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The HGF gene is transcriptionally silenced in normal differentiated breast epithelial cells, but its repression fails
to occur in mammary carcinoma tissues and cell lines. The molecular mechanisms underpinning aberrant HGF
expression in breast cancer cells are unknown. Here we report the discovery of a DNA element located 750 bp
upstream from the transcription start site in the human HGF promoter that acts as a transcriptional repressor
and is a target of deletion mutagenesis in human breast cancer cells and tissues. This HGF promoter element
consists of a mononucleotide repeat of 30 deoxyadenosines (30As), which we have termed “deoxyadenosine tract
element” (DATE). Functional studies revealed that truncation mutations within DATE have profound local
and global effects on the HGF promoter region by modulating chromatin structure and DNA-protein interac-
tions, leading to constitutive activation of the HGF promoter in human breast carcinoma cell lines. We found
that 51% of African Americans and 15% of individuals of mixed European descent with breast cancer harbor a
truncated DATE variant (25As or fewer) in their breast tumors and that the truncated allele is associated with
cancer incidence and aberrant HGF expression. Notably, breast cancer patients with the truncated DATE vari-
ant are substantially younger than those with a wild-type genotype. We also suggest that DATE may be used asa

potential genetic marker to identify individuals with a higher risk of developing breast cancer.

Introduction

Acquisition of an autocrine growth-stimulating circuit is a hall-
mark of cancer cells (1). HGF is an important paracrine mediator
of mesenchymal-epithelial interaction, instructing epithelial cells
to undergo processes such as cell proliferation, survival, migra-
tion, and morphogenesis (2, 3). HGF exerts its effects via binding
to and activating a tyrosine kinase transmembrane cell surface
receptor known as Met (2-7). HGF gene expression is highly cell
type specific and is restricted to mesenchymal cells such as fibro-
blasts. Normal epithelial cells do not express this gene, although
all epithelial cells express the HGF receptor. Studies have estab-
lished that HGF/Met signaling actively contributes to the pro-
cess of neoplastic transformation, tumor metastasis, and tumor
maintenance (8, 9). The underlying basis of aberrant HGF/Met
signaling in different types of cancer has been attributed to vari-
ous mechanisms such as amplification of the Met gene and/or its
overexpression as well as the appearance of activating mutations
in the cytoplasmic domain of Met (2, 3, 7). In the case of breast
adenocarcinomas, activation of autocrine HGF expression in the
cancer cells and its overexpression are believed to contribute to
neoplasia (8). Clinical studies have reported that high levels of
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HGF mRNA and protein within the breast carcinoma tissue (as
determined by ELISA and quantitative RT-PCR) are associated
with poor survival in patients (10-14) and that the levels of HGF
are significantly higher in the pleural effusion fluid of patients
whose breast cancer has metastasized to the pleura. Studies
using in situ hybridization uncovered that the HGF transcript
is expressed in human breast adenocarcinoma cells but not in
the normal mammary ductal epithelium (15). Collectively, these
data highlight the importance of proper regulation of HGF gene
expression in homeostasis of normal breast epithelium.

Our laboratory has studied the transcriptional regulation of the
HGF gene in order to decipher the molecular basis of its cell type-
specific and inducible expression. We have identified and charac-
terized some of the regulatory cis-acting elements and their cognate
transcription factors that govern the transcription of this gene. We
previously reported that nuclear receptors such as estrogen recep-
tor, chicken ovalbumin upstream promoter transcription factors
(COUP-TFs), and PPARY as well as transcriptional regulators such
as AP2,NF1, SP1, SP3, and the CCAAT/enhancer binding protein 3
(C/EBP-B) interact with their sites within 1 kb upstream of the
HGF gene basal promoter and functionally participate in HGF
gene transcription (16-20). Although a complete understanding
of the molecular mechanisms that regulate human HGF gene tran-
scription remain elusive, our data combined with those published
by others have shown that cell type-specific expression (silencing
in normal differentiated epithelial cells) and inducible expression
(in stromal cells) is dictated by a complex system involving several
regulatory elements located within the DNA 1 kb upstream of the
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HGF gene transcription start site, and that chromatin structure
and differential transcription factor accessibility to this region
play essential roles in this process (16-23). These data highlight
the importance of the cis-acting elements and their cognate bind-
ing factors in determining HGF gene transcription.

Given this knowledge and the fact that the HGF gene is aber-
rantly expressed in breast carcinoma cells, we hypothesized that
the reason for this may be due to genetic phenomena involving
mutation of the 1-kb DNA stretch of the HGF promoter region.
Therefore, to test this hypothesis, we scanned human carcinoma
cell lines that aberrantly expressed the HGF gene for promoter
mutation. The results led us to the identification of what we
believe is a novel 30-bp cis-acting DNA element within the proxi-
mal promoter region of the human HGF gene. The element con-
sists of a tract of 30 deoxyadenosines (30As; poly[dA]) which we
have termed “deoxyadenosine tract element” (DATE). Our func-
tional studies revealed that wild-type DATE alters chromatin
structure and silences the HGF promoter in normal epithelial
cells through interactions with several nuclear factors and that
DATE deletion mutagenesis (DATE truncation or shortening)
distorts this DNA structure, resulting in differential binding of
several factors to this element and its adjacent sites. This leads
to recruitment of chromatin modifying and transcription factors
such as C/EBP- and poly (ADP-ribose) polymerase (PARP), the
culmination of which is activation of the HGF promoter in the
tumor cells. Our studies of human breast and other carcinoma
tissues and cell lines revealed that DATE is a target of deletion
mutagenesis (DATE truncation) in cancer and that truncated
DATE (i.e., DATE with 25As or fewer) significantly associates
with transcription factor binding, promoter activation, and high
HGF gene expression in tumor cells. We found that in breast can-
cer tissues, truncated DATE occurs at a frequency of 51% in Afri-
can Americans (AAs) and 15% in individuals of mixed European
descent (CCs). Notably, we uncovered that DATE is polymorphic
in the general population and that the truncated DATE variant
is significantly more prevalent in healthy AAs (26%; 31/119) than
in healthy CCs (3%; 15/473). Importantly, we discovered that in
normal subjects, HGF gene expression is significantly higher in
the mammary tissues of individuals with truncated DATE than
in tissues of individuals with wild-type DATE. Together, these
results not only shed light on our understanding of the genetic
basis of human mammary tumorigenesis but also have led to the
discovery of a genetic marker that may be used for identification
of individuals with a higher risk of developing breast cancer.

Results

Truncation mutation of DATE in the HGF gene promoter region correlates
with activation of HGF gene expression in human breast and cervical car-
cinoma cell lines. Since previous studies established that HGF cell
type-specific expression is dictated by the 1-kb upstream promoter
region of HGF (16-20), we hypothesized that failure of this gene
to undergo silencing in carcinoma cells is due to genetic/epigen-
etic changes of the HGF gene promoter. We screened carcinoma
cell lines (breast, cervical, and vulvar) for HGF gene expression. We
found that some breast cancer (HTB25, HTB128) and cervical car-
cinoma (C33A) cell lines expressed HGF and had active Met (phos-
pho-Met), whereas others did not (i.e., HeLa, HTB30, HTB121,
and HTB129) (Figure 1, A-C). As expected, all of these carcinoma
cell lines expressed Met protein (representative data are shown in
Figure 1, B and C). Moreover, we determined that HGF protein

The Journal of Clinical Investigation

http://www.jci.org

research article

secreted by the expressor cells was bioactive as assayed on primary
cultures of rat hepatocytes for induction of DNA synthesis and its
complete neutralization by anti-HGF antibody (data not shown).
Sequencing of the 1-kb upstream promoter segment of HGF and its
comparison to the normal human HGF gene deposited in GenBank
(accession no. M75967 J05342; GI: 337136) revealed that the only
difference between the expressor and nonexpressor cells occurred
in an HGF promoter region consisting of a poly(dA) mononucleo-
tide tract (located -754 to -783 bp from the transcription start site)
(Figure 1D). We termed this poly(dA) tract “DATE.” Specifically,
we found that most of the carcinoma cell lines that did not express
HGF had a stretch of 30As in their DATE identical to the normal
human HGF promoter sequence, indicating that these cells had a
wild-type DATE, whereas those that expressed HGF exhibited a
truncated mutant version of DATE in which the number of As was
reduced by 5 bp or more. For instance, in C33A cells, DATE length
was truncated by 16As (thus, these cells had a DATE genotype of
14As in homozygous manner) and HTB25 cells were heterozygous
for short alleles of 22As and 25As, while in HTB128 cells, both
alleles were truncated by S nucleotides (25As) in DATE. On the
other hand, HeLa cells that did not express HGF had normal a
DATE genotype of 30As (see representative genotype data in Figure
1, E and F). Analyses of human breast cancer tissues and surround-
ing matched normal breast tissue revealed that DATE truncation
indeed occurred in tumor tissues (see below for details).

Regulatory effects of DATE on HGF promoter activity. Given the close
proximity of DATE to the transcription start site of the HGF pro-
moter (only 750 bp upstream of the start site) in combination
with data obtained from cancer cell lines, we hypothesized that
DATE regulates HGF promoter function and that its deletion
(retraction) alters promoter activity. Therefore, we isolated 1.1 kb
of the human HGF promoter region containing DATE from vari-
ous human breast cases with different DATE variants (genotypes
304, 29A, 28A, 27A, 26A, 25A, 20A, or 14A) and subcloned them
upstream of the luciferase reporter plasmid (Figure 2A). Next, we
transfected them into epithelial cell lines such as HeLa cells and
evaluated them for promoter activity. We discovered that trun-
cated DATE significantly activated the luciferase promoter. The
promoter activity exhibited dependency on the extent of DATE
truncation. DATE with 14As showed more activity than DATE
with 20As, and DATE with 20As had more activity than DATE
with 25As, as compared with the wild-type 30A DATE (Figure
2B, 2-tailed paired ¢ test, P < 0.01). The effects of minor loss of
deoxyadenosine residues (i.e., DATE having 26As to 29As) on the
promoter activity were not distinguishable among individual con-
structs, although they all had slightly higher activity as compared
with the 30A construct (Supplemental Figure 1). These data indi-
cate that wild-type DATE (i.e., DATE 30A) exerts a negative regu-
latory effect on HGF promoter activity and that its shortening
relieves this repressive function.

Truncated DATE affects HGF promoter chromatin structure and DNA-
protein interaction. To determine whether DATE influences promot-
er activity via modulation of DNA-protein interaction, we first car-
ried out in vivo DNase I hypersensitivity assays. For these assays,
nuclei were isolated from matched carcinoma cell lines that had a
truncated or wild-type DATE (i.e., 14As vs. 30As) and treated them
with DNase I followed by BamHI digestion, to release the 1.7-kb
promoter fragment, and Southern blot analysis using a 3?P-labeled
probe encompassing DATE and its flanking sites (Figure 3A). As
depicted in Figure 3B, both cell types had the 1.7-kb promoter
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Figure 1

Truncation of DATE in the HGF gene promoter region correlates with
aberrant HGF expression in human carcinoma cell lines. (A) Detec-
tion of HGF gene expression by RT-PCR. HGF gene expression was
noted in HTB25, HTB128, and C33A cells but not in other cells. (B)
Detection of HGF, Met, and phosphorylated Met protein expression by
western blot assay. HGF and phospho-Met protein expression were
observed in HTB25, HTB128, and C33A cells. Met expression was
observed in all cells. (C) Detection of HGF and Met protein expression
by immunofluorescence microscopy in C33A and Hela cells. Scale
bar: 40 um. HGF protein expression was notable only in C33A cells
but not HelLa cells, whereas Met protein expression occurred in both
cells. Nuclei were stained blue with VECTASHIELD Mounting medium
with DAPI. (D) Schematic representation of the human HGF promoter
and the location and DNA sequence of wild-type DATE (30As). (E)
Representative PCR genotype analysis of DATE from 11 human
breast cancer cell lines and 12 human cervical carcinoma cell lines.
The 70-bp PCR product was fractionated on 15% denaturing poly-
acrylamide gel containing 8 M urea. Markers used were cloned and
sequenced cell-derived 70-bp DNA fragments containing 28As, 26As,
21As, 17As, or 14As in DATE. Arrows indicate truncated DATE band.
(F) Representative DNA sequencing of the major band correspond-
ing to the truncated DATE (arrows in E) confirmed that the shorter
alleles of truncated DATE in HTB25, HTB128, and C33A cell lines
were 22As, 25As, and 14As, respectively, while HelLa cells showed
wild-type DATE with 30As.

fragment when they were treated with low amounts of DNase I
(15 U/ml). However, when treated with higher doses of DNase I (30
and 45 U/ml), cells harboring the wild-type DATE (and silenced
for HGF gene expression) had the 1.7-kb band and an additional
0.9-kb band, indicating highly condensed, DNase I-inaccessible
DNA, whereas cells having the truncated DATE variant displayed
a DNase I-hypersensitive promoter and hence a relaxed and acces-
sible chromatin configuration. To further investigate whether a
truncated DATE variant activates the HGF gene in vivo, we ana-
lyzed polll, acetyl-histone 3, and acetyl-histone 4 recruitment to
the HGF promoter as surrogates of gene activity using ChIP assays.
To this end, PCR was performed with specific primers for the HGF
gene transcription start sites (-293 to -12 of the human HGF gene;
Figure 3C). As expected, HeLa cells that contained wild-type DATE
did not have these hallmarks of active gene transcription, whereas
C33A cells with truncated DATE (i.e., 14As) did have them, sup-
porting the notion that the presence of truncated DATE correlates
with HGF gene transcriptional activity.

We wanted to prove directly that the truncated DATE variant
indeed interferes with DNA-protein interaction. Therefore, a
DNase I footprinting assay was carried out using a 300-bp HGF
promoter fragment extending from -928 to -627 and contain-
ing either wild-type (30As) or truncated DATE (14As) as probes
in side-by-side experiments with the same nuclear protein extract.
The 2 radiolabeled probes were subjected to DNase I digestion and
electrophoresis on a DNA sequencing gel according to standard
procedures. Interestingly, we identified a different pattern between
the probes (Figure 4A). At least 5 interaction sites (or protected
regions 1-5 [PR1-PRS]) were noted. With the wild-type probe,
we observed PR1, PR2, PR3, and PRS (Figure 4A). PR1 (-753 to
-764 bp) overlapped the 3" end of DATE covering approximately
the last 12As, while PR2 encompassed -792 to -800, PR3 encom-
passed -804 to -816, and PRS encompassed -831 to -843, locat-
ed upstream of DATE. We also identified a hypersensitive band
between PR2 and PR3 with the wild-type probe but not the trun-

The Journal of Clinical Investigation

http://www.jci.org

research article

cated probe (asterisk in Figure 4A). On the other hand, the probe
harboring truncated DATE exhibited 1 protected region (PRS)
shared with the wild-type probe; however, it was found to have
a unique protected region labeled as PR4 (Figure 4A). Sequence
analysis of these protected regions using the TRANSFAC database
identified a potential C/EBP-f} binding site in PR4 (Figure 4A) and
hunchback binding sites in the DATE region. The above results
establish that the DNA-protein interactions are different between
the wild-type and the truncated variants of the HGF promoter in
breast carcinoma tissues.

To further expand these findings, we first wanted to determine
whether wild-type DATE can bind to nuclear proteins (as evidenced
by PR1). Thus, we carried out band shift assays with synthetic
double-stranded 30-mer oligonucleotide corresponding to wild-
type DATE or its truncated variant (14As) as probes. To ensure the
probes were equal length, linkers were added to truncated DATE.
We found that DATE with 30As but not 14As strongly and specifi-
cally bound to nuclear factors (Figure 4B). Competition assays with
excess unlabeled oligos corresponding to HNF3 or hunchback
binding sites (i.e., putative factors identified through TRANSFAC
analysis that could potentially bind to the poly[dA] stretch) and
addition of anti-HNF3f antibody did not alter complex formation
with wild-type DATE, indicating that the actual factor(s) binding to
DATE are different than these putative factors (data not shown).

C/EBP-B and PARP have high binding affinity for the truncated but not
wild-type DATE and are involved in HGF gene activation. The DNase I
footprinting studies mentioned above identified gene regulatory
factors that differentially bound to the HGF promoter region har-
boring wild-type vs. truncated DATE. This was particularly true with
respect to PR4, which contained a potential C/EBP-f} site. There-
fore, we performed additional DNA affinity purification experi-
ments using long synthetic double-stranded oligos that encoded the
wild-type and truncated DATE with identical flanking sites (these
oligos were 78 and 62 mers, respectively). The eluted proteins were
subjected to SDS-PAGE and then to immunoblot analysis using
anti-C/EBP-f antibody as well as to silver staining and MALDI-TOF
tandem mass spectrometry (MS/MS) to identify other potential
binding proteins that differentially bind to DATE. In these studies
we used biotinylated commercial C/EBP- site oligos and unrelated
oligos as positive and negative controls, respectively. Western blot
analyses clearly showed that both C/EBP-f isoforms specifically and
strongly bound to the promoter fragment harboring truncated 14A
DATE but not to the fragment containing wild-type 30A DATE (Fig-
ure 5A). Densitometric analysis revealed that the ratio of C/EBP-B1
to C/EBP-B2 was higher in the 14A DATE oligo as compared with
that obtained from the consensus C/EBP-f site (ratios of 1.7 and
0.4, respectively), indicating that DATE truncation favors 31 over
2 binding to the HGF promoter region. Deletion of the entire 30As
from the wild-type probe or its truncation to 14As allowed C/EBP-f3
binding to its cognate binding site located immediately upstream
of DATE, proving that the 30A element with its associated binding
proteins hinders C/EBP-f interaction with this region (Supplemen-
tal Figure 2). To confirm that C/EBP-f indeed binds in vivo to the
HGF promoter possessing truncated but not wild type DATE, we
performed ChIP using anti-C/EBP-f antibody and control IgG and
found that C/EBP-P occupied only the HGF promoter, which had a
truncated DATE (in C33A cells; Figure 5B).

We then turned our attention to identifying other proteins that
may differentially bind to the DATE region. Silver staining of the
fraction from DATE-containing oligo columns revealed a major
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band with a relative molecular mass of 62 kDa, which was only
detectable in the chromatographic fraction enriched by truncat-
ed DATE but not wild-type DATE (Figure 5C), and subsequent
MS/MS analysis identified the band as PARP. This was verified
by western blot using an antibody against PARP that recognizes
both isoforms of PARP (PARP1 and PARP2; Figure 5SD). PARPs
are potent activators of gene transcription via their ability to open
chromatin by polyribosylation of histones (24). We then investi-
gated the effects of gradual loss of DATE truncation on C/EBP-B1
and PARPs binding to the promoter region to determine the
minimum numbers of As that need to be deleted from DATE to
enhance factor binding. In agreement with promoter activation
results (Figure 2 and Supplemental Figure 1; supplemental mate-
rial available online with this article; doi:10.1172/JCI36650DS1),
the results showed that shortening of DATE by 5 or more nucleo-
tides (i.e., DATE containing 25As or less) enhanced C/EBP-B1 and
PARP binding to the promoter region (Figure 5, E and F).

Finally, to test whether C/EBP-f§ and PARP affect HGF expres-
sion in vivo, we downregulated C/EBP-B1 and PARPs using siRNAs
in cells having truncated DATE. We found that HGF expression
was significantly reduced when both transcription factors were
knocked down simultaneously, while downmodulation of either
factor individually had little effect, suggesting that these 2 factors
cooperate to maximally induce HGF expression (Figure 6, A and
B). To further confirm the activation function of C/EBP-f1 and
PARPs on the HGF gene with truncated DATE, we cotransfected
the HGF promoter-reporter construct containing the truncated
14A DATE with C/EBP-B1 (i.e., full-length C/EBP-f) into HeLa
cells and then treated the cells with 3-aminobenzamide (3AB, an
inhibitor of PARPs). As shown in Figure 6C, HGF promoter activ-
ity was induced by C/EBP-f1, and treatment with the PARP inhib-
itor significantly reduced basal and C/EBP-B1-induced promoter
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Figure 2

Regulatory effects of DATE on HGF promoter activity. (A) Schematic
representation of pHGF—luciferase reporter plasmids. HGF pro-
moter region (1.1 kb; —1,037 to +56) containing wild-type (30As) or
shortened DATE (29As, 28As, 27As, 26As, 25As, 20As, and 14As)
from normal and different breast cancer tissues, respectively, were
inserted upstream of the luciferase report gene in pGL2-basic vec-
tor and were termed pHGF30A-Luc, pHGF29A-Luc, pHGF28A-Luc,
pHGF27A-Luc, pHGF26A-Luc, pHGF25A-Luc, pHGF20A-Luc, and
HGF14A-Luc. pGL2-basic (basic-Luc) was used as negative control
vector. (B) Luciferase activity profile. The above constructs along
with pRL-TK as an internal control vector were transiently transfect-
ed into Hela cells as indicated in the figure. As depicted, luciferase
activity in pHGF30A-Luc was significantly lower than those constructs
with truncated DATE (30As vs. 14As, P = 0.0006; 30As vs. 20As,
P = 0.0016; 30As vs. 25As, P = 0.0025). **P < 0.01, ***P < 0.001
compared with pHGF30A-Luc.

activity, suggesting that C/EBP-f1 and PARP1/2 cooperate with
each other and serve as coactivators of the HGF gene promoter.
DATE is a target of deletion mutagenesis in human breast cancer tissue,
and its truncated version associates with aberrant HGF expression. Armed
with the information that DATE is a functional element, that its
truncated version occurs in human breast cancer cell lines, and
that it confers aberrant HGF promoter activity, we next wanted
to determine whether DATE is mutated in human breast tumor
tissues. We evaluated the DATE genotype in samples from 145
different breast tissues from 95 cases of human breast carcinoma
and matched normal adjacent tissue as well as 50 cases of nor-
mal breast tissue obtained from reduction mammoplasty. We
were intrigued to find that retraction (i.e., truncation) of DATE
occurred in breast tumors and that truncated DATE was signifi-
cantly associated with breast cancer. We found that approximately
51% (19/37) of AA and 15% (8/53) of CC breast cancer tissues pos-
sessed the truncated DATE variant (Table 1). To be conservative in
these analyses, we designated DATE as a truncated variantif it had
25As or fewer based on the functional promoter activity and fac-
tor binding profile we described above (see Figure 2, Supplemen-
tal Figure 1, and Figure 5, E and F). The size of truncated DATE
among different breast tumor cases ranged from 17As (loss of
13As) to 25As (loss of 5As) (see Table 1). In 21% (6/28) of the can-
cer cases with shortened DATE, truncated DATE was present only
in the tumor and not in the corresponding adjacent normal tis-
sue, indicating that DATE is unstable and prone to deletion muta-
genesis in tumor cells. Representative sets of genotyping result-
ing from gel electrophoresis and DNA sequencing from 3 breast
cancer cases and their paired adjacent normal tissues are depicted
in Figure 7 (see panels A and D, respectively). The genotype of
DATE in these 3 cases was 17As/26As, 19As/29As, and 18As/30As
in the tumors, whereas their corresponding adjacent normal tis-
sues were homozygous for 26As, 29As, and 30As, respectively. HGF
mRNA was highly expressed in cancer tissues with the truncated
DATE, since it was readily detectable by 32 cycles of RT-PCR, but
little or no HGF expression was detected in tissues with wild-type
DATE under these conditions (Figure 7, B and C). We performed
immunohistochemistry to assess the expression and cellular local-
ization of HGF (Figure 8A) and Met (Supplemental Figure 3) in
breast cancer cases. These studies revealed that HGF expression in
breast cancer tissues and in normal adjacent tissues with truncated
DATE were significantly higher than those containing wild-type
DATE (see Figure 8, A-D, and Supplemental Table 2; P=8.8 x 107
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in breast cancer, P=0.003 in normal adjacent tissues with truncat-
ed DATE versus those with wild-type DATE, by 2-tailed unpaired
t test). As expected, Met protein expression was expressed in all

breast cancer cases and trended toward overexpression in cancer
cases with the truncated DATE genotype (Supplemental Figure
3 and Supplemental Table 2). This finding is noteworthy since it
has been shown that HGF exerts a positive feedback loop on Met
expression by engaging the MAPK-AP1 axis (18).

Truncated DATE significantly associates with breast cancer. The data
described above indicate that DATE is unstable in human breast
cancer and is a target of deletion mutagenesis. Additionally, these
data suggest that DATE is most likely polymorphic in nature, since
in some cases both tumor and the corresponding normal tissue had
the truncated DATE variant. Therefore, to address this possibility,
we determined the incidence of truncated DATE using peripheral
blood lymphocyte genomic DNA from 119 healthy AA and 473
healthy CC adult human subjects. We observed an incidence of
truncated DATE (DATE with 25As or less) in the general popula-
tion of approximately 26% (31/119) in AA and 3% (15/473) in CC
(Table 1). The shortest truncated DATE allele that we observed in
the normal population had 18As. Comparison of the prevalence
of truncated DATE in breast cancer cases with that of normal
subjects indicated that truncated DATE either in AAs or in CCs
significantly correlates with breast cancer incidence (51% vs. 26%
in AAs, P =0.0080; 15% vs. 3% in CCs, 2-tailed Fisher’s exact test,
P=0.0009; Table 1). To specifically investigate the occurrence of trun-
cated DATE in normal breast tissue, we determined the frequency of
truncated DATE occurrence in 50 normal adult individuals (normal
human breast tissues obtained from reduction mammoplasty) (see
genotyping results in Supplemental Figure 4). The results revealed
that the truncated DATE was present in normal breast tissues at
an overall frequency of 28% (7/25) in AAs and 4% (1/25) in CCs, in
agreement with the incidence we observed in the peripheral blood
DNA of normal subjects (26% in AAs and 3% in CCs; Table 1). No
significant difference was detected in the frequency distribution of
truncated DATE between the samples of genomic DNA obtained
from normal blood and those from normal breast tissues. Stratifi-
cation of the overall data from normal subjects (blood and normal
breast) revealed that the truncated DATE was more frequent in the
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Figure 3

Truncated DATE affects chromatin structure in HGF promoter region
and associates with HGF gene activation. (A) Map of the human HGF
promoter region showing the BamHI site, DATE, and the probe region
used. The arrow shows the transcription start site. (B) Fresh nuclei
were isolated from actively growing C33A and Hela cells, treated
with different amounts of DNase |, and then subjected to Southern
blot analysis. As shown, a 1.7-kb DNA fragment in the human HGF
promoter region (+56 to —1,679) was generated when the genomic
DNA was digested by BamHI and was detectable in both HeLa and
C33A cells treated with low amounts of DNase | (15 U/ml). This band
disappeared in C33A nuclei treated with 30 ng/ml DNase |, indicating
an open chromatin configuration, hence a readily accessible promoter.
On the other hand, in HeLa cells (in which DATE was 30A), the HGF
promoter region was condensed and resistant to DNase |; a protected
band of 0.9 kb appeared in HelLa cells but not in C33A cells. (C) Analy-
sis of HGF gene activation by ChIP assays. Con, negative control with
no antibody. Poly I, acetyl-histone 3 (AH3) and acetyl-histone 4 were
observed in C33A cells but not in HeLa cells.

AA population than in the CC population (26% in AAs vs. 3% in CCs,
P <0.0001, Fisher’s exact test; Table 1). Further analyses of the occur-
rence of the truncated DATE variant with different clinicopatho-
logical features of breast cancer indicated that the average age of
breast cancer patients harboring the truncated DATE variant tend-
ed to be younger than those with wild-type DATE (51 yr vs. 58 yr,
P=0.018, 2-tailed unpaired Student’s ¢ test; n = 93).

Healthy subjects with the truncated DATE variant have high HGF expres-
sion in breast tissues. Since our studies established that DATE is poly-
morphic in nature in the general population and that truncated
DATE has a functional consequence on HGF promoter activity and
HGEF expression and significantly associates with breast cancer, we
were interested to determine whether normal healthy individuals
carrying the truncated allele of DATE (Supplemental Figure 4) had
increased HGF gene expression in their breast tissues. Therefore,
we assessed DATE genotype status as well as expression of HGF
mRNA and protein using quantitative RT-PCR, western blot, and
ELISA in normal breast tissues obtained from reduction mammo-
plasty. Quantitative RT-PCR confirmed that samples with trun-
cated DATE did indeed show at least a 5-fold higher abundance of
HGF mRNA than those with wild-type DATE (Figure 9A). Western
immunoblot also revealed higher HGF expression in tissues with
truncated DATE compared with tissues with wild-type DATE (Fig-
ure 9B). In accordance with these data, ELISA results confirmed
that HGF protein abundance was indeed significantly higher in
cases with truncated DATE than in those with wild-type DATE
(the average level of HGF protein was 162 pg/mg in truncated
DATE tissues compared with 79 pg/mg in wild-type DATE, 2-tailed
unpaired ¢ test, P = 0.045; Figure 9C). We also determined whether
upregulation of HGF correlated with Met activation. Accord-
ingly, using western blot, we assessed the levels of total Met and
active Met (with specific antibodies recognizing phosphotyrosine
residues in Met, the presence of which indicate autophosphoryla-
tion and Met signaling) in normal breast tissues with wild-type
or truncated DATE. Although Met was detectable in all samples,
phospho-Met expression was higher in cases with truncated DATE
compared with cases with wild-type DATE (Figure 9B), providing
evidence that a functional HGF-Met autocrine loop is driven by
DATE mutation in the HGF promoter.
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Discussion

Breast cancer is the second leading cause of cancer mortality in
American women. Despite significant efforts being made in the
research arena, the molecular genetics of mammary tumorigen-
esis remain ill defined. It is well accepted that genetic factors play
an important role in breast cancer and that yet to be identified
susceptibility genes are involved. It is also well established that
genomic instability fuels tumorigenesis, but the genes that are
consequently affected and drive neoplastic growth have not been
elucidated. In this work we show that the HGF gene, which encodes
the ligand for the Met protooncogene (a known culprit in breast
tumorigenesis), is a target of mutagenesis in breast cancer. We
show that deletion mutation occurs in what we believe is a novel
regulatory region located 750 bp upstream from the transcription-
al start site in the human HGF gene promoter, which consequently
results in activation of this otherwise silenced gene in epithelial
cells. This DNA element (which we have dubbed “DATE”) in its
wild-type form consists of a mononucleotide repeat of 30 adeno-
sines (poly[dA]), which exerts profound local and regional effects
on the HGF promoter by modulating DNA-protein interactions
and chromatin dynamics. We show here that DATE is unstable
in breast cancer cells, that loss of adenosine residues results in
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Figure 4

Truncated DATE affects DNA-protein interactions in the HGF promoter
region. (A) Truncated DATE dictates DNA-protein interaction as con-
firmed by in vitro DNase | footprinting. An approximately 300-bp DNA
fragment (from —928 to —627) of the HGF promoter region containing
either the wild-type DATE (DATE with 30As) or the truncated DATE
(DATE with 14As) were labeled and used as probes in side-by-side
experiments. In the representative figure shown, protein extract (PE)
from a human breast cancer case was incubated with these 2 probes
and treated with DNase |. Four protected regions were detectable with
the wild-type probe: PR1 (-753 to —764), PR2 (-803 to —810), PR3
(—814 to —821), and PR5 (—833 to —845). Two protection sites were
detected with the truncated DATE probe: PR4 (—800 to —815) and
PRS5. Asterisk indicates DNase | hypersensitive sites (or unprotected
sites) in the wild-type promoter region. (B) Identification of DNA-protein
interactions by gel shift assay. Wild-type but not truncated DATE by
itself specifically interacts with nuclear proteins. Wild-type oligo with
30As and truncated DATE (14As) were used as probes in gel shift
assays. Unlabeled oligos were used as competitors to show specific
binding. Two complexes, C1 and C2, were seen with the wild-type but
not the truncated probe. F, free probe.

the shortening of DATE, and that truncated DATE modifies the
ability of the HGF promoter to bind to various gene regulatory
proteins. Subsequently, truncated DATE activates the HGF pro-
moter in cancer cells, resulting in the acquisition of an HGF-Met
autocrine loop (i.e., a gain-of-function mutation).

Akey question stemming from these observations is how DATE
mechanistically affects the HGF promoter. Several studies report-
ed that poly(dA) promoter elements in general regulate transcrip-
tion by affecting nucleosome formation (25-29). Studies have
shown thatlong adenosine tracts (31As, 41As, and 69As in length)
readily wrap around histone octamers, preventing accessibility to
promoter regions, while a short adenosine tract of 17As stimu-
lates transcription by improving accessibility to promoters in vivo
(28, 29). Others have shown that a 16A element, when incorpo-
rated into nucleosomal DNA, destabilizes histone-DNA inter-
actions and increases the accessibility of DNA target sites (30).
The crystal structure of a 16 poly(dA) DNA tract shows a high
degree of propeller twist, which causes the double helix to have
a deep, narrow minor groove and a wide, shallow major groove,
thus providing “access windows” for transcription factors (27). It
was reported that the DAT1 protein encoded by the DATI gene is
the only known poly(dA)-binding protein in yeast; it specifically
binds to the ILV1 poly(dA) DNA element and functions as a trans-
activating factor (31). Chemical interference experiments showed
that the DAT1 protein interacts with the minor groove of the
double helix (31). Collectively, these studies highlight the impor-
tance of poly(dA) tract length and its influence on DNA struc-
ture and protein interaction. We found that the wild-type DATE
acts as a repressor not only in the context of the HGF promoter
but also out of context, when placed upstream of a heterologous
promoter (data not shown), suggesting that wild-type DATE has
a direct gene-silencing function. Our footprinting, gel shift, and
functional experiments demonstrate that the 30A stretch hinders
the recruitment of transcriptional activators like C/EBP-B1 and
PARPs to the HGF promoter and that its shortening relieves this
repression. It should also be mentioned that at this point we do
not know whether the HGF gene that harbors truncated DATE
fails to undergo silencing during the differentiation process from
primitive mammary stem/mesenchymal cell to mature mammary
Number 3
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Identification of C/EBP-3 binding to the HGF promoter by DNA affinity purification assay. (A) Biotin-labeled 80-mer oligos containing 30As and
14As as well as an unrelated oligo (U) and a positive control commercial C/EBP- oligo (C) were used in pull-down assays employing streptavidin
agarose beads and subjected to western blot using C/EBP-f antibody. A sample lacking oligos was used as a negative control (N). The ratio of
C/EBP-B1 to C/EBP-p2 was higher in samples treated with 14A oligos (ratio of 1.7) as compared with samples exposed to the positive control
C/EBP-B oligo containing the canonical C/EBP-{ site (ratio of 0.4) (B) Confirmation of C/EBP-f binding to the HGF promoter in vivo by ChIP in
cells with truncated DATE (C33A) but not wild-type DATE (HelLa). (C) Identification of proteins differentially binding to DATE as evidenced by
DNA affinity purification and silver staining. PARP2 was identified binding to the truncated DATE (14A). (D) Confirmation of PARP binding to
the HGF promoter by DNA affinity purification assay and western blot. The same oligo probes described in A were used. TP, total crude nuclear
protein. The arrows point to PARP1/2 preferably binding to 14A. (E and F) Gradual loss of deoxyadenosines from DATE promotes binding of
C/EBP-p1 and PARPs. (E) Biotin-labeled 80-mer oligos containing wild-type (30As) or shortened DATE with incrementally reduced As (27As,
26As, 25As, and 22As) were used in DNA affinity pull-down assay and western blot. R, random oligo. (F) Graphical representation of data in E
using densitometric values (arbitrary units shown on the y axis) as a function of DATE shortening (shown on the x axis).

epithelial cell to breast cancer cell, or whether the HGF gene with ~ 34, 35). Our functional experiments support the notion that
truncated DATE becomes reactivated during the tumorigenic ~ C/EBP-B1 and PARPs cooperate with each other and activate the
process (i.e., via de-differentiation). These possibilities should be ~ HGF gene promoter (Figure 6, A-C).
the focus of future studies. It is well known that mutations (additions or deletions) of repet-
C/EBP-B1 is a transcriptional activator of a variety of genes  itive sequences (microsatellites) including the poly(dA) tracts are
involved in regulating not only normal growth and differen- generated by slippage of DNA polymerases during DNA replica-
tiation of mammary tissues, but also breast cancer and breast  tion and that the resultant “protruding” DNA is excised by the
cancer-associated inflammation (32, 33). On the other hand, DNA mismatch repair system. Enhanced slippage or a faulty mis-
C/EBP-f2, a truncated version of C/EBP-B1 that is produced due = match repair system could alter this dynamic equilibrium and
to use of an in-frame internal alternative translation initiation  result in microsatellite instability (MSI) (36). We do not know the
codon, generates a C/EBP-f} isoform that retains DNA binding  molecular mechanisms through which DATE undergoes deletion
property but lacks a transactivation domain. Hence it can act mutagenesis in tumor cells, but it is possible that, similar to micro-
as a dominant-negative factor by making a defective heterodi-  satellites (defined as mono- or dinucleotide simple repeats), which
mer with C/EBP-B1 and/or competing with C/EBP-B1 for DNA  undergo deletion mutagenesis in cancer (36-38), DATE deletion
binding (33). Notably, we found that the C/EBP-f binding site  mutagenesis in cancer cells also involves defective DNA mismatch
adjacent to DATE (having the sequence ACTTTGGGTAAATGT-  repair. It should be noted that MSI does not appear to be preva-
GTGGTATTTCGTG) binds C/EBP-P1 better than the canonical lent in breast cancer, although some report MSI to be frequent in
C/EBP binding site (which has the sequence TGCAGATTGCG- advanced breast cancer (39). These researchers suggest that MSI
CAATCTGCA; see Supplemental Figure 2). PARP1 and PARP2  is an indicator of chemotherapy resistance and is associated with
proteins were first characterized as DNA repair factors that  poor prognosis in breast cancer patients treated with high-dose
mainly respond to DNA damage and maintain the chromatin  chemotherapy/autologous stem cell transplantation (HDCT/
structure and integrity. Recent studies have established that ASCT) (39). Clearly, future studies are warranted to investigate the
PARPs serve as transcriptional enhancers and coactivators (24, molecular basis of DATE instability in breast cancer cells.
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We found that DATE truncation occurs in breast cancer tissues
and that truncated DATE significantly associates with human
breast cancer. Another salient feature of our studies is that trun-
cated DATE occurs in normal subjects, indicating that DATE is
polymorphic and that it may be a heritable disease predisposi-
tion modifier. Our data establish that truncated DATE is carried
in the normal population at a frequency of 26% (31/119) in AAs
and 3% (15/473) in CCs. Our quantitative investigations of HGF
expression in the normal breast tissues from apparently normal
individuals uncovered that subjects who have truncated DATE
express higher levels of HGF in the breast as compared with those
that have wild-type DATE. These provocative data indicate that
high HGF expression in these individuals may promote the pro-
cess of breast tumorigenesis and provide a mechanistic explana-
tion as to why truncated DATE tends to segregate
with breast cancer. Interestingly, we found a very
significant difference in the prevalence of trun-
cated DATE in normal, healthy AAs versus nor-
mal CCs (26% vs. 3%, respectively; P < 0.0001). It

Table 1

remains controversial as to why AA women have a DATE
higher rate of breast cancer at a younger age than
do CC women (40, 41). Our results showing that Wwild type

truncated DATE is present more frequently in
normal AAs as compared with CCs may be one
reason. We should emphasize that in our analy-
ses we were conservative in our classification of

Total

Truncated variant

part based on the modest effects of DATE with 26As to 29As on
HGF promoter activity and factor binding as compared with DATE
with 25As or fewer (for example, see Figure 2, Figure 5, E and F, and
Supplemental Figure 1). In other words, DATE with extensive dele-
tion of 30As (i.e., loss of SAs or more) had a dramatic effect on HGF
expression, while DATE with deletion of 4 or fewer As (i.e., 26As to
28As) had a marginal effect on HGF gene expression. We envision
that DATEs harboring 26As, 27As, or 28As are perhaps progress-
ing toward becoming shorter, given that mononuclear repeats are
known to be highly unstable and hypermutable. In support of this
contention, a comprehensive population study using matched-
blood and sperm DNA addressed the issue of mononucleotide
repeat stability in the human population. The authors used as a
paradigm the poly(dA) repeat of 40As named “BAT40” (which is

Frequency of truncated DATE in breast cancer patients and normal subjects

Normal blood? Normal breast Breast cancer

AA CC AA CC AAB  CCC
88 458 18 24 18 45
31 15 7 1 19 8

119 473 25 25 37 53

AAA vs. CC in normal blood, P < 0.0001. BBreast cancer vs. normal blood in AAs, P = 0.0080

(odds ratio, 3.0; 95% confidence interval: 1.4—6.4). °Breast cancer vs. normal blood in CCs,

truncated DATE as a variant with 25As or fewer
(Supplemental Table 1). This assignment was in
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P =0.0009 (odds ratio, 3.9; 95% confidence interval: 2.1-7.3). Analysis was performed by
2-tailed Fisher’s exact test using GraphPad and Instat 2.1 software.
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DATE is unstable and a target of deletion mutagenesis in human breast cancer tissue and associates with high HGF expression. (A) Representative
DATE genotypes as determined by PCR and agarose gel electrophoresis. The 70-bp PCR product was analyzed on 3% agarose gel. The 3 cases
(P1, P2, and P3) show the mutant allele with truncated DATE in the cancer tissues. (B and C) Representative RT-PCR (using 32 cycles) results for
HGF gene expression in tumors with truncated DATE and their surrounding normal tissues. High HGF gene expression was readily notable in tumor
tissues (T) compared with the corresponding adjacent (A) normal tissue and with normal (N) breast tissue with wild-type DATE. (D) Confirmation of
the DATE genotype from cases described in A by DNA sequencing. Individual bands were cut out and sequenced. N denotes sequence from breast
tissue of a normal subject showing 30As. T1, T2, and T3 denote the truncated DATE sequence from breast cancer tissues; A1, A2, and A3 denote
the DATE sequence from the corresponding normal adjacent breast tissues, respectively. The DNA sequencing results showed that all tumor tissues
had truncated DATE as well as long DATE: T1 had 17As and 26As, T2 had 19As and 29As, and T3 had 18As and 30As.

known to be a target of deletion mutagenesis in colorectal cancers,
especially those with DNA mismatch repair deficiency) and found
that BAT40 is polymorphic and undergoes germline mutation ata
high frequency, leading the authors to conclude that long A repeats
are unstable in general (42).

In summary, our data show that DATE has a functional role in
governing HGF promoter activity and that its deletion has major
effects on the HGF gene promoter region by aberrantly activating
HGF expression in epithelial tumor cells such as breast carcinomas
(Figure 10). Additionally, we show that the truncated DATE vari-
ant occurs in the normal population, associates with high HGF
expression in normal breast tissue, and significantly segregates
with breast cancer. Given our data, population studies are war-
ranted to assess whether the truncated DATE variant correlates
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with other forms of cancers known to overexpress HGF such as
those derived from the colon, stomach, pancreas, endometrium,
and cervix as well as gliomas and sarcomas, to name a few.

Methods

Cell lines and tissues. Human breast cancer and cervical carcinoma cell lines
(MCF7, HTB25, HTB30, HTB121, HTB129, HeLa, C33A, etc.) were all
purchased from ATCC and cultured following the supplier’s instructions.
Human breast cancer and paired normal adjacent breast tissues from 95
patients as well as normal breast tissues from 50 unrelated healthy subjects
undergoing reduction mammoplasty were obtained from Magee Women’s
Hospital, University of Pittsburgh according to protocol approved by the
University of Pittsburgh institutional review board. Genomic DNA from
peripheral blood of 119 healthy AAs and 473 healthy CCs was also obtained
March 2009 487
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Truncated DATE is associated with high HGF expression in human breast cancer tissues. (A and B) Representative immunohistochemistry results
depicting HGF protein expression in human breast cancer cases with or without truncated DATE. Significantly higher (+++) HGF protein expression
was noted in tumors with truncated DATE compared with those with wild-type DATE, which exhibited mostly moderate (++) to weak (+) expression
(P =8.8 x 1077 using unpaired 2-tailed t test, n = 42; ***P < 0.001) (see also Supplemental Table 2). (C and D) Adjacent normal breast tissues with
truncated DATE also exhibit significantly higher HGF expression as compared with those with wild-type DATE (P = 0.003, unpaired 2-tailed t test;
n =42 (Supplemental Table 2). **P < 0.01. Notably, HGF was localized to epithelium in cases with truncated DATE. Scale bars: 40 uM.

according to protocol approved by the University of Pittsburgh institution-
al review board. Informed consent was obtained from all subjects.

PCR screening and quantitative RT-PCR analysis. Genomic DNA and RNA
were prepared using TRIzol reagent (Invitrogen) according to the man-
ufacturer’s instructions. Nested PCR was used to screen the poly(dA)
tract mutations in the HGF promoter region. The outer primers (for-
ward primer: 5'-GGGACAGGCTATGGACAATGACTGTTTCTTGG-
3'; reverse primer: 5'-GGGTGTGGTATTGTGGGGCCAAAATAAG-3')
generated a 247-bp product, while the inner primers (forward primer:
5'-CGTGAGTTTGGCAGTTTGTG-3'; reverse primer: 5'-ATGGGCT-
CAGAGCAGGCAGC-3') generated a 70-bp product. The PCR products
were analyzed on 3% agarose gel and 15% denaturing polyacrylamide
gel containing 8 M urea. The mutant samples were subcloned into PCR
2.1 vector (Invitrogen), and then 2-5 clones were chosen for automated
sequencing by the University of Pittsburgh Sequencing Core facility. HGF
mRNA expression was detected by RT-PCR and quantitative RT-PCR
analysis. Total RNA was reverse transcribed using 2 mg of total RNA
with AMV Reverse Transcriptase (Promega Corp.) and Random Primer
(Roche Applied Sciences) in a volume of 40 ul according to standard
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procedures. The forward primer was from exon 11 (§'-CTCATTCCTT-
GGGATTATTGCCC-3'), and the reverse primer was from exon 14 (5'-
CCTTTATCAATGCTCCGCAG-3'). A 1:5 dilution of the reverse tran-
scriptase product was used to carry out quantitative PCR analysis for
40 cycles using the ABI Prism 7000 Sequence Detection System with
reagents and primers specific to human HGF supplied by Applied Bio-
systems. As an internal control, the 18S rRNA primer was included to
determine the quality of the sample, and diethylpyrocarbonate-treated
water was also included as a negative control for contamination. Human
HGF ¢DNA diluted to 1 x 10%, 1 x 104 and 1 x 103 copies was subjected
to quantitative PCR analysis for quantification purposes.

Preparation of nuclei, nuclear protein, and protein extracts. The nuclei and
nuclear protein extracts were prepared by methods described previously
(16-19). For preparation of protein extracts, 500 mg of breast cancer
tissue in 500 ul of RIPA buffer was homogenized. The cell pellets were
subjected to 3 freeze-thaw cycles and the cell lysates were cleared by cen-
trifuging at 11,000 g for 20 minutes.

Plasmids, DNA transient transfection and luciferase assay. The human HGF
promoter region (1.1 kb; -1037 to +56) containing wild-type or DATE
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of different sizes (30A, 29A, 28A, 27A, 26 A, 25A, 20A, and 14A) from
different breast cancer patients was amplified by PCR. One restriction
enzyme site (BamHI) was incorporated into the forward primer at the
5’ end. Following digestion with BamHI, the DNA fragments were
inserted upstream of the luciferase reporter gene in the pGL2-basic
vector (Promega Corp.) at the BglII site, resulting in the following con-
structs: pHGF30A-Luc, pHGF29A-Luc, pHGF28A-Luc, pHGF27A-Luc,
pHGF26A-Luc, pHGF25A-Luc, pHGF20A-Luc, and HGF14A-Luc. HeLa
cells were seeded in 12-well culture plates (1 x 10° cells/well) and cultured
in DMEM medium for 24 hours before transfection. The renilla lucifer-
ase-encoding plasmid (pRL-TK; expression of renilla luciferase activity
was used as an internal standard for transfection efficiency; Promega
Corp.) and pHGF-Luc plasmids were transiently cotransfected into HeLa
cells using Lipofectamine 2000 (Invitrogen) to detect the promoter activ-
ity in the context of different lengths of DATE. For C/EBP-f transcrip-
tional activation assays, C/EBP-f1 expression vector, pRL-TK plasmid,
and pHGF-Luc plasmids were cotransfected into HeLa cells. The cells
were treated with or without 10 mM 3AB to inhibit PARPs. The promoter
activities were measured using the Dual Luciferase Reporter Assay System
(Promega). After 24 hours transfected cells were collected and luciferase
activity was measured using a luminometer (EG & G Berthold).

In vivo DNase I hypersensitivity assay. Freshly isolated nuclei from loga-
rithmically grown cultured cells were subjected to DNase I digestion for
2 minutes with DNase I. The reaction was stopped by adding 0.5% SDS,
10 mM EDTA, and 50 mg/ml proteinase K and incubated for 10 minutes
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Figure 9

Normal breast tissues with the truncated DATE variant show high
HGF gene expression. (A) Quantification of HGF mRNA expression
in normal breast tissues (obtained from reduction mammoplasty) by
quantitative RT-PCR. HGF gene expression was significantly higher in
normal breast tissues with truncated DATE compared with tissues with
wild-type DATE. *P < 0.05, 2-tailed unpaired t test. (B) Representative
western blot analysis of HGF, Met, and phospho-Met protein expres-
sion in normal breast tissues. (C) Quantification of HGF protein level
by ELISA in normal breast tissues. HGF ELISA kit (R&D Systems) was
used to quantify HGF protein in 48 different normal breast tissues with
wild-type and truncated genotypes. The mean level of HGF protein was
162 ng/mg in cases with the truncated DATE, compared with 79 ng/mg
in cases with wild-type DATE. *P < 0.05, 2-tailed unpaired t test.

at 37°C. Genomic DNA was then extracted from nuclei and digested by
BamHI. Equivalent amounts of DNA were used for Southern blots using
a 247-bp probe (-902 to -655) in the DATE region. Molecular size stan-
dards (X174 DNA marker) were used to estimate the size of the DNase I
hypersensitive fragment.

In vitro DNase I footprinting. The HGF promoter region between -928
and -627 (300 bp) containing truncated DATE with 14As or wild-type
DATE (DATE with 30As) was produced by PCR and labeled at the 5" end
of the primers using the T4 Labeling Kit from ICN Radiochemical and
[y-3*P]-dATP. Footprinting was carried out in a total of 200 ul of bind-
ing reaction mixture containing 200 ng (600 fmol) of the double-strand
probes with or without 120 pg of nuclear protein extracts and, as indi-
cated in Figure 4A, with whole-protein extracts from human breast cancer
tissues in the presence of 18 pg of poly(dI-dC) (Pharmacia) in 1x binding
buffer (50 mM Tris-HCL, 100 mM KCI, 12.5 mM MgCl,, 1 mM EDTA,
20% glycerol, 1 mM DTT). After incubation at 37°C for 30 min, 0.4-0.6 U
of DNase I (Promega Corp.) were added to the mixture for 1 minute at
room temperature. Digestion was stopped by adding stop buffer (12.5 mM
EDTA, 12.5 mg/ml proteinase K, 125 mg/ml yeast transfer RNA, and
0.1% SDS). The DNA fragments were isolated after incubation at 37°C
for 10 minutes and analyzed on 6% polyacrylamide containing 7 M urea
sequence gels, then subjected to autoradiography. Sequencing of the same
[y-32P]-dATP-labeled probes was performed as described by DNA cycle
sequencing system (Promega Corp.), and the sequencing reaction mixture
was loaded adjacent to the samples analyzed by DNase I footprinting.

Gel shift assay. Synthetic double-stranded 40 mers of oligonucleotides
containing 30As (wild type, forward strand: 5'-CGCGTTGGCAGTTT-
GTGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGCTGCCT-
GCTCTGAGCC-3'; reverse strand: 5'-GATCAACCGTCAAA-
CACTTTTTTTTITITTTITITTTTITITITITITCGACGGACGAGACTCGG-3)
and 30 mers of oligonucleotides containing 14As (truncated, forward
strand: 5'-CGCGTTGGCAGTTTGTGAAAAAAAAAAAAAAGCTGCCT-
GCTCTGAGCC-3'; reverse strand: 5'-GATCAACCGTCAAA-
CACTTTTTTTTTTTTTTCGACGGACGAGACTCGG-3'") were synthe-
sized by the core facility at the University of Pittsburgh. The probes
were labeled with [y-32P]-dCTP (ICN Radiochemical) by fill-in technique;
poly(dI-dC) was used as the nonspecific competitor. To a 10-ul reaction,
4 mg of nuclear extract, 0.3-0.4 ng of probes, and 4 mg of poly(dI-dC)
were added. The binding reaction was carried out at room temperature
for 15 minutes before loading on 5% native polyacrylamide (19:1) gels.
For competition experiments, 50- to 100-fold molar excess of unlabeled
oligonucleotides were included in the reaction mixture. Gels were run
in 0.5x TBE buffer (45 mM Tris-borate, 1 mM EDTA) at a constant volt-
age of 190 V and dried, followed by autoradiography in the presence of
intensifying screen.
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Figure 10
Proposed model of HGF gene regulation by
DATE. (A) Wild-type DATE keeps chromatin

Q‘ PARP1/2 in a highly condensed conformation, prevent-
ing transcriptional activators from accessing the
B c/EBP-p1 promoter and leading to silencing of the gene.
(B and C) Truncated DATE causes repressor

) DATE

DATE shortening leads to
repressor binding loss,
chromatin loosening, and
B subsequent recruitment of

transcriptional activators
C/EBP-p1 and PARPs
“»

Formaldehyde cross-linking and immunoprecipitation of ChIP assay. HeLa and
C33A cell lines were used for ChIP assays. Formaldehyde (1% final concen-
tration; Fisher Scientific) was added directly to cell culture for fixation at
room temperature for 10 minutes. Glycine (125 mM final concentration)
was added to stop the reaction at room temperature for S minutes. Cell
lysates were sonicated S times at 15-second pulses, shearing the chromatin
into lengths of approximately 200-500 bp. After that, cell lysates were pre-
cleared by incubating 2 ml of the samples with 80 ul of protein A sepharose
for 1 hour at 4°C. Then the DNA-protein complexes were incubated with
10 mg/ml BSA to reduce background and immunoprecipitated with 1 ug
of C/EBP-f (Santa Cruz Biotechnology Inc.), poly II (Abcam Inc.), or ace-
tyl-histone 3 or acetyl-histone 4 (Millipore) antibodies. No antibody was
added as the negative control. The mixtures were then incubated overnight
at 4°C with rocking. The next day, 2 ml of the IP mixture was incubated
with 60 ul of protein A sepharose and 20 ul of 100 mg/ml yeast trans-
fer RNA at 4°C for 1 hour. The protein-DNA complexes were then eluted
after washing. After adding 1 ul of 10 mg/ml RNase A, they were incubated
at 65°C for S hours to reverse the formaldehyde cross-links, followed by
precipitation at -20°C overnight. Then, the complexes were incubated in
100 ul 1x proteinase K digesting buffer with 1.5 ul of 20 mg/ml protein-
ase K at 42°C for 2 hours. DNA was purified using phenol-chloroform.
PCR was used (forward primer: 5'-GGGACAGGCTATGGACAATGACT-
GTTTCTTGG-3'; reverse primer: 5'-GGGTGTGGTATTGTGGGGC-
CAAAATAAG-3') to amplify the 247-bp DNA fragment from -902 to -655
for C/EBP-f or the 282-bp DNA fragment from -12 to -293 (forward prim-
er: 5'-“AGCTCCAGCTTCCAAATTGA-3'; reverse primer: 5'-CGGCTCT-
GAGCTGCTTTTTA-3') for poly II, acetyl-histone 3, and acetyl-histone 4.

Immunobistochemistry and immunofluorescence. Archival breast tissue sec-
tions were first deparaffinized with xylene and ethanol and then incubated
with polyclonal antibodies specific to human HGF (R&D Systems) and
Met (C-28; Santa Cruz Biotechnology Inc.) overnight at 4°C. Nonim-
mune IgG primary antibody acted as a negative control. After incubation
with HRP-conjugated secondary antibody for 30 minutes at room tem-
perature, tissues were developed using the ABC kit from Cell Signaling
Technology Inc. HGF or Met immunoreactivity was assessed by employing
an arbitrary score of 0 to +++, in which 0 indicated no staining, “+” indi-
cated faint staining with 25% of cells positive, “++” indicated 50% of cells

staining with moderate intensity, and “+++” indicated intense staining in
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release, chromatin remodeling, and recruit-
ment of transcriptional activators C/EBP-f1
and PARP1/2 to the promoter, leading to HGF
gene activation.
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which at least 80% of cells were positive for HGF or Met. Random fields
totaling more than 1,000 cells were assessed by light microscopy to obtain
unbiased data. For immunofluorescence staining for HGF and Met, cells
cultured on coverslips were fixed with methanol, incubated with primary
antibody at approximately 1:50 dilution, washed, and then incubated with
biotinylated secondary antibody (Vector Laboratories), indocarbocyanine,
Cy2 (goat, green 1:100), and Cy3 (rabbit, red 1:200) for 30 minutes. Slides
were rinsed using a wash buffer (PBS containing 0.1% Tween-20) for 3x
for 10 minutes each time. The nuclei were stained blue by VECTASHIELD
Mounting Medium with DAPI (Vector Laboratories).

RNA interference. The siRNA for human C/EBP-f and PARP1 were pur-
chased from Ambion, and knockdown experiments were performed using
the silencer siRNA transfection IT kit. In brief, C33A cells were plated at 1 x
105/mlin 6 wells, and 3.75-5 ml of 20 uM siRNA were utilized to transfect
C33A cells in 2.5 ml final transfection volume. Cell lysates were assessed by
western blotting with specific antibodies after 72 hours.

DNA affinity purification and western blot assay. The 5’ biotinylated oligos
were synthesized by Invitrogen. The sequence of wild-type 30A oligo was
S'-ACTTTGGGTAAATGTGTGGTATTTCGTGAGTTTGGCAGTTTGT-
GAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGCTG-3'. The truncated
DATE oligos (27As, 26As, 25As, 22As, and 14As) contained an identical sur-
rounding sequence and the indicated length of As. The -827 oligo consisted
of'a44-bp oligo lying upstream of the DATE region. The biotin-labeled oligos
and precleared nuclear protein extracts were mixed with streptavidin agarose
beads (Millipore) at 4°C overnight with rocking, then beads were added for
an additional 2 hours at 4°C. After washing the beads 4 times with RIPA buf-
fer, the immunoprecipitated proteins were eluted using 1x loading buffer by
boiling for 5 minutes. Proteins were analyzed by silver stain (Bio-Rad) or by
western blot assay. PARP antibody (BIOMOL International Inc.) and C/EBP-f3
antibody (Santa Cruz Biotechnology Inc.) were used in western blots.

HGF quantification by ELISA. HGF concentration was determined using a
human HGF ELISA kit (R&D Systems) as previously described (24). Briefly,
0.5 g of frozen breast tissue was homogenized in 1 ml of 1 M NaCl to extract
HGF. The lysate was then diluted by water to a final concentration of 0.2 M
NaCl (low-salt buffer) and incubated with 0.5 ml of heparin agarose beads
(Sigma-Aldrich) in low-salt buffer for 2 hours to purify HGF by batch adsorp-
tion. The agarose beads were washed with 0.2 M NaCl solution 3 times, and
bound HGF was eluted with 1 M NaCl. The eluate was diluted, and 10-ul
Volume 119
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fractions were subjected to western blot and ELISA using a prepackaged HGF
ELISA plate according to the manufacturer’s instructions. The final concen-

tration was calculated according to the standards provided by the kit.

Statistics. Data were analyzed by Fisher’s exact test and Student’s ¢ test
using InStat 2.1 and GraphPad software. A P value of 0.05 or less was

considered significant.
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