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ABSTRACT

Basic transcription element binding (BTEB1) protein is one of at least 20 Sp/KLF family members that func-
tion as transcriptional activators or repressors by binding to GC/GT-rich sequences within target genes to in-
fluence cellular homeostasis in mammals. Previously, we demonstrated that increased expression of BTEB1
in a human endometrial epithelial cell line Hec-1-A resulted in serum dependent-enhanced proliferation, which
was accompanied by heightened expression of cell cycle- and growth-associated genes. In the present study,
we examined the mechanism underlying the altered proliferative potential associated with BTEB1 by the iden-
tification of additional BTEB1 downstream gene targets and by the demonstration of BTEB1 transactivation
of promoters for a number of growth-associated genes. Using mRNA differential display in the analysis of
RNA populations from Hec-1-A sublines with high (4S, 9S) and low (2As, 3As) BTEB1 cellular content, we
identified 10 distinct differentially expressed transcripts, nine of which had higher levels in S than in As sub-
lines. The expression levels of two of these cDNAs, Axl receptor tyrosine kinase and mitosin, whose encoded
products are implicated in cellular proliferation, were modestly induced by serum, albeit in a BTEB1-inde-
pendent manner. Moreover, insulin-like growth factor-I, a mitogen present in serum, had no significant ef-
fect on their expression in either subline. In transient reporter assays, the basal activities of the Axl gene pro-
moter and those for two other growth-regulatory genes, namely p21WAF1 and IGFBP-2, were increased by
serum and were significantly higher in 4S than in 2As lines. However, while BTEB1 and its ubiquitous fam-
ily member Sp1 increased basal p21WAF1 and IGFBP-2 transcription when added as expression constructs in
the parental Hec-1-A cell line, only Sp1 activated Axl transcription, despite the presence in all three gene pro-
moters of GC-enriched regions that presumably can bind BTEB1 and Sp1 with similar affinities. To eluci-
date intracellular signaling pathways that might involve BTEB1, inhibitors of specific kinase-dependent trans-
ducers were used in transient transfection assays involving the IGFBP-2 gene promoter in 4S and 2As sublines.
While inhibitors of the MAPK, PI-3K, and PKA pathways elicited similar effects on the IGFBP-2 gene pro-
moter activity, irrespective of cellular BTEB1 content, that for JNK had a more pronounced effect on Hec-
1-A sublines exhibiting higher BTEB1 expression levels. Taken together, the results suggest that BTEB1 me-
diates the expression of growth-associated genes through direct and indirect transactivation mechanisms, one
of which may involve the participation of a JNK family member.
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INTRODUCTION

THE Sp/KRÜPPEL-LIKE FAMILY (KLF) of transcription factors
consist of at least 20 members that function as transcrip-

tional activators, repressors, or both by binding primarily to
GC/GT-rich sequences within target gene promoters through

three highly homologous C2H2 zinc finger motifs (Philipsen and
Suske, 1999; Turner and Crossley, 1999; Black et al., 2001).
The ubiquitous distribution of GC box sequences in 59-regula-
tory regions of multiple eukaryotic genes involved in growth,
differentiation, or apoptosis (Jensen et al., 1997; Cook et al.,
1998) suggests that these nuclear proteins likely regulate mam-
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malian homeostasis at a magnitude considerably greater than
first thought. The functional redundancy of KLF members has
not been substantially elucidated, although data from studies of
the knockout phenotypes for a number of these genes in mice
suggest these proteins to have distinct functions (Supp et al.,
1996; Marin et al., 1997; Wani et al., 1998; Bouwman et al.,
2000). However, specific family members are known to antag-
onize each other’s activities in vitro by competing for binding
to the same site to modify the transactivation of discrete sets of
promoters (Hagen et al., 1994; Birnbaum et al., 1995; Kaczyn-
ski et al., 2001). Moreover, they can directly interact in com-
mon with other promoter-specific transcription factors and tran-
scriptional coactivators or corepressors, depending on cellular
context (Owen et al., 1996; Galvagni et al., 2001; Kaczynski
et al., 2001; Zhang JS et al., 2001; Zhang D et al., 2002) as
well as influence each other’s levels of expression (Song et al.,
2001). Thus, it is likely that the signaling pathways mediated
by some or all of these proteins are functionally associated, al-
though the nature and extent of these interactions remain largely
unknown.

The elucidation of the molecular mechanisms underlying cell
proliferation is important for understanding normal growth pro-
cesses and oncogenesis. The uterine endometrial epithelium
represents an excellent paradigm for many of these investiga-
tions because in vivo, it is subject to numerous extracellular
stimuli, allowing for the highly orchestrated cycle of prolifer-
ative and differentiative processes that underlie the physiologic
changes associated with diverse reproductive events. A subset
of KLF family members, most notably Sp1 and Sp3, have been
linked to distinct biologic processes particularly occurring dur-
ing pregnancy, based on studies that document the direct reg-
ulatory effects of progesterone on Sp1 (stimulatory) or Sp3 (in-
hibitory) gene expression (Krikun et al., 2000); the direct
interaction of Sp1 and related proteins with the nuclear recep-
tors for estrogen and progesterone (Owen et al., 1998; Stoner
et al., 2000; Zhang D et al., 2002); and the control by these nu-
clear proteins of pregnancy-associated endometrial epithelial-
specific gene transcription (Dennig et al., 1995; Simmen et al.,
2000). Likewise, the loss of normal cellular brakes underlying
proliferation, leading to endometrial hyperplasia and hence tu-
morigenesis, likely involves KLF members, because, in addi-
tion to the numerous studies establishing their function as ma-
jor transactivators of growth-associated genes (Zhu et al., 2000;
Feng et al., 2000), altered cellular expression of distinct fam-
ily members has been associated with modified growth status
(see review by Black et al., 2001). Consistent with this, the hy-
permethylation of CpG islands within the promoter region of
the gene for the growth-regulatory progesterone receptor-B
(PR-B) isoform, perhaps resulting from diminished GC-box
binding activity, has been correlated with endometrial carci-
noma (Sasaki et al., 2001).

We have recently shown that forced expression of the 244-
amino acid KLF member basic transcription element binding
(BTEB1) protein in a human endometrial epithelial cell line that
normally exhibits low levels of this protein (Simmen et al.,
1999) resulted in enhanced cellular DNA synthesis under serum
conditions, indicative of increased growth rates (Zhang XL et
al., 2001). Further, we showed in the same study that this in-
creased growth response with BTEB1 was associated with the
enhanced expression of numerous cell cycle-associated and

growth-related genes. The present study focused on the eluci-
dation of the potential mechanisms underlying BTEB1-medi-
ated induction of growth response by the isolation and identi-
fication of additional BTEB1 downstream genes and by the
demonstration that some, but not all, transactivation properties
of BTEB1 are directly mediated at the level of gene promoter.
Further, we provide initial evidence to indicate that the signal-
ing pathway of BTEB1 may involve in part the participation of
a JNK member.

MATERIALS AND METHODS

Expression and reporter constructs

The 983-bp fragment corresponding to human Axl receptor
tyrosine kinase promoter was cloned by PCR from human 
genomic DNA (Promega Biotech) using specific primers 
(forward: 59-GACAAGCTTCTATTCTTATTCCCATTTT A-39;
reverse: 59-TATAAGCTTGGTGCCAAACTTCCTCAGAA-3 9)
based on the published sequence of human Axl 59 regulatory
and promoter sequences (Schulz et al., 1993). This fragment
was subcloned into the HindIII site of a luciferase gene-con-
taining plasmid (Luciferase Basic; Promega). Sequence analy-
sis verified the correct orientation and nucleotide sequence of
the cloned fragment. The pIGFBP-2-Luc reporter construct
(21397-BP2) contained 1397 bp of 59 regulatory sequences
(11 5 translation initiation codon) of the porcine IGFBP-2
gene (Badinga et al., 1998). The human p21WAF1 promoter con-
structs (p21 and p21 Sma) were generous gifts of Dr. Xiao-Fan
Wang (Duke University Medical Center) and contained ,2.4
kb and 111 bp, respectively, of p21 59 regulatory sequences.
The expression constructs for human Sp1 (pCMV-Sp1) and rat
BTEB1 (pCDNA-BTEB1) were kindly provided by Drs. Robert
Tjian (University of California) and Hiroaki Imataka (McGill
University), respectively.

Cell culture and transient transfections

The human endometrial carcinoma cell line Hec-1-A and de-
rived clonal lines stably expressing sense (4S, 9S sublines) and
antisense (2As, 3As sublines) BTEB1 constructs were cultured
in McCoy’s 5A medium containing 10% FBS (GIBCO/BRL)
as previously described (Zhang XL et al., 2001). Cells were
transfected with 5 mg of reporter construct DNA, 0.5 mg of ex-
pression construct, or both or with corresponding empty vector
on reaching 70% confluence, in the presence and absence of
10% FBS using either polybrene or LipofectAMINE reagent
(GIBCO/BRL) as previously described (Simmen et al., 1999,
2000). At 48 h post-transfection, cell lysates were collected,
and luciferase activity was determined using the Luciferase Re-
porter kit (Promega). The results were normalized to cellular
extract protein for each sample and are presented as least square
means 6 SEM. All transfections were done in triplicate plates
per experiment and were repeated three to six times.

Northern and Western blot analyses

The parental Hec-1-A and derived BTEB1 sense and anti-
sense sublines were cultured as described above. At conflu-
ence, 1 3 106 cells were replated in the same medium in the
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presence or absence of 10% FBS and either further incubated
to reach confluence or harvested at various time points as spec-
ified for each experiment. RNA isolation and Northern blot
analysis were performed as described previously (Zhang XL
et al., 2001). The membranes were hybridized with 32P-la-
beled DNA fragments generated from differentially expressed
clones of 4S and 2As mRNAs (see below). Resultant hy-
bridization signals, when indicated, were quantified using the
Alpha Imager 2000 Documentation System (Alpha Innotech
Co.). Western blot analysis was carried out on nuclear ex-
tracts, whole cell extracts, or conditioned medium prepared
from BTEB1 sense and antisense lines following previously
described protocols (Gonzalez et al., 1995). Proteins were vi-
sualized with Ponceau S (Sigma) after membrane transfer to
confirm equal protein loading among samples. Commercially
available antibodies raised against human mitosin (GeneTex)
and recombinant human Sp1 (Santa Cruz Biotechnology) or
rabbit anti-recombinant porcine IGFBP-2 antibody generated
in our laboratories (Badinga et al., 1999) were used in
overnight incubations at 4°C with the indicated membranes.
Immunoreactive proteins were visualized using the enhanced
chemiluminescence (ECL) detection kit (Amersham/Pharma-
cia Biotech).

mRNA differential display RT-PCR

Differential display was performed following the procedures
initially described by Liang and Pardee (1992) and subsequently
adapted in our laboratories (Green et al., 1996). Briefly, total
RNA was pooled from different passages of confluent BTEB1
sense (4S) or antisense (2As) Hec-1-A cell lines grown in Mc-

Coy’s 5A medium containing 10% FBS and isolated using Tri-
Zol reagent (GIBCO/BRL). RNA (5 mg) from each cell line
was DNAse treated, and reversed transcribed using anchored
oligo(dT) primer sets (0.2 mM) provided in the HIERO-
GLYPH™ kit (Genomyx Corp.) and SuperScript™ II RT en-
zyme. The resultant cDNA was amplified in the presence of [a-
33P]-dATP (250 mCi) with six arbitrary 59 primers and ten
anchored 39 primers for four PCR cycles at 46°C, followed by
25 PCR cycles at 60°C. The denaturation (92°C, 15 sec) and
extension (72°C, 2 min) conditions were similar for both an-
nealing temperatures, and the final extension step was carried
out at 72°C for 7 min. The PCR products were separated on
6% polyacrylamide denaturing gels in Tris-borate-EDTA buffer
using the GenomyxLR™ DNA Sequencing System (Genomyx
Corp.) and visualized by autoradiography. Putative differen-
tially expressed cDNA fragments were excised from the gels
and reamplified by PCR using the same primer combinations
as those initially used for their generation. The PCR fragments
were subcloned into pCRII-TOPO™ vector, and their nucleo-
tide sequences were determined. The resultant sequences were
compared with those reported in the GenBank database by us-
ing the BLAST algorithm (National Center for Biotechnology
Information).

Statistical analysis

Comparisons between groups were analyzed using predicted
differences (pdiff) of the least squares means following the Gen-
eral Linear Models Procedure of the Statistical Analysis Sys-
tem (SAS, 1988). Means were considered significantly differ-
ent at P ,0.05.
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TABLE 1. SUMMARY OF ddRT-PCR CLONES

No. Clone Gene Gene Match Match Accession
clones ID symbol name length (%) region (bp) no.

1 1-3-2 Unnamed 552/555(99) 1936-2490 AL 157482
protein AK 027052

1 1-3-5 LINE 1 LINE 1 538/549(97) 3210-3758 U 93563
element putative

p150 protein
1 2-11 ALU 7SL RNA 175/175(100) 129210-129384 AL 109613

repeat
2a 6-20 CENP-F Centromere 416/416(100) 828-1243 XM_001418

protein F;
mitosin

3a 2-2 Ax1 Ax1 receptor 709/714(99) 4069-4782 NM_021913
tyrosine NM_001699
kinase

1 2-14 Unnamed 540/543(99) 5-547 AF 222023
protein

1 3-3 RPL14 Ribosomal 260/260(100) 463-722 NM_003973
protein
L14

1 2-10 No match
3b 2-7 No match
1 2-13 No match

aAs deduced from DNA sequences.
bAs judged from identical northern blot patterns.



RESULTS

Identification of differentially expressed genes

The mRNA differential display analysis of high (4S) and
low (2As) BTEB1-expressing Hec-1-A cell lines utilized a
total of 10 anchored and 6 arbitrary primers, respectively, to
give a total of 60 different PCR combinations, which in the-
ory, represent approximately 35% of the mRNA population.
Examination of the resultant autoradiograms yielded 15
cDNA fragments that were readily visually distinguishable as
being differentially expressed. These fragments were excised
from gels, reamplified, and subcloned into the pCRII-TOPO
vector. The resultant cDNA insert for each plasmid DNA was
then used as a hybridization probe in Northern blots con-
taining total RNAs prepared from high (4S, 9S) and low (2As,
3As) BTEB1-expressing lines. Those that demonstrated dif-
ferential expression by this analysis were subjected to nu-
cleotide sequencing. Table 1 summarizes the identities of the
cDNA clones based on reported DNA sequences in GenBank;
of these 15 clones, 10 represent distinct mRNAs. Clone 6-20

encodes human mitosin (also known as centromere protein F,
CENP-F), a 3113-amino acid protein whose expression
throughout the S, G2, and M, but not G1 phases, of the cell
cycle is suggestive of an important role in mitogenesis (Rat-
tner et al., 1993; Liao et al., 1995; Zhu et al., 1995; Clark et
al., 1997). Clone 2-2 encodes Axl receptor tyrosine kinase,
a membrane-bound protein involved in cell proliferation as
well as in mediating cell aggregation (O’Bryan et al., 1991;
Craven et al., 1995; Crosier and Crosier, 1997; Berclaz et al.,
2001). Clone 1-3-2 is identical in sequence (99%) to the 39

UTR of a human cDNA that encodes a hypothetical mem-
brane protein of 495 amino acids and which exhibits fi-
bronectin type III domains found in a variety of proteins, in-
cluding tyrosine kinases, protein tyrosine phosphatases,
fibronectin, and class I cytokine receptors (GenBank data-
base). Clone 2-11 appears to be a member of the Alu family
of repetitive DNA sequences, which is a component of the
signal recognition particle involved in protein biosynthesis
(Leinwand et al., 1982; Ullu and Tschudi, 1984). The ORF
of Clone 1-3-5 is greater than 95% identical in sequence to
that of human long interspersed nuclear elements (LINEs),
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FIG. 1. Identification of differentially expressed mRNAs. Clones isolated by mRNA differential display analysis of RNAs pre-
pared from high (4S, 9S) and low (2As, 3As) BTEB1-expressing human endometrial epithelial sublines (see Table 1) were used
as probes in Northern blot analysis of total RNA prepared from these cells. Each lane contained 30 mg of total RNA.

FIG. 2. Effects of serum and insulin-like growth factor-I on the expression of distinct BTEB1-regulated genes. (A) The human
endometrial epithelial sublines 4S (high BTEB1) and 2As (low BTEB1) were seeded at the same density in serum-containing
medium for 24 h and transferred to serum-free medium for an additional 24 h to synchronize the cells. Cells were then cultured
in serum-containing (S) or serum-free (SF) medium or in SF medium with added recombinant human IGF-I (100 ng/ml; I) for
the indicated times. Total cellular RNA was isolated by the TriZol method and analyzed (30 mg/lane) for expression of specific
genes using the probes denoted on the left. (B) The intensities of the hybridization signals obtained for each gene in the 4S and
2As sublines grown in serum-free (SF) medium for the indicated times (12, 24, 48 h) (see panel A) were determined by densit-
ometric scanning and normalized to those of corresponding GAPDH signals. The graph represents the normalized ratios of the
hybridization intensities for each gene in 4S over 2As sublines. (C) The analysis of the hybridization signals obtained for each
gene in the 4S and 2As sublines grown in serum-containing (S) or SF medium for the indicated incubation times (12, 24, 48 h)
followed those for panel B. The graph represents the normalized ratios of the hybridization intensities for each gene in S over
SF. The lines across the graphs indicate a ratio of 1.
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which belong to the family of Kpn I repetitive DNAs and
which are transcribed by RNA polymerase III (Shafit-Za-
gardo et al., 1983; Smit, 1996). Clone 2-14 showed a match
only with the partial sequence of a cDNA clone isolated from
an SV-40-transformed human fetal gastric epithelial cell line.
Clone 3-3 is 100% identical to a region encoding the riboso-
mal protein L14, while three other clones (2-10, 2-7, and 2-
13) had no match with any sequences in GenBank.

Representative Northern blots using six of these clones as
hybridization probes are shown in Figure 1; these blots were
subsequently reprobed with b-actin and glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) to normalize for RNA loading
and integrity among samples. Clones 1-3-2, 1-3-5, 6-20 (CENP-
F; also mitosin), 2-2 (Axl), and 2-14 displayed elevated tran-
script levels in Hec-1-A cell lines with increased BTEB1 cel-
lular content (4S, 9S . 2As, 3As); by contrast, the transcript
levels for clone 2-11 were higher in lines with lower cellular
levels of BTEB1.

Effect of serum on levels of differentially 
expressed mRNAs

The proliferative potential of higher BTEB1-expressing sub-
lines was previously demonstrated to differ from that of lower
BTEB1-expressing lines in the presence, but not in the absence,
of serum (Zhang XL et al., 2001). To examine whether the ex-
pression levels of the isolated differentially expressed clones
(Table 1, Fig. 1) may be associated with the distinct responses
to serum of cells with higher BTEB1 content, the mRNA lev-
els for several of these clones were examined in 4S and 2As
lines grown in either serum-containing or serum-free medium.
In serum-free medium, the expression levels of the transcripts
for 1-3-2, Axl, and CENP-F (mitosin) were higher, while those
of 2-11 were lower, in 4S than in 2As lines (Fig. 2A, B), con-
firming their differential expression as a function of BTEB1
cellular levels. Serum had a modest inductive effect (approxi-
mately twofold when averaged over a 48-h period) on the ex-
pression of 1-3-2, Axl, and CENP-F genes in both 4S and 2As
sublines but had no effect on 2-11 expression in either line (Fig.
2A, C). Insulin-like growth factor-I (IGF-I; I), a known mito-
genic component of serum, had no significant effect on the ex-
pression of these genes, irrespective of BTEB1 cellular content.
For all analyses, hybridization signals were normalized to those
of GAPDH.

Gene expression of BTEB1-related family members

The possibility that altered cellular expression of BTEB1
could result in parallel changes in the expression of other BTEB
family members was examined in high (4S, 9S) and low (2As,
3As) BTEB1-expressing lines grown in serum-containing
medium. In these studies, the expression of Sp1 and BTEB2
genes and of Sp1 protein was analyzed by Northern and West-
ern blots, respectively, using total RNAs or nuclear extracts pre-
pared from these cells (Fig. 3). The BTEB2 mRNA levels were
higher (threefold to fourfold) in 4S and 9S than in 2As and 3As
lines. In contrast, Sp1 transcript, as well as protein, levels were
not different among these lines. The analysis of the same nu-
clear extracts for mitosin (CENP-F), whose gene expression
was greater in sense than in antisense sublines (see Fig. 1) dem-

onstrated increased levels of this protein in high BTEB1-ex-
pressing cells, suggestive of the specificity of the observed ef-
fects for Sp1.

Regulation by BTEB1 of Axl receptor gene expression

The characterization of Axl (clone 2-2) as a potential
BTEB1-regulated gene was further examined at the level of
transcription. For these studies, the 59 flanking and promoter
region (983 bp) of the human Axl gene, which contains GC-
rich regions known to confer transcriptional activation by
binding Sp family members including BTEB1 when present
in other gene promoters (Imataka et al., 1992; Sogawa et
al.,1993), was linked upstream of the luciferase reporter
gene. In the first experiment, the promoter activity of the
Axl-Luc reporter construct was evaluated upon transient
transfection in high (4S) and low (2As) BTEB1-expressing
lines, in the presence and absence of serum in the medium.
In the second experiment, the parental Hec-1-A cell line was
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FIG. 3. Expression of BTEB2 and Sp1 as a function of
BTEB1 cellular content. (A) Total RNA isolated from high (4S,
9S) and low (2As, 3As) BTEB1-expressing human endometrial
epithelial sublines grown in serum-containing medium was an-
alyzed for expression of BTEB2 and GAPDH by Northern blot
analysis. Each lane contained 30 mg of total RNA per sample.
Two distinct RNA preparations representing different passage
numbers for each subline were analyzed. (B) High (4S, 9S) and
low (2As, 3As) BTEB1-expressing sublines of Hec-1-A were
grown in serum-containing medium and analyzed for expres-
sion of Sp1 mRNA or immunoreactive Sp1 and mitosin, re-
spectively. Total RNA blots contained 30 mg per sample. Nu-
clear extracts were prepared from isolated cells, and equal
amounts of protein (50 mg for Sp1, 100 mg for mitosin) were
subjected to Western blot analysis as described in Materials and
Methods.

A

B



cotransfected with the Axl-Luc reporter construct and the ex-
pression vectors for Sp1, BTEB1, and their combination. The
results of both experiments are shown in Figure 4. The pro-
moter activity of Axl was higher in 4S than in 2As lines, ir-
respective of the presence of serum components in the
medium (Fig. 4A). Moreover, serum increased Axl promoter
activity in both lines. Cotransfection of the reporter construct
and expression constructs for BTEB1 and/or Sp1 in the

parental Hec-1-A cell line, which has a low level of en-
dogenous BTEB1 expression (Simmen et al., 1999), was
used to evaluate whether the difference in receptor promoter
activity in 4S vs. 2As sublines was a direct consequence of
and specific to BTEB1. In both serum-containing and serum-
free medium, BTEB1 had no effect on the basal Axl pro-
moter activity (Fig. 4B). By contrast, Sp1 significantly in-
creased (P ,0.05) the transcriptional activity of the Axl gene
from basal levels. This effect of Sp1 was augmented by
BTEB1, but only in the presence of serum.

Transactivation by BTEB1 of other 
growth-associated genes

The lack of currently published sequences for the promoter
and 59 regulatory region of mitosin/CENP-F, another
BTEB1-induced gene identified in the present study, pre-
cluded further studies on its transcriptional activation by
BTEB1. Hence, we examined the effects of BTEB1 on the
activity of the promoter for two other genes namely, the cell
cycle-associated Cdk inhibitor p21WAF1 and IGFBP-2. The
selection of these genes was based on previous observations
from our laboratories demonstrating increased expression of
the p21 gene in higher BTEB1-expressing Hec-1-A sublines
(Zhang XL et al., 2001) and a mitogenic role for IGFBP-2
protein in uterine endometrial epithelial cells (Badinga et al.,
1999). Similar to that observed for Axl, the promoter activ-
ity of the reporter gene construct containing 2.4 kb of the hu-
man p21 gene 59 regulatory region was higher in 4S than in
2As lines. The inclusion of serum increased p21 promoter ac-
tivity in both lines (Fig. 5A). In parental Hec-1-A cells in the
presence of serum (Fig. 5B, C), the longer construct (p21;
2.4 kb) exhibited higher basal promoter activity than the
shorter construct (p21Sma; 111 bp). In contrast to that ob-
served for the Axl receptor promoter, cotransfected BTEB1
(pCDNA-BTEB1) expression vector increased transcriptional
activity from both p21 promoter constructs, although this ef-
fect was more pronounced for the longer construct (Fig. 5B).
Cotransfected Sp1 expression vector exhibited an effect sim-
ilar to that of BTEB1 (Fig. 5C).

The transactivation of IGFBP-2 by BTEB1 was examined
at the levels of protein and promoter activity (Fig. 6). Re-
sults indicated that Hec-1-A sublines with increased BTEB1
expression had higher levels of secreted (CM; 9S . 2As)
and cellular (WCE; 4S, 9S . 2As, 3As) immunoreactive
IGFBP-2 (Fig. 6A). On a per-protein basis, however, Hec-
1-A expression of IGFBP-2 was considerably lower than
that of pregnant pig endometrium (days 30 and 60 of preg-
nancy), the positive control for these studies (Song et al.,
1996). Luciferase-reporter transcription from the IGFBP-2
promoter appeared to be increased also by BTEB1 (Fig. 6B,
C). In particular, basal (SF) Luc activity was higher in 4S
than in 2As lines, and this activity was further stimulated
by serum. In the parental line, cotransfection of BTEB1 ex-
pression vector increased the activity of the IGFBP-2 pro-
moter (Fig. 6C). Sp1 had a greater effect on IGFBP-2 pro-
moter activity than did BTEB1, irrespective of serum
conditions, and their combination had no additive or syner-
gistic outcome (Fig. 6C).
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FIG. 4. Transactivation of Axl promoter activity by BTEB1
and Sp1. (A) The 4S and 2As sublines of the human endo-
metrial epithelial cell line Hec-1-A were transfected with the
Axl-Luc reporter construct in serum-containing (Serum) or
serum-free (SF) medium as described in Materials and Meth-
ods. *P ,0.0001. (B) The parental Hec-1-A cell line was co-
transfected with the Axl-Luc reporter construct and expres-
sion constructs for BTEB1, Sp1, their combination, or
corresponding empty vectors in serum-containing (Serum)
and serum-free (SF) medium, as described in Materials and
Methods. Serum vs. SF: *P ,0.005, **P ,0.0001; SF, ex-
pression vector vs. control vector: ^P ,0.0001; Serum, ex-
pression vector vs. control vector: # or ##P ,0.0001. Each
column represents least squares means 6 SEM from three in-
dependent experiments, with each experiment performed in
triplicate.

B
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FIG. 5. Transactivation of p21 promoter activity by BTEB1 and Sp1. (A) The 4S and 2As sublines of the human endometrial
epithelial cell line Hec-1-A were transfected with the p21-Luc reporter construct in serum-containing (Serum) or serum-free (SF)
medium as described in Materials and Methods. *P ,0.05. (B, C) The parental Hec-1-A cell line was cotransfected with the long
(p21) and short (p21 Sma) forms of the p21-Luc reporter constructs and expression constructs for either BTEB1 (B) or Sp1 (C)
or corresponding empty vectors as described in Materials and Methods. *P ,0.05. Each column represents least squares means 6
SEM from three independent experiments, with each experiment performed in triplicate.
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FIG. 6. Effect of BTEB1 on IGFBP-2 gene expression. (A) Immunoreactive IGFBP-2 in medium conditioned by Hec-1-A sub-
lines exhibiting high (9S) and low (2As) BTEB1 cellular content (CM) or in whole extracts prepared from high (4S, 9S) or low
(2As, 3As) BTEB1-expressing cells (WCE) were detected by Western blot analysis using a specific antibody raised against re-
combinant porcine IGFBP-2 in rabbits. Tissue extracts prepared from pig endometrium at pregnancy days 30 and 60 (d30, d60)
were used as positive controls. Protein amounts loaded for each lane are CM, 250 mg; pig endometrial extracts, 50 mg; WCE,
100 mg. (B) The 4S and 2As sublines of the human endometrial epithelial cell line Hec-1-A were transfected with the IGFBP-
2-Luc reporter construct in serum-containing (Serum) or serum-free (SF) medium as described in Materials and Methods. *P
,0.0001. (C) The parental Hec-1-A cell line was cotransfected with the IGFBP-2-Luc reporter construct and expression con-
structs for BTEB1, Sp1, their combination, or corresponding empty vectors in serum-containing (Serum) and serum-free (SF)
medium, as described in Materials and Methods. Serum vs. SF: *P ,0.0001; SF, expression vector vs. control vector: ̂ P ,0.05,
^^P ,0.005; Serum, expression vector vs. control vector: #P ,0.001; ##P ,0.0001. Superscripts with different designations
within each group indicate significant differences (P ,0.05). Each column represents least squares means 6 SEM from at least
three independent experiments, with each experiment performed in triplicate.



Signaling pathways for BTEB1 transactivation of
IGFBP-2 gene

To begin to define the signaling pathway(s) by which BTEB1
mediates the transactivation of growth-related uterine epithe-
lial-associated genes in concert with serum-derived compo-
nents, several signal transduction inhibitors were added to
serum-containing medium during transient transfection experi-
ments. Specific inhibitors of the ras-raf-MAPK (PD98059; 2
mM; Cell Signaling Technology), PI-3 kinase (wortmannin; 2.5
nM; Upstate Biotechnology), protein kinase A (H89; 10 mM;
Sigma), and c-jun-N-terminal kinase (JNK) (curcumin; 10 mM;
Sigma) pathways were examined for their abilities to alter the
activity of the IGFBP-2 gene promoter in high (4S) and low
(2As) BTEB1-expressing Hec-1-A sublines. Results in Figure
7A and B demonstrate that the addition of PD98509 increased,
while PI-3 kinase inhibition by wortmannin addition had no ef-
fect on, the transactivation of IGFBP-2 in both sublines. In-
hibitors of the PKA and JNK pathways decreased IGFBP-2 pro-
moter activity in both lines. However, while the JNK inhibitor
effectively abolished IGFBP-2 promoter activity in the 4S line,
the 2As subline had 20% of its basal (serum alone) activity re-
maining after treatment with the inhibitor. The latter observa-
tion was confirmed in additional clonal lines (9S and 3As),
where inhibition of basal IGFBP-2 gene promoter activity by
curcumin was decreased to a greater extent in 9S (4.3-fold) than
in 3As (2-fold) sublines (Fig. 7C).

DISCUSSION

The present study characterized potential mechanism(s) by
which BTEB1, a member of the BTEB subfamily of Sp/Krüp-
pel-like factors, mediates increased proliferation in endometrial
epithelial cells. In a previous study (Zhang XL et al., 2001), we
demonstrated that human endometrial carcinoma Hec-1-A sub-
lines (4S, 9S) engineered to express higher BTEB1 levels ex-
hibited increased proliferative responses to serum, concomitant
with enhanced expression of a number of cell cycle- and
growth-associated genes, relative to the parental cell line or sub-
lines with diminished BTEB1 expression. Here, we show that:
(1) higher cellular BTEB1 content is associated with increased
expression of mitosin and Axl receptor tyrosine kinase, two
markers of proliferation correlated with tumorigenesis and ma-
lignancy in multiple tissues and cell lines; (2) BTEB1 directly
transactivates p21 and IGFBP-2 promoters, but not the Axl pro-
moter, even though the 59 regulatory sequences of all three
genes contain GC-rich regions; and (3) the serum-mediated sig-
naling pathway associated with increased IGFBP-2 expression
may involve the participation of a JNK family member acting
in concert with BTEB1. Together, these results suggest that
BTEB1 mediates cell proliferation through regulation of
growth-associated gene expression that may involve in part the
JNK intracellular signaling cascade.

As an unbiased approach to identifying genes that are cor-
related with distinct cellular BTEB1 expression, the methodol-
ogy of mRNA differential display was used in the present study.
Although this technique has a limited sensitivity, as evidenced
by our inability to detect differentially expressed genes previ-
ously identified to be upregulated by BTEB1 using the candi-

date gene approach (Zhang XL et al., 2001), it nevertheless en-
abled the isolation of a number of potentially interesting genes
whose increased expression is associated with higher cellular
proliferative potential. In particular, the increased expression of
mitosin (CENP-F) and of Axl in Hec-1-A sublines with higher
cellular BTEB1 levels is consistent with a role for BTEB1 in
cell proliferation. Mitosin, identified previously as centromere
protein F (Rattner et al., 1993) is a component of centrosomes
and is involved in chromosome segregation during mitosis. Axl,
on the other hand, is a member of a subfamily of receptor ty-
rosine kinases that includes Sky and Mer (O’Bryan et al., 1991;
Nagata et al., 1996) and is implicated in cellular proliferation
(Berclaz et al., 2001) via binding of its cytoplasmic domain to
distinct substrates, including phospholipase Cg1, GRB2, and
phosphatidylinositol 39-kinase subunits p85a and p85b known
to mediate growth factor signaling (Braunger et al., 1997). Our
previous findings that BTEB1 increased transcript levels for
Cdk2 (Zhang XL et al., 2001), the activity of which is requi-
site for proper replication of centrosomes during mitosis
(Hinchcliffe et al., 1999) may account for the increased ex-
pression of mitosin in higher BTEB1-expressing endometrial
cells. The mechanism underlying BTEB1 induction of Axl gene
expression is likely distinct from that of mitosin, however, since
Axl, unlike mitosin, is a membrane-bound protein and is not
anticipated to directly influence cellular division. Indeed, the
significantly higher activity of the Axl promoter in sublines with
increased BTEB1 expression suggests transcriptional control,
although this was not confirmed in cotransfection experiments
using the parental Hec-1-A cell line and a BTEB1 expression
construct (see Fig. 4A, B). Because the Axl promoter region
evaluated in the present studies contained multiple GC/GT-rich
regions (Schulz et al., 1993) that bind Sp1, as shown by its
transactivation in the presence of the Sp1 expression construct,
the lack of a direct BTEB1 effect may reflect a DNA binding-
independent mechanism for BTEB1 activation of Ax1 tran-
scription. Alternatively, the latter could also be attributed to the
absence of an important cofactor(s) in the parental Hec-1-A line
and the 2As subline, but which is present in the 4S subline, or
to a lack of a cofactor binding site within the Ax1 promoter re-
gion that is requisite for BTEB1 transactivation. Although ad-
ditional studies will be necessary to clarify these possibilities,
it is worth noting the increased BTEB2, but not correspond-
ingly Sp1, transcript levels in 4S relative to 2As sublines. 
Because BTEB2 has an affinity for GC/GT box sequences sim-
ilar to Sp1 and BTEB1 (Sogawa et al., 1993), BTEB1 upregu-
lation of BTEB2 gene expression may account for the observed
increased Axl transcription in 4S vs. 2As lines, suggestive of
an indirect BTEB1 effect. In this regard, it has been shown that
transactivation of the transforming growth factor-b1 gene pro-
moter by the KLF member Zf9 (also known as KLF6) requires
the actions of other family members. The use of a BTEB2 ex-
pression construct in transient transfection studies with the Axl
promoter-reporter construct would be required to further eval-
uate this possibility.

In contrast to Axl receptor tyrosine kinase genes encoding
p21 and IGFBP-2, two regulatory proteins involved in endo-
metrial epithelial cell growth, appeared to be directly transac-
tivated by BTEB1. In this regard, the p21 and IGFBP-2 pro-
moter constructs utilized in these studies contained GC-rich
regions that likely bind BTEB1 and Sp1 with similar affinities.
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FIG. 7. Effects of specific kinase inhibitors on IGFBP-2 promoter activity as a function of BTEB1 cellular content. High (4S,
panel A) and low (2As, panel B) BTEB1-expressing cell lines were transiently transfected with the IGFBP-2-Luc reporter con-
struct in serum-containing medium (S) alone or with added inhibitors for the MAPK (PD, PD98059), PI3-K (Wor, wortmannin),
PKA (H89), or JNK (Cur, curcumin) signal transduction pathways, following conditions described in the text. Superscripts with
different letters denote significant differences (P ,0.05) from each other. Each column represents least squares means 6 SEM
from three independent experiments, with each experiment performed in triplicate. (C) The effect of JNK inhibitor curcumin
(Cur) on IGFBP-2 promoter activity in additional clonal lines expressing high (9S) and low (3As) BTEB1. Each column repre-
sents least squares means 6 SEM from two independent experiments, with each experiment performed in triplicate. Superscripts
with different designations differ (P ,0.05). 9S vs. 3As in serum (S), a vs. b; Serum (S) vs. serum 1 curcumin (Cur), * for 9S
and 3As; 9S vs. 3As in serum 1 cur, # vs. ##.

http://www.liebertonline.com/action/showImage?doi=10.1089/104454902753604998&iName=master.img-018.png&w=297&h=574


Interestingly, it appears that for p21, BTEB1, or Sp1 transacti-
vation was not exclusively mediated by the multiple (total of
four) Sp1 sites (Datto et al., 1995) present in both the long and
short reporter constructs; this suggests the contribution of ad-
ditional GC-boxes or distinct regulatory elements that bind
other, yet unknown, nuclear factors, in Sp1 or BTEB1-medi-
ated transcriptional control. Similar to that observed for the reg-
ulation of the gene encoding the uterine endometrial protein
uteroferrin (Simmen et al., 2000), the effects of Sp1 and BTEB1
shown here for the p21 promoter are consistent with these pro-
teins’ exclusion of each other’s binding to recognition se-
quences within target gene promoters. Together, these results
suggest that BTEB1, and by analogy Sp1, may require promoter
context-dependent interactions with other proteins for full tran-
scriptional activity. Previous studies reported by this laboratory
(Zhang D et al., 2002) and others (Lu et al., 2000; Kaczynski
et al., 2001) demonstrating physical interactions of Krüppel-
like family members with numerous transcription factors and
transcriptional coactivators at distinct promoters support this
proposition.

Our previous findings that BTEB1-overexpressing Hec-1-A
sublines exhibited higher proliferative potential in serum-con-
taining, but not in serum-deprived, medium (Zhang XL et al.,
2001), suggested functional interactions between BTEB1 and
serum-associated components in the molecular processes un-
derlying cell proliferation. Results provided here are consistent
with this model. We showed that the expression of a number
of identified BTEB1 downstream genes are regulated by serum
at distinct levels, which include mRNA (1-3-2, Axl, CENP-F,
2-11), protein (IGFBP-2), and gene promoter activity (p21,
IGFBP-2, Axl). Further, we showed that the JNK intracellular
signaling cascade(s) may interact with BTEB1 for control of
expression of a growth-associated gene (IGFBP-2) by demon-
strating that a BTEB1-dependent effect in transcriptional re-
sponses to inhibitors of kinase-associated signaling cascades
can only be ascribed to that involving curcumin, a JNK inhib-
itor. This functional difference in cellular response not only sug-
gests a role for BTEB1 as a downstream signaling component
of a growth-regulatory factor(s) that utilizes JNK transduction
pathway, but also provides additional corroboration for the par-
ticipation of BTEB1 in altering cellular sensitivity to growth-
regulatory signals. In previous reports, we showed that high
(4S) and low (2As) BTEB1-expressing Hec-1-A sublines had
distinct responses to transforming growth factor-b1 (Zhang XL
et al., 2001) and progesterone (Zhang D et al., 2002). Never-
theless, there are clearly other JNK-mediated pathways that are
independent of BTEB1, and additional studies will be required
to further delineate the components specifically involved in
BTEB1-mediated regulation of JNK targets.

In summary, our study showing BTEB1 induction of the ex-
pression of distinct genes with functions related to growth reg-
ulation, which occurs in part through transcriptional control of
gene promoter activity and which involves, to some extent,
growth-signaling transduction pathways utilized by JNK, is in
line with a central role for BTEB1 in endometrial cell prolif-
eration. Thus, the elucidation of the precise gene networks in-
volving BTEB1 in the signaling of growth modulators may lead
to the development of novel molecular strategies for address-
ing the control of abnormal growth of reproductive and nonre-
productive tissues.

ACKNOWLEDGMENTS

The authors wish to thank Dr. Xiao-Fan Wang (Duke Uni-
versity, Chapel Hill, NC) for provision of human p21WAF1 gene
promoter constructs and Dr. Robert Christy (GeneTex, Inc., San
Antonio, TX) for the generous gift of mouse monoclonal an-
timitosin antibody (MS-MIT1-PX1). This work was supported
by U.S. National Institutes of Health Grant HD-21961 and by
the Florida Agricultural Experiment Station and approved for
publication as Journal Series R-08551.

REFERENCES

BADINGA, L., SONG, S., SIMMEN, R.C.M., and SIMMEN, F.A.
(1998). A distal regulatory region of the insulin-like growth factor
binding protein-2 (IGFBP-2) gene interacts with the basic helix-loop-
helix transcription factor, AP-4. Endocrine 8, 281–289.

BADINGA, L., SONG, S., SIMMEN, R.C.M., CLARKE, J.B., CLEM-
MONS, D.R., and SIMMEN, F.A. (1999). Complex mediation of
uterine endometrial epithelial cell growth by insulin-like growth fac-
tor-II (IGF-II) and IGF-binding protein-2. J. Mol. Endocrinol. 23,
277–285.

BERCLAZ, G., ALTERMATT, H.J., ROHRBACH, V., KIEFFER, I.,
DREHER, E., and ANDRES, A.C. (2001). Estrogen dependent ex-
pression of the receptor tyrosine kinase axl in normal and malignant
human breast. Ann. Oncol. 12, 819–824.

BLACK, A.R., BLACK, J.D., and AZIZKHAN-CLIFFORD, J. (2001).
Sp1 and krüppel-like factor family of transcription factors in cell
growth regulation and cancer. J. Cell Physiol. 188, 143–160.

BIRNBAUM, M.J., VAN WIJNEN, A.J., ODGREN, P.R., LAST, T.J.,
SUSKE, G., STEIN, G.S., and STEIN, J.L. (1995). Sp1 transactiva-
tion of cell cycle regulated gene promoters is selectively repressed
by Sp3. Biochemistry 34, 16503–16508.

BOUWMAN, P., GOLLNER, H., ELSASSER, H.P., ECKHOFF, G.,
KARIS, A., GROSVELD, F., PHILIPSEN, S., and SUSKE, G.
(2000). Transcription factor Sp3 is essential for post-natal survival
and late tooth development. EMBO J. 19, 655–661.

BRAUNGER, J., SCHLEITHOFF, L., SCHULZ, A.S., KESSLER, H.,
LAMMERS, R., ULLRICH, A., BARTRAM, C.R., and JANSSEN,
J.W. (1997). Intracellular signaling of the UFO/Axl receptor tyrosine
kinase is mediated mainly by a multi-substrate docking-site. Onco-
gene 14, 2619–2631.

CLARK, G.M., ALLRED, D.C., HILSENBECK, S.G., CHAMNESS,
G.C., OSBORNE, C.K., JONES, D., and LEE, W.H. (1997). Mitosin
(a new proliferation marker) correlates with clinical outcome in node-
negative breast cancer. Cancer Res. 57, 5505–5508.

COOK, T., GEBELEIN, B., MESA, K., MLADEK, A., and URRU-
TIA, R. (1998). Molecular cloning and characterization of TIEG2 re-
veals a new subfamily of transforming growth factor-b-inducible
Sp1-like zinc finger-encoding genes involved in the regulation of cell
growth. J. Biol. Chem. 273, 25929–25936.

CRAVEN, R.J., XU, L.H., WEINER, T.M., FRIDELL, Y.W., DENT,
G.A., SRIVASTAVA, S., VARNUM, B., LIU, E.T., and CANCE,
W.G. (1995). Receptor tyrosine kinases expressed in metastatic colon
cancer. Int. J. Cancer 60, 791–797.

CROSIER, K.E., and CROSIER, P.S. (1997). New insights into the
control of cell growth: The role of the Axl family. Pathology 29,
131–135.

DATTO, M.B., YU, Y., and WANG, X.-F. (1995). Functional analy-
sis of the transforming growth factor b responsive elements in the
WAF1/Cip1/p21 promoter. J. Biol. Chem. 270, 28623–28628.

DENNIG, J., HAGEN, G., BEATO, M., and SUSKE, G. (1995). Mem-
bers of the Sp transcription factor family control transcription from
the uteroglobin promoter. J. Biol. Chem. 170, 12737–12744.

SIMMEN ET AL.126



FENG, X.H., LIN, X., and DERYNCK, R. (2000). Smad2, Smad3 and
Smad4 cooperate with Sp1 to induce p15(Ink4B) transcription in re-
sponse to TGF-b. EMBO J. 19, 5178–5193.

GALVAGNI, F., CAPO, S., and OLIVIERO, S. (2001). Sp1 and Sp3
physically interact and cooperate with GABP for the activation of
the utrophin promoter. J. Mol. Biol. 306, 985–996.

GONZALEZ, B.Y., PERERA, O.P., MICHEL, F.J., and SIMMEN,
R.C.M. (1995). Multiple upstream promoter elements of the gene for
the pregnancy-associated tartrate-resistant acid phosphatase, utero-
ferrin bind human endometrial nuclear proteins. Mol. Cell. En-
docrinol. 108, 51–65.

GREEN, M.L., BLAESER, L.L., SIMMEN, F.A., and SIMMEN,
R.C.M. (1996). Molecular cloning of spermidine/spermine N1-acetyl-
transferase from the periimplantation porcine uterus by messenger
ribonucleic acid differential display: Temporal and conceptus-mod-
ulated gene expression. Endocrinology 137, 5447–5455.

HAGEN, G., MÜLLER, S., BEATO, M., and SUSKE G. (1994). Sp1-
mediated transcriptional activation is repressed by Sp3. EMBO J. 13,
3843–3851.

HINCHCLIFFE, E.H., LI, C., THOMPSON, E.A., MALLER, J.L., and
SLUDER, G. (1999). Requirement of cdk2-cyclin E activity for re-
peated centrosome reproduction in Xenopus egg extracts. Science
283, 851–854.

IMATAKA, H., SOGAWA, K., YASUMOTO, K., KIKUCHI, Y.,
SASANO, K., KOBAYASHI, A., HAYAMI, M., and FUJII-
KURIYAMA, Y. (1992). Two regulatory elements that bind to the
basic transcription element (BTE), a GC box sequence in the pro-
moter of the rat P-4501A1 gene. EMBO J. 11, 3663–3671.

JENSEN, D.E., BLACK, A.R., SWICK, A.G., and AZIZKHAN, J.C.
(1997). Distinct roles for Sp1 and E2F sites in the growth/cell cycle
regulation of the DHFR promoter. J. Cell Biochem. 67, 24–31.

KACZYNSKI, J., ZHANG, J-S., ELLENRIEDER, V., CONLEY, A.,
DUENES, T., KESTER, H., VAN DER BURG, B., and URRUTIA,
R. (2001). The Sp1-like protein BTEB3 inhibits transcription via the
BTE box by interacting with mSin3A and HDAC-1 co-repressors
and competing with Sp1. J. Biol. Chem. 276, 36749–36756.

KRIKUN, G., SCHATZ, F., MACKMAN, N., GULLER, S., DE-
MOPOULOS, R., and LOCKWOOD, C.J. (2000). Regulation of tis-
sue factor gene expression in human endometrium by transcription
factors Sp1 and Sp3. Mol. Endocrinol. 14, 393–400.

LEINWAND, L.A., WYDRO, R.M., and NADAL-GINARD, B.
(1982). Small RNA molecules related to the Alu family of repetitive
DNA sequences. Mol. Cell. Biol. 2, 1320–1330.

LIANG, P., and PARDEE, A.B. (1992). Differential display of eu-
karyotic messenger RNA by means of the polymerase chain reac-
tion. Science 257, 967–971.

LIAO, H., WINKFEIN, R.J., MACK, G., RATTNER, J.B., and YEN,
T.J. (1995). CENP-F is a protein of the nuclear matrix that assem-
bles onto kinetochores at late G2 and is rapidly degraded after mi-
tosis. J. Cell Biol. 130, 507–518.

LU, S., JENSTER, G., and EPNER, D.E. (2000). Androgen induction
of cyclin-dependent kinase inhibitor p21 gene: Role of androgen re-
ceptor and transcription factor Sp1 complex. Mol. Endocrinol. 14,
753–760.

MARIN, M., KARIS, A., VISSER, P., GROSVELD, F., and
PHILIPSEN, S. (1997). Transcription factor Sp1 is essential for early
embryonic development but dispensable for cell growth and differ-
entiation. Cell 89, 619–628.

NAGATA, K., OHASHI, K., NAKANO, T., ARITA, H., ZONG, C.,
HANAFUSA, H., and MIZUNO, K. (1996). Identification of the
product of growth arrest-specific gene 6 as a common ligand for Axl,
Sky, and Mer receptor tyrosine kinases. J. Biol. Chem. 271,
30022–30027.

O’BRYAN, J.P., FRYE, R.A., COGSWELL, P.C., NEUBAUER, A.,
KITCH, B., PROKOP, C., ESPINOSA, R. III, LE BEAU, M.M.,
EARP, H.S., and LIU, E.T. (1991). Axl, a transforming gene iso-

lated from primary human myeloid leukemia cells, encodes a novel
receptor tyrosine kinase. Mol. Cell. Biol. 11, 5016–5031.

OWEN, G.I., RICHER, J.K., TUNG, L., TAKIMOTO, G., and HOR-
WITZ, K.B. (1998). Progesterone regulates transcription of the
p21waf1 cyclin-dependent kinase inhibitor gene through Sp1 and
CBP/p300. J. Biol. Chem. 273, 10696–10701.

PHILIPSEN, S., and SUSKE, G. (1999). A tale of three fingers: The
family of mammalian Sp/XKLF transcription factors. Nucleic Acids
Res. 27, 2991–3000.

RATTNER, J.B., RAO, A., FRITZLER, M.J., VALENCIA, D.W., and
YEN, T.J. (1993). CENP-F is a ca 400 kDa kinetochore protein that
exhibits a cell-cycle dependent localization. Cell Motil. Cytoskele-
ton 26, 214–226.

SCHULZ, A.S., SCHLEITHOFF, L., FAUST, M., BARTRAM, C.R.,
and JANSSEN, J.W.G. (1993). The genomic structure of the human
UFO receptor. Oncogene 8, 509–513.

SAS (1998). SAS/STAT User’s Guide (release 6.03 edition). (SAS In-
stitute Inc., Cary, NC)

SASAKI, M., DHARIA, A., OH, B.R., TANAKA, Y., FUJIMOTO, S.,
and DAHIYA, R. (2001). Progesterone receptor B gene inactivation
and CpG hypermethylation in human uterine endometrial cancer.
Cancer Res