
Abstract. Background: Retinoid-inducible gene I (RIG1) is a
growth regulator protein that exhibits activities to suppress cellular
growth and induce cellular differentiation and apoptosis. This
study analyzed the expression and regulation of RIG1 in breast
cancer cells in vitro and in vivo. Materials and Methods:
Expression of RIG1 RNA in breast cancer tissues was analyzed
using RNA in situ hybridization. Regulation of RIG1 expression
by 17‚-estradiol (E2) was analyzed by semi-quantitative reverse
transcription polymerase chain reaction. Results: RIG1 expression
in 47 breast cancer tissues was detected mostly in the cytoplasm
and in some nuclei. Levels of both cytoplasmic and nuclear RIG1
mRNA were significantly lower in 20 estrogen receptor-positive
(ER+) than in 27 ER-negative (ER–) tissues (p<0.05), in 20
progesterone receptor-positive (PR+) than in 27 PR-negative
(PR–) tissues (p<0.01), and in 14 ER+/PR+ than in 21 ER–/PR–

tissues (p<0.05). Basal levels of RIG1 and ER mRNA were
inversely related between ER+ (MCF-7 WS8 and ZR75-1) and
ER– (ZR-75-30) breast cancer cells. E2 (1 nM) treatment for two
days suppressed RIG1 mRNA levels in MCF-7 WS8 and 
ZR-75-1 cells, but not in the ER– ZR-75-30 cells. The E2-mediated
down-regulation of RIG1 expression was time- and concentration-
dependent in ZR-75-1 cells. Conclusion: The negative association
between RIG1 and ER expression in breast cancer tissues and
down-regulation of RIG1 by E2 in breast cancer cells in vitro
suggest that RIG1 expression is negatively regulated by E2 through
activation of the ER in ER+ breast cancer cells. 

Retinoid-inducible gene 1 (RIG1) (1, 2), also referred to as

TIG3 (3) or RARRES3 (1), was isolated from retinoid-

treated human keratinocytes and gastric cancer cells. The

gene encodes an 18-kDa protein with 164 amino acids and

belongs to the family of class II tumor suppressor genes that

include RIG1, H-REV107 (4, 5) and A-C1 (6, 7). 

The RIG1 gene is expressed ubiquitously in normal tissues.

Cancer cell lines and tissues of skin and colorectal cancer have

low RIG1 expression (3, 8, 9). Expression of the gene is

enhanced by natural or synthetic retinoids in retinoid-sensitive

cells (2, 3, 10), and its expression is associated with retinoic

acid (RA)-induced suppression of anchorage-independent

growth (10). Ectopic expression of RIG1 in cancer cells leads

to growth suppression or cellular apoptosis (2, 3, 11, 12). Also,

induced RIG1 expression results in apoptosis and terminal

differentiation of keratinocytes (13). RIG1 expression in

tissues of colorectal mucosa and carcinoma is positively

associated with cellular differentiation (9). Therefore, the

RIG1 gene may be involved in regulating cellular growth and

differentiation in vivo. RIG1 may suppress tumor growth

through down-regulation of the H-ras-specific signaling

pathway. RIG1, HREV107 and A-C1 are shown to suppress

H-ras-mediated transformation (3, 5, 7, 14) or kinase activities

downstream of the activation of Ras proteins (11). 

Breast cancer is classified into hormone-dependent and

-independent tumors, depending on their expression of

estrogen receptor (ER) and progesterone receptor (PR), as

well as their response to estrogen for growth.

Antiestrogens, like tamoxifen or ICI182780, can control the

growth of hormone-dependent breast cancer cells (15). In

addition, retinoids are also active in suppressing the growth

of breast cancer cells in vivo and in vitro (16-18). The growth

inhibition by all-trans retinoic acid (RA) and related

retinoids is mainly in estrogen-dependent, ER-positive

(ER+) breast cancer cells, and the effect is mediated by the

retinoic acid receptor (16, 19, 20). 
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A previous study has shown that the synthetic retinoid

tazarotene suppresses growth while enhancing RIG1

expression in ER+-T47D breast cancer cells (3). Also, 

all-trans RA increased RIG1 expression in ER+ MCF-7

WS8 breast cancer cells cultured in medium deprived of

estrogen (2). Because estrogen dependency and retinoid

sensitivity are closely associated, we analyzed RIG1

expression and its association with expression of ER and PR

in breast cancer tissues. The regulation of RIG1 expression

was also analyzed in vitro in breast cancer cells treated with

estrogen or antiestrogen. 

