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[ABSTRACT] AIM: To study the changes of zinc transporter gene expression in MCF — 7 cell line exposed to
ZnCl, and TPEN. METHODS : Human breast cancer cell line MCF —7 was exposed to different concentrations of ZnCl,
(0, 50, 100, 150, 200 wmol/L) and TPEN (0, 5, 10, 15 umol/L) , respectively. Twelve hours later, the cell viability
was measured by MTT and levels of zinc transporter mRNA by RT — PCR. Zinquin was used to estimate the intracellular
zinc concentrations. RESULTS: MCF -7 cells viability rate was significantly decreased when exposed to ZnCl, (with 150
pmol/L and 200 pmol/L) and TPEN. The intracellular zinc concentration was significantly increased when exposed to
ZnCl, and decreased when exposed to TPEN. ZnT — 1 mRNA level was increased along with the increasing concentration of
ZnCl, but decreased when exposed to TPEN. The expressions of ZIP2 and ZIP10 were increased along with the increasing
concentration of TPEN. CONCLUSION: ZnT -1 gene expression is induced by zinc supplement and repressed by zinc
deficiency. ZIP2 and ZIP10 gene expressions are induced by zinc deficiency.
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o SRMIEFARE B BB W, HB 7E Rk I B
EAB AR . HEWALSYENKEE
RHWEFREERRETRN . —HRHE TV
1R JE A F (cation diffusion facilitator, CDF) ZZJi& , H &
W& BRI BE ) e 35 76 5% T B FR o 8 7% 32 1A (zinc
transporter, ZnT) ; 53 — KRB R A EFE L (Zrt -
and Irt - like proteins, ZIP) & , ;X Wi S BE 55 15 IR TE
AR PSRBT 1 B R E AR R .

RPN B AR, it ia kR B Z D6
IKEBI 0, T B 7E IE 8 42 A B L Ui R ikt
FrEEERY . ARt LRHSABERBRE
BB, AR BRI AR P MK RS T
EHFURAL [ X 53 e B HL AN L e 6
RN RIRE BZE, A E ZnCl, A1 TPEN
[N,N,N’,N’ - tetrakis (2 - pyridylmethyl) ethylene-
diamine ] X 7L B 588 MCF -7 40 M3 47 & BE AR BE T
i, L H o SE e i A R B EE AR R B KR IRE T
mRNA FREHIE B, 2L B b 98 vh P is (R A 5 1Y
W FER R -

