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The POU (representing a homeodomain protein family of which
the founder members are Pit-1, Oct-1/2 and Unc-86) homeo-
domain protein OCT3/Oct-3 (where OCT stands for octamer-
binding protein) is an embryonic transcription factor expressed
in oocytes, embryonic stem and embryonic carcinoma cells. We
have demonstrated previously that human breast cancer cells
regain the ability to express OCT3 mRNA [Jin, Branch, Zhang,
Qi, Youngson and Goss (1999) Int. J. Cancer 81, 104–112].
Antibodies against human OCT3 were not available when this
study was conducted. By using a human OCT3–glutathione S-
transferase fusion protein to affinity purify a polyclonal antibody
against the mouse Oct-3, we obtained an antibody that enabled
us to detect OCT3 in human breast cancer cells by Western-
blot analysis. Thus we have now confirmed that OCT3 is ex-
pressed in human breast cancer cells but not in normal human
breasts and in three other organs. When breast cancer cell lines
were treated with all-trans-retinoic acid, OCT3 expression was
repressed, associated with decreased cell proliferation. Although

another POU protein Brn-3 has been shown to be a repressor
for BRCA1 (breast-cancer susceptibility gene 1), OCT3 does not
repress human or mouse BRCA1/Brca-1 promoters. However,
OCT3 is capable of activating a fusion promoter containing the
fibroblast growth factor-4 (FGF-4) enhancer element. In addition,
we documented for the first time that human breast cancer cells
express FGF-4 protein, and its expression could be inhibited
by all-trans-retinoic acid. Furthermore, overexpressing OCT3
stimulated endogenous FGF-4 expression in MCF7 breast cancer
cell line. These observations indicate that OCT3 protein is selec-
tively expressed in human breast cancer cells, and its expression
may be implicated in mammary gland tumorigenesis via up-
regulating FGF-4 expression.

Key words: all-trans-retinoic acid (ATRA), breast cancer, fibro-
blast growth factor-4 (FGF-4), octamer-binding protein (OCT3)/
Oct-3, Pit-1, Oct-1/2, and Unc-86 (POU).

INTRODUCTION

De-regulated expression of certain homeodomain (HD) proteins,
encoded by homeobox genes, may lead to the development of
leukaemias, lymphomas and other solid tumours [1,2]. Using
several approaches, we have examined previously expressions of
members of the POU (representing a homeodomain protein family
of which the founder members are Pit-1, Oct-1/2 and Unc-86) HD
protein [also known as the octamer- or octamer-binding protein
(OCT)-binding transcription factor] family in human mammary
gland epithelial cells. We found that human breast cancer cells
express at least four POU genes: the ubiquitous transcription fac-
tor OCT1; the B lymphocyte-specific transcription factor OCT2;
a POU gene isolated from rat skin and mouse thymus OCT11
(Skn-1a/i); and an embryonic transcription factor OCT3 [3].
Among these four POU genes, OCT3 and OCT11 expressions
were only detected in the malignant cells, but not in normal mam-
mary gland epithelia cultures. Previously, the POU gene Brn-3b
has also been found to be overexpressed in breast cancer cells,
and was found to be capable of repressing the expression of the
mouse breast-cancer susceptibility gene 1 (Brca-1) promoter [4].

Abbreviations used: ATRA, all-trans-retinoic acid; BE, breast epithelia; BRCA1, breast-cancer susceptibility gene 1; EC, embryonic carcinoma; EMSA,
electrophoretic mobility-shift assay; ES, embryonic stem; FGF-4, fibroblast growth factor-4; FE, FGF-4 enhancer; GST, glutathione S-transferase; HD,
homeodomain; LUC, luciferase; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide; OCT, octamer-binding protein; POU, Pit-1, Oct-1/2 and
Unc-86; TK, thymidine kinase.
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OCT3/Oct-3 is an embryonic transcription factor [5–7]. Oct-3
expression is essential for the identity of the pluripotential founder
cell population in the mammalian embryo. In rodents, Oct-3 was
found to be expressed only in oocytes, embryonic stem (ES) and
embryonic carcinoma (EC) cells, but not in ES or EC cells treated
with retinoic acid [8,9] or in any adult organs. Our observations,
therefore, suggest that breast cancer cells regain the ability to
express this embryonic transcription factor.