Materials and Methods

Specimen collection and preparation. Forty-seven surgical specimens

were obtained from the breasts of breast cancer patients. The

tissues were fixed in 10% neutral formalin and embedded in

paraffin. The specimens were sliced into 4-Ìm-thick sections.

Hematoxylin and eosin (H&E)-stained tissue sections were

evaluated by the same pathologist. The breast cancer tissues were

classified based on the criteria of the World Health Organization

(21). Expression of ER and PR in the tissues was determined using

the DAKO LSAB 2 kit (Carpinteria, CA, USA). Tissues with

≥30% of tumor cells staining positive for ER or PR were defined

as ER- or PR-positive. 

Preparation of riboprobes. The RIG1 cDNA fragment (from 112 to

768 nucleotides) (2), cloned into the plasmid pCR-TRAP

(GenHunter, Brookline, MA, USA), was amplified using T7-Lgh

and Sp6-Rgh primers (GenHunter) and Taq DNA polymerase

(Promega, Madison, WI, USA). The amplified DNA fragments

were purified using the QIAquick-spin PCR purification kit

(Qiagen, Germany). The digoxigenin (DIG) -labelled RNA probes

were synthesized using an in vitro transcription kit (Boehringer

Mannheim, Germany). The length of the RNA probes was

confirmed by RNA gel electrophoresis, followed by visualization

using the fluorescence substrate CSPD. The concentration of the

riboprobes was estimated using a dot blot method involving serial

dilutions with a DIG labelling and detection kit. The specificity of

the probes was confirmed by Northern hybridization. 

In situ hybridization. A non-radioactive in situ hybridization with

DIG-labelled riboprobes was used as described previously, but with

minor modification (22). Briefly, the sections were deparaffinized,

rehydrated and deproteinized by digestion with protease K. The

tissues were fixed with 4% paraformaldehyde and then acetylated

in 0.25% acetic anhydride in 0.1 M triethanolamine-HCl buffer.

After washing and dehydration, the sections were hybridized for 20

hours at 50ÆC with a 20-Ìl hybridization solution containing 40 ng

of DIG-labelled RNA probes, 50%(v/v) formamide, 5 X SSC, 5 X

Denhardt's solution (0.02% Ficoll 400, 0.02% polyvinyl pyrolidone,

0.02% bovine serum albumin), 10% dextran sulfate, 1% polyvinyl

pyrolidine, 100 Ìg/ml of salmon sperm DNA and 2% SDS in

diethyl pyrocarbonate-treated water. The slides were first washed

in solution of 0.2 X SSC containing 0.01% SDS or 0.05 X SSC for

5 minutes at room temperature and then washed in 0.025 X SSC

for 20 minutes at 68ÆC. The slides were incubated in 0.1% blocking

reagent (in 0.1 M maleic acid pH 7.5, 0.15 M NaCl). The slides

were then incubated overnight at room temperature with sheep

anti-DIG antibody (1:200), and the in situ hybridization signal was

visualized by incubating the slides in a chromogen solution

containing nitroblue tetrazolium and X-phosphate (Boehringer

Mannheim). The slides were observed under an AH-2 light

microscope (Olympus, Japan).

Review and analysis of the sections. All sections from the same

patient were stained on the same day with the same reagents to

ensure a proper comparison of the different sections. The sections

were reviewed by two independent researchers, including a

pathologist. The staining of the sections was assigned scores

ranging from 0-4, representing no staining (0), weak (1 +),

moderate (2 +), strongly positive (3 +), or very strongly positive

(4 +). The correlation of RIG1 and ER or PR expression in the

cancer tissues was analyzed by the Mann-Whitney U-test. The

expression of RIG1 between early and late stages of the tumor

tissues was analyzed by the Chi-square test. P values less than 0.05

were defined as significant.

