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Experimental study of retinoic acid on improVing iodide uptake
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Abstract The study aims to inVestigate the ef．fect of retinoic acid on the iodide uptake of MCF一7 celIs and lts

mechanism．The iodide uptake and expression of hNIS(human sodium／iodide symporter)mRNA in the breast cancer

MCF一7 cells were compared individually before and after the intervention of all-trans retinoic acid(ATRA)with the

iodide uptake assay and RT-PCR．The following results are obtained：(1)when treated with all-trans retinoic acid in

the concentration of 1．0 pmol／L，the capacity of iodide uptake of MCF一7 celJs I．eached about 1．5 times of the basaI

state；(2)12 h after the intervention of 1．0¨mol／L ATRA， the hNISmRNA expression of the MCF一7 ceIls reached

maximum．The study shows that aIl—trans retinoic acid has the ef亿ct to inlproVe the iodide uptake of the MCF一7 cells

and this ef艳ct may result fmm its up—regulation of the hNISmRNA expression．
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l IntrOduction

Breast cancer'which has a hi2h incidence，is a

malignant nlmor t11at threatens the health of woman

heaVily． The phenomenon Of iodide uptake in the

breast cancer cells was fbund alreadln But the low

uptake 0f iOdide by the breast cancer cells cannot be

used in the clinical diagnosis or radioiodine therap y．

In this studv'all—trans retinoic acid was used to test

whether it can improve me iodide uptake in ttle breast

cancer MCF一7 ceUs．

2 Materials and methods

2．1 Materials

2．1．1 Cells and culture conditions

MCF．7 ceU lines，supplied by Institute of Bio．

chemistry and Cell Biology(IBCB)，Shanghai Insti—

tutes for Bi0102ical Sciences，Chinese Academy of

Sciences，were adopted in this study．This cell line

was an estrogen rec印to卜positiVe human breast cancer

ceU line which could窑row at 37℃in a humidified

atmosphere of 5％C02 as a monolaVer in RPMI l 640

medium(Sigma)supplemented with 1 0％heat—inac—
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heat—inactiVated fetal boVine serum(FBS)(InVitmgen)，

1％penicillin—s廿eptomycin(InVitrogen)and insulin．

MCF-7 ceUs(1×1矿cells／em2)were placed in plastic

dishes．Culture media was Deplaced eVery 2 to 3 days．

Cells could reach connuence in about 4 days．Conflu—

ent culture was then split 1：2 or 1：4 using 0．25％tryp—

sin／EDTA．

2．1．2 Reagents

The major reagents were supplied by Shanghai

Huamei Company．All—trans retinoic acid was suppIied

by Sigma Company．Na¨3I solution was supplied by

Shanghai Institute of Radioimmuno Assay Tbchnology．

The RT-PCR primer was synthesized by Shanghai

Hujin Bi0109ical]陀chn0109ical Co．Ltd．

2．1．3 Instruments

C02 cell incubator’SN一695 automatic Y counter，

TC一96厂r／H(a)gene amplifier'D Y--50 1 B electrophore—

sis and GIS一2008 gel imaging system were used in

this study．

2．2 Methods

2．2．1 Experimental protocol

MCF-7 cells were diVided into dif蚕erent experi—

mental groups and contr01 group according to the
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p汀RA cOncentration in the culture media．The con—

