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Detection of HOXA1 Expression in Human Breast Cancer
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Homeodomain-containing proteins are transcription factors that regulate the coordinated expression of mul-
tiple genes involved in development, differentiation and malignant transformation. To better understand the role
played by these proteins in breast cancer cells, we demonstrate, using semi-quantitative RT-PCR experiments,
that progestin induces HOXA1 mRNAs in MCF7 cells. This is the first evidence of regulation of a HOX gene
by steroids. Moreover, we detected HOXA1 expression in a variety of human breast cancer lesions, suggesting
that HOXA1 may be required for the establishment of breast cancer cells phenotype. We propose that HOXA1
gene could be one of the orchestrators that regulate breast epithelial cell differentiation and that alteration of
HOXA1 expression could play a role in breast cancer progression.© 1996 Academic Press, Inc.

Cell transformation and tumor progression are associated with coordinated activation an inhi-
bition of specific intact or altered genes (1,2). This complex genetic program involves proteins that
control cellular proliferation and/or differentiation. Transcription factors implicated in organogen-
esis are ideal candidates to regulate these multistep processes.
Homeodomain-containing proteins act, as transcription factors, in the genetic control of genes

involved in development and differentiation (3). These genes were initially discovered in Dro-
sophila where they control segment identity (4). Homologous homeobox genes have been since
cloned in multiple species, including human (5,6). To date, 38 human class I homeobox genes have
been discovered. They are organized in four clusters (HOX loci A, B, C and D), located respec-
tively on chromosomes 7, 17, 12 and 2 (7).
There is accumulating evidence suggesting a possible involvement of HOX genes in malignant

transformation. A potential role of these genes in neoplasia was first documented in leukemia, as
reviewed (8). Distinct chromosomal translocations or incorporation of a regulatory element in the
vicinity of a homeobox gene confers an oncogenic potential to the protein product in hematopoietic
cells (9,11). Moreover, alterations of HOX expression have been also detected in a variety of
human tumors (12–15). In addition, ectopic HOX expression obtained by transfections of Hox
genes into murine and rat cells induces tumorigenicity (16). This oncogenic potential has also been
attributed to divergent homeobox genes that are not included in the 4 clusters (17–20).
As a first step to investigate the role played by HOX genes in breast cancer cells, we have

previously cloned three alternatively spliced HOXA1 transcripts from a MCF7 cDNA library and
demonstrated that HOXA1 expression was modulated by retinoic acid in these cells (21). In this
study, we further demonstrate that these HOXA1 transcripts are induced by progestins, another
differentiating agent, in MCF7 cells. Moreover, we systematically detected HOXA1 expression in
a variety of human breast cancer lesions as well as in the adjacent tissues. Taken together, our
results suggest that HOXA1 may play a key role in breast epithelial cell differentiation and may be
associated with breast cancer phenotype.
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MATERIALS AND METHODS

Cell culture and treatment.MCF7 cells were derived from the pleural effusion of a patient with breast adenocarcinoma
and were obtained from the American Type Tissue Collection (Rockville, MD). The cells were maintained in “DMEM”
containing Dulbecco’s modified Eagle medium with 10% fetal calf serum (Gibco, Grand Island, NY) and antibiotics (100
mg/ml). Before any treatment, MCF7 cells were grown in phenol red free DMEM/HAM F-12 (Sigma Chemical Co., St
Louis, MO) for 24 hours in order to eliminate interfering steroids. ORG 2058 (Amersham, Airlington Heights, IL) was
added to the cultures as concentrated stock solutions in pure ethanol (0.1% of the total volume) to raise a final 10−8 M
concentration. Untreated cells were exposed to the same amount of ethanol.
Tissue specimens.Breast cancer samples as well as normal adjacent tissues were collected from patients treated for

surgery (Hospital Clinic, Villarroel, 170, Barcelona, Spain) and were immediately frozen in liquid nitrogen.
HOXA1 and actin cDNA synthesis.Total cellular RNA was isolated by the guanidium isothiocyanate extraction procedure

and cesium chloride gradient centrifugation (22). cDNA synthesis was performed at 42°C for 30 minutes using 1mg or
0.1mg total cellular RNA (for HOXA1 and actin cDNA synthesis respectively) using Superscript reverse transcriptase
(Gibco BRL, Gaithesburg, MD) and a 39 specific primer (primer 3A, see Figure 1 for HOXA1 cDNA synthesis or
59-CTGCATCGTGTCGAAGAG-39 for actin cDNA synthesis). The RNA template was degraded by RNase H (Gibco
BRL). The cDNAs were then purified through GlassMAX Spin Cartridge (Gibco BRL). All reactions were performed in
parallel in the absence of reverse transcriptase to verify dependence on an RNA template for subsequent PCRs.
Semi-quantitative PCRs.HOXA1 and actin cDNAs (see above) were amplified using either HOXA1 primers 5A and 3B