Cell culture. Human MCF-7 WS8 (23), ZR-75-1 and ZR-75-30

breast cancer cells were maintained in RPMI-1640 medium

supplemented with 25 mM HEPES, 26 mM NaHCO3, 2 mM 

L-glutamine, 100 units/ml penicillin, 100 Ìg/ml streptomycin and

10% fetal bovine serum (FBS), at 37ÆC in an atmosphere with 5%

CO2. To analyze the effects of estrogen and antiestrogen on RIG1

expression, the breast cancer cells were cultured for 7 to 10 days in

phenol red-free RPMI1640 medium containing 10%

dextran/charcoal-stripped FBS. The cells were then cultured in

medium containing E2 (17‚-estradiol; Sigma Chemical Co, St.

Louis, MO, USA), ICI182780 (Faslodex®, Tocris Cookson, UK),

E2 and ICI182780 or vehicle alone for 2 to 4 days. The cells were
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Table I. Characteristics of 47 breast cancer specimens.

Classification No of cases

Tumor types:  IC 7

IDC 38

AMC 1

PC 1

Stages:    O 5

I 11

II 26

III 2

IV 3

Grades: O 2

I 5

II 29

III 11

Receptors : ER+/PR+ 14

ER+/PR– 6

ER–/PR+ 6

ER–/PR– 21

IC: intraductal carcinoma; IDC: infiltrating ductal carcinoma; AMC:

atypically medullary carcinoma; PC: papillary invasive carcinoma



trypsinized, washed twice with phosphate-buffered saline and then

harvested for RNA preparation. 

Reverse transcription polymerase chain reaction (RT-PCR). Poly (A)

+ RNA from ZR-75-1 and ZR-75-30 cells treated with E2, ICI

182780 or both was purified from cellular lysates using oligo dT

cellulose, as described by Badley and coworkers (24). Total RNA

from the rest of the experiments was isolated using an RNeasy

Midi kit (Qiagen, Germany). The Superscriptì II RNase H reverse

transcriptase kit (Life Technologies, Gaithersburg, MD, USA) was

used to prepare cDNA. Semi-quantitative RT-PCR was used to

analyze levels of RIG1 and ER expression in the breast cancer cell

lines as well as levels of RIG1 expression in cells treated with E2

or ICI182780. To analyze the relative RIG1 expression from cDNA

samples of ZR-75-1 and ZR-75-30 cells, the PCR reaction was

conducted in a 50-Ìl reaction mixture containing 2 Ìl of cDNA in

a solution containing 10 mM Tris-HCl (pH 9.0), 50 mM KCl, 

1.5 mM MgCl2, 200 ÌM dNTP, 200 nM RIG1 primer, 92 nM 

‚2-microglobulin primer and 2.5 units of Taq DNA polymerase

(Promega, Madison, WI, USA). The reaction mixtures were

subjected to 18 to 28 cycles of amplification in a programmable

thermal cycler (Hybaid, Ashford, Middlesex, UK) by using the

following sequence: 94ÆC for 1.5 minutes, 60ÆC for 1.5 minutes and

72ÆC for 2.5 minutes, plus a final extension step at 72ÆC for 10

minutes. Ten Ìl of the first amplification product was analyzed by

electrophoresis on a 2% agarose gel. To analyze the levels of RIG1

expression in MCF-7 WS8 cells, amplification of RIG1 or 

‚2-microglobulin cDNA was conducted in a separate PCR reaction

with different cycles. To analyze PR expression, cDNA was

amplified for 23 to 30 cycles as described above, with the exception

of 68ÆC for 1 minute during the primer annealing and 72ÆC for 

1.5 minutes during the primer extension step. To analyze ER

expression, cDNA was amplified for 22 cycles of 94ÆC for 50

seconds, 70ÆC for 1 minute and 72ÆC for 50 seconds in 50 Ìl of
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Figure 1. Detection of RIG1 mRNA expression in breast cancer tissues with infiltrating ductal adenocarcinoma using RNA probes. ER- and PR-positive
(left panel) and ER- and PR-negative (right panel) tissues were hybridized with antisense or sense probes for RIG1. Bottom panel, H&E staining;
Magnification, 200X.



solution containing 10 mM Tris-HCl (pH 9.0), 50 mM KCl, 1.5 mM

MgCl2, 200 ÌM dNTP, 200 nM ER primer and 2.5 units of

FastStart DNA polymerase (Roche, Germany). 