In the present study, we generated an affinity-purified anti-
OCT3 antibody for examining OCT3 expression in human breast
cancer cells by Western-blot analysis and by electrophoretic
mobility-shift assay (EMSA). Using this antibody, we demon-
strate in the present study that OCT3 is, indeed, selectively
expressed in human breast cancer cells and OCT3 expression
can be down-regulated by treating the cells with all-trans-retinoic
acid (ATRA), a differentiation promoting anti-tumour agent. In
addition, we show in the present study, for the first time, that
human breast cancer cells express the fibroblast growth factor-4
(FGF-4) protein. OCT3 is not capable of repressing the expression
of either human or mouse BRCA1/Brca-1 gene promoters. How-
ever, OCT3 co-transfection activates a reporter promoter fused
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with the FGF-4 enhancer (FE) element, and overexpressing OCT3
induces up-regulation of endogenous FGF-4 expression.

EXPERIMENTAL

Cell lines and cell culture

All the cell lines were obtained from the A.T.C.C. (Manassas, VA,
U.S.A.). The non-malignant MCF10A cell line was maintained
according to the manufacturer’s instructions. Two normal human
breast epithelial cell cultures, namely NB1 and NB2, were
purchased from Clonetics (San Diego, CA, U.S.A.).

Antibody purification and Western-blot analysis

A polyclonal antibody against the mouse Oct-3 ( = Oct-4)
was generated previously by immunizing New Zealand White
rabbits using a 21-amino-acid peptide identical with a C-terminal
portion of mouse Oct-3 [9]. Human OCT3A cDNA was kindly
provided by Dr Graeme Bell [10]. It was then subcloned into a
cytomegalovirus-promoter-driven expression vector pBAT7 [11].
OCT1 cDNA was a gift from Dr Wiship Herr [12]. Plasmid
constructs for glutathione S-transferases (GSTs) fusion proteins,
containing the full-length human OCT3 and a C-terminal portion
of OCT3, were generated by inserting the corresponding OCT3
cDNA into a pGEX-4T-2 vector. The procedure for purifying the
anti-mouse Oct-3 antibody with the GST–OCT3-fusion protein
was that of Bar-Peled and Raikhel [13]. The human BRCA1
and the mouse Brca-1 promoter luciferase (LUC) reporter gene
constructs were provided by Dr David Johnson [14] and by
Dr Bernard Futscher [15] respectively.

Western-blot analysis was performed as described previously
[16]. Protein concentrations of cell lysates and nuclear extracts
were quantified by means of the bicinchoninic acid assay (Pierce,
Rockford, IL, U.S.A.). To ensure equal loading, membranes were
treated with Ponceau S stain and the protein bands were visualized
before Western immunoblotting. Anti FGF-4 antibody (C-18) and
the FGF-4 blocking peptide (sc-1361 P) were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, U.S.A.).

EMSA and super-shifting

The DNA sequence for the wild-type octamer-binding probe is
5′-GATCCTGATTGATTWGCATGTCCA-3′. The core motif in
this probe is ATTWGCAT (W = A or T). The DNA sequence
for the mutant octamer-binding probe is 5′-GATCCTGATTG-
GTTSGCGGTGTCCA-3′ (S = G or C). Methods for nuclear
extraction, EMSA and super-shifting assay were described pre-
viously [3,11].

Proliferation assay

Proliferation assay was conducted by an MTT [3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide] method
described previously using the 96-well plates [17]. Briefly,
6000 cells from an indicated cell line were distributed into each
well with a vehicle (95 % ethanol) or with an indicated amount of
ATRA. At different time intervals, cell numbers (viable) in each
well were determined by adding the dye MTT and a colorimetric
measurement was made.

Cell transfection, LUC reporter gene analysis and inducible
OCT3 expression

NIH-3T3 cells were transfected by a calcium precipitation
method, whereas MCF7 cells were transfected by either an elec-