(see Figure 1) or actin primers (59-ATGATATCGCCGCGCTCG-39 and 59-CGCTCGGTGAGGATCTTCA-39 (23)) lo-
cated on different exons in both cases. HOXA1 and actin PCR amplifications included 35 and 25 cycles, respectively. The
PCR products were submitted to Southern blotting using as [32P] labeled probe, HOXA1 (see Figure 1) or actin cDNA
fragments. For semi-quantitative analysis, titration curves for both HOXA1 and actin cDNAs were prepared to determine
the linear range of both amplifications (24). To avoid the plateau phase (see Figure 2), the semi-quantitative RT-PCR
experiments were performed using 5ml of HOXA1 or actin cDNA solutions as templates. The intensities of hybridization
signals were quantified by the Scan Analysis program for the Macintosh (Biosoft, Cambridge, UK).
Southern blotting.The PCR products were electrophoresed on a 1% agarose gel and blotted to a Qiabrane membrane

(Qiagen, Chatsworth, CA) under alkaline conditions. Blots were hybridized with [32P] labeled HOXA1 and actin probes (see
above), in 50% deionized formamide, 5×SSC, 50 mM Tris pH7.5, 10× Denhardt’s 250mg salmon sperm DNA and 0.5%
SDS at 42°C overnight and washed down to 0.1×SSC, 0.5%SDS at 65°C for 30 min, twice. Films were exposed for 1 to
2 hours at room temperature.

RESULTS AND DISCUSSION

We have previously reported the molecular characterization of three alternatively spliced
HOXA1 mRNAs from a MCF7 cDNA library (21). A map of the HOXA1 primary transcript
structure is illustrated in Figure 1. There are two potential introns in HOXA1 gene: introns 0 and
1. These sequences (represented by white rectangles in Figure 1) can be alternatively spliced out
to generate three distinct HOXA1 transcripts. Indeed, the shortest 2.0 kb HOXA1 mRNA encoding
a truncated polypeptide is generated by splicing out both introns 0 and 1 whereas a second 2.2 kb
transcript encoding the homeodomain-containing protein is obtained by splicing out intron 1
exclusively. Alternatively, a third 2.6 kb HOXA1 transcript has been identified: in this case, the
primary transcript is not submitted to any splicing event. The resulting HOXA1 mRNAs presum-
ably encode another truncated product.

HOXA1 Is Modulated by Progestin ORG 2058 in MCF7 Cells

The ability of steroids to affect HOXA1 expression in MCF7 cells was examined by performing
semi-quantitative RT-PCRs using template RNAs extracted from cells treated with progestin
ORG2058. To achieve this goal, RT-PCR experiments were performed using primers selected to
amplify 59 end HOXA1 cDNAs (see Material and Methods) as well as primers located on different
exons of the actin gene to amplifyb-actin cDNA as an internal control (24,25). The resulting
amplified fragments were analysed by Southern blots using either a HOXA1 or an actin specific
probe (see Material and Methods). Three fragments of 1121 bp, 655 bp and 452 bp corresponding
to the three transcripts described above, were observed for HOXA1 Southern blots (Figure 2B). To
get quantitative information from the RT-PCR experiments, a cDNA dose/response curve was
established. As illustrated in Figure 2A and 2B, a linear production of amplified fragments was
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observed when 1 to 10ml of actin cDNA or 0.2 to 5ml of HOXA1 cDNA were added to the
reaction mixture for PCRs. To avoid the plateau phase, the subsequent semi-quantitative RT-PCR
experiments were therefore performed with 5ml of cDNA solutions.
HOXA1 and actin semi-quantitative RT-PCRs performed on MCF7 cells treated with ORG 2058