The RIG1 primers used in the study were 5'-ACCAGA

CCTCCTCTTGGC-3' and 5'-GAAGGGGCAGATGG CTGT-3'.

The primers used to amplify the ‚2-microglobulin cDNA were 5'-

CAGCAGAGAATGGAA-3 and 5'-TGTTGATGTTGG ATAAGA

GAATT-3'. The primers used to amplify the ER cDNA were 5'-

CAGGGGTGAAGTGGGGTCTGCTG-3' and 5'-ATGC GGAA

CCGAGATGATGTAGC-3'. The primers used to amplify the PR

cDNA were 5'-GCTTGACCTCATCTCCTCA-3' and 5'-CCACTA

GGCGAGAGGCAACT-3'. 

Results

Expression of RIG1 in breast cancer tissues. Most of the 47

tissue specimens were from infiltrating ductal carcinomas

and included 20 that were ER+ and 27 that were ER–.

Table I shows the tumor types, stages, grades and ER and

PR status of tissues used in the study. Levels of RIG1

mRNA were analyzed using in situ hybridization. Figure 1

shows the RIG1 mRNA localization in consecutive sections

of specimens from ER+/PR+ and ER–/PR– breast cancer

tissues. Positive staining (a purple color) appeared in the

cytoplasm, where mRNA is expected to localize. All but 3

cancerous tissues expressed RIG1 mRNA in the cytoplasm

with weak to strong intensity. However, nuclear localization

of RIG1 mRNA was also detected in 22 breast cancer

tissues. An average of 18% and 29% of tumor cells in ER+

and ER– breast cancer tissues, respectively, showed positive

nuclear RIG1 staining. The representative ER+/PR+ breast

cancer tissue that exhibited weak RIG1 expression in the

cytoplasm is shown in the Figure 1. The representative

ER–/PR– breast cancer tissue showed weak RIG1 expression

in the cytoplasm and very strong RIG1 expression in the

nucleus. The sense probes did not bind to the adjacent

sections, indicating that hybridization with the antisense

probes was specific. Expression of RIG1 mRNA is specific

for carcinoma cells and surrounding normal stroma tissues

did not show positive RIG1 mRNA staining. Also, normal

mammary glands were observed in 12 out of 47 samples,

and cytoplasmic RIG1 mRNA was detected in all 12

samples with an intensity of weak, moderate and strong in 4,

7 and 1 sample, respectively. The levels of cytoplasmic RIG1

mRNA in normal mammary glands were similar to those in

the adjacent tumor tissues.

The expression of RIG1 RNA in the cytoplasm and nuclei

was analyzed separately for its association with ER and PR.

Among 20 ER+ breast cancer tissues, half (50%) had weak

RIG1 expression in the cytoplasm (Figure 2A, left panel).

However, 14 out of 27 (52%) ER– breast cancer tissues had

moderate RIG1 expression in the cytoplasm. The intensity of

cytoplasmic RIG1 mRNA in ER+ breast cancer tissues was

significantly lower than that of ER– breast cancer tissues

(p<0.05). Nuclear RIG1 mRNA was detected in 30% and
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Figure 2. Analysis of RIG1 expression in breast cancer tissues. ER-positive
or ER-negative (A), PR-positive or PR-negative (B) or ER and PR double-
positive or double-negative (C), PR-positive or -negative among ER-
positive (D), PR-positive or -negative among ER-negative (E) breast
cancer tissues were analyzed for expression of RIG1 mRNA in the
cytoplasm (left panel) or in the nucleus (right panel) using in situ
hybridization as described in Materials and Methods. Numbers of tissues
used in the study are indicated.



59.1% of ER+ or ER– breast cancer tissues, respectively. The

intensity of nuclear RIG1 mRNA staining was significantly

lower in ER+ than in ER– breast cancer tissues (p<0.05;

Figure 2A, right panel). 

The correlation of RIG1 mRNA expression between 20

PR+ and 27 PR– cancer tissues was subsequently analyzed

(Figure 2B). Most PR+ tissues had weak to moderate RIG1

expression in the cytoplasm, and most PR– tissues had

cytoplasmic RIG1 expression ranging from weak to strong

staining (left panel). PR+ breast cancer tissues expressed

significantly lower levels of cytoplasmic RIG1 mRNA than did

PR– tissues (p<0.05). Only 25% of PR+ breast cancer tissues

were stained positive for nuclear RIG1 mRNA (right panel).

