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Abstract

Background: N N-Dimethylformamide (DMF) has excellent solvent properties and 1s used intensively in the production
of synthetic leather and resins. It has known to induce hepatotoxicity in human and animal by absorbing it through
the lungs and skin. The metabolic transformation of DMF takes place mainly in the liver, with the aid of microsomal
enzyme systems including cytochrome P450 (CYP), and glutathione S-transferase (GST). In metabolic studies and
biological monitoring, urinary concentrations of metabolites are measured and expressed as N-methylformamide (NMF).
This study examined the associations of the genetic polymorphism of CYPZ2E1, GSTM1 and GSTT1 with DMF
metabolism. Methods: The subjects were 30 workers who exposed to DMF in a synthetic leather factory. Their urinary
samples were collected and NMF concentrations were measured. Also, DMF concentrations in air were measured by
personal air sampler during their work. Genotypes of CYP2E1, GSTM]1 and GSTT1 were investigated using PCR-RFLP
or multiolex PCR methods with DNA extracted from venous blood. Effects of the polymorphisms of CYP2E1, GSTM1
and GSTT1 on DMF metabolism were analyzed. Results: The frequency of cl/cl and cl/c2 genotypes tor CYP2ELl
were 76.6% and 23.3%, respectively. GSTM1 was deleted in 53.3% and GSTT1 deletion rate was 40.0%. In the group
of GSTMI1 deletion, mean urinary NMF concentrations (95.2 mg/g creatinine) were significantly higher than the
undeleted group (45.3 mg/g creatinine, p=0.042). There were no significant differences of mean urinary NMF
concentrations in the groups with the different genotypes of CYP2E1 and GSTT1. The distribution of CYP2E1, GSTMI1
and GSTT1 genotypes by urinary NMF concentrations had not statistical significance. Conclusions: In GSTM1 deleted
workers who exposed to DMF, mean urinary NMF concentration was higher than undeleted cases. GSTM1 deleted
workers are seemed to be more susceptible to DMF toxicity. It is necessary to screen whether the workers have GSTM1
deleted genotype or not when they are arranged to their work place,
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gk & 3ASE v ur a9 2 A (300 X 10 mm)
o) W3 SA(UZE e} CZeauee] 24
3.5% W92 E Aol & 10% e LEZ2(HE=
ey &) &5, 7HEst FUAIZ] g3 0.5%
ol =HI2 F|A|AH A (HP-Innowax, USA)©]

ZAS AR }}-"L“"l_‘i;”}'}} —12} 31| (HP-6890 Series, USA) &

3 . . | i : « 50 bp
A ELE o A =7]+ Flame lonization Detecter (FID) S
*1%6}014 v @AY 258 80 ColA 387 +4
sta. ok 20 CH 53l 160 ColA] 557 A9 Y % B @ E & T B
o EES 718N 717] flske 200 CollA] 457 2+
o ) __ _ g, 1. Determuination of CYP2E] genotype. Lane 1.3.4.5.7.8° homozygous

-%— }-ﬂ :5‘] b']—_;_’_ L]—.Al Lg -ff'*l {] - - -f'i'j ’51 é]—ﬂﬁl- wild type (cl/cl): Lane 2.6: heterozygous mutant type (cl/c2).

AW F AYolElde Jaffe ratey™ S o]}y

Synchron CS3 (Beckman, USA)® =4 &3 T}
GSTMI1 3} GSTT1 9] ﬁ—' ,4 CH A 7 Abell&= multiplex

PCR7)| ¥ S AFR-3}c}” PCR& primer+ GSTM1¢l| tj

3) fH2 Ch A B | ' _ '
gk sense primer 5'-GAAGGTGGCCTCCTC CTTGG-3'2}

T4 FAE 9 L‘Jlﬂ] °f 5 mL2| ¥HZ A F s}
. anti-sense primer 5 -AATTCTGGATTCTAGCAGAT-3
Promegatte] DNAZ:Z kit o] 8-8ha] #) 23] Abe] v | o
OGSTT ol| tH g sense primer

of W} DNAE F% f?']' T o|AS THRA NS
(Polymerase chain reaction, ©|&} PCR)%] =& 0. & A}l
8t