troporation method [11] or by LIPOFECTAMINETM (Invitrogen
Life Technology, Carlsbad, CA, U.S.A.). Unless specified, LUC
reporter gene analyses were conducted 16 h after transfection
[11]. OCT-TK-LUC (where TK stands for thymidine kinase) is
an LUC reporter gene plasmid in which one copy of the octamer-
binding motif [3] was inserted at the 5′-end of the TK promoter
[11]. FE-TK-LUC was constructed by inserting one copy of the
human FE element in front of the TK promoter in the TK-LUC
fusion gene construct [11]. DNA sequence for the FE element is
5′ -GATCTGAAAACTCTTTGTTTGGATGCTAATGGGATAC-
TTAAAG-3′. The method of ecdysone-inducible mammalian ex-
pression system (Invitrogen Life Technology) was utilized for
overexpressing OCT3 in the MCF7 cell line. Briefly, human
OCT3A cDNA was inserted into the Pind-inducible expression
vector, downstream of a minimal heat-shock promoter and the
modified ecdysone response element. The expression of OCT3
is then controlled by a heterodimeric nuclear receptor, encoded
by a plasmid namely pVgRXR, in the presence of ponasterone
A as the inducer. Pind-OCT3 and pVgRXR were co-transfected
into the MCF7 cell line by LIPOFECTAMINETM (Invitrogen Life
Technology) in the absence of serum for 12 h. Cells were then
grown in serum-containing medium. Ponasterone A was added
either immediately or 12 h later, and then the cells were harvested
24 h after growing in serum-containing medium for Western-blot
analysis.

RESULTS

Detection of OCT3 expression by Western-blot analysis

The polyclonal antibody against mouse Oct-3 has been used to
detect this transcription factor in rodent species [9]. This antibody
was raised against a C-terminal portion of the mouse Oct-3 [9]
(Figure 1A). We found that this antibody could also detect a GST-
fusion protein containing either the full-length or a C-terminal
portion of human OCT3 (Figure 1B, lanes 6–9). This antibody
recognized a number of proteins from a battery of human breast
cancer cell lines, including one that was approx. 40 kDa in mass
(Figure 1B, lanes 2–5). To improve the specificity of the antibody,
we made a GST-fusion protein containing a C-terminal portion of
human OCT3 (Figure 1A). This C-terminal region shares 91 %
amino acid sequence identity with the corresponding motif in
the mouse Oct-3 [18]. This GST-fusion protein was then used to
purify the polyclonal anti-mouse Oct-3 antibody [13]. The purified
antibody only recognizes a 40 kDa protein from three human
breast cancer cell lines examined (Figure 1C, lanes 1–3) and it
co-migrates with a protein that is abundantly expressed in the P19
EC cell line (cf. lane 5). We therefore assumed that this protein
represents human OCT3. OCT3 expression was not detected in
two normal human breast epithelial cell cultures (NB1 and NB2,
Figure 1, lanes 4 and 9) and not in three normal human tissues
examined (heart, thymus and peripheral white blood cells, lanes
10–12). Furthermore, OCT3 expression is detectable, although
much less abundant, in the non-malignant MCF10A cell line
(lane 8). This is consistent with our previous observation that
MCF10A cells express OCT3 mRNA at a low level, detectable
by reverse transcriptase–PCR [3].

OCT3 expression is down-regulated by ATRA

OCT3/Oct-3 expression in the mouse EC and ES cells and in the
human Tera2 EC cell line could be down-regulated by ATRA [6,9].
When the MCF7 and SKBr3 cell lines were treated with ATRA,
OCT3 expression was substantially inhibited at 24 h, and was
barely detectable after 48 h (Figure 2A). This inhibition was found
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Figure 1 Examination of OCT3 expression in human breast cancer cells by
Western-blot analysis

(A) Comparison of a 49-amino-acid C-terminal portion of human OCT3 [10] with that in mouse
Oct-3 [9]. Amino acid residues for the peptide utilized in generating the polyclonal antibody are
underlined. cDNA encoding of the 49-amino-acid peptide motif from human OCT3 was utilized
for making a GST-fusion protein, GST–OCT3 (C). (B) Western-blot analysis using the un-
purified anti-OCT3 antibody against whole cell lysates of four human BE cell lines (lanes 2–5),
unpurified and glutathione–Sephadex purified GST–OCT3 proteins (lanes 6–9). C(UP) and
F(UP), unpurified GST–OCT3 proteins; C(P) and F(P), purified GST–OCT3 proteins. C and F
represent the C-terminal portion and full-length respectively. (C) Western-blot analysis using the
affinity-purified anti-OCT3 antibody. NB1 and NB2, two normal human breast epithelial cultures
purchased from Clonetics. P19, a mouse EC cell line. Nuclear proteins (25 µg) from each cell
line were loaded. For three normal human tissues, 50 µg of total proteins were utilized. Protein
integrity was assayed by a re-probing procedure with an antibody against actin. WBC, white
blood cells.

to be associated with the decreased cell proliferation, examined
by MTT analysis (Figure 2B).

We have isolated a variant ATRA-resistant cell line of SKBr3 by
continuing to grow the parental cell line in an ATRA-containing
medium. Cell proliferation of this variant, namely SKBr3 (V),
cannot be effectively inhibited by ATRA (Figure 2B, right panel).
OCT3 expression in this variant also cannot be substantially
inhibited by ATRA at 24 h (Figure 2A). At 48 h, OCT3 expression
is still detectable by Western-blot analysis (but not by EMSA, see
below). Interestingly, at 72 h, OCT3 expression was found to be
restored to its initial level (Figure 2A).

We have established previously the methodology to examine
the expression of POU or OCT proteins in human breast cancer
cells by EMSA, using a DNA probe containing an octamer-
binding site [3]. The DNA–protein complexes detected in human
breast epithelia (BE) were designated as OCT–BEs. Among
the complexes detected, OCT–BE1 was found to contain the
ubiquitous transcription factor OCT1 [3]. With the affinity purified
anti-OCT3 antibody, we conducted the super-shifting analysis to
investigate which complex contains OCT3. We found that the
complex OCT–BE5 could be super-shifted by the OCT3 antibody
(Figure 3, cf. lanes 2 and 6). The super-shifted complex was
observed for the SKBr3 (v) cells not treated with ATRA (lane 6),
or the cells treated with ATRA for 24 h (lane 7). After a 48 h

ATRA treatment, the super-shifted complex was undetectable
(lane 8), and it re-appeared after a 72 h treatment (lane 9). Such a
result is consistent with the Western-blot result against this variant
cell line (Figure 2A, right panel). Interestingly, the formation of
OCT–BE3 was substantially reduced 24 h after ATRA treatment
(lane 3). The identity of this complex is yet to be determined.

OCT3 activates FE element–TK fusion promoter

Budhram-Mahadeo et al. [4] found that the expression of another
POU protein Brn-3b is also increased in human breast cancer
cell lines, and it is able to repress substantially the expression of
the BRCA1 promoter. We examined the effect of OCT3 cDNA
transfection on a LUC reporter gene driven by four human BRCA1
promoter constructs [15] of different sizes and the mouse Brca-
1 promoter [14]. As shown in Figure 4(A), OCT3 transfection
generated no substantial repression or activation on either the
human or the mouse BRCA1/Brca-1 promoters. To verify that
the OCT3 cDNA expression construct generated in the present
study could act as a transcription factor, we made an OCT–TK–
LUC fusion gene construct in which one copy of the octamer-
binding site was inserted at the 5′-end of the TK promoter. The
activity of this OCT–TK fusion promoter is comparable with
that of the parental TK promoter when transfected into the NIH-
3T3 and MCF7 cell lines (Figure 4B). However, when OCT3
cDNA was co-transfected with the OCT–TK fusion promoter,
more than a 3-fold activation was observed (Figure 4B), indicating
that OCT3 cDNA utilized in the present study is able to act as a
transcriptional activator. Therefore BRCA1/Brca-1 may not be
a direct target of OCT3.

In the mouse EC cell line P19, OCT-3 has been shown to bind
and activate the FGF-4 promoter through an enhancer element
[20]. Transfection of the wild-type FGF-4 into the malignant
cell line MCF7 generates novel MCF7 cell lines which show
rapid growth and spontaneous metastasis in ovariectomized and
tamoxifen-treated nude mice [21], whereas transfection of FGF-4
into the non-malignant cell line HBL100 led to tumorigenic
conversion of this cell line [22]. However, so far the expression
of endogenous FGF-4 in human breast cancer cells has not been
detected [23]. To investigate whether human breast cancer cell
lines express FGF-4, we conducted an examination of FGF-4
expression in human mammary gland epithelial cell lines by
Western-blot analysis. As shown in Figure 5, FGF-4 could be
detected in four breast cancer cell lines examined (lanes 1–4).
In the non-malignant MCF10A cell line (lane 5) and two normal
human breast epithelial cell cultures (lanes 7 and 8), FGF-4 ex-
pression was not detectable. To confirm further that the 16 kDa
protein detected does represent FGF-4, we preabsorbed the anti-
body with the FGF-4 blocking peptide. The preabsorbed antibody
is no longer able to detect this 16 kDa protein (results not shown).

To initiate an examination whether OCT3 is capable of acti-
vating FGF-4 in human breast cancer cells, we made an FE and
TK fusion promoter, in which one copy of the FGF-4 FE
[20] was inserted 5′-end of the TK promoter. This fusion promoter
was approx. seven times more active compared with the parental
TK promoter itself when it was transfected into the MCF7 cell
line [6]. Co-transfection of OCT3 was found to activate further
the fusion promoter by approx. 3-fold (Figure 6). This activation
is dependent on the FE element, because it was not observed for
the parental TK promoter. In addition, this activation is OCT3-
specific because it was not observed when OCT3 was replaced
by OCT1 (Figure 6). Although OCT1 does not activate FE–TK–
LUC, the same OCT1 expression vector has been found to activate
the promoter for the caudal homeobox gene Cdx-2, reported by
our group previously [24].
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Figure 2 Effect of ATRA on OCT3 expression and cell proliferation

(A) Breast cancer cell lines MCF7, SKBr3 and an ATRA-resistant variant of SKBr3 [SKBr3 (V)] were treated with ATRA (1 µM final concentration). At indicated time intervals, cells were harvested and
nuclear extracts were prepared. Nuclear proteins (25 µg) were loaded for Western-blot analysis. The same membrane was stripped and re-probed with an anti-actin antibody. (B) Six thousand cells
from an indicated cell line were incubated with a vehicle (95 % ethanol) or an indicated amount of ATRA (10 pM to 1 µM). At different time intervals, numbers for the viable cells were determined by
the MTT analysis. Data are expressed as means (n = 8) +− S.E.M.

Figure 3 Examination of OCT3 expression in SKBr3 (V) by EMSA and super-
shifting

Nuclear proteins (5 µg) from ATRA-treated or ATRA-untreated SKBr3 variant cells [SKBr3 (V)]
were utilized. Purified anti-Oct3 antibody (2 µg) was applied for the super-shifting analysis.
OCT3/Ab, super-shifted complex; FP, free probe. Designations of these DNA–protein complexes
were reported previously [3].

We then examined the relationship between OCT3 expression
and the FE–TK–LUC activity by conducting a transfection assay
with an ATRA-treated MCF7 cell line. Expressions of both OCT–
TK and FE–TK–LUC were substantially inhibited by ATRA,
especially after 72 h, whereas the expression of the parental TK–

LUC was only slightly inhibited (Figure 7A). In addition, ATRA
repressed the expressions of both endogenous OCT-3 and FGF-4
in the MCF7 cell line (Figure 7B). Finally, we examined the effect
of overexpressing OCT3 on the expression of endogenous FGF-4
in human breast cancer cells. Co-transfecting the MCF7 cells
with the empty Pind expression vector and pVgRXR generated
no substantial effect on the expression of either OCT3 or FGF-4,
in the presence or absence of ponasterone A (Figure 7C, lanes 1
and 2). Co-transfecting the MCF7 cells with Pind-OCT3 and
pVgRXR in the absence of ponasterone A also generated no
effect on the expression of OCT3 and FGF-4 (Figure 7C, lane 3).
In the presence of ponasterone A for 12 h, OCT3 expression,
but not FGF-4 expression was found to be enhanced (Figure 7C,
lane 4). Treating the cells with ponasterone A for 24 h stimulated
the expressions of both OCT3 and FGF4 (Figure 7C, lane 5).

DISCUSSION

Abnormal expressions of members of different families of HD
proteins are attributed to the development of various tumours
[1,2]. A given HD protein may up-regulate the expression of a
growth factor or repress the expression of a tumour suppressor
[25,26]. The expression of several families of HD proteins in
mammary glands has been previously examined by several labo-
ratories [27–34]. We demonstrated that four POU genes are ex-
pressed in human breast epithelial cells. Among them, OCT3 and
OCT11 can only be detected in the malignant mammary gland epi-
thelial cells [3]. The expression of another POU protein, Brn-3b,
is also de-regulated in human breast cancer cells. Brn-3b may
repress human BRCA1 promoter, detected by a LUC reporter
gene analysis [4].
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Figure 4 OCT3 transfection does not repress human BRCA1 or mouse
Brca-1 promoter

(A) SK-LUC, a promoterless LUC construct. Four different-sized human BRCA1 promoter
constructs [15] and the mouse Brca-1 promoter [14] were examined. The indicated reporter
plasmid (5 µg) was co-transfected with 5 µg of cDNA. Data are expressed as mean relative
LUC activity (n = 3) +− S.E.M. normalized to (1) the activity obtained after transfection of the
SK-LUC in the same experiment and (2) total protein utilized in each assay. (B) OCT3 transfection
activates a TK promoter with a 5′-end located wild-type octamer-binding site in the NIH-3T3 and
MCF7 cell lines. Indicated LUC reporter plasmid (5 µg) was tranfected into the indicated cell
line with 5 µg of OCT3A cDNA driven by a cytomegalovirus promoter (OCT3) or a control vector
(pBAT7, V). SK, a promoterless control; TK, the LUC reporter gene driven by a TK promoter;
OCT-TK, a wild-type octamer-binding site motif was inserted 5′-end of the TK promoter. Data
are expressed as mean relative LUC activity (n = 3) +− S.E.M. as mentioned in (A).

Figure 5 Examination of FGF-4 expression in human breast cancer cell
lines by Western-blot analysis

Total proteins (25 µg) were loaded for Western-blot analysis. The same membrane was stripped
and re-probed with anti-actin antibody.

OCT3/Oct-3 is an embryonic transcription factor identified in
mammals [6,18,35,36]. The terms Oct-3, Oct-4 and Oct-3/Oct-4
have been utilized to describe the same gene in rodents in litera-
ture. In the present study, we use the terms OCT3 and Oct-3 for
this gene in humans and rodents respectively. This is based on

Figure 6 OCT3 activates an FE element–TK promoter

SK-LUC, a promoterless LUC reporter gene construct; TK, a reporter gene construct in which the
expression of the LUC reporter is driven by a TK promoter; FE–TK–LUC (F), one copy FE element
was inserted 5′-end of the TK promoter in the TK–LUC fusion gene construct. The indicated
reporter gene (5 µg) was co-transfected with 5 µg of indicated cDNA. Data are expressed as
mean relative LUC activity (n = 3) +− S.E.M. as mentioned in caption to Figure 4(A).

the nomenclature regulations for HOX/Hox genes [37]. In rodent
species, Oct-3 is only expressed in oocytes, ES and EC cells.
Inducing differentiation of the ES or EC cells by retinoic acid
results in down-regulated transcription of Oct-3 [19,38].

Our previous observation suggests that human breast cancer
cells regain the ability to express OCT3 [3]. To extend further
these observations to the protein level, we purified the anti-
mouse Oct-3 antibody using a GST-fusion protein, containing
a C-terminal portion of the human OCT3 protein. By using this
antibody, we demonstrated clearly that OCT3 is expressed in all
breast cancer cell lines examined, but not in two normal mammary
gland epithelial cell cultures and three normal human tissues. We
do find that this antibody can detect a trace amount of OCT3 in
the non-malignant MCF10A cell line. This is inconsistent with
our previous observation that MCF10A cell line expresses a very
small amount of OCT3 mRNA [3].

An important observation made in the present study is that
OCT3 expression in breast cancer cells could be down-regulated
by ATRA. Down-regulated OCT3 expression by ATRA in MCF7
and SKBr3 cell lines is associated with decreased cell prolifer-
ation. Furthermore, we found that in an ATRA-resistant SKBr3
variant, OCT3 expression cannot be consistently and effectively
inhibited by ATRA. Since ATRA has been found to down-
regulate Oct-3 transcription in rodents [8,9], we suggest that in
human breast cancer cells, OCT3 may also serve as one of the
mediators for ATRA in up-regulating genes implicated in cell pro-
liferation and/or down-regulating genes implicated in differen-
tiation or apoptosis. However, we cannot eliminate the possibility
that down-regulated OCT3 expression by ATRA could be attri-
buted to an indirect mechanism. To examine the detailed mech-
anisms for down-regulation of human OCT3 expression by ATRA
and other retinoids, it is necessary to isolate and characterize the
human OCT3 gene promoter.

Although another POU protein Brn-3b was shown to repress
BRCA1 promoter, based on our results, we were able to conclude
that OCT3 does not possess this repressive function. To date three
downstream target genes for OCT3/Oct-3 have been identified.
In the EC cells, Oct-3 is capable of up-regulating FGF-4 [39,40]
and the promoter for platelet-derived growth factor α-receptor
gene [19]. In the JAr choriocarcinoma cells, Oct-3 is capable
of down-regulating the expression of the β subunit of human
chorionic gonadotropin [41]. Transfection of FGF-4 into the
breast cancer cell line MCF7 was found to generate novel cell

c© 2003 Biochemical Society



204 P. Wang and others

Figure 7 Examination of the effect of OCT3 on FGF-4 expression

(A) ATRA represses FE–TK–LUC expression. MCF7 cells were transfected with 5 µg of indicated
LUC fusion gene plasmid. ATRA (1 µM final concentration) was added 12, 36 and 60 h after the
transfection, and cells were harvested for LUC assay 84 h after the transfection. In this way, times
for which cells were treated with ATRA were 24, 48 and 72 h respectively. Data are expressed
as mean relative LUC activity (n = 3) +− S.E.M. as mentioned in the legend to Figure 4(A).
(B) ATRA represses the expression of both OCT3 and FGF-4. MCF7 cells were treated with
1 µM ATRA for varied times. At indicated time intervals, cells were harvested and total protein
was extracted. Total proteins (25 µg) were loaded for Western-blot analysis against OCT3 and
FGF-4. The same membrane was stripped and re-probed with an anti-actin antibody. (C) Over-
expressing OCT3 activates endogenous FGF-4 expression. MCF7 cells were transfected by the
method of LIPOFECTAMINETM with either empty Pind vector (Pind.v) and pVgRXR, or Pind.OCT3
and pVgRXR in serum-free medium for 12 h. Cells were then grown in serum-containing medium
for 24 h before harvesting for Western-blot analysis. Total proteins (25 µg) were loaded for
Western-blot analysis. The same membrane was stripped and re-probed with an anti-actin
antibody.

lines that are more tumorigenic and metastatic in ovariectomized
and tamoxifen-treated athymic mice [21]. In addition, transfection
of FGF-4 into the non-malignant HBL100 cell line was found to
produce novel cell lines that are tumorigenic [22]. However, the
biological significance of FGF-4 expression in mammary gland
tumorigenesis has not been adequately evaluated. This is because
the expression of endogenous FGF-4 in breast cancer cell lines
has not been detected by reverse transcriptase–PCR [23]. This
failure to detect FGF-4 mRNA might be due to its relatively
low expression level, primer design and/or the PCR conditions
utilized. In the present study, we show for the first time that FGF-4
protein is expressed in four breast cancer cell lines examined,
but is not expressed to an appreciable level in the non-malignant
MCF10A cell line. It has been demonstrated previously that
Oct-3 and Sox2 bind to adjacent sites on the FGF-4-enhancer

element and synergistically activate FGF-4 promoter [20,42]. We
found that this 42 bp native enhancer element activates the TK
promoter more than 7-fold in the MCF7 breast cancer cell line. In
contrast, a 24 bp synthetic OCT-binding element cannot activate
the same TK promoter, although both fusion promoters could
be activated by OCT3 transfection. This result would suggest
that the native FE element is active in human breast cancer
cells. In addition, overexpressing OCT3 resulted in enhanced
expression of endogenous FGF-4 in the MCF7 cell line. Given that
increased levels of FGF-4 have been previously associated with
breast epithelial carcinogenesis [21,22], it is possible that OCT3
up-regulated FGF-4 expression has potential clinical relevance.
Thus whether OCT3 is involved in the initiation and progression
of mammary gland carcinogenesis via activating the expression of
FGF-4 requires further examinations.

In summary, we demonstrated for the first time the detection of
OCT3 expression at the protein level, and that FGF-4 is expressed
in human breast cancer cells. In addition, we find that OCT3
expression in human breast cancer cells, similar to its rodent
homologue in EC cells, could be down-regulated by ATRA and
that down-regulated OCT3 expression is associated with inhibited
cell growth and down-regulation of FGF-4 expression. Finally,
our results suggest that de-regulated expression of POU genes in
human breast cancer cell lines may not only repress the expression
of a tumour suppressor [4], but also activate the expression of
an oncogenic growth factor.
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