"® 3o 9 R/RE Fol7] 9
3l positive control (FX 1IyS ¥ SZ3I30. FX
¢ 471X€L F: 5° - TCATCCCAGCAACTGGT
TGC - 3’, R: 5 - CTGGCTCATAGGGTGCAGG -
3olu] AHEL 382 bpolth. XRCCI (Arg™Gln),
XRCC3 (Th*'Mety= ZF 4212 52272 Shen,
M. R} Winsey, S. L8] ol w2bA] polymerase
chain reaction - restriction fragment length polymor-
phism(PCR-RFLP) "< 0] 88}9Th. 7 & =
ZH FZAE Ethidium bromideZ} X3He 2% o}
7R AL ol g3t HrldEsAES AX = UV
illuminators &3l 4} EAS IHHEAT
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Frequency of micronuclei/ 1000 cells
o

0

Student control Hospital control Exposure

Fig. 1. The frequencies of micronuclei by students,
hospital control group, and EtO exposure group. *;
Comparison between students and EtO exposure
group (p=0.001), **; Comparison between stu-
dents and hospital controls (p=0.020), ***;
Comparison between hospital controls and EtO
exposure group (p=0.017). All analysis was
conducted with the use of Mann-Whitney U-test.
Data are presented as the mean£S.D.

SAE
Al F-2A]S Statistical Analysis System software
(version 9.1, SAS Institute Inc., Cary, NC, USA)E
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test, Mann-Whitney U-test, Kruskal-Wallis testZ
ATk Mg W &3 9% 2}oli= Mann-Whitney
U-test, Kruskal-Wallis tests ©]-83}e] B3I,
EtO T3 x=Z3ol w2 48] W% 2ol Kruskal-
Wallis tests o] &3ttt 2 -32+2] ¥1%+= Hardy-
Weinberg tests ©]-&-3to] Aldbetaict?) Bk 7+
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Table 2. The frequencies of micronuclei in control and exposure group

Student control Hospital control Exposure group ) Total
EtO (ppm) - . - - - - p - -
N  Micronuclei* N Micronuclei* N Micronuclei® N Micronuclei®
0.001 5 10.00+7.75 10 13.50+6.69 2 19.50 + 14.85 0.319 17 13.18 +7.88
0.001 <-<0.01 12 10.67%£838 31 1426%£6.50 15 19.07 £ 7.81 0.007 58 14.76 £7.70
0.01 < - - 3 11.00£4.00 17 16.88 +7.31 0.201° 20 16.00 +7.17

*Data are expressed as meantstandard deviation (S.D.). "Comparison of the frequencies of micronuclei by EtO exposure status
were conducted with the use of Krukal-Wallis test. “Comparison of the frequencies of micronuclei by EtO exposure status were

conducted with the use of Mann-Whitney U-test.
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EtO =&+, 3 &, B9 ti& WollA EtO
&2 W 23 =S #23 AN (Table 2),
E5 folgt 2ol gIAThEHY vzt p=0.917,
Mann-Whitney U-test; ¥ ti& p=0.624, =&
<+ p=0.778, Kruskal-Wallis test). ¥V EtO =Z
I gz F§ste] 49 239, B0 =& %o
SEEE A NEr 7Rk s BAE
noy AR FosiA] ekUTHp = 0.330,
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TaolA] A tiE, HY &, EO =&
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Table 3. The frequencies of micronuclei by sex, age, smoking status, and duration of work in hospitals

Student control group

Hospital control group

C

Exposure group p

Variables

N Micronuclei*  p° N Micronuclei*  p° N Micronuclei®  p°
Sex 0.716 0.021 0.209
Male 12 1033 +8.55 13 10.46 +£3.69 7 142916.58 0.154
Female 5 10.80+7.22 31 1529%6.72 27 18961783 0.032
Age (years) 0.164° 0.155¢ 0.025¢
<25 4 6.00%£245 11 11.82+6.19 3 7.00%£1.00 0.037
25<-<35 11 10.09+6.71 15 13.73+£7.16 5 16.80%7.63 0.154
35< 2 21.5%14.85 18 15.22+5.69 26 19.50x7.24 0.163
Smoking status 0.342 0.670 0.894
fﬁgﬁzr OIEVEr 10 8604591 40 14.08+6.52 30 18.00+8.06 0.001
Current smoke 7 13.14+10.12 4 11.75+4.19 4 18.00+5.48 0.234
Duration of work in hospitals (years) - 0.001¢ 0.314°
Student controls 17 10.47+£7.96 - - - - -
<10 - - 24 10.71£4.83 9 15.3316.36 0.053
10<-<20 - - 15 16.53£5.60 9 18.5616.75 0.701
20<-<30 - - 1 23.00 7 20.14%8.17 1.000
30< - - - - 1 27.00 -