CYP2E12| A4} gfEA 548 93 PCR primer+
Rsal AIgH-91E AAs= 57FA]  primer, =
5 "-CCAGTCGAGTCTACATTGTCA-3 e} 5" -
TTCATTCTGTCTTC TAACTGGCA-3'E AHR-3ii )
PCRE & &8 25 uL® &} denaturation 94C
annealing 53 C 13, extention 74 C 30%& 2 353] Z¥A|
ATt F2%% PCR 4AFHE-8 2% agarose gelo|A # 7|9 &
Al A ethidium bromide= A1 3~ 410 bp2] band S &9l
sttt ol FA Y PCRAHE 10 Lol Raal 10 units
Ho] F &%Fo] 20 uL7} SA st 37 Col|A] 6A] 7 wt
SAZH T HESAFE 1S 1LE 1.5% agarose gelol| A % 7] | _ S
95 AlA ethidium bromide=. HA § FF FHA38 - :Lig. ,hiful?} AT GSTMI%J
SIS A F3E B a0 bpe) tanaet ol S5 TR B A AL A
AL c2/c2 FARE. 360 bpet 50 bpe] band7} H.o)+= S F B3 .
AL cllel w2, 224l 410 bpe}l 360 bp 22|57 50
bpe| band7} Ro|&= RS cl/c2 FHAE O 2 F73}3

CHFig. 1)

S-TTCCTTACTGGTCCTCACATCTC-3" 2} anti-sense
primer 5 -TCACCGGATCATGGCCAGCA-3, [ -globulin
7 2} o ol g} Sense primer
5 -CCACCTCATCCACGTTCACC-3 2 anti-sense primer
5 "““GAAGAGCCAAGGACAGGTAC-3" & oAl 71A]| &
A0 ARSI Y PCR WHS-& genomic DNA 1.0 g
ANTP &34 80 uM, MegCl, 1.5 mM, KCl 40 mM,
Tris-HCl 10 mM, pH 8.0, Tag Polymerase (Promega,
USA) 2.0 units 5“0} T Boo| 25 uL=E 3o
denaturation 94 C |15 57,
714C 1702 l'mrmu,ya,lcr (Perkin Elmer Cetus, UK)©]]
M 353 FEA|ZY % ¥ PCRAHE S 2% agarose gel
oA 719 %A #A ethidium bromide® G4 3 210 bp

annealing 60 C 13, extention
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Fig. 2. Determination of GSTMI1 and GSTTI1 genotype. M: molecular size
marlt..er (D X174/Haelll); Lane 1: GSTTI1(+) / GSTMI1(+); Lane 2: GSTTI(-) /
GSTMI1(+): Lane 3: GSTTI1(+) / GSTMI1(-): Lane 4: GSTTI(-) / GSTMI(-).

4) A5 A
Ao}zl 2FE = SPSS(Version 11.0, SPSS Inc, USA)S A}
Ls5t] SAEA SRtk AR A e a5
NMF %X H]n+= Mann-Whitney test2 HA A S
B, 2 F NMF ,:..J_OH & 72 A o] ﬂ%
sttt HEFHo

E
e 15

A7} 239 0 2 A
, 23.3% ATH(table 1).

Table 1. General characteristics of study subjects

Variables Numbers(%)

Sex

Male 23(76.7)

Female 7(23.3
Age (years) 395 £ 9.]
Tenure (months) 7168 £ &0
Work department

Mixing 0(30.0)

Coating 15(30.0)

Printing 6(20.0)
Smoking

No 13(43.3)

Yes 1 7(56.7)
Drinking

No 1(36.7)

Yes 19(63.3)

GSTTI1 =t

At AEe 3

B 159
7} 56.7%, 63.3%

o A2} o8 A=} N-methylform

39.54
olATE A=l -
QAN 6%01313}.
o] At

X

Table 2. N .N-dimethylformamide (DMF) concentration in air
and urinaryN-methylformamide (NMF) concentration in
workers exposed to DMF

Department  DMF (ppm) NMF (mg/g creatinine)
GM (Range) GM (Range)
Mixing 12.3(4.0 - 45.0) 59.9(5.7 - 277.8)
Coating  20.8(5.0 - 70.0) 09.5(25.0 - 483.1)
Printing 8.8(6.5 - 12.0) 30.2(2.7 - 115.9)
Total 16.7(4.0 - 70.0) 67.3(2.7 - 483.1)

27| = DMF2]

TAIRH. &~

Ye TS A=

e = Aol A 2] 20.8 ppm O EA
g =k, i EE:”‘?-H 12.3 ppm, 1A 8.8 ppme

NMF vl Ad 2%

A

=3

AR PN 2T 22X

S AIA H+F 99.5 mg/e creatinine & 2 A B g4 599

mg/g creatinine, <124

creatinine, cl/c2& &
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GSTT19 A& 12%9(40.0%) 2.4 Aol gle 18
B(60.0%) Roh= RUTE ¥ F NMF e A&0 ]
= 397} 62.7 mg/g creatinine L. 2A] Ao =
20} 70.6 mg/g creatinine XB.C} G} FUA|T FAZHLoE
F2) gt zbol= AAUTHP=0.439).