# & M F &

1 #H#
1.1 & # RPMI - 1640 55353 (HyClone) ;
Trizol 2 RNA #i$2iX57] & ( BBI) ; cDNA % 54 5K
A& (Promega) ; PCR ¥ #4{R57] & ( TaKaRa) ; PCR
19 EigA TAYBARE RAFA B TPEN g T
Sigma ; Zinquin i F Alexis /A &) ; AR F ¥ 0 H =
SrHTa
1.2 zZmpe3esc  AFLARE4IMIR MCF -7 Jy4< 5t
BERAGRAE MRERGT T-75 fifEEFHHA
BIA S mL &4 10% 374 4 I35 i RPMI - 1640 1
FE(EEBER 1 x10° UL E#EEBEEX 1 mg/L),5%
CO, Mm@ 37 CHEIRREST.
2 ik
2.1 MTT #nmpeAdd BOTHEEKPEY
MCF -7 0B JE3E BE f 1 x 10°%cells/L, 377 F 96
LIS H, Bl 100 pL k2355, B EAR
[7],ZnCl, 4b¥2 43 0,50, 100, 150,200 pmol/L 4,
TPEN 43843 0.5.10,15 pmol/L 4, &% 6 A8 FlL.
4b3 12 h S AL 10 L MIT 4655 37 C iR 4
b JAJEFEHEFRNE A 100 L DMSO, [ 8 35K | %2
S3R4% 10 min, 4 B SEFAR T 570 nm 00 E
BB , & AT LS E G TR 4 AR TE %
2.2 @RS ETEEGRN  FEEHTOLEE
THRET RN :pH =7. 4 1) PBS ¥, N5 1 ¢/L B
B EEEF 10 wmol/L Zinquin, 24 FLAIEFE MCF -7
Y, AR BE ZnCl, #0 TPEN Zb3RAAMII2 b5, BAL
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FIA 1 mL MWW ,37 CIRE 30 min, IR K
W ,1 x PBS Wy diff 2 3k, THEIETOLBME T UV
BRIE, HRAFEFSEA%SE TIOMHE T
BRET G M PSR B R R : B 1 x 10° NI T
1 mL %S 37 CIEE 30 min,1 000 r/min B.0»
5 min, 1 x PBS YEBAME 2 IR, e ABOCH LL AR, F
TS O ETHEBUR B K A 365/490 nm A
PR
2.3 RT -PCR 7 i 4 #F ZnT - 1,ZIP1,ZIP2 ZIP6
#2 ZIP10 £ B & ik A[EMWE ZnCl, F1 TPEN T
B53% MCF -7 408 12 h ji5,PBS J& VR4 2 IR, T# 1R
Trizol & RNA 14250 & 20 TR — P iR 40 g 2
RNA,DEPC ZbFH/K %5 i , 5240 o3 Dot B 11 g Ho vk
JERZEEE, 2 pg & RNA fE B, % f] cDNA & %,
8554 (Promega) 2 38,37 °C 10 min. 42 °C 60 min
WEEF A A cDNA,70 °C 10 min K{E W HEFEEZX L
R Bio 2 pL cDNA fE 5 #z, Taq DNA R & B
(TaKaRa) #47 PCR 434, 5197 5 LA B = i 544 L
F 1, PCR Y H=YTE 1% B B s WE BEIE FR 1K 5 IR
Rz g, 5T MR, Alphalmager ™ % % AL 1%
RGHATHIK R LA IR B . mRNA AXF R K
B R PCR =¥ B — actin WK B BE HORFRIR
3 SGitFEAE

8 SAS #fF#HFT G i, A BRI LY
B+ hRdEZE (x £5) RoR, AL E W ELBCR A
R ZHTR e KT,

# =X

1 ZnCl, #1 TPEN % MCF -7 {7 S RS

ME 1 7] LLE d, MCF - 7 4 i 5 & [7] ¥k B
ZnCl, IR FE ,BEE ZnCl, R E R THE , MCF -7 44
LR FATG 2B T [, 200 wmol/ L S84 T 40 B A7 1
B, 5t BB K 35% . K # E ZnCl, (50, 100
pmol/L) JLF- %A FE, B HWE KT 150 wmol/L
i AR 3R 8.3 T (P <0.01) , TPEN Xf MCF -
7 4 L AR I R A YR B AR R B, T B AR R B
5 pmol/L Bt BRI B B P H A (P <0.05) .
2 ZnCl, # TPEN xf MCF -7 il N E F S8
HME

& 3 SR ZnCl, # TPEN 4b38 J5 i) MCF -7 48
MIPY Zinquin FOEIREHYLEAIE R, BT LA 3] ZnCl,
SRR A 4 I PN 05 BE B B, 2858 9t 4ot
e EE TR EL 5% ' 38 B R B ZnCl, 2035 S AN
AN EETFEEWHEM(P <0.01); RE
TPEN b 38 J5 4 i 55 %52 BE U R K, (B3O E5R B 1)
K 27~ TPEN (10 wmol/L 115 wmol/L) AbFR)S4H
MR E5A R BEE T A B BB ZHFEMIR (P <0.05) o
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Fig2  Viability of MCF — 7 cells treated with TPEN. % + s.
n=6. "P<0.05," P<0.01 vs 0 wmol/L TPEN.
B2 TPEN Xf MCF -7 fff7Fi& X &0