In contrast, the PR– breast cancer tissues had increased

intensity, and a larger number stained positive for nuclear

RIG1 mRNA. The differences in intensity of nuclear RIG1

mRNA staining between PR+ and PR– breast cancer tissues

were significant (p<0.01).

The expression of RIG1 mRNA in 14 ER+/PR+ tissues or

21 ER-/PR- tissues was further analyzed. Similar to the results

described above, the ER–/PR– breast cancer tissues had an

increased expression of both cytoplasmic and nuclear RIG1

mRNA (Figure 2C). The intensity of cytoplasmic and nuclear

RIG1 mRNA staining between ER+/PR+ and ER–/PR– tissues

was significantly different (p<0.05; p<0.01, respectively). 

Among ER+ breast cancer tissues, 14 tissues expressed PR,

while 6 did not. The expression of RIG1 between these 14

PR+ and 6 PR– tissues was also analyzed. No difference in the

intensity of cytoplasmic RIG1 mRNA between these two

groups of tissues was observed (p=0.97) (Figure 2D).

However, the intensity of nuclear RIG1 mRNA in the

ER+/PR– breast cancer tissues was significantly higher than

that of the ER+/PR+ breast cancer tissues (p<0.05).

Finally, we analyzed the difference in RIG1 expression

between 6 ER-/PR+ and 21 ER–/PR– breast cancer tissues

(Figure 2E). The intensity of cytoplasmic RIG1 mRNA staining

was significantly lower in the ER–/PR+ tissues than in the

ER–/PR– tissues (p<0.05). However, there was no difference in

intensity of nuclear RIG1 mRNA staining (p=0.59). 

The difference in RIG1 expression among stages of breast

cancer was also analyzed. Owing to the relatively few cases

with stages 0, III and IV, 17 cases with stages 0 and I were

grouped as early stage, and 31 cases with stages II, III and IV

were grouped as late stage disease. No significant difference

in the intensity of both cytoplasmic and nuclear RIG1 mRNA

staining was detected between the early and late stages of

breast cancer tissues (p=0.97 and p=0.14, respectively). 
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Figure 3. Analysis of RIG1, ER and PR expression in breast cancer cell
lines. Cells were grown to subconfluence in maintaining medium
containing 10% FBS and harvested. Total RNA was prepared. cDNAs of
RIG1, ER, ‚2-microglobulin (‚2-MG) and PR were amplified for 24, 22,
19 and 30 cycles as described in Materials and Methods. Relative levels of
RIG1 and ER cDNA after normalization with levels of ‚2-microglobulin
are shown in the bottom of each panel. 

Figure 4. Regulation of RIG1 expression in breast cancer cells by estrogens
and antiestrogens. MCF-7 WS8 (A), ZR-75-1 (B), ZR-75-30 (C) cells
were deprived of estrogens for one week and then cultured in medium
containing 1 nM E2, 0.5 ÌM ICI182780, 1 nM E2 and 0.5 ÌM ICI182780
or the control medium for two days. Total RNA was prepared. cDNAs of
RIG1 and ‚2-microglobulin (‚2-MG) were amplified using semi-
quantitative RT-PCR as described in Materials and Methods. Levels of
RIG1 cDNA after normalization with levels of ‚2-microglobulin are
shown in the bottom of each panel. 



RIG1 expression in breast cancer cells in vitro. Relative mRNA

levels of RIG1 and ER were analyzed by use of semi-

quantitative RT-PCR (Figure 3). The cells were maintained

in regular medium that contained estrogens. The expression

of ER and RIG1 was inversely related among MCF-7 WS8,

ZR-75-1 and ZR-75-30 cells. The levels of RIG1 expression

in ER–/PR– ZR-75-30 cells were 2.4 -fold higher than in

MCF-7 WS8 cells that expressed the highest levels of ER. The

presence of functional ER in MCF-7 WS8 and ZR-75-1 cells

was demonstrated by the expression of PR. A similar inverse

relationship between ER and RIG1 expression was also

demonstrated by Northern hybridization (data not shown).