*Data are expressed as meantstandard deviation (S.D.) ®Comparison of the level of micronuclei by EtO exposure were conducted
with the use of Mann-Whitney U-test. “‘Comparison of the level of micronuclei by age group and duration of work in hospitals

were conducted with the use of Kruskal-Wallis test.

30

25 1

Frequency of micronuclei / 1000 cells

0s <25 255 <50 50=

Cumulative EtO level (ppm-years)

Fig. 2. The frequencies of micronuclei in relation to
cumulative EtO exposure level. Data are presented
as the meantS.D.

oI, 50 ppm HITHI IF-S Ho 17.88+£5.1970,
50 ppm ©1’%d =FF 1§ H+F 18.13+8.5379]
adlo] F4Eo] EtO FA=Eo] VM E &
dlo] Mw7t S7kshe A By ok %
S¥th(p = 0.072, Kruskal-Wallis test).
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zh kel oAl wet At RIEE Table
4ol YeRIQITE. Stz T GSTTI frAt
$= null typee] A= 47.1%, F3A7F U=
positive type?] TIARE 52.9%5 XISl UKL,
W 7S GSTTI null typeol 40.9%, GSTTI
positive type 59.1%%E ARSIl YR SH, EtO =
Z1A null typee] Wl’dAl= 35.3%, positive type
o] A= 64.7%0130 T GSTMI®] 735+ S
204 null type®] 58.8%, positive type®] 41.2%
o1RaL, MY ZZAA null type®] 47.7%, positive
type®l 52.3%, EtO =Z*ollA null type©] 50%,
positive type 50%%E 2FAEFATE. XRCCIS] 735
= A tizZol4 homozygous wild type®] 52.9%,
heterozygous variant 2 homozygous variant type©]
¥zt 412%, 5.9%= AASkAL ALaL, el et

o

L

v

homozygous wild type 52.3%, heterozygous
variant type 45.5%, homozygous variant type 2.3%

£ AA3A[Y. E EtO =E7olAE homozygous

http://www.kseh.org/



OlZI=A0I=

(Ethylene oxidePll =EE

G Z=XE9 A HiEet /N Zayd KBS ek 435

Table 4. Distribution of GSTT1, GSTMI, XRCC1, and XRCC3 genotypes in the study population

No. of subjects (%)

Gene Student controls Hospital controls Exposure group Total

GSTT1

Null 8 (47.1) 18 (40.9) 12 (35.3) 38(40.0)

Positive 9 (52.9) 26 (59.1) 22 (64.7) 57(60.0)
GSTM1

Null 10 (58.8) 21 (47.7) 17 (50.0) 48(50.5)

Positive 7 (41.2) 23 (52.3) 17 (50.0) 47(49.5)
XRCCP**

Arg/Arg 9 (52.9) 23 (52.3) 21 (61.8) 53 (55.8)

Arg/Gln 7 (41.2) 20 (45.5) 12 (35.3) 39 (41.1)

GIn/GIn 1 (5.9 1 (23) 1 (29 3 32

Allele frequency (Gln) 0.265 0.251 0.201 0.238
XRCC3™!