#*1 PCR3|#F3]
Tab 1 PCR primers used for amplification of cDNAs

Fig 1  Viability of MCF - 7 cells treated with ZnCl,. ¥ + s.
n=6. *P<0.01 vs 0 pmol/L ZnCl,.
1 ZnClL%f MCF -7 f7FE L0

mRNA  Forward and reverse Sequences PCR product size ~ Number of cycles

ZnT -1 Forward 5" —= CCTGGGCTTCTTCTCTAGATTG -3’ 634 bp -
Reverse 5" = TTGTCTTGGAAAGGTTGTTCTG -3’

Z1P1 Forward 5" — CCTGGCTTTGCTGCTCCACAAGGGCAT -3’ 426 bp -
Reverse 5" = TCCTATTCCCCACAACTGGGGGAGGGA -3’

ZIP2 Forward 5" — GGCTTCTTTCTTGTCTTCTTT -3’ 431 bp -
Reverse 5" — CCCCGCCCTCCTTCAGAGTCC -3’

ZIP6 Forward 5" — AATCCTCAGGAGTGTTTC -3’ 277 bp -
Reverse 5" — CCGATTCATGAGAGGCAC -3’

ZIP10 Forward 5" — CCTGGTTCCTGAAGATGAGG -3’ 1 042 bp -
Reverse 5" — CATGGCAGAGAGGAGGTTGT -3’

B —actin Forward 5" - GTGGGGCGCCCCAGGCACCA -3’ 540 bp -
Reverse 5" — CTCCTTAATGTCACGCACGATTT -3’

Control ZnCl, TPEN

MCF-7

Fig3 The effect of ZnCl, and TPEN on the intracellular level of zinc in MCF —7 cell line. Cells were incubated with Zinquin (10
pmol/L) in 24 wells for 30min, washed with PBS and viewed on an inverted fluorescence microscopy. Zinquin detectable zinc

is localized in the cytoplasm around the nuclei.

3 MCF -7 AR S TR E

3 ZnCl, 1 TPEN X MCF -7 fp5E5 54k mR- [ 6 55 TPEN %f ZnT - 1 . ZIP2 i ZIP10 mRNA #

NA RiEHIE M KW, B - actin fEN NS IR, LI%E R PCR =4
B 5 /R ZnCl, % ZnT -1 mRNA FKMR I,  FIB — actin K B BE LR 7R BERL B IR AR XS 3=



Fig4 The effect of ZnCl, and TPEN on the intracellular level of zinc in MCF -7 cell lines. x +s. n=3. *P<0.05,
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RT - PCR analysis of ZnT — 1 mRNA level in MCF -7

when exposed to ZnCl,. A:

0 50

ethidium bromide — stained
agarose gel showing representative ZnT — 1 mRNA levels
(32 cycle) ; B:relative ZnT —1 mRNA level was evalua-
ted by examining the ratio of the band intensity of the spe-
cific PCR product to that of B — actin in each sample.
xs. n=3. "P <0.05, "P <0.01 »s 0 wmol/L

ZnCl,.

5 ZnCl, 3 MCF -7 ZlA8 ZnT -1 mRNA FRiZB

K&, HES AW, HEE ZnCl, ¥RE 3N, ZnT - 1
mRNA %1 R KX BB , 7€ ZnCl, 25 150 pmol/L
B R o TPEN 7E 5 pmol/L 5 /N B RI ] ZnT
-1 3R B S0 AT, YR B Ak s 2 foe /MR E A R
ASAEA B, ZIP2 #1 ZIP10 mRNA )3k k6% TPEN
W BE 3 I FH 57 , BLFE TPEN 4 15 wmol/L B 23K
. AN, 53T A, i ZnCl, i£ 2 TPEN F
i, MCF -7 4iffif{y ZIP1 I ZIP6 mRNA F kK EA
B S B0 (BB AR T ) o

Zinquin emission
fluorescence (arbitrary unit)

Fig 6
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RT — PCR analysis of zinc transporters mRNA level in
MCF -7 when exposed to TPEN. A :Ethidium bromide —
stained agarose gel showed representative zinc transport-
ers mRNA levels (32 cycle) ; B:Relative zinc transport-
ers mRNA level was evaluated by examining the ratio of
the band intensity of the specific PCR product to that of
B —actin in each sample. x +s. n=3. *P<0.05, ™ P
<0.01 vs 0 pmol/L TPEN.