are illustrated on Figure 3A and 3B, respectively. All three HOXA1 transcripts were induced by
10−8M progestin ORG 2058 in these cells. The induction of HOXA1 expression was detectable
within the first 24 hours of treatment and was still clearly increasing after 96 hours (see Figure 3A).
Interestingly, we have observed that the transcript encoding a homeodomain-containing protein is
preferentially induced during the first 48 hours of treatment whereas the shortest transcript encod-
ing a truncated protein lacking the conserved DNA-binding domain is not as dramatically affected
by such treatment during the first 48 hours (data not shown). As expected, the actin levels of
expression remained constant in these cells (see Figure 3B). This original observation may allow
a better understanding of the crucial role played by this HOX gene in breast cancer cells. Indeed,
whereas it was clearly demonstrated that HOXA1 gene is a primary target for retinoic acid in
distinct cell types such as embryonal carcinoma cells (26) and breast cancer cells, no information
was available about possible HOX modulation by steroids. A recent study reported that expression
of two murine Hox genes could respond to hormonal secretions (27). However, the steroid re-
sponsible for this modulation was not clearly identified. So far, the precise mechanism of HOXA1
induction by progestins remains totally unknown. To our knowledge, a potential hormone-
responsive element that can interact with the progesterone receptor (PR) still has to be identify in
the HOXA1 promoter. Moreover, it is still unclear whether other HOX genes are modulated by
steroids such as progestins and/or estrogens.

HOXA1 Is Expressed in a Variety of Human Breast Cancer Lesions

We further investigate HOXA1 expression by performing similar RT-PCR experiments on total
RNAs extracted from a variety of human breast cancer lesions. As illustrated in Figure 4, we
systematically detected HOXA1 expression in the investigated breast carcinoma samples. Com-

FIG. 1. A. On the heavy line below the numerical scale is a map of a HOXA1 primary transcript. Shown in white areas
within this heavy line are potential introns 0 and 1 that are alternatively spliced out to generate distinct HOXA1 mRNAs.
The homeodomain is represented by a white rectangle labeled “HD.” The horizontal arrows represent primers to perform
HOXA1 cDNA synthesis (primer 3A) and amplification of HOXA1 59 end cDNAs (primers 5A and 3B). The probe used
to perform Southern blots is illustrated below. B. Sequences of the HOXA1 primers used in this study.
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pared to the other transcript, the HOXA1 mRNAs encoding the homeodomain-containing protein
harbor a higher level of expression in the investigated samples.
In the murine system, ectopic expression of Hox-a1 in transfected rodent cells induced tumori-

genesis (16). Moreover, upregulation of the murine Hox-a1 gene has been recently seen in neo-
plastic mammary glands (27). Taken together, these studies suggest that HOX-a1 gene may play

FIG. 2. Titration curves for both actin and HOXA1 PCR amplifications (25 and 35 cycles, respectively). Serial dilutions
of actin or HOXA1 cDNAs were used as templates to perform PCR amplification, using appropriate HOXA1 specific
primers. The resulting amplified fragments were subjected to Southern blotting. A. Autoradiogram of Southern blot
performed with ab actin cDNA probe. cDNA dilutions are indicated above the autoradiogram. B. Autoradiogram of
Southern blot performed with a HOXA1 cDNA probe. C and D. Signal intensities of the amplified products were quantified
by densitometry (arbitrary units) and plotted. Subsequent semi-quantitative RT-PCR experiments were performed using 5
ml of cDNA templates in both cases.

FIG. 3. HOXA1 and actin semi-quantitative RT-PCR experiments on MCF7 cells treated with ORG 2058. A. Southern
blot performed with a HOXA1 cDNA probe after RT-PCR of HOXA1 mRNAs. B. Southern blot withb actin used as an
internal control for the semi-quantitative RT-PCRs. Size of HOXA1 and actin amplified fragments are illustrated. Hours of
treatment are mentioned above the autoradiograms.
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a role in malignant transformation and/or in tumor progression. Although it is too preliminary to
extend these observations to the human HOXA1 gene, our results illustrating HOXA1 expression
in MCF7 cells as well as in multiple breast cancer tissues may support this hypothesis. It is however
not yet clear what role HOXA1 may play in breast cancer progression, and how modulation of the
HOXA1 gene may affect that process. Based on HOXA1 induction by retinoic acid and progestins,
we propose that HOXA1 may be one of the orchestrators that regulate breast epithelial cell
differentiation.
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