Thr/Thr 16 (94.1) 40 (90.9) 32 (94.1) 88 (92.6)

Thr/Met 1 (5.9 4 9.1 2 (59 7 (74)

Met/Met - - - -

Allele frequency (Met) 0.030 0.046 0.030 0.037

% )
- TP (a) 3115 (b)

3 a 8 b

Frequency of micronuclei / 1000 cells

Frequency of micronuclei / 1000 cells
° o 3 @ 8 &
-;|7

ﬂ

8 o

School controls Hospital controls Exposure group

School controls Hospital controls Exposure group

25

20

5

0

5

Frequency of micronuclei / 1000 cells

0

N XRCC1-Arg/Arg
= XRCC1-Arg/GIn+GInGIn

1l

- XRCC3-Thr/Thr
0 XRCC3-ThrMet et/ Vet

(€)
25

1l

Frequency of micronuclei /1000 cells

School controls Hospital controls Exposure group

School controls Hospital controls Exposure group

Fig. 3. Effects of genetic polymorphisms on the frequency of micronuclei in control and exposure group; (a) GSTTI
(School controls, p = 0.812; Hospital controls, p = 0.972; Exposure group, p = 0.929), (b) GSTMI (School controls,
p=10.042; Hospital controls, p=0.888; Exposure group, p=0.324), (¢) XRCC! (School controls, p=0.570;
Hospital controls, p=0.255; Exposure group, p=0.765) and (d) XRCC3 (School controls, p=0.762; Hospital
controls, p = 0.373; Exposure group, p = 0.249). Error bars represent standard deviation of the mean.

wild type©] 61.8%, heterozygous variant ¥ homo-
zygous variant type©] ZtZ} 35.3%, 2.9%°¢] AT}

http://www.kseh.org/

XRCC3= 3P iz, WY dl&+ 18|32 EO =
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90.9%, 12]3L 94.1%, heterozygous variant type©l
Z¥7t 5.9%, 9.1%, 5.9%% XFA|3F%3L, homozygous
variant type?] 7% 5% B2 XRCC3 FHA49

= AR Wol7E AR

2) FAA gl mE A9 Nx
XRCCI, XRCC3 +717+9] 73-%- hetero, homo-
zygous variant type®] Tz} RIE7} S9L7] wjio],
hetero, homozygous variant typeS 35} homo-
zygous wild types} B3It} A Wiz, HY
27, 283 Et0 =FFolM GSTTI, GSTMI
positive type Jul] 2 o] W=7} GSTTI, GSTMI
null type & ASET 038 =A S HAUTH
XRCCI #747Fe] 735-oll sHA oz, e vzt
o4 hetero, homozygous variant type (XRCCI —
Arg/Gln + Gln/GIn)d wf 48] Wwr} 47 34
2oz W= F343<2 homozygous wild type
(XRCCI — Arg/Arg) & wle] &8 Wiz} =4 =
AEATE XRCC3 T2 75 847 BdH S
2 5= F423] homozygous wild type
(XRCC3 — Thr/Thn¥d wje] &3 WI%7} hetero,
homozygous variant type (XRCC3 — Thr/Met + Met/
Met)o‘ R =4 S EHATHFig 3). g 3 5A
SAFAR GSTTI, GSTMI AR 2] 23, DNA
—:*J%%L F3A XRCCI, XRCC3 §3AEE =3
sho] 423 “]Eg Hwat o, FAA e sh-g
o2 gk &3 RIxe] W= S gIUTH(data
not shown).
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ok 0.010 ppmell =ZH 3 lon, ¥ thxze]
7% 0.002 ppm, Bt~ 0.001 ppm®] EtO°ll
EEHT AU 13] A= FHdl 0.7258 ppmell
rEHE o2 RAEIA, 35 HEF EO =&
1 ppme A A= EAEA LU

28l 54EHY =2 9]ste] DNA 7ol 4
Eo] & o7 o]FalA] Rl A2 Ho=E w
2 AFEE oz ) EEZ Y WM 5o =
A=RE Sske 7] AL I
ATEY EtO9] =& &
g A= 27] gt

0;

i, %

FA ] FAAA | B
A= B )Tt Ribeiro?] AolM = that
of Blsle] EtO k=ZtollA &3 Riwrb fosiA
=ty E_LOLL M-‘E J“ﬂ 29 Tates®} Sarto= EtO
= S A BE Ao By
DPM“) 0} s 019% Ze Ay Arse o
Ha= e S S e I
HHAE 4T Alo] Erl"ﬁ_rolﬂi 719l EtO =
F B Al A el FE} 23 Rl
AR RSN
= i;" oﬂiﬂl &
*%T‘L %&Z}%Ol EtO =3
3 dolr izt