centration of the ATRA in the culture media of the

experimental groups was 1．0“mol／L．The experimen·

tal groups were classified into 3，6，1 2，24，48 and 72

h sub—groups according to the interfe“ng time of the

ATRA．The concentration of me ATRA in the culture

media of the control group was 0 Lullol／L．

2．2．2 Iodine uptake study

The MCF一7 cells grew in culture in the presence

of ATRA(1．0“m01／L)for O，6，12，24，48 and 72h

(experimental group)or in the absence of ATRA(con—

trol group)．For the assay，the cells were harVested

using 0．25％trypsin／EDTA and washed with O．5 mL

HBSS containin2 3．7kBq carrier—f诧e Na“3I and 10

LLmol／L NaI，and incubated fbr 2 h at 37℃．The spe—

ci6c activitv under these conditions was 740

MBq／mm01．After incubation for di虢rent periods of

time(5，30，60，90 and l 20 min)，the cells were

washed twice with 2 mL ice．cold HBSS and digested

with 1 mL PBS containing O．25％仃ypsin／EDTA

without Ca++and M2+十． At last， radioactivity was

measured with a V—counter．Results were expressed as

the amount of accumulated iodide in“Dm01／100 ceUs”．

2．2．3 RT．PCR

(1)Primer

The primer f6r hNIS gene was designed accord-

ing to the hNIS cDNA sequence reported by Smanik

et a1． The upstream sequence of hNIS primer is

5’．CTC CTC CCT GCT AAC GAC TC一3’and the

downstream seauence is 5’．GAC CAC CAT CAT

GTC CAA CA．3’．The product of the amplification is

a 4 1 5bp p01ypeptide．The primer fbr GAPDH was

purchased from the manufacturers and used according

to their recommendation．The upstream sequence of

GAPDH Drimer is 5’．ACC ACA GTC CAT GCC ATC

AC一3’and the downstream is 5’．TCC ACC ACC CTG

TTG CTG TA一3’．The product of the amplification is a

452bp polypeptide．

(2)Sample collecting and total RNA isolation

The cells were harvested using O．25％ tryp．

sin／EDT'A and washed with PBS for twice．1晒tal RNA

from the MVF．7 cell culture was is01ated bv the

acid—guanidinium—phen01．chlorofbrm method and

stored at一70℃．

(3)RT．PCR

Complementary DNA(cDNA)was synthesized

from 2．0}Jg total RNA using Meloney murine leuke-

mia virus reverse．仃anscriptase wim random primers．

Each PCR vessel contained 39．5 UL sterile water’5¨L

10×bu骶r，1止dNTP，2弘Lprimer(1¨Lfor upstream
and 1 pL fbr downstream)，2“L template and O．6肛L

Taq DNA polymerase．Amplification conditions for

hNIS were denaturation at 94℃for 2 min，29 cycles

of94℃for 30 s at 94℃and 45 s at 56℃and 1 min at

72℃．followed bv extension at 72℃for 6 min．Am．

pliflcation conditions for GAPDH were denaturation

at 94℃for 2 min，29 cvcles of 94℃for 30 s at 94℃

and 45 s at 61℃and l min at 72℃，followed bv ex．

tension at 72℃for 6 min．The E己T_PCR products(10

肛L)were resolVed on 1．5％agarose gels and Visual—

ized by et}lidium bromide staining．

(4)Semi—quantitaive analysis

The relative content of hNIS gene was calculated

thmugh the correction of GAPDH gene content．

3 Results

3．1 Growth state ofbreast cancer MCF-7 ceUs

The MCF一7 cells started to adhere to the bottom

of the flask 12 h 1ater after the cells were seeded．24 h

1ater，the major part of the cells became adhered．The

ceUs became la唱er’thin cytOplasmic dendritic pro—

lOngatiOns were shown because of the proliferatjon of

the spindle cells，and the cells changed from spindle to

p01ygonal in shape morphologically(Fig．1)．

Fig．1 The growth state of the breast cancer MCF一7 ceIls．

3．2 Basal iodine uptake of MCF．7 cells

In the basal state which means havin2 no inte卜

vention of a11．trans retinoic acid． the breast cancer

MCF一7 ceUs had the ability to uptake iodide．B ut this

kind of uptake is very 10w．When the MCF一7 cells

were cultured in the media containing iodide，the

   



No．4 FU Hong—Liang已f af： Experimental study of retinoic acid on improVing iodide uptake in MCF一7 breast⋯ 223

MCF一7 ceIjs began 6。Hp妇ke iodide f幻m the 5m min．

The uptake of iodide of MCF-7 ceUs reached maxi—

mum at the 30‘h min．The uptake content began to de—

crease at the 60t“min．(see Tr出le 1)．

Thble 1 Basal iodine uptake of MCF一7 cells

3．3 Effect of a11．trans retinoic acid on iodide

uptake of breast cancer MCF-7 ceUs

When the breast cancerⅣICF．7 ceHs were n℃ated

with all—trans retinoic acid in the concentration of 1．0

肛mol／L，the capacity of iodide uptake of MCF-7 ceUs

began to increase after 6 h．Its iodide uptake reached

about 1．5 times that of the basal state after 48 h

(Fig．2)．
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Fig．2 Eff色ct of all—trans retinoic acid on iodide uptake of

