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The Effect of Zinc on Human Thyroid Cancer Cell Line
Akinobu Minagawa (Fourth Department of Internal Medicine, Saitama Medical School, Moroyama,
Iruma-gun, Saitama 350-0495, Japan)

Zinc is an essential component of a wide variety of metalloenzymes, transcription factors and other
proteins. Intracellular homeostasis of zinc is believed to be critical because of its different biological
roles. To attain homeostasis under different conditions, cell must adjust the rate of zinc uptake and
efflux, binding to intracellular and extracellular proteins or other molecules, and sequestration into
vesicles or organelles. This suggests that proteins involved in controlling such processes would be
regulated directly by zinc. The expression of zinc transporters in human thyroid cancer cell line is not
unknown.

Zinc has been reported to have potent cytotoxic effect on thyroid cancer cells. Zinc induced necrotic
cell death predominantly rather than apoptotic cell death in thyroid cancer cells. In this study, it was
demonstrated that the expression of the antiapoptotic proeteins (Bcl-2, Bcl-xL, phosphorylated Bad,
and phosphorylated Akt) were increased, whereas the expression of the proapoptotic proteins (Bad and
Bax) were decreased following zinc exposure in 8505C thyroid cancer cells. Phosphoinositide 3-kinase
(PI3K) inhibitors inhibited the phosphorylation of Akt induced by zinc, suggesting that zinc activates
PI3K followed by phosphorylation of Akt and Bad. Phosphorylation of Akt and Bad may prevent the
thyroid cancer cells from apoptotic cell death.

The expression of zinc transporter (ZnT)-1 and-4 was demonstrated in 8505C thyroid cancer cells by
northern blot anarysis. Because ZnT-1 is a membrane protein that transports zinc out of cells, it is of
interest that the expression of ZnT-1 mRNA in 8505C was significantly lower than other human cancer
cell lines. In contrast, the expression of ZnT-4 mRNA in 8505C thyroid cancer cell line was markedly
increased as compared with other human cancer cell lines. The expression of ZnT-2 and ZnT-3 was not
observed even by the polymerase chain reaction (PCR) method. Zinquin, a specific fluorescent probe for
zinc, showed an increase in intracytoplasmic zinc concentrations after zinc exposure in 8505C.

In summary, the potent cytotoxic effect of zinc on the thyroid cancer cell line may be due to a decrease
in the expression of ZnT-1 that leads to an increase in intracytoplasmic zinc concentration. Although
zinc has potent cytotoxic effect, zinc also activates antiapoptotic proteins, especially phosphorylated Akt
and Bad, which may prevent the cells from apoptotic cell death.
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X7z, MBSO NHEIC BB RIEL, 5
DA G 28e5H) ZEtEd %5Y T & &, apoptosis
ZHHIT 22 ceMmb5NTEY, Mlicys s
FIVIRERMO—imz 8y, e, MOHBEOREZ
FHELTWVB EEZLNTVA.

ML )V TOHE DR AL X X — XD FHi
PEABSICHED DR RN N T AR —%— & L T Zinc
Transporter (ZnT) 7 7 2 U — W {FE(F T 5. ZnT
T7IV=IF4DD7 AV T+ —LDBHIENT
W5 WINE 6MEEE R A A U ERDOEAT,
MERDWAH L, NI TOEBEICBNTEN
FNHKEBET B, ZnT-1%%"20%, /NG, Bk, TP
IR EETEF IR AMMICREL, MREBRICRE UFEE
5. MilEh SHEERONRAH L, TERHHIIEAICEE
T20%MIET 2K IEAT . ZaT-2"""2 (&
e ERT ZmMIMEIC o L, #sE ZnT-3% ™1
AL LT3, PCRICT, COfikikid/ NG, B,
PRI LTV Z MR SN, ZnT-3 13K,
PRI LTRHELTWVWS EEZLNTNS. KIC
BOTIMERE & KK EIC ZnT-3 mRNA OFH A E
BICRHOENTWVS. BIUETE ZnT-2, KU ZnT-3 D
EHBEREI VI NEERIF -0 EEMHT A TY
W, ZnT-472 0253, lethal milk JE & #E (BFE
IIVIEMRRE) 28 <. T OYEMRENL, ARz D=
DI TORANDHERDOBIEDRZICIOETL 5.
ZD, InT-4 IZRAAOHOBILICEHT 3 &
EZLNTWVWS. TNENHNEMICHAERL, v
WEERNCAEH URiSh DM T DR XA AR — A 723
fiLTWa. HARBRIER FREAIRIC B % ZaT 7 7
U —OFRBURNR, HhRGICKBEFEEICDON
TREEDLTARVALBNTVARV. FT THIR
PRI Bk o 8505C (X7 {b A v s HIR IR 2L By i
Fakk) 7z FHVHE SRR FIcB 132 ZaT 7 7 U —0D
FENCDOWTHET LTz, T 7zdigh DR B HDYE probe
T % B HO IR D Zinquin [ (2-methyl-8-p-
toluenesulphonamido- 6-quinolyloxy) acetic acid] % i
F U 8505C I 331F 2 il N o #i SR AR IC DU THEES
L.