Regulation of RIG1 expression by estrogen and antiestrogen.
Semi-quantitative RT-PCR was used to analyze the effects of

E2 and the antiestrogen ICI182780 on the expression of RIG1

mRNA in ER+/PR+ MCF-7 WS8 and ZR-75-1 cells and also

the ER–/PR– ZR-75-30 breast cancer cells. The relative level

of amplified RIG1 cDNA in MCF-7 WS8 cells treated with

E2 (1 nM) for two days was decreased to 5% of that from cells

incubated with the control medium, after normalizing with

levels of the amplified cDNA fragment of ‚2-microglobulin

(Figure 4A). The antiestrogen ICI182780 (0.5 ÌM) alone had

no effect on RIG1 expression, and it could effectively block

the effect of E2 on down-regulation of RIG1 expression.

Similarly, the relative levels of amplified RIG1 cDNA were

decreased to 35 to 42% of control levels in ZR-75-1 cells

treated with E2 (1 nM) for two days (Figure 4B), and the E2-

mediated effect was completely inhibited by co-incubation

with the antiestrogen ICI182780 (0.5 ÌM). The relative levels

of amplified RIG1 cDNA in the ER–/PR– ZR-75-30 cells were

not altered by treatment with either E2 or ICI183780 (Figure

4C). Activation of the ER in MCF-7 WS8 cells was

demonstrated by down-regulation of ER following E2 (1 nM)

treatment for two days (25). The results of immuno-

cytochemical staining showed that 25% and 4% of control and

E2-treated cells, respectively, were stained positive for nuclear

ER. Similarly, activation of the ER in ZR-75-1 cells was

demonstrated by amplification of PR cDNA only from cells

treated with E2 (data not shown). No amplified PR cDNA was

detected in E2-treated ZR-75-30 cells. 

The E2-mediated regulation of RIG1 expression was time-

and dose-related in ZR-75-1 cells. The relative level of the

amplified RIG1 cDNA was decreased by 80% after incubating

with E2 (1 nM) for two days and was completely inhibited

after four days of E2 treatment (Figure 5A). Also, levels of the

amplified RIG1 cDNA were decreased in a dose-dependent

manner after incubating with E2 ranging from 0.1 to 10 nM

for three days, with maximal (94%) inhibition in cells treated

with 10 nM E2 (Figure 5B). Down-regulation of RIG1

expression by E2 paralleled the induction of PR expression

demonstrated by the increase in the amplified PR cDNA

fragment in both studies. 

Discussion

The class II tumor suppressor gene RIG1 is found to have low

expression in cancer cell lines as well as tissues of basal cell

and squamous cell carcinoma of skin and colorectal

adenocarcinoma (2, 3, 8, 9). RIG1, H-REV107 and A-C1

exhibit growth suppressive activity (3-5, 7, 11-13). Current

knowledge about the regulation of RIG1 is very limited. RIG1

expression is positively associated with cellular density and is

down-regulated by serum (2). Also, all-trans RA and the

synthetic retinoid, tazarotene, enhance the expression of

RIG1, which is related to the antitumor activity of the

compounds (2, 3, 10). Whether expression of the class II

tumor suppressor gene is regulated by steroid hormone has

never been investigated. In this study, we observed that the

ER+ breast cancer tissues had significantly lower levels of

RIG1 mRNA expression than that of ER– tissues. Similar

results were observed in breast cancer tissues and cell lines

with difference in PR or ER/PR expression. Furthermore, E2

down-regulated the levels of RIG1 mRNA only in ER+/PR+

hormone-responsive MCF-7 WS8 and ZR-75-1 cells, and the

effect was abolished by co-incubation with 0.5 ÌM ICI182780.

These results suggest that E2 down-regulated RIG1 expression

through activation of ER. A typical estrogen response element
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Figure 5. Time- and dose-dependent regulation of RIG1 expression by E2
in ZR-75-1 cells. Cells were deprived of estrogens for one week and then
cultured in medium containing 1 nM E2 or the control medium for two
or four days (A) or containing various concentrations of E2 for three days
(B). Total RNA was prepared. cDNAs of RIG1, ‚2-microglobulin 
(‚2-MG) and PR were amplified as described in Materials and Methods.
Levels of RIG1 cDNA after normalization with levels of ‚2-microglobulin
are shown in the bottom of each panel. 



in the genomic sequence of the RIG1 promoter (GenBank

accession number U73741) was not found. Therefore, it is

likely that E2 regulates the levels of RIG1 mRNA through an

indirect mechanism. 