MCF一7 cells．

3．4 Effect of aU-trans retinoic acid On the hNIS

mRNA expression of MCF-7 cells

Three hours after the inten，ention of 1．O umol／L

ATRA，the hNISmRNA expression of the MCF一7 cells

began to rise， reached maximum after l 2 h，began to

decrease after 24 h． and reached a_bout half of the

maXimum after 72 h(Fig．3 and 11able 2)．

Note：lanes 2—4，control group： lanes 5—7．3h sub—group； lanes

8一10，6h sub—group；lanesl l—13，12h sub—group：lanes landl4，

marker：

Note：lanes l一3，24h sub·group：lanes 4—6，48h sub—group：1anes

7·9，72h sub—group； lanes 10 and 14，marker： lanes l l—13，

GAPDH

Fig．3 Gel electrophoresis of hNIS mRNA after ATRA inte卜

vention on MCF一7 celIs．

1阻ble 2 The maximum iodide uptake andhNISmRNA ex—

pression in di虢rent groups of MCF一7 cells

Note：The maximum iodide uptake andhNISmRNA expression
of the experimental groups were higher than that of the control

gmup，p<0．0 1．

4 Discussion

The thVroid is not the unique tissue that has the

ability of radioiodide uptake．This ability has also

been demonstrated in some other extrathvroidal tissues

It was reported 40 years ago that the concentration of

iodide in the lactating breast tissue of the mice is 6—1 5

times more than that in the blood plasma，only inferior

to that in the th)，roid glan dI“．It was also reported

years ago that hormone dependent breast cancer also

has the ability of iodide uptake．The concentration of

iodide in this kind of breast cancer tissue can be 5—7

times of that in the blood Dlasma．㈦j1

7rransport of iodide into thVrOid cens is mediated
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by a transmembrane camer protein，the sodiuⅡ圻odide

symporter(NIS)flrst reponed by Dai et a1．in 1996．。41

NIS protein simultaneously transports two dif俺rent

ions．sodium and iodide．in the same direction across

the plasma membrane of thyroid cells．7razebay例in．

dicated that the NIS is responsible fbr iodide transport

into epithelial cells of the normal lactating breast and

breast cancer cells．

It is fbund in this studv that aU—trans retinoic acid

can upregulate the NIS mRNA expression and thus

improVe the ability of iodide uptake in estrogen re-

ceptor positive human breast cancer cell line(MCF-7)．

The iodide uptake abilitV can be imprOved abOut 5．5

times maximal in MCF．7 cells when thev have been

induced by all—trans retinoic acid fbr 48 h with the

concentration of l umol／L．

Retinoic acid(RA)plays an i rr]【portant role in

deVelopnlent， di虢rentiation，and cell growth． The
action of RA is mediaced through two faIllilies of nu—

clear receptors，retinoic acid receptors(RARs)and

retinoid X receptors(RXRs)．Io’Both RARs and RXRs

are expressed in MCF一7 cells，an es仃ogen receptor

(ER)．positive human breast cancer cell line．In clinical

studies，tRA and its analogues haVe proVed usef．ul fbr

treatment of a number of cancers．

In this studv，we have fbund that all—trans retinoic

acid has the eff色ct to improve me iodide uptake of the

MCF-7 cells and mis e虢ct mav result from its

uD．regulation of the hNISmRNA expression．The ef．

f色ct of a11．trans retinoic acid on the normal breast cells

has not been studied in this studV．So，much work is

needed to testify whether

tumors wiU be of clinical

uptake of iodide in breast

use．Unlike thyroid cancer

patients，most breast cancer patients haVe functioning

thyroids．The presence of a patient’s normal thyroid

will pose a challenge to the use of radioiodide to de—

tect or n．eat breast tumors

noic acid can improVe the

althou曲the aII—trans reti—

tumor cells’iodide uptake，

because the thyroid will sequester nearly all the ra—

dioiodide until itself is destroyed．

References

l

2

3

4

5

6

Brown—Grant K．J Phvsi01．1957．135：644

Thorpe S M．Int J Cancer’1976，18：345

Briand P_Anticancer Res．1983。3：273

Dai G Levy 0，Carrasco N．Nature，1996，379：458

Thzebay U H，Wapnjr I L，LeVy 0，甜nf．Nature Med，

2000．6：87l-878

Allenby G Bocquel M T，Saunders M，甜耐．Pmc Natl

Acad Sci USA．1993．90：30—34

   