B 6 TPEN xf MCF -7 Zff1$# 5515 & mRNA RiAR)R50
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W ZIP FiRsE i . ZnT %5 [ B AT 1k 40 R
BRI AN LA B S AE 4 2 L 881X 3 Ak 4 A , M TIT AR
M NN SR 52 MR, ZIP T BE 9% 3 fin 20 jg
PR B ER IR U 40 M A% P9 B ) B, DA T 38 n e
KNEFHEE, ARASEREM T WEREE ],
MEMR AR RELALEFREAES TEFA
AP R T MFLER R R BB I L MRS
BEAB, MEREE MY G
T, MRS EE OB RS2 R R A
FEAHFE AT, 7T BEEE AR DA R B s i3 IR 2L iR
B RERBAE —ERFRE,

Zinquin ( Zinquin ethyl ester) g ZHE K
TSQ HERFM LY, B HE LB ERENEE T
AR —FE, A GBS AR, BEEWPRERR T
REMEERE FIE PO E &4, B I Zinquin 7] RLgE A
SRAS 20 M P BRI . RS S e
F it (ZnCl, =100 pmol/L) , AT LA 2% 2 40 g P9
BrEENm. R EEZEERREESH
TPEN FAAE ISR A N EE B & EFE K. X HE,
T ZnCl, F1 TPEN T WY B T 40 B = B Ak
BEFIRRES o

ZnT -1 mRNA ZEHA P FEE ZHRE, E#
I8 38 90 200 S P B D S DA TG 5 2 4 A S HE A 5 A
Bk E . REFEILIRMBHLE LI T InT -1
FIRIEH HEH R, RMAREHES TH
BETPRFLAR AR U ZnT - 1 R THE N, ABF
FRFE MCF -7 ZLBYE 40 i &R, o m] W% 2 i B T
i ZnT -1 FREWFHE . BRI, ZEZL BRI , ZnT
-1 R E A N B KA R RIEF EEE
Ho. HEE#aREAEMEISHTIAME T RS
FIERZAE , X WA TE R BF AR AT, ZnT - 1 XFEEAR I
JA I ESER .

TPEN 1B —FEB B R R AN, BB
IRAHHE N EE 7K . TPEN BherRE 35 A\ B 4% 41 fo bk
THP -1 f) ZIP -2 kB0 30 5 3 A hi 2
T FPE IR 2 H T mRNA Ff e R BB S
Hlo ZIP10 2k HF 5T & I A] B 5 2L IR s S B AH 56
B A AR R 2 AR BA 1 L I 40 g vk MDA
- MB -231 thFEik/kF=TF MCF -7, 1 H TPEN A
$#&5 MDA - MB -231 4R Z86E 1. 55—,
ZIP IR HEE 24 R mRNA 7K F18E i A 56 1
HAE X WEHE T ZIP i35 35 8 75 78 8% 5 K
FHIRT et ZERMTMBFR H, RA ZIP2 F1 ZIP10
mRNA FXAKEEBRERE T &, W HAFERE
M, T ZIP1 1 ZIP6 R K, X FEHATEFL AR 4
i, ZIP2 1 ZIP10 78 X% 40 ffd 867K F- B 55 Rl sE Eb
Hy ZIP s B hEEMIEM. 550, TPEN g
] ZoT -1 T3k (HEHMHEEA MR FHESE

RIAEEE . S4B o B AR, — 07 T, Bk
¢ MCF -7 40 i o 42 75 ZIP2 F1 ZIP10 mRNA [y 3R
IR, SR TINAE B4 PR L 200 L P A e X B B R, 5 —
JrHIREAK ZoT - 1 mRNA f93R35, ARSI, A
TS 40 L P9 8 19 7K T B3R 7E — A1 X AR R
T H, REER AT ZIP2 ZIP10 7EX¢ % 9787 L AT fE
B R IAE o
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