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Abstract

Invasiveness of tumor cells is often determined by the profile of their expressed genes. To
determine the gene expression differences between an invasive and a non-invasive human breast
tumor cells, we selected BT-549 (invasive) and MDA-MB-468 (non-invasive) cells, and compared
their transcriptomes by cDNA microarray analysis. Among the significant differences in gene
expressions, notable are the up-regulation of cytokeratins 8 and 19, and down-regulation of
metallothioneins 1G and IL in MDA-MB-468 cells. Since MDA-MB-468 cells do not express
SLUG, a member of a small family of E2-box-binding zinc finger silencer proteins, we studied
whether the cytokeratin gene overexpressions in these cells are due to the absence of SLUG.
Inducible expression of SLUG in MDA-MB-468 cells inhibited the expressions of the cytokeratin
8 and 19 but not others as was revealed by microarray analysis. Similarly, sSiRNA knock down of
SLUG in BT-549 cells increased the expressions of those cytokeratin mMRNAs. SLUG levels in the
cell regulated the function of cytokeratins 8 and 19 gene promoters. We conclude that the
expressions of cytokeratins and metallothioneins may be associated with the differential invasive
behaviors of these breast tumor cells and SLUG may have regulatory roles in this process.
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A serious gap in our understanding of cancer concerns malignancy and metastasis. We have
yet to clearly identify gene defects that specifically permit cells to invade surrounding
tissues, spread through the body, and form metastases. Local invasiveness requires a break
down of the mechanisms that normally hold epithelial cells together. To determine the gene
expression differences between an invasive and a non-invasive human breast tumor cells, we
selected BT-549 (invasive) and MDA-MB-468 (non-invasive) cells, and compared their
transcriptomes by cDNA microarray analysis. One of the known genotypic differences
between these two cells is that BT-549 expresses the zinc finger repressor protein SLUG but
the MDA-MB-468 cells do not [1]. Hence, we tested whether any gene overexpressed in the
MDA-MB-468 cells is regulated by SLUG.

We paid particular attention to SLUG because it is implicated as one of the determinants of
tumor cell invasiveness [2-6]. This protein is a member of a superfamily of transcriptional
regulators that are implicated in the formation of mesoderm and neural crest, as well as in
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the pathological progression of epithelial tumors [2,3]. Overexpression of these proteins in
epithelial cells leads to loss of expression of key cell—cell adhesion molecules, such as E-
cadherin, claudins, and occludin [4-8]. SLUG contains a highly conserved region at the
carboxyl-terminus of the protein containing fourto six zinc fingers of the CoH5 type [2,3].
The zinc fingers mediate sequence-specific interactions with DNA. SLUG superfamily
members bind specifically to consensus-binding sites that contain the E2-box sequence
CACCTG [2,3]. The amino-terminus of SLUG contains the evolutionarily conserved SNAG
(for Snail/Gfi) domain [2,3] that may mediate transcriptional repression function of SLUG.
It is generally believed that SLUG recruits a co-repressor, possibly CtBP1 which in turn
recruits HDAC that leads to gene repression [3].

Although SLUG is not essential for normal development in the mouse and homozygous null
animals are viable and fertile [9], SLUG is implicated in epithelial to mesenchymal
transitions during development in other vertebrates. In embryogenesis in the chick and in
Xenopus sp., SLUG function is required for specification of neural crest [3,10]. Thus, SLUG
function to promote cell fate changes during development, leading to the production of
migratory, mesenchymal cells. In vertebrates, SLUG is aberrantly up-regulated by the E2A-
HLF oncoprotein in certain leukemias, leading to increased cell survival [11]. Further
analysis of SLUG during hematopoiesis has revealed a non-pathological role for SLUG in
promoting cell survival in hematopoietic progenitor cells [12,13]. Finally, overexpression of
SLUG in MCF7 cells has recently been shown to induce phenotypic alterations including
loss of cell—cell contacts and acquisition of invasive growth, and these recombinant cells
were protected from apoptosis induced by this DNA-damaging agent such as adriamycin [8].