=
0,
o
<)
o
o
i
Oi‘i
2
ﬂ

S ol B0 el Sl 44 1
Zolek @ % Atk B $Y hEP9) EO =
295t 9 tlxwe) BO w3 P
QAT 239 e MY e ¥l g

Felsbl A ZYEU. o
o) Z7hurks el

fr
o
o
r
i

http://www.kseh.org/



OIZASAOI= (Ethylene oxidePll =EE HR J2AES| o3 P9 REH Zed XEQ| otk 437

A7 ekA w5
Ao WAE olgsle] Q)

B0 =FF v= ¢ Aok wehd UAE

EtO%] ‘FAZ o] mE 23] Nws duE
A, EAZFCZ FoFA = LUYA T Fure #
AZS Yepith B840 ARE ARt 47} Foe
Aol AT, EtOE AMEshe HYZ2ZAES
oz FHzAlel] 48 HES BAste AL
o]59] EtO =9 93t A7 mUEHYs=

wHo s &8ss ZoR drkdh

EtO= AWellX GSTs (Glutathione S-transferase)
At ofs 8790l R4 o] AL tAkkE
2 AR GSTolE GSTTI, GSTMI S°) £33
o} Aok GSTTI A= =119 48.5%7F &
Agtia A EPR B Ao e A od=t
9] 60%7} GSTTI SAA7} EAlsks Aow zA}
Fof 7]& ATHTE T2 A& BT ek GSTTI-
null type] AFEo]l GSTTI-positive typeSl AFFETE
Et0 =22 gt A GaA w ek Aol o] #H<ksf
o RIHYEE® GSTMI FAAF BEE =)
< oz AR A3 GSTMI-null type?] 73-%
47.9%% BIFAND B A= 50.5%F H
53 EE B GSTMI-null typed] 73-%-, W=,
5 ¥ 5o o BAYFEI} Eoltal By
ATH?) GSTMI®] 73-%- o744 EtO thatel] 24
Holsh=A] o= weRA] GSIAINEY GSTTI
Aol EAEHE EtOS  S-(2-hydroxyethyl) gluta-
thione®. 2 M| F+= FHAE HIHACES g
EtO= DNAE &Zs|s ¥ oluz} 2 432 DNA
7 eS §2380 Y XRCCIS DNAS @ 7iet
A, XRCC3= DNA9| olF7/Hdehs B tele
o Fo3g 9L gt} s=le] XRCCI, XRCC3
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o] FHA W= 27 homozygous wild type©]
61.7%, 93.6%, heterozygous variant type®] 33.0%,
6.4%, homozygous variant type®] 5.3%, 0%Z
A Ao} vlsgt MieE 200 L. Godderis
= XRCC3°] Met/Met B2 EtOel <%k DNA
7S e, 4% Qv 24 SAHEATL B
FEAE B AFolA GSTTI, GSTMI, XRCCI,
XRCC3 47 th@goll me &3 ¥wE Hlas)
2, 3 thxt, B tixte] XRCCI homo-
zygous wild type®] 43} B1%=7} heterozygous, homo-
zygous variant type®] 43| QIEH T} U] T2 Q)
ok AT e fAAke] Afele A tEA
B4 o] AAH o R HA v A 2
sl &3 Hwrt EA vtk 3 slEA 54
S} GSTTI, GSTMI 723 <] %38, DNA 7}
Ak B #Hejshs XRCCI, XRCC3 7323
z29ate] Az FE Aol EO =E2 Qg
| G A S AHEROY u|S=
Ade DA Eelrh olHd AHEL GSTTI,
GSTM19] 7% positive type®] null typer.T} 3=
g0 st kil A8, XRCCI, XRCC3
|4 A2] 79 homozygous wild type®] hetero-
zygous, homozygous variant type Bt} §40] 24
T7t Erhe A9 iE AR ol 1Ak
TR TP FAAAVE A &S A
o™, XRCCI, XRCC3%| 735 variant typed o &
3lE &he 4o AR F e AT 5 TH
Hog yetatolol & Zlow AlgHh WA F
£A75 B3l FdAES] mRNA 2, e
= 55 F/HEAT Fart A, Aol EtO
& AT E T 3845 9 DNA 45 |
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