Table 3. Gene frequency of CYP2EL, GSTMI and GSTTH
and urinary N- methylformamide

NMF (mg/g creatinine)
Frequency (%) — —————————  P-Value
GM (Range)

i

CYP2EL

N’ g — A il il i e ——

cl/cl 23(76.7) 77.3(5.7 ~ 483.1) 0311
clic? 7(23.3)  42.7(2.7 - 277.8)

GSTMU
Deleted 16(53.3)  952(5.7 - 483.1)  0.042
Undeleted 14(46,7)  45.3(2.7 - 152.5)

GSTTI
Deleted 12(40.0) 627174 - 2718) (.439
Undeleted 18(60.0)  70.6(2.7 - 483.1)

4. 22 F NMF 5ol & FARF ohdA vl

A8 2= NMFe) u)A 3)8-7)3¢) 40 mg/g creatinine<
7122 2 DMF thAle} #&EE CYP2EL, GSTMI, GSTTI
o) FAA A ¥ WEE vt

CYP2E19) ¢l/c23 & A8 = NMF $%7} 40 melg
creatinine "} ¥} o)Al 2 Aloleoll {213k X}o| 7} g1
tHOR : 0.208, 95% CI : 0.035 - 1.254, table 4).

Table 4. Odds ratios {OR) and 95% confidence intervals (CI)
for CYP2E]

NMF concentrations

CYPE‘EI (mg/g creatinine) OR 05% (]
e A0®)  =40(%)
cl/cl(n=23) 5(21.7) 18(78.3) ] -

cl/c2(n=T) 4(57.1) 3(42.9) 0.208 0035 - 1.254

2 F NMF sxo t& GSTMI Z&EE & 59 7ol
A 2 NMF v 5 X7} 40 mg/g creatinine ©]4¢l 73
9-¢} vjgial 739-off QlojA) f-2}3t ko) 7} FPRTHOR
3.250, 95%, CI : 0.629 - 16.789).

Table 5. Odds ratios (OR) and 95% confidence intervals (CI)
for GSTM1

il —— o e el e e ——— i e ol kel ki —

NME concentrations
GSTMI  (mg/g creatinine) OR 95% CI
<40(%)  =40(%)

el e _ﬂm—“_ el

Undeleted(n=14)  6(42.9) 8(57.1) 1 -

Deleted(n=16) 3(18.8) 13(81.3) 3250 0.629 - 16.789

——— e e P — il S

GSTT19) ZAEE 4% 5 NMF F%7F 40 mg/g
creatinine ©}A4 Wl wjwie) Ao SlojA 3t &)
o] 7F A THOR : 0.769, 95% CI : 0.158 - 3.744, table 6).

Table 6. Odds ratios (OR) and 95% confidence intervals (CI)
for GSTT1

i —— I ek, i i el

NMF concentrations
GSTT] (mg/g creatinine) OR 05% CI

<40(%) >40(%)

- -y - E——

Undeleted(n=18)  5(28.8) 13(71.2) l

Deleted(n=12) 4(33.3) 8(66.7) 0.769 0.158 - 3.744

S - Ny el S i e — "

NME WA 33 g W4 Ba4e dotns) 9

3to) &390} T4, CYP2EL, GSTMI, GSTT1 5 FA=}
ChE A4S A7 o 2A 2 243 A2

L NME s Bdle B flATHable 7).