Era HURBRAIA IS A U Cid, diEhhy mi i CHlfe
MRS C E MRS TN TVEY., HURIREHE
WXt U T HE#R 13 necrosis 2 7% L, apoptosis (& 7%
WMotz ARUFZETIE, diEh MRS PED HRPR
FIC B % ZnT-1 BE O JANCEIRT % Al REME 2 7R
L.

KR KRUAEZE

1. ##8

HE R 2 12 {di B U 7= FBS(fetal bovine serum) 1
EQUITECH-BIO. Inc (Kerrville, USA) H' 5, Nutrient
Mixture HAM F-12 & SIGMA (SIGMA, St. Louis, USA)
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M5, Earle's MEM, ELEVEEF MU w7 AlZ GIBCO
(GIBCO BRL, Life Technologies. Inc., Rockville, USA)
WS, N7 IXA YIS R AR (M 5 UK,
KB 5 A L. Total RNA DIEIIVIC I3 ISOGEN
(ZvRVIY—=r, W) ZEHA L. EHMENICE
VB lavAfR#IC 1Z 10 mM EDTA (ethylenediamine -
N,N,N’,N’- tetraacetic acid * dihydrate, [E{"{b220F25FT),
2 mM EGTA (ethylene glycol-bis( -aminoethyl
ether) -N,N,N’,N’-tetraacetic acid, (L ZWI5AT),
0.1% NP-40 (F 4547 AT, 58, 10%
glycerol, sodium orthovanadate (FIDY¥, KF), 1nM
PMSF (phenylmethylsulfonyl fluoride, SIGMA), 10
mg/ml leupeptin, hemisulfate salt (SIGMA), 10 mM
DTT (DL-dithiothreitol, SIGMA) 7% % &5 Hepes (2-
[4- (2-hydroxyethyl) -1-piperazinyl] ethanesulfonic
acid, [FM{ZAL*ARESERR, REA) |, pH 7.9, 50 mM NaCl
Ny T 7 — DR D E D% # ] L 7z. Western blot
HEICEBIT B — XPiUK D $HiBcl-2 (rabbit polyclonal
IgG), i BcL-xL(rabbit polyclonal IgG), #1 Bad (rabbit
polyclonal IgG), $1 Bax(rabbit polyclonal IgG) & Santa
Cruz Biotechnology Inc (Delaware Avenue, USA)
M5, $1V V(b Bad(ser 112/136), K UHLY V(b
Akt & NEW ENGLAND Biolabs, Inc (Beverly, USA)
N5, “XIUAOHTT Y F IgG ¥ FHifAlE Amersham
Pharmacia Biotech (Buckinghanmshire, England) /5
fg A L7z,

2. {RarEE S E

8505C 7 37°C, 5% CO, &M FTH#E Y v — LI
10% FBS, k754 > 0.05 mg/ml % & & HAM
F-12 T 80% confluent ¥ TR, iEAEbRZE
U ZnCl, 7.5~ 200 M DRRE DR B TR = IRIC
THLFLL 7z, WLFRt%, 154, 3047, 6047, 120 9T
ISOGEN 7% F{\ T total RNA 7 [E[IY L 7.