Estrogens have been shown to stimulate the growth of

hormone-dependent breast cancer cells, while the

antiestrogens suppress the effect through induction of G0/G1

arrest or cellular apoptosis (26, 27). DiSepio et al. (3)

demonstrated that the induction of RIG1 expression led to

growth suppression of ER+/PR+ T47D breast cancer cells.

Also, exposure to all-trans RA in MCF-7 cells led to growth

suppression (16, 18) and enhanced RIG1 expression (2).

Finally, transfection with vectors that expressed RIG1 fusion

proteins led to a decrease in colony formation of MCF-7 WS8

breast cancer cells (data not shown). These results support the

growth suppressive activity of the RIG1 protein on human

breast cancer cells. Because E2 stimulates the growth of

hormone-responsive breast cancer cells, it is reasonable that

expression of RIG1 would counteract the estrogenic effects

and be decreased following E2 treatment in hormone-

responsive breast cancer cells. ICI182780 is an estrogen

antagonist that completely blocks the estrogen-mediated

regulation of various genes (15, 28), including the RIG1 gene

shown in this study. The antitumor activity of the compound

on hormone-responsive breast cancer cells may develop

partially through increasing RIG1 expression. Levels of RIG1

mRNA in MCF-7 cells treated with 0.1 nM E2 and 1 ÌM tRA

were down-regulated compared to cells treated with 1 ÌM

tRA (data not shown). Therefore, the effect of E2 on RIG1

expression appears to override the effects of all-trans RA.

It is widely known that mRNA is transcribed from the

nucleus and then transported to the cytoplasm, where the

protein is synthesized. Preferential cytoplasmic localization

of unique mRNA was found in most studies, and there is, in

general, good correlation between cytoplasmic RNA levels

and levels of protein (8, 29). By using RNA in situ
hybridization, we observed that RIG1 mRNA was detected

mostly in the cytoplasm. However, nuclear RIG1 mRNA was

also detected in some tumor cells. Compared to the results

of ER+ breast cancer tissues, ER– breast cancer cells had an

increase in both the level of nuclear RIG1 mRNA and the

proportion of cells that were stained positive for nuclear

RIG1 mRNA. In addition, very strong nuclear RIG1 mRNA

staining was detected in 30-70% of tumor cells from 3 out of

15 hepatoma and 1 out of 8 colorectal carcinoma tissues

(data not shown). Similarly, the predominant nuclear

localization of EBER1 RNA and epidermal growth factor

receptor mRNA were observed in Epstein-Barr virus-

infected cells (30) and A431 cells (31), respectively. Nuclear

mRNAs are mainly intron-containing transcripts that are

associated with splicesomes (32). Only the spliced products

have, in principle, the potential for leaving the main nuclear

transcription/pre-mRNA accumulation domain to be

transported to the cytoplasm and to be translated into

protein. Therefore, the increases in nuclear RIG1 mRNA in

breast, colon and liver cancer tissues suggest that changes in

the intracellular dynamic of RIG1 RNA may be one of the

mechanisms that regulate RIG1 gene expression. Similar

regulation of the c-myc RNA dynamic is observed in HL-60

cells induced to differentiation by o-tetradecanoylphorbol-

13-acetate (33). Whether the increase in RIG1 mRNA in

ER– breast cancer cells also translates into an increase in

RIG1 protein expression will need to be confirmed through

immunohistochemistry using RIG1-specific antibodies.

In conclusion, we observed a negative association between

RIG1 expression and the expression of ER, PR or both in

breast cancer tissues. The results from in vitro studies

suggested that steady state levels of RIG1 mRNA were

negatively regulated by E2 through activation of ER in ER+

breast cancer cells. Growth inhibition of hormone-responsive

breast cancer cells induced by the antiestrogen ICI182780 may

be partly mediated through prevention of the E2-mediated

down-regulation of RIG1 expression. The abnormal nuclear

accumulation of RIG1 mRNA in some tissues suggests that

RIG1 expression may be regulated at the post-transcriptional

level, which merits further investigation.
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