Table 7. Multiple linear logistic regression analysis

S e — e - —E

Variable /8 SE(B)  Wald OR 95% Cli
chi-square

Drinking  1.332 }.723 ().791 4627  0.476-94 875

Smoking  1.905 1.35] 1,989 6,720 0.031-7.826

CYP2El  -2.490 1.206 3T 0082 0.006-1.042

GSTMI 2,127 1.372 2.402 3.388  0.570-123.504
GSTT! -0,159 1.02] (0,204 (.853 0.115-6.314

ke — i — . e S e e e —

o &

Aol FE DMFe] tAte F2 7Hol] EX3 &
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Dimethylformamide &

AE9] os)A] o]FojR =], WA DMFS AAEQ
g7]7} cytocrome P4502] 2F-g9l) 21 =413} vh-g
st HMMF 7} A E 3L O] B4 B B] & a(F 29
1E) 2ol vk 9siA NME7F AR Eh NMFE 3
HAA B2 ZA] phase I 8491 glutathione 3} E-3H)|
£ YAsAHAY Nformyl 7]9F BAEE F3HH
N-acetyl-S-(N-methylcarbamoyl) cystein (AMCC)<2 AA
3led 2oz uAdE g A DME =30 WE A&
8 FUEHE FE A¥ 5 NMFe| widws 7HX| 22

DMF+= NMFY HMMF$} 2+ F7kA| o] ofsfjA 7ho] &
B AR dHA vk ojH g iAol Aos
= G20 442 gy OF Be A7 Ak
Phase 13} phase I Al B s S4F o3 £F7
o) gt 7 Fof| M &= P4502L] &} isozymed phase I &
A8l GST F 2 mu M)} theta (1), F Eozymeqm
ARF oz AL8 §A4 F8Ho) gaA Yop”
T718A4 g g RE-E cytochrome P4500ﬂ =
8k o] Fo]RIth cytochrome P4502 2 mixed

function oxidase &2 3k hemoprotein®] 7 A o)t}

AR ANAME 207F& o) AY] isozyme©] W& H A7 o F-
2] xenobiotics THAF] #AH3l= AOZ2+ 1AL, 1A2,

209, 2C19, 2D6, 2E1, 3A4 So] gir}’h >
A olE" xFA] AA vA=

isozyme] ol wel ThEn) P450L FAEAEQ] |
gEAAORE Yoksiy, 3stEA ] xFd) wE &
isozyme©] FE571% 33 A H7| = s} 5 A
A2l geneo] W= 54T PASOY HEL o
29 7150l ZEEHERZ 25 ddHE 8-

of gt A oAR=2 ZESHA drh. DMFO] st
cytochrome P450 &42] §44 AL A48 B
7b 2 A% glen 2E1E Aol JigoheE Bae,
AAE A Yoz Nz dF Axrt Az Mv}
HE dApoMe A+ tARES] CYP2EL 9] F3A}F o} ¥
AlRBIEZE cllicl 8 7677%, clic2 &ol 233% FoH

22 AN M) CYP2EL, GSTML, GSTT1 S22 ©F38 44 3 N-methylformamide W43 F7H8) JEA

2/c2 & FARA ¥UTh 71EY AF A= el
o) Welo A= 2-10%33* W PEs 10%”, 29w
9%34), o] 2%33)’ 28] 7 Eokole] AL 26-43%° 7 o
¥ol 279 To g t‘“fﬂ‘ii H, & de] Ads §
kolo| M) ARl thh e Holoh 9-g vt
A ez & AelMe 457% ", 134% 9] A
Ho| Buzlo] B A3 Aol 2ozt ATk
CEFcliel BE M A AW F NMF B FE
= 77.3 mg/g creatinine, cl/c2 &2 42.7 mg/g creatinine
°©ZA FAHLE {23t f-:} = AT & 5 NMF
A 50 mWE CYP2E] A3 o Ade] B ¢
AXZ Folgt 2polE HAY 47} §1tE. Nomiyama
=220 ]  homozygotes?] NMF uR7I7E Q2
heterozygotes®] NMF ®¥E7-719F -2+ xlo] 7} Slivhar
R 373k CYP2E] %Fﬂz} t}3 A o) DMF thAfo] 9 &kL
n XA FeEvy Bnustgen, 2 Ve clicl oA
NMF i A o] of gt Riste] B A+ Aiets
ZFol7t UREH, ol DMF =& 59 x}o] F A
A2 EAo] ggty] yrog Qztdct

Phase I thAle]] A3l §AFE GST2) gene type
Z M1z Tlo] 2ol AUt & 484 Jesd=
GST+= ZAAAAR YAMEE S 3f=gste=d] 2 Hoqsh
o}, GSI‘MH ALEBL 3329 61%VE uS =3, %_
) 5297 dnlA o] wiol 40-45%", W=l 46%"
H91el 49%7, EY 54%" Folrk

B A7 A= GSTML 8] AE9] 533%2A] o E o
FAEL AFAROE e Holgl o) UulA el wiol s
BobE =8 Holgirth GSTMIo] 2Ed AlgolA g A
H F NMF &7t A&EA & AFEG o 24
Ebth 23y A F NMF 8 50 & GSTMI
X oA 8k zolzt I o] A3 E
m] GSTM1°] NMF ufld &fo)] gk-g vjad o7 Ajztol
ot £ 7Y g3z} 7 Aodke A wj ol 71
A7F Hasiny AT

GSTT19] A$ole TS wgt 2}olrt oA {4
ANEL hE-Ho) 7EAZ 93 2& 10-25%2) ¢)3to) 4]
Aolg yh, Z3Q03} $FNL 60-65%2) QTN A
oJ=o] Tk Nelson & e=919] GSITI H34F
AEES 002%, TR0 2EE2 644%, W9 A&

D" FFI

-
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1
n
[\J

3.1%, 312 ALEL 21.8%, 28)3L HA|H
£ 97%2}3l K 78 o™ To-Figueras 5%
o] GSTT19 A+EEL 19.2%2 Bk
AFo A GSTT18 ALEEL 40.0%ZEA Nelson %
ATAFAR = FUATE Wl Rl HAFERIE
HUus 2 Holqlth A & NMF vjA &l glojA]
GSTT1 ZA&Ake} v dER) 2ol /9% xfoj= gile
o, NMF 8jAd $Fo] u& GSTT! X AT
o)gt zpol & WA 71 YUk

B A 2AA AMAe] 371 & DMF Hd 5%
= 16.7 ppme 24| -8 e} DMF #H& AR A= 4
Bl zA A0} 24 A7) 3-20.9 ppme] MY Yol
JAATE B d & FEOEM ZAL YAAES EF ¢
ATE AZGA 2F FEXSHTE DMPY #IxF
53 e AEjo|ith

Az 2l vete]l DMFE] §7] F =& 7|52 8A|Z
7V =271F 10 ppm (30 mg/m)oly, AW = YALE
220 NMF= 40 mg/LE & o] ot & Ao & F
NMF ¥ A EsSE s 67.3 mg/g creatinine 2. 24 7|5
A 2L AAUTEH

AF7HA] DMFE A28 #7184 wE&A e e
H7HE f18ted FAF thaAd ol st A+71 Bol %18
o] gkom, CYP2EL thsire 2] AT7A7F ER
E sttt 22y DMFOll dgiM = o2 A7) &t
o] AR &3 Qe ES| GST FHA g A o
st At Ao gle AdAot) B Aats /) AR 2
2AF 30 RS gide s 5207 aj&Eo ZA3 s
ol JlojA DMF k& 222 AAZ &dslr] o2&
Azt o] ot &3] AL At 271 vy A& A
TE2A A 7H] HFE 137 gE "ol AUk
e £ Ao 7o] iFee DMFY| k&5
U= TEAE WALE 3 A4ts a8 SIA kL
02 s JxT 3 2EAE F2U)lele, a3 Q0 E
o izt 2 E ¢ A7 ¥ Ao=E Azt

E A1es DMFY 558 =257 = ZEAE
Ao 2 AW = NMF wjAd & CYP2EIZ GSTMI,
GSTT! &2z} g3 Adzre) AyEA e 18] B7) 93}
o ALE AFEA GSTML 449 244 & F NMF
oA B3 d#Edo] IS F Ate AFE I, o]

—
=
Qle
L

—

D‘LF\O
__.rlLE

r° Iﬂiﬂl

7
A=
g
C}
T

e
Er}m

]

et 715} Bk A7 o He " Ao s Azb-r}

4 &

o) © ¥ So}n}o) =(N N-dimethylformamide, DMF)
E FATdhe 42AE o2 DMF thiAHER] Qi)
g ¥ Eo}nlo] = (N-methylformamide, NMF)2} CYP2E!,
GSTMI, GSTTI F+X8AF ¥ 7He] #EAE Fotslr|
H8le] FARA] Aol X3 A S A GA) o
A DMPe) & 5s 222 3095 S q}»ga 2 2 A4E
T g 23, GSIML d&o] e 25 42¥ 5 NMEF uj
Aol GSTMI Aol gle AR} ¢ 9T o2
n) 20 GSTMI 42 AEA] DMF & 22429 U
A DMF Atz o] S2F tiAbkEol) o8l 7773)
7F BT ThsAe]l B F Ao2 AzbEDh ulA
DMF #& <22} st A7 et Al GSTMI1 5%
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