The two cell lines, BT-549 and MDA-MB-468, compared in this study are otherwise very
similar. Both of them are negative in the functional expression of Rb, p53, and ER-
[14-17]. On the other hand, BT-549 cells are vimentin positive and MDA-MB-468 cells are
vimentin negative [15]. BT-549 cells induce the formation of invasive tumors but MDA-
MB-468 cells are non-invasive [15]. We initially compared the transcriptomes of BT-549
and MDA-MB-468 cells by cDNA microarray analysis to understand what gene expression
differences may exist between these two phenotypically distinct cells. We found differential
expression of metallothionein and cytokeratins in these two cells. We then overexpressed
SLUG in MDA-MB-468 cells from a doxycycline-inducible promoter and compared the
gene expression profile in the presence or absence of the inducer. We identified that
cytokeratins 8 and 19 genes are repressed when SLUG expression is induced. We have
verified the role of SLUG in regulating these cytokeratins by siRNA-mediated knock down
of SLUG in BT-549 cells. We also report here our preliminary characterization of the
promoters of these cytokeratin genes as it is regulated by SLUG expression.

Materials and methods

Cells

We used commercially available lines of human breast cells MDA-MB-468 and BT-549
[18,19]. These cells were purchased from American Type Culture Collection (ATCC,
Manassas, VA). Human breast carcinoma MDA-MD-468 and BT-549 cells were maintained
following standard ATCC recommended media. All cells were maintained in a humidified
CO3 (5%) incubator at 37 °C [18,19]. BT-549 cells were isolated from a 72-year-old
Caucasian breast cancer patient (ATCC). The MDA-MB-468 cell line was isolated from a
pleural effusion of a 51-year-old African-American female patient with metastatic
adenocarcinoma of the breast (ATCC).

Biochem Biophys Res Commun. Author manuscript; available in PMC 2011 May 3.
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Microarray analysis

Comparative gene expression analysis between BT-549 and MDA-MB-468 cells or between
normal and SLUG overexpressing MDA-MB-468 cells was done by human cDNA
microarray analysis as described before [19]. Total RNA was isolated from sub-confluent
cultured human breast cells using the RNeasy kit (Qiagen). The RNA quality was checked
by formaldehyde—agarose gel electrophoresis. Total RNAs (40 pg) from cells were labeled
in reverse transcription reactions (Superscript Il kit, Invitrogen) with dCTP-Cy5 and dCTP-
Cy3, respectively (Amersham Biosciences) [19]. In every second replicate experiment, the
fluorescent deoxynucleotides were swapped. Purified cDNA probes labeled with Cy3 and
Cy5 were mixed per pair and hybridized to human cDNA microarray chips (Human
Research Genetics 11K) in the VMSR Microarray Core Facility at the Vanderbilt
University. The slides were scanned with a GenePix 4000A microarray scanner (Axon
Instruments, Union City, CA), and the images were analyzed using Genepix pro 3 software.
Data files were entered into the Stanford Microarray Database (genome—
www5.stanford.edu/MicroArray/SMD). A uniform scale factor was applied to normalized
signal intensities between Cy5 and Cy3. Flagged spots and spots with an average intensity
below 2.5-fold above the background were not retained for further analysis. The log, (Cy5/
Cy3) ratio of the other spots was calculated for each slide. To compare the results from the
different subjects, data from each slide were normalized in log space to have a mean of 0
and a SD of 1 by using the Cluster program [20]. Genes with significant changes in mMRNA
levels were identified using the significant analysis of microarrays (SAM) procedure [21], a
validated statistical technique for identifying differentially expressed genes across high
density microarrays. This procedure provides a list of “significant” genes and an estimate of
the false discovery rate, which represents the percentage of genes that could be identified by
chance [21].

Expression of recombinant SLUG in MDA-MB-468 cells

Human SLUG coding sequence was amplified from RNA isolated from BT-549 cells using
N-terminal primer (5-GACGGATCCATGCCGCGCTCCTTCCTG-3') and FLAG-tagged
C-terminal primer (5'-
CGTCGACTCACTTATCGTCGTCATCCTTGTAATCGTGTGCTACACAGC-3). The
sequence-verified amplified cDNA (831 bp) was digested with BamHI/Sall and was cloned
at the BamHI/Sall sites at the MCS of pRevTet-TRE plasmid (BD-Bioscience). PT67
packaging cells were transfected with either pRevTet-ON plasmid (BD-Biosciences) or the
pRevTet-TRE-SLUG plasmid to collect the recombinant retrovirus. PT67 cells were grown
to ~50% confluency in 100-mm culture dishes and then transfected with 4 pg plasmid DNA
using Lipofectamine 2000 (Invitrogen). The culture medium was replaced at 24 h after
transfection, and retrovirus-containing medium was collected at 48 h after transfection and
filtered through a 0.45-um filter. For long-term storage the retrovirus-containing medium
was frozen in liquid nitrogen and stored at —80 °C. MDA-MB-468 cells were grown to ~40—
50% confluency in 100-mm culture dishes and then transduced first by retrovirus containing
pRevTet-ON plasmid by addition of 1:1 retrovirus-containing medium and growth medium.
The culture medium was replaced after 24 h with cell growth medium. Medium containing 1
mg/ml geneticin was added to select stable cell population at 48 h. This geneticin resistant
cell population was further transduced by pRevTRE-SLUG plasmid containing virus as
described above and stable cell line was selected further with 500 pug/ml hygromycin B. For
all the experiments this double resistant cell line was maintained in 100 ug/ml geneticin and
hygromycin B. Expression of SLUG was induced by doxycycline (1 pg/ml).

Knock down of SLUG gene expression in BT-549 cells

The anti-human SLUG siRNAs were designed using the Invitrogen site software
(https://rnaidesigner.invitrogen.com/sirna/) and custom synthesized from Invitrogen. The
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nucleotide sequences of the siRNA pair (SR) and its respective control (SRC) are as follows
(the number indicates the location of the sequence in the SLUG coding region): SR230, 5'-
CCGGAUACUCCUCAUCUUU-3'/5'-AAAGAUGAGGAGUAUCCGG-3'; SRC230, 5'-
CCGUACTCCUCAUCGAUUU-3'/5-AAAUCGAUGAGGAGUACGG-3'; SR661, 5'-
GCAUUUGCAGACAGGUCAA-3'/5-UUGAACUGUCUGCAAAUGC-3'; SRC661, 5'-
GCAA -3'/5-UUGAACCACUGUACGUUGC-3'; SR688, 5'-
GCUCAUCUGCAGACCCAUU-3'/5'-AAUGGGUCUGCAGAUGAGC-3'; SRC688, 5'-
GCUUCTACGCAGCCCAAUU-3'/5-AAUUGGGCUGCGUAGAAGC-3'. We used Trans-
messenger reagent kit (Qiagen) and protocols for the transfection of the BT-549 cells with
the sSiRNAs. RNA was prepared by TRIZOL reagent and DNase | treated before RT-PCR
analysis.

RT-PCR evaluation of SLUG and other mRNA levels

Total RNA was isolated from cells and analyzed for SLUG or cytokeratins by RT-PCR
analysis (Amersham, Arlington Heights, IL). B-Actin was used as a loading control. Total
RNAs (5 ug) were treated with DNase | (Promega, Madison, WI) and reverse transcribed
with Superscript Il (Invitrogen). The resulting cDNA was used to carry out PCR
amplification of SLUG (807 bp; 5-CCTGGTCAAGAAGCATTTCAACG-3' and 5'-
CCCCAAAGATGAGGAGTATCCG-3"), cytokeratin 8 (255 bp; CK8: 5'-
TTCCTGGAGCAGCAGAACAA-3 and 5-GAGGACAAATTCGTTCTCCAT-3"),
cytokeratin 19 (238 bp; CK19: 5'-ATTCTTGG TGCCACCATTGA-3' and 5'-
TCCTCATGGTTCTTCTTCAGG-3'), and B-actin (353 bp; 5'-
GCTCGTCGTCGACAACGGCTC-3' and 5-CAAACATGATCTGGGTCATCTTCTC-3)).
The cytokeratin primers were designed from human cDNA sequences. The forward and the
reverse primers were designed from exon 2 and exon 3, respectively.

Promoter constructs and luciferase assay

CK8 and CK19 gene promoters were amplified from genomic DNA isolated from BT-549
cells using specific primer sets (5-TCAACGGATCTCGCTC-3'/5'-
TTGTCTCTCTCTTCCAAGAC-3' for CK8; 5-AACGCATGCTTTGGGGGATG-3'/5'-
TCCCCCTTTACTCGGCCCCAC-3' for CK19). The amplified products were initially
cloned into pCRII-Topo (Invitrogen) and nucleotide sequences of the inserts were verified.
Recombinant plasmids with appropriate orientation of the insert were digested out with
Hindlll and either with EcoRV (for CK8) or with Xhol (for CK19) and sub-cloned into the
Hindll1/Smal (for CK8) or Hindlll/Xhol (for CK19) site at the MCS of pGL3-Basic plasmid
(Promega), as described before [18]. Restriction fragments from pCRII constructs that have
reverse orientations of their inserts were subcloned into pGL3-Basic plasmid to give the
negative control promoter constructs. Cells were seeded at 85% confluency in a 24-well
plate for 24 h in their growth media before co-transfection with one of the pGL3-Basic
plasmid constructs and pRL-TK plasmid. The latter was used as a transfection normalization
control. Plasmids were mixed at 0.5 pg per well and transfection was done using the
Lipofectamine Plus transfection reagent (Invitrogen) using the protocol suggested by the
supplier. After 20 h of incubation in complete medium at 37 °C, the cells were lysed in 100
ul passive lysis buffer (Promega) and 5-20 pl of the lysate was assayed [18] for firefly
luciferase as well as Renilla luciferase activities using Dual Luciferase Assay Reagents
(Promega) following suggested protocols [18]. Firefly luciferase activity was normalized
with respect to Renilla luciferase activity and presented as a ratio (relative light units, RLU).
Protein contents of the extract, when needed, were determined using RC-DC reagents and
protocol from Bio-Rad Laboratories [18].
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Statistical analysis

All experimental data were expressed as means + SE. A one-way analysis of variance, a
two-way repeated measure analysis of variance, and Student’s t test were used to determine
the significance of the difference [22].

Results and discussion

Differential expressions of genes in BT-549 and MDA-MB-468 cells

We compared the relative expressions of 11,607 human genes in the invasive BT-549 cells
and non-invasive MDA-MB-468 cells using cDNA microarray. Interestingly, there were not
many differences in the levels of abundantly expressed transcripts (Fig. 1). Only 12 genes
showed reproducible (n =3 x 2) changes in their transcript levels in both of these cells
(Table 1). Out of the 12 differentially expressed genes eight of the genes are up-regulated in
MDA-MB-468 cells whereas four of them are down-regulated (Table 1). We have verified
the differential expressions of all these genes by RT-PCR analysis (data not shown).
Obviously, variations (if any) of low abundance transcripts are not noticeable by this
technique. Thus, Table 1 only represents the differentially expressed abundant mMRNAs. We
only describe here our further followup studies on the remarkable up-regulation of CK8 and
CK19 transcripts in MDA-MB-468 cells as these are regulated by SLUG (see below).
Verifications of CK transcript levels are shown in Fig. 2.

Cytokeratins are the products of a large gene family of the intermediate filament genes [23].
The family is divided up into six types or sub-classes based on the sequence characteristics
of the genes and their products, of which cytokeratins make up type | (CK9-CK20) and type
Il (CK1-CK8) groups [24]. It was recently estimated that there are at least 65 functional
intermediate filament genes in the human genome, of which 54 are keratins [25]. Like other
intermediate filaments, keratins are characterized by tissue-specific expression patterns.
CK19 is the representative of the acidic type | cytokeratins whereas CK8 belongs to the
basic type Il cytokeratins [26]. On the other hand, both of these cytokeratins are of the
luminal type and their expressions in the breast luminal duct may determine the grade and
invasiveness of the cancer [26]. Indeed, down-regulation of a luminal cytokeratin, CK18,
has recently been shown to be associated with the progression of human breast cancer [27].
Up-regulation of the luminal cytokeratins in a non-invasive breast cancer cell is thus very
interesting.

Other than the cytokeratins, there are six proteins also up-regulated in the MDA-MB-468
cells (Table 1). UBLS5 is a small ubiquitin homolog expressed in all of the tissues and in
many organisms [28]. The biological role of UBL5 is unknown. Sec61G is a subunit of the
Sec61 complex that is the central component of the protein translocation apparatus of the
endoplasmic reticulum membrane [29]. Oligomers of the Sec61 complex form a
transmembrane channel where proteins are translocated across and integrated into the ER
membrane. This complex consists of three membrane proteins—a, B, and y. This gamma
gene is up-regulated in MDA-MB-468 cells (Table 1). Phosphatidylcholine transfer protein
is a cytosolic protein that catalyzes intermembrane transfer of phosphatidylcholines [30].
Annexin A8 belongs to the family of Ca2*-dependent phospholipid-binding proteins that
inhibit coagulation and phospholipase A2 activity [31]. The gene is also found to be
selectively overexpressed in acute myelocytic leukemia [32]. The serine protease inhibitor,
Kuniz type 2 [33], and the protein tyrosine phosphase, receptor type, F [34], take part in
distinct cellular processes. The relevance of the up-regulation of these proteins is yet to be
determined.

Among the genes that are up-regulated in the invasive BT-549 cells and down-regulated in
the non-invasive MDA-MB-468 cells are the metallothioneins (Table 1). Metallothioneins
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(MTs), a group of inducible, low molecular weight, cysteine-rich proteins [35], are known to
influence tumor growth by affecting both cell proliferation and death [36,37]. MT
overexpression in ductal breast cancer [38] appears to be predominantly associated with
more aggressive and highergrade tumors. Human MT proteins encoded by a family of genes
consisting of 10 functional MT isoforms may play different roles during development or
under various physiological conditions [35,38]. Specific roles played by metallothioneins
1G and 1L, if any, as is related to invasiveness are not known. Further studies on the down-
regulation of these genes in BT-549 cells followed by invasiveness assays may reveal their
importance in this process. The significance of the other two genes that are down-regulated
in MDA-MB-468 cells, namely the RNA helicase related protein [39] and the tumor
rejection antigen (gp96) 1 [40], needs to be evaluated. We have validated the cytokeratin
and metallothionein gene expression patterns in the non-invasive MCF7 breast cancer cells
and highly aggressive MDA-MB-231 breast cancer cells (data not shown).

of SLUG gene determines the expressions of cytokeratins 8 and 19 in human

As mentioned above, one of the known genotypic differences between BT-549 and MDA-
MB-468 cells is the absence of SLUG in the latter [1]. We have further verified this
difference in SLUG gene expression by Northern, end point, and real-time RT-PCR analyses
(data not shown). Since SLUG is a transcriptional silencer, our hypothesis was that SLUG
controls at least some of the genes that are up-regulated in the MDA-MB-468 cells. To test
this hypothesis we overexpressed SLUG in the MDA-MB-468 cells from a doxycycline-
inducible retroviral promoter and compared the expressions of genes in the presence and the
absence of doxycycline by cDNA microarray analysis. We have verified the induced
expression of SLUG in these cells by RT-PCR analysis (Fig. 3A). Out of the 11,607 genes
tested in the microarray analysis, only two were significantly repressed in the presence of
doxycycline. They are the CK8 (8.2-fold) and CK19 (6.7-fold) genes. We recognize that the
retroviral system is somewhat leaky (Fig. 3A) and degrees of repressions of the expressions
of other genes in the presence and the absence of doxycycline may have been compromised
by that fact. Use of more tightly regulated inducible system may reveal whether SLUG also
regulates the expressions of other six genes that are up-regulated in the MDA-MB-468 cells
(Table 1).

To further verify that SLUG regulates the expressions of the cytokeratin genes, we ablated
the expression of SLUG using three different sets of anti-SLUG siRNAs (see Materials and
methods) in BT-549 cells and tested the expressions of the cytokeratins by RT-PCR
analysis. SLUG mRNA levels in the BT-549 cells treated with anti-SLUG siRNA decreased
2- to 3-fold as compared to that in the cells treated with corresponding control siRNA (Fig.
3B). The cells that have anti-SLUG siRNA-induced decreased levels of SLUG mRNA have
increased levels of both CK8 (4- to 5-fold) and CK19 (3- to 4-fold) transcripts as compared
to the control siRNA treated cells (Fig. 3B). These data further suggest that SLUG may be
inhibitory to the expression of CK8 and CK19 genes in human breast cells. Data with SR661
siRNA are shown. Similar results were obtained with other two siRNAs (data not shown).
Control siRNAs are made with changes in the nucleotide sequences so that they will not be
able to bind to the target mMRNA. We used the expression of -actin gene as normalization
control (Figs. 3A and B). Whether the SLUG ablated BT-549 cells are less invasive is under
study using matrigel outgrowth assay.

The functions of the promoters of CK8 and CK19 genes are regulated by SLUG

To understand the possible mechanism of regulation of the cytokeratin genes by SLUG, we
tested the promoters of these genes. We amplified ~1.7 kb genomic DNA fragments
containing the putative promoters of cytokeratin 8 and cytokeratin 19 genes from total DNA
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isolated from BT-549 cells (Figs. 4A and B). SLUG binds to the E2 box sequence (5'-
CACCTG-3') to mediate its repressor function [2,3]. We found one potential E2 box
sequence (—203 to —198) at the CK8 gene promoter and two such E2 boxes (—1016 to
—1011; +483 to +488) at the CK19 promoter (Figs. 4A and B). We cloned these promoters
in pGL3-Basic plasmid in proper orientations and transiently transfected the MDA-MB-468
or BT-549 cells with the constructs. Activities of both of the CK8 and CK19 promoters are
repressed when the expression of SLUG was induced by doxycycline in the recombinant
MDA-MB-468 cells (Table 2). On the other hand, the activities of both of these promoters
were increased 2- to 4-fold in BT-549 cells that were treated with anti-SLUG siRNA as
compared to that treated with the corresponding control siRNA (Table 2). Data with SR661
SiRNA are shown. Other siRNAs yielded similar results (data not shown). SV40 promoter in
pGL3-Control (Promega) plasmid was used as a control promoter. The activity of SV40
promoter did not alter significantly at different SLUG expression status of the cells (Table
2). It thus appears that SLUG may regulate the cytokeratin gene expressions in the breast
cells tested by interacting with their promoters. Further mutational analysis of the promoter
elements is underway to better understand this regulation. It will be interesting to study
whether SLUG-mediated regulation of cytokeratin genes also occurs in normal breast cells.
This study will add to the growing interests of scientists in understanding the role of SLUG-
like proteins in the epithelial cell differentiation and cancer cell metastasis [41,42].
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Fig. 1.

Microarray analysis of the mRNAs from BT-549 and MDA-MB-468 cells. A representative
scatter plot showing differential expressions of only a few abundant mMRNAS. The cDNAs
from MDA-MB-468 cells were labeled with Cy5 and those from BT-549 cells were labeled
with Cy3.
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Fig. 2.

Validation of the differential expressions of cytokeratin 8 (CK8) and cytokeratin 19 (CK19)
in MDA-MB-468 and BT-549 cells. RT-PCR analysis showing differential expression of
CK 8 and CK 19 mRNA from RNA isolated from MDA-MB-468 (Slug —ve) cells and
BT-549 (Slug +ve) cells. B-actin was used as a loading control.

Biochem Biophys Res Commun. Author manuscript; available in PMC 2011 May 3.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuey JoyIny vd-HIN

Tripathi et al.

Page 12

No Dox
With Dox
SLUG siRNA

Recombinant
MDA-MB-468 BT-549

Fig. 3.

Effect of inducible expression or knock down of SLUG mRNA in MDA-MB-468 and
BT-549 cells, respectively. (A) RT-PCR analysis showing doxycycline-inducible expression
of SLUG mRNA from retroviral promoter in MDA-MB-468 cells and its effect on CK8 and
CK19 mRNA level. B-Actin was used as loading control. +Dox: RNA isolated from cells
incubated with doxycycline (1 ug/ml) for 48 h. —Dox: RNA isolated from cells incubated in
parallel in absence of doxycycline for 48 h. (B) RT-PCR analysis showing the effect of
SLUG mRNA knock down on CK8 and CK19 mRNA levels in BT-549 cells. B-Actin was
used as loading control. Con: BT-549 cells were transfected with scramble siRNA
(SRC661), RNA isolated after 48 h of treatment and used as negative control. KD: BT-549
cells were transfected with anti-SLUG siRNA (SR661), to knock down SLUG gene
expression, RNA isolated after 48 h of treatment.
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Fig. 4.

Nucleotide sequences of the putative promoters of human CK8 and CK19 genes indicating
the locations of the E2 boxes. (A) CK8 promoter: 1703 bp sequence (—1102 to +601 consists
of 1102 bp upstream sequence + 334 bp exon 1 + 267 bp from intron 1). The E2 box is
located at —203 to —198. (B) CK19 promoter: 1768 bp sequence (—1174 to +594 consists of
1174 bp upstream sequence + 453 bp exon 1 + 141 bp from intron 1). There are two
potential E2 boxes: E2 box 1 (—1016 to —1011) and E2 box 2 (+483 to +488). E2-box
sequences (5'-CACCTG-3') and larger size, in uppercase letters, are bold-faced and
underlined. The exon 1 sequences are written in uppercase letters.
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