3. JURBRIVINAZF Ly &

8505C, b I I FZ #ii i M i HeLa229, ¥ XU
v b T e HE BE HepG2 & THEET L 72, 8505C &
HeLa229 I (& aizh Ol &1 %2, HepG2IZid 10%
FBS, 1mM YL VEF R YL, FIRATVY
0.05 mg/ml % &5 Earl's MEM 7 ffiflakizik & U Cf
ALz

24 4% microtiter plates (IWAKI, # 51) IZ 1x10*
cells/well THlaZR5# L, 150 M, KT 300 M D
ZnCl, C 24 W[, 37°C, 5% CO, TUFIL, BER™ O
70 RAZVNAF Ly MRS TR O 7R 2 ]0E
L.

4. Western blot %
Apoptosis Z e 9 5 HEFH Tdh % Bad, Bax, 7z
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apoptosis Z I3 2 HEEH TH % Bel-2, V) VEE{k Bad
(ser 112/136), Bel-xL, MUV Vgt Akt O igh 5.
IC K BFHEIZIC DWW TR S L7 HiE I T
western blot {£1C TR U7z, MifEZz M RRvA ki ¢
7AMRT%, 10000 rpm, 4°C, 10 77T 0o L Eig 7w
MU, EEABEERE L Lz, 7.5-12% SDS-PAGE i<
THEEL, 192mM 7'V ¥ 7% &35 25 mM Tris /3w
Ty7—ZH\WTZ7U 770y kP (7 h—*FL
=2t WD IEF Lie, 5 LA T L2 72,01%
Tween 20 & 5% non — fat dry milk 7% &5 20 mM Tris-
HCI, pH 7.5, 137 mM NaCl @ Tris 7\ 7 7 —7Z W\,
i 60 7 CTIRFERMN R IGZ 71y 7 Uik, —X
Pitk& UTHIBcl-2, $iBcL-xL, #iBad, #iBax, #i! >/
1t Bad (ser 112/136), M UHTY M AL Act IC S
I, ZRPUAE LTHY Y F 1gG VY FHiAZ KIS E
iz, Dk, choomHicdy o A2y 7ay 7o
VIR > A 7 LD ECL Western Blotting
Detection Kit (Amersham Pharmacia Biotech) 7 {& ffi
L.

5. Northern Blot ;& /N TV A€ -3
Northern blot (& DL Fjic k%5 L 7z FIEIC T
1o, Ixbb, HILI& total RNA 15 g %
formaldehyde % &35 1.0% 7 i — )L 7 )Lic T 1X
MOPS(3- (N-morpholin) propanesulfonic acid, SIGMA)
TEAVKENI%, 71> A7 L (GeneScreen Plus,
PerkinElmer Life Sciences, Inc, Boston, USA) I 7 & v
747 LT, Total RNAZHLE LIz AT L% 10
X SSC TUeF%, 80°CTA— 7 Vi X iz,
ZnT-10cDNA® (Dr. Palmiter & 0 fft5), KU ZnT-4
McDNA” (Dr. Huang & 0 f#t5) %, T7 QuickPrime™
Kit (Amersham Pharmacia Biotech) % F \» T [a -*P]
dCTP (Amersham Pharmacia Biotech) THE#k U 7=, #53k
L7z ¢cDNA % ProbeQuant™ G-50 Micro Columus
(Amersham Pharmacia Biotech) T/ OFEE L, ¢cDNA
Ta—7& UL
QuikHyb™ Hybridization Solution(STRATAGENE
CLONING SYSTEMS, La Jolla, USA)15 ml ZZ iz 7z
ATVRBMVICA YT LV AN, 68C, 153 T
NATIVRA =3 V%, Ta—T =Nz, 68C,
2~3WEEINA TV B A= a v ZftoTz. AT
VAAX—=2 g%, AT L 2%2XSSC E0.1%
SDS Z B BWIR T Liz. AV T LY %Iy T T
W, LY RT VT 0 )V INCREBEESE, —70°CIlc 12~
24 REfIIRTF1%, BUR L.

6. HICFEE

Fr UN—=ZXF A RIC805C ZHi#E L, 25uM
Zinquin (Toronto Research Chemicals, Inc, North
York, Canada), N USEH O propidium iodide (P,

SIGMA) T, =iE, 30~607rRHE%, PBSIC
BIELTZ01M A)VAhT b F)L7 2> (RIEHISE,
KB) &7V OEGHKTE AL, #EhoMig
N T DAIFALE i % Axiophot 5 YE B 85 (Carl Zeiss,
Germany) THIZZ U7z, #1%, /%<, Zinquinlc XD
MR AN A < HOE X N B, SenSys™0400 74 A1
CCD #1 X< (Photometrics Ltd, Tucson, USA) THH%2
UTes#tin 2 0 A A, BRI 7 o IPLab
Spectrum™ verrsion 3.0 & Adobe PhotoShop™ version
5.5 IC CHRUIEL 72.
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1. B K S MEEHIRE

b k FURIRZLIEEAIN T % 8505C Lthod b 3
fue T, #Enc XS MinsERz ki Lz (Fig. D.
oo MEEHEFRICEE L, 8505C I W TR Hi#hic &
%I E RN EIHICRED S iz,

[\~
o1
]

Do
=)
1
-

(% control )
—
o
L

[
o
1

($2]
1

Survival ratio

o

HelLa229
Zinc 300 u M

HepG2

8505C

Fig. 1. Cytotoxic effect of zinc on various human cancer cell
lines. Cytotoxicity of zinc to 8505C thyroid cancer cell line was
significantly higher than that to other human cancer cell lines.

2. BEIOPRBEICHITET R =Y ANDEHE

— f% 1 | $} 1% apooptosis M I Fh N HTI B N T
W5H, HURIEEEHIEARIC T LT3 3= & LT necrosis
ZRE L, apoptosis 3DV EEMELEY. ke
apoptosis V2 Z D I1Z < W I DU T western blot {2
IZ & D apoptosis BEEH DM EIC K B EZHICT DWW
Thist Uiz, Fig. 21C/Rr9 & 91, apoptosis % 1l
§°% antiapoptotic protein @ Bcl-2 5 1) > # (. Bad
(ser 112, MU serl136) Milighf 51%, WERKAFIEC
FREWINEm DR D 5 N iz, KT apoptosis 7 fiE
i#E 9~ % proapoptotic protein @ Bad, Bax (& I {17
IS ZF OFBD A ERIICH > 72, VU VEE{k Bad O
FHRICHEET % Akt (PKB) OFRBHZ{LIC DV TH
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BtLIze T A, dfishflsic CRIBMREMIC Z D%
HEmMRD 5 N (Fig. 3-A). ¥ 72 Akt D ik
@ Phosphoinositide 3-kinase (PI3K) D E 3 ¢ H 3%
Ly294002 (CALBIOCHEM, San Diego, USA), B¢ W i
Wartmannin (SIGMA) I TH#MC X %V Vb Akt D
FHEDIHE N7z (Fig. 3-B,C). TDOT kiF, #hick
Y PBK OTFHEDFFEE I N, PBKICKD Akt VY >~
BtEh, THICBad MY VBEENzeEZX SN

3.ZaT 7 7 2 V) —DEMBICH T B HER, RUEERD
e

fEh DR H H LIS EH 9 % Zinc transporter D
ZnT-1 OFHICDUWT, Northern blot 21 T 8505C,
bt b BRI HeLa229, B XU +ATHHIE
A HepG2 & THigt L7z, 7z, 8505C & Hela229

Time (min)
0 15 30 60 120

Time (min)
0 15 30 60 120

i ] ¥ |
Bel-xL | — |
a3s) [ T A
pBad(szg‘%)Z)l e w—— | gﬁ‘;' R Sy we— g— |
e R —

Fig. 2. Expression of apoptosis-related proteins in 8505C
thyroid cancer cells following exposure to 200 u M Zn*" by
westhern blot analysis. Figures in parentheses indicate the
percentage ratio of amounts of each protein expressed before
7Zn*" exposure and 120 min after. Data are representative of
two different experiments.

(A) ;
Zn2+ 150u,M 0 30 60 120 min
pAkt R
B) _
pAkt L — e— ’—-
Zn2+ 0 150 150 200 200 300 300
+Ly294002 + Ly294002 + Ly294002
©
pAkt A I G, i T ———
Zn2+ 0 150 180 o0 150 180

+Wortmannin 100nM

Fig. 3. The change of phosphrylation of Akt by Zn*" in 8505C
thyroid cancer cells following exposure to 150 u M Zn*" (Fig.
3-A). The effect of PI3K inhibitor on phosphorylation of Akt
induced by Zn*" in 8505C thyroid cancer cells. Both Ly294002
(Fig. 3-B) at 50 p M and 100 nM of Wortmannin (Fig. 3-C)
inhibited phosphorylation of Akt induced by Zn*".
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BB OBEEELIC X S ZnT-1 DFEZIL,
BRURMMNREZLZ e Uz, WERIEFET
TlE, fiNd ZnT-1 OFBEIT D> 1=h, 8505C
TOHRUENRE DI o 7z (Fig. 4. #i#h 200 p M,
2 IR B TN ORIRIC BT E ZnT-1 mRNA
DFEHMNHEGR U 72 hS, 8505C T D 3 Bl 1 fth o> il il bk
KXo Vixhhoiz. £iz, HINOREEZZEZ, 8505C &
Hela229 T ZnT-1 DFHDEWZMKEG LIz & T A,
8505C Tl HtEn 100 p M LL RIS TZ OFEMZHICH
iR U, Hela 229 TIHKREDN S ZnT-1 mRNA DO¥EH
MR L Tz (Fig. 5-A, B). TF— R I3/RE RN,

8505C HeLa229

Zn*@M) 0 200 O

GAPDH  # e “‘ -

Fig. 4. Comparison of the expression of ZnT-1 mRNA in
cancer cell lines. Zinc induced a marked increase in ZnT-1
mRNA expression. The expression of ZnT-1 mRNA in 8505C
thyroid cancer cell line was lower than that in other cancer
cell lines.

HepG2
200

200 0

ZnT-1

A
Time(min) 0 15 30 60 120 0 15 30 60 120

GAPDH ™ o v M e = & o o o

8505C HeLa229

(®)
Zn* (uM) 0 15 50 100 150 0 15 50 100 150

GAPDH e e o o &-‘.‘-

8505C HeLa229

Fig. 5. Time- and concentration-dependent increase in
ZnT-1 mRNA expression following zinc exposure. Panel (A)
shows the time course of ZnT-1 mRNA expression after 200
pM zinc exposure in 8505C and HeLa229. The expression
of ZnT-1 mRNA -before as well as 15 and 30 min after zinc
stimulation was low as compared with that in HeLa229. Panel
(B) shows the change of ZnT-1 mRNA expression after the
exposure of various concentrations of zinc in 8505C and
Hela229. The expression of ZnT-1 mRNA in 8505C was low
at the low concentrations of zinc as compared with that in
HeLa229.



FRIBREAEIIC 350 2 dEgh O F T51

ZnT-2, ZnT-31CBIL Ti&, PCRICEBWVTE 8505C T
W ZORBIIERD 5 NEho Tz, Fig. 6 IRT LI,
S R 25k X % ZnT-4 mRNA O FEHZ (L IE 3R
SN =M, Mo SEMiERkic X 8505C
Tld, ZTOFRENERL Tz, £ Fig. 71CR-9
X512, HIMEN O Zinquin (3 50 ¥ AR A M I B
U, ARG PN BRI R 1 S AV At i B0 A
WK ERLTWS T R LTV e,

z £

BikiE, 2~3g0fifhEZATED, FIHE, H
EE, K, i 5N, AmERRCHERICA ST S.
iAEh O HiFh 100 pg/dl (15.3 pmol/D D5 5, 1/3 1k
TIVTIEewBLEEL, BXZE2/3MA 70TV
VEMELFEAELTWVS. 100 ML EOHhe @it oS
MED, TR ZHONADH 7t Rar ) —b,
RNARYU X 55—+, DNAKRY XF—+, DNAH#LE
Wroftic, 7IVh) T+ AT 72—, Z—I\—F
FYRIRALEZ—E, REBIUKEESENTENS.

W3 & B %50 Zince-finger & & DI H K+, HKI)L

8505C  HeLa229  HepG2
Zo*@M) 0 200 0 200 0 200
ZnT-4 - s

Fig. 6. The expression of ZnT-4 mRNA in human cancer
cell lines. The expression of ZnT-4 mRNA was high in 8505C
thyroid cancer cell line, although it was not increased after
200 p M zinc exposure. In contrast, expression of ZnT-4 mRNA
in other human cancer cell line was very low.

Control

Zn 50 pM

EVOMBIT LD, WRESRHENICAHOMET
FT, RCRMCOME, KM, BERER A TR
B NIET. Tz, dERNIMIIEO L E A &
ZNIFL, BRDHAZRETZ ML NTED,
MRS X9 % > 7 F I RERK DO —biZ Y, i,
NOHHBOREZHRHEI L TWE EEZ5NS.

% 7z i §1 13 apoptosis Z i 95 T LI 5 N
TWVWB, BRI RIZ AR & > Tl
apoptosis Z#FE S % T EMRIEETNTVE™ Y, Titaka
SIEHIRAEMEZ VT, SREoMfEEE L
T necrosis FAE G 5 H, —HRIC apoptosis 7 [A]RFIC 75
BB A RUEY. SREMEHENLT, apoptosis {iE
11 {8 < proapoptotic protein @ Bax, Bad O &,
apoptosis fllfil 1 T&H % Bcl-2, Bel-xL, U > #{k Bad
DN RD 2. K ) VBt Bad OHEMMAE L L,
apoptosis fIHNIC HEXRZEHZRIZLTVWBEEEZD
N%. &5ICBad DV VLA Akt - PIBK O &1L
KXKBEDTHBHT LT I45bb, difnlk
PIBK Z 5 b U, PIBK YAkt 2V Vb L, Akt
I 5 Bad 2V V(T % cascade DEH ML E N7z
121 R ARSI IE Tl apoptosis AViAE X N < W
ERbNTz. NS THITRE S 23200 il S0
TiE, TNSOREEDIEMLIFRRH ENIEh - T

I, BN RO S SR 7 & 7
ITMICDWT, HEOEIXRIAL LD ZnT 7 7 IV —
ICDWTHE L THE. ZnT-11%, fIfafE FICE T
I HHOEIRATHD, £ U THRERDIEh
DOPWFHH UICEEEG LTV 112 BRIk <
& ZnT-1 DFEBEMMo b MEMEARICEENE TR LT
Wiz, ZnT-1 OFEBIT I EREIHIC X D IBE B K UK
RMERAAPEIC SR U 728, BRI oAk ¢ 13 i gh kbt
T D Hela229 Mifiic bt U CIRIBE O R ERF T D
SN o Tz, ZaT-1 FE O NN HhenEE O

Zn 15 pM

Zn 100 pM

Fig. 7. The changes of cytoplasmic zinc concetration in 8505C thyroid cancer cell line demonstrated by Zinquin. The
fluorescent intensity of Zinquin (blue) in the cytoplasm increased as the concentration of zinc in the medium increased,
suggesting an increase in intracytoplasmic concentrations of zinc. Nuclei were stained red by propidium iodide.
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FRZZEZL, o MEMiatkic bR X 5
famENHE LR T VWEDEEZ NS, Thbb,
ZaT-1 O FAHUIRER M AR IC B 2 i X %
HlEEEDRNDO—DTH 5 LEZENS. ZnT-4 D
FHE, HURIREMIAk O AR SNz, ZOHH
WCDOWTIEARIHTH 50, HIFE N O ERIEEE D Mo
MIRIC L U CEiBE TH B 120Ic, MW/ NSE TO
ZnT-4 OFREDERL TV 2O & HNEw.

SEIOMET, FIRBYEMIEEE Tl et o PRtz
A% ZnT-1 OFREPWD LT3 T EHHHL .
ZnT-1 ORI N HESRE D EFICDRMN D, il
faEMx & 59 afEeEh R I Nz, HEhic kD
apoptosis MWaAE & Nic S W & LTI, PI3K-Akt-
Bad ® U VE{l cascade )& HYi%E & 11 apoptosis 1]
HIFNC B < & & MEEREEZ Rz L TW B aTaEM: =
w7z

E I

ARZERT 21720, HfRE, 7oz
W0 & L EERIRZES 4 WRZEZEE, Rk
A%, BB, eI R R, SR T
FERITF, MCICBE BRI L T
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