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Effect of Cadmium and Zinc on IL-6 Secretion in
a Human Monocytic Cell Line, THP-1

Dong-Hoon Shin, Seong-IL Suh®, Suk-Kwon Suh

Department of Preventive Medicine and Public Health, Microbiology*
School of Medicine, Keimyung University

Objectives : This study was performed to investigate effects of cadmium and zinc on
IL-6 secretion using human monocyte in a culture system.

Mehtods : We have used trypan blue dye exclusion methods to examine the effect of
cytotoxicity of CdCl,, ZnCl, in THP-1 cells. IL.-6 was measured by the ELISA method in
the cell culture supernatants and the expression of IL-6 mRNA was examined by reverse
transcription-polymerase chain reaction.

Results : IL-6 production by THP-1 cells were decreased at 0.1 mM cadmium concen-
tration(p{0.05) and increased as zinc concentration increased. Zinc prevented cadmium-
induced suppression of IL-6, and the addition of a chelating agent, EDTA, restores IL-6
secretion, The expression of IL-6 mRNA decreased at 0.08 mM and 0.1 mM cadmium con-
centrations.

Conclusion : This results suggest that cadmium depressed production and gene expres-
sion of IL-6 in stimulated human monocytes, and zinc prevented cadmium-induced sup-
pression of IL-6.
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Ft= &0t oF40] AbZE CHef Ty MIEROIAM IL-62| 24(0| D|R|= FHE

NoB

FtEgE QAAle &, WP S dodle $35%
oz WY 2¥8s T HUIA X F, 1
Hoz Y& v|A WA EHE ehih
AAHGA ANM Y Fl=fe JT& FAF
&, 4979 71eAa © FAYA, dupe] Ax
Z7) W39} interleukin-2 #8412 W3} (Stacey,
1986: Otsuka®} Ohsawa, 1991: Steffensen
5, 1994; Payette 5, 1995), ¥xd WA X
oAl interleukin-1 beta(I1.-18)$} tumor necro-
sis factor-alpha(TNF-«)8] EH]E AALGA A
o}l (Theocharis &, 1994)3l= 59 HAYgure-S
fAse Rez I8l cytokinedl g |+ B
w7t ey, =g Fwe m@AtE ol oe
dtgo] tta2A vepr2(Koller, 1980:
Descotes, 1992) 7l=F¢ ¥ HZgo] Wy
A A e g dMe B3 W
7 Aol g},

ol (zinc)& MR F27 A4 tAlgFe ¥
83 B nFdaFe] HtEA ZF ZFgo
#3le metalloenzyme EHE A7} o
olg HAS TXE FA 3 HFFs8 AlFled F8
T 4TS Al old e MTEAC LFFHoln
DNA dependent RNA polimerase®] ¥4 3l
Hasith 23 dYr)5S fAskeY Fa% v
ALY d8E G gtk o)A o9
AT Agukge WzlE 2YTgm gl
Atk (Scuderi, 1990).

ABNA Y AFE, AFEY olaS 4F FE
AAA] F nExe FI=ES FA4F A9 =249
A AfELEY L ¥WIA7IAY(Eaton
%, 1980: Georing™ Klaassen. 1984a.b:
Agarwal, 1988), =& 8t3 &£4glo] $34& &
A3}3 metallothionein® ¥=& F7H141A =&
o] BA& Woldn, Jl=Fe d3laA S Wellghe
Aoz &#lx Uth(Faeder %, 1977: Dudley
%, 1985; Lehman &, 1988: Sendelbach®}
Klaassen, 1988:; Coogan %, 1992). =% in
vitroo| Al WlFE A X olAL AAA F FEE
€ AYF=E AR 7S] YolENE Rustn

Qe Bracken? Klaassen, 1987: Sendelbach
5. 1989),

7= weukgl B4 cytokine IL6%
gl F8 ME9 droltd(Navarro®,
1989). IL-6= 349 715 7IR Bd2A F4
FEAAE7t B, THE 28]1 A Xeln] FA47] ut
$9] 43 2AREL 3] AGuke] FA 9%
& e Aoz ¢48lA UrHCastells, 1989). IL-
68 BEAAMEA wt AxFE 3 £ oA,
LR 5 A7 JleE AL gleeg
IL69 288 F4AQ e AESE 34 #
Ao F83 ¢ Ko E 4 o}

E AYS FAGYTA 9y Yoz RE
g d¥T 540 sl THP-1HEFE )43t
o Fl= g3 ol IL-6 Huldl digh 933, =
B9 Fxd B [1-6 mRNA #3e] ¥3ls pd
skoict.

Chet 54
1. MZF S Azt

A g8 AXF THP-1v& 33A £330
Z2HE TY3 & A ALg3ch A
10 % fetal bovine serum % penicillin(100
IU/ml), streptomycin(100 ug/ml)o] TH€
RPMI 1640(Gibco BRL) & ]88 5 % CO,,
36 T3tolA A wigFstas APl 23 A
v %Al trypan blue dye exclusion Wi L8 AE
HESE s YEMNEFIL 5x10° cells/ml
HEE 3l 24A13F WS} F Fl=EFS CdClL,
(Sigma Chemical), ¢} ZnCl,(Sigma chem-
icaD& HFFE 0.01~0.1 mM HEE A3y
HjFstgdct. Fleg € oldAE F 6AIZEIA =
£ ol F5¥E hemocytometer chamberE
o]4 trypan blue dye exclusion®'§o2 Axg
AxE FA&%t

2. IL-6 2ol &%

IL-69] Y& f#=37] $138 100 ng/ml
lipo-polysaccharide(LPS)& 71=¥%, otds} 37
AR sk AT F AT F A Zejdde] FxdS
®olA Interleukin-6[(h)IL-6] human, ELISA
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system(Amersham Life Science, England)&
ol &3le] IL-69 ¥HHFE FAs%ct.

IL-6 23942 IL-6°1 g A7t ZH<|
microtitre plate®l biotinylated antibody 50 ul
g Yo oS GEXF Axue FE9E 50 ul
9e 3 A2oA 243 A e AlF s
2 o streptavidine-HRP €& 100 ul€ ¥
I AoA 3083 B thE TMB substrate
£ 100 ulg F7ksld ¥EAIR F AR 84S ¢
1 450 nmolA FF=E SAsly AFJAE 3
sl [L-69] & A& on Al W HEAE
< A3

3. RNA &2

RNA¥2l+= RNeasy total RNA Kits(Qiagen)
& ol 83l ®siet. g AXE fmer-
captoethanole] #7148 lysis Buffer RLTE &3
A7l & QIA shredderg o] &3l AXE
homogenizationA1Z13 323 full speed2 YAIT
F 70 % ethanol(l vol)& ¥$3 RNeasy spin
columnel &7 ¥ 15232} 10,000 rpmo-2 4)8t
v}, Spin column®& wash buffer RWi1x}
wash buffer RPEZ 2¥ A3 ¥ full speed2
2%-7t 94182 DEPC(diethylpyrocarbonate)-
treated water2 RNAE £I& &
trophotometer 260 nmoA RNA¥EE
B3}t 20 ColA BRAAAN AT

4. HTAL - SHELAMES

spec-
a74%m

GeneAmp* RNA PCR kit(Perkin-Elmer
Cetus, USA)E o]&3l, Ee]d RNAE J3A
HE(reverse transcriptase)2 ¢cDNAE A1)
2% HAMreverse transcription)¥+g-2 AAJE

3 QR AES o83l FHALAMNNS
(polymerase chain reaction)& dAlslsict. 94

AHkg-& H-2l"d RNA 4 uge oligo dT(16 mer)
& AHEEl] 20 4 BFo 2 Algstn] wrg-Ejte]
=42 RNA 4 ¢g, 5 mM MgCl,, 50 mM KCl,
10 mM Tris-HCl(pH8.3), 1 mM dATP, 1 mM
dTTP, 1 mM d4dCTP, 1 mM dGTP, 1 U/A4
RNase inhi-bitor, 2.5 U/#dl MuLV reverse
transcriptase, 2.5 #M Oligo d(T)°lH,

TS
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AL 42 ¢ KR 99 € 5%, 5 € 5Ro® I
o},

F}ELAHNNEL 10X reaction buffer(15
mM MgCl,, 500 mM KCl1, 100 mM Tris-HCl
pH 8.3) 5 49} 10 mM9] dNTPs(QATP, dCTP,
dGTP % dTTP) 4 1 4 ¥, 30 #M IL-6 gene
(641 bp) sense(5 TCATGAACTCCTTCTC-
CACACTCTCC3' ) 9 antisense primer (5’
CTACATTTGCCAAAGAGCCCTCAG3' )& #+z
1 A8 $& &g A} g2l cDNA w8
&3 1 A9 2.5 U Taq polymerased ¥W& ¥
% 50 4 Hx=F FH5E A7l 438 933
mineral oil¥ %% ¥ DNA thermal cycler
(Perkin Elmer corporatlon)a AHgEte] AAl 8
Atk PCRYH-& DNA denaturation2 95 € 1
¥, annealing2 56 T~62 T 1%, elongatione
72 € 1822 3l 35 cycled AAI3 )

ZZ" PCRAHE 10 ulZ 10 % agarose gel°ll
A719%3% ¥ ethidium bromidefdeog A3}
3L UV-transilluminatordolA ARz #9434},

5. EAIX2|

23x PFA 9 ¥laE T I+ t-test, AE
o]l4¥ ANOVAE Al3¢ F Scheffe Yoz o}
FHRE AAAR FelFEe 5 %E 3

4 1

THP~-1 A X3 lipopolysaccharide(LPS)%}
0.01, 0.05, 0.1 mM CdCl,, ZnClL,E Ztz}t X3
F 6AI3te] AAY F NEGALE SFY 47
0.1 mM CdCl, A2l§ TolA gl Hl& Az
A= 86.6 %2 FstA Z23ATHp(0.05).
olddl LPS Ag#dAe MEEHYE7 Az
Fol g Aozt fAHFig. D).

N X F FEdeA IL-6 ¥vFE 33 27
LPS2 A& A g d2ToA IL-6 Sy &

| 4.42 pg/mloiien, LPSE A& kA g3
CdClz. ZnCl, 22l3 EDTAE 747 4502 A
g o] IL-68HFE LPSE ASE FA g
223 ztel7t JendA] gsich. v LPSE
A Pl 1L-6 ¥ Fo] 35.69 pg/mlez



Ft=S2at otHo| AL CHEf TN MEFROIA L-62] 2H]o| O0IXl= FE

L6887t f=5Ho Yege g, CdCl, ZnCl,
9 IL-68Hl vAe 9% dF dPdMe
LPSE THP-1MEd] o] Fojdle] A AA
3tsict. 0.01, 0.05 mM CdCl, HAlellA IL-6
EHjgFo]l 2T (LPS o) Hlgte folsiA F
7R 2H (p<0.05), 0.1 mM CdCl, AN =
FoatA ZAade #FE F AAUH(p(0.05).
ZnCl, AXEL F=7t S715l et IL-629] £4
o] F7teol JEbgTtH(p<0.05). =¥ EDTAE

A Folrel IL6) BulFe zen Aolzt

SRTH(Fig. 2). CACLol o)@ IL-68] w3

ZnClL,¢t EDTAC] €3] ¥3i=e ¢4 dolir]

S8k, CACLS $Y? 5% ZnClL%t EDTAE
wasled Asidct. 2 A3 0.1 mM CdClelA

100 -
*
80 -
3
@ 60 -
)
E 40
b3
20
Q-
(-)LPS (+)LPS 0.01 005 O01mM
controt Cadmium
90 - *
g
3

0.010.050.1
Zn(mM)

0.010.050.1
Cd(mM)

() ()
LPS

CdCl,9}+ ZnCl,, CACL9 EDTA B3 HAE 2%
oA IL-69 §4]&e] CdCl, @5 HX TR} 9
A F7ks o] JerdE #8384 AU (p(0.05)
(Fig. 3).

THP-1 A EM9] CdClel 9§ IL-6 mRNA
B o] #islE goliy] 93t CdCLE 6413 AR
& 23, Jl=F Tl we 93 8-ukg s
£ Ve gskeyt 0.08, 0.1 mM CdCl, A
G 1 la A s B S| “]3}] IL-6 mRNA9] W&o
Ax7t AAhHE A& #23F ¢ AR Fig. 4).

a &
2 AYe A SYTAX(THP-DIA 1L-69)

Fig. 1. Effect of CdCl, and ZnCl,
exposure on the THP-1
cell viability, as mea-
sured by the trypan blue
dye exclusion test.

* : gignificantly different
from control groups
(p<0.05).

0.01 005 0.1 mM

Zinc

Fig. 2. Effect of CdCl,;, ZnCl,,
and EDTA exposure on
IL-6 production in THP-1
cells.

» ! gignificantly different
from (+)LPS control
group(p{0.05).

Controls are THP-1 cells

that received no LPS(-

LPS) and 100 ng/mi LPS

(+LPS).

0.010.050.1
EDTA(mM)
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100 -
90
80
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r
f 60 -
? 50
© 40
= ]
30 4
20
10
0
(-)LPS (+)LPS Cd
> o
M ¢ F&EF S CdCLmM)

IL-6

GAPDH

Fig. 4. Electrophoretic analysis of RT-PCR prod-~
ucts from control and CdCl, treated THP-
1 cell for 6 hours. C and M represent
control, and 100 bp size marker for mole~
cular weight, respectively.

Holol g Fl=g3 ofde] 9FE Lot stz 7}
=g % IL-6 £ A7 AARATGA A U
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Cd+Zn

Fig. 8. Effect of ZnCl, and EDTA
* combined with CdCl, ex-
posure on IL-6 production
in THP-1 cells. THP-1

cells were exposed to 0.1

mM CdCl,, and equimolar

concentrations of ZnCl,

and EDTA.

+ : gignificantly different
from CdCl, treated
group(p{0.01) and )
LPS control group.

Cd+EDTA

YEAE goliy] g8 1L-6 mRNA d&e] W3l
& AT

E ARoAE 0.05 mM ol &te] A¥E =&
g 7N [L-6 £HE FJA7]12 0.1 mM &=
FlefdMe JAA e Aoz Jeigth Jt=F
2 T 43T AX E47|HdA AFgxdAe
apoptosis® ¥o7lx, 50 uM o9 IEEAA
= AEYALE doA AXALE Z#HSL(Azzouzi
= 1994), endonuclease® JAFAY A3t
(Lohmann3} Beyersmann, 1993) ¥, 7}=+¢<
o, BAZAZR, TVt 283 FoE Fo w
g} Bigutgo] oA HAY e FX4E £= Ut
¥ Q783 (Theocharis &, 1994)2 & o, £ 4
H9 A FlEge] wxl wet o FEo] B2
the 3E ov|jict,

116 ¥4 947} Yehd A=E 0.1 mM 5%
E AXY FAEE dZTd vl fostA @A
Uebd sxely ofdelvt EDTAS Fo ¥ IL6
o} Buly} FEEE Hog B o AX Y= A
& Wil 1169 EvlFeo] doj@d Ao Yzt
Ae gert IL-6 BHE A sl=F sx0t
IL-6 mRNAS] $dE ZAAY= Aoz ## 4
22X =L AAHGA (pretranscription
level)ollAl 1169 EHE dAdT= A& & &+
9le® Funkhouser $(1994)¢] A3}l U] dh=
Aot}

olde d¥FoA 0.05 mM ol3e EXxdA
IL-69] #H1& dzxTd v& F7HHLeH, IL-6



FI=E 0} otHO0] Al S PN NZF0IA IL-62] BH|W DiXl= HF

EHZ 9AF 0.1 mM /1= 0.1 mM o1&
By APE e oS OF AR I3 g
IL-68H %E Jeille 218 343 & & 3t 9
2§ A olde] Ft=F2 IL-6%EH A o
S vehde Aoz & 4 S}, olde Jl=F
of W3 ¥HAFA=Z HAg3le Aoz LA Ut
(Nocentini, 1987: Waalkes %, 1991: Coogan
%, 1992: Kaji €, 1992). olde] o3& Ar]dlA
Fregel A4 YeEle WolATE metalloth-
ionein(MT) f=o 9% a2z LA oy
(Stacey®t Klaassen, 1981: Bracken
Klaassen, 1987: Sendelbach %, 1989: Sarkar
9} Harford, 1991: Coogan &, 1992: Piersma
%, 1993), Wahba %$(1994)2 MTe Fl=Fd
o3t Aol stz g oA Wo &gl
F83 98 A gevia e, MT <3
Wolgly] Huke MEU 7l=ge] 3¢ #AAA
7 Fl=fEe AEEA WAL 7P Mishima
2. 1995) B9 M2 dFRuI} deldlng, F
X ofdel 93t Fl=Fe WolAne] it 7)Ae]
#A3 ATE APt 1 7|AE wEol #§ Aoz
Azt

B AgdA Fl=ge] 11-6 84] A7 AAAG
AdA dojvls Aoz FF HYoBZ H|Eol3
o7 o]y} ol gk HMES U o|E AA
9! EDTA(ethylenediaminetetraacetic acid)&
Fo st IL-6%Ho U EAE 53 47 Jl=
ol o3} oAE IL-69) W7t sl=gd oldd
By 243 73 2L =2 3E H9len g2F
Bt o ¥ IL68HZFE Jeiic). o2 2
= EDTA7} Ax9] Fl=5S ZeoEs} Azle
2A4 1= x2E BTN [L-689E oA
Al A& WAE, st=ge o] 23} el Cd*e
g o8 IL68W7F 932 3 the 2& Y
Bl F= 232 fME 4 stk Funkhouser §
(1994)8] A3 RadME 71=83 EDTAE 93
Blo] Rl FolA dzEH ¥sH FE FFEO
2 IL6EYHFe] & =HASS Rudgen, &
AT7qME =g EDTAE WHsle o8 7
o] Y& B} ¥ [L-6¥uFe] I HozA
OE A4S AT 2 ol FE ] 4¥E + 8l
on LPSY 9ft IL68H f=AIRL, 7l=F A€

AlZt, EDTAS ¥x@zld] g [L-6 ¥y]9 W3}
T B 89E 35 & glova ¥ o9 g
AYE o AAdel & Aoz AR ") £F ¢
TolA el [L-6¥0 3 FI=g, ofdAe] ¥ 24Xzt
dre dzzd zol7t |t IL6= 34 9%
Bkg-o] dxtE 2ARE-E e BFYY 5E 7L
A AR B2 gelA gornz [L-6 BulE
o gtk AYPelA A=A 0L F8F .40
< ¢+ U

B APe dYpdA IL-6 ¥uld g 7l=§3
oldel oge ZANIEOY FIERT olde Y
& F22 Ao HnFO A o}de sl=F 54
o] &l i AAT FEE AT & e,
A X9l A olEAAQ EDTAY 5= W3l g
7l=E9 [L-6%Y 9% W23 58 & ¢ QA
£ A, 283 IL-6 mRNAS] H&# TS A
WS B3l WrlskA] g A So] AT sAe
Aol € 5 UE Aoz Yz,

ol’de] Al Fl=fol GA MM 1169
2L cytokine® ¥H|E AAFozAM HIARAYS
Yehlle & ¢ & g =8 7158 28 #
=9 IL-62] #Hl3ko] IL-6 mRNA W39 A=
AAIAGA A A=, ol &3] Fu|Fo] 2
EHo2ZM ofdo] sl=go] U W EFHIT AL
& AlAlg

X Jl=fe] AeEoiMel wgAd g o
g A G IL-6 ¥uld vzl 94
olde] Fl=f WolaTel 7| A A A7t o) F
o] Aok & Aoz Yz},

2 o

5 : & A8 9874 54| e THP-1
AMEFE 0|83l Fl=Fo| IL-69 &uld v &
FYt opd WolAAE AR BAgod, =
& FI=89 x| W& [L-6 mRNA 239 W3}
£ BFsinA syt _

gy @ THP-1 MX39). lipopolysaccharide
(LPS)et 0.01~0.1 mM CdCl,, ZnClL,E 2}z A
A & 6rZo] AFHFE NEMSANA [L-6 Fu|F
< 38 ‘\ ‘

an : Fl=F B2 0.1 mMolA 1L-6 Evlgo]
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frolstAl AAEE #EE F AADH(p<0.05).
ZnClLe =7t 3713 we) 1L-69) ®vlgo]
7ol Uehget, =gl 9§ 1169 #H] ol
7ZnCL%t EDTA] ojs] ¥stEle F4s oty
93ld, Fl=g 54T 29 ZnClL9 EDTAE
Wasle Mslyel. 1 A Jl=F = 0.1mM
oA =83 ZnCl, AAF, I=FH EDTA A
AT BFNA IL-69] £H o] JI=F 95 AR
Hr} Fr7iEo JYegds 338 5 Ui, A=F
ol 2J% IL-6 mRNA &de] ¥3lg dolrr] $13})
o Fl=gE AN AR, Jl=F F=d o 9
3 dsle JehgA ggter lE=f ¥= 0.08
mM3} 0.1 mMellA iz v¥gl IL-6 mRNA
9] el FEr) AiHE AS #FY 5+ AU

ZE : Jl=go] 9uAy MAXEA IL-6% B
cytokined ¥HlE Ao 2AM HYEAL el
We AL ¢ 4 ok £33 Fl=Fd 9 =€
1169 ¥ulgo] IL-6 mRNA @39 A= A}
A (pretranscription leveD oA A=y, o}
Ao og) Fu|Fo] 3EFPoEM oldo] Fl=Fof
g ol adst AS-& AlAkgcl

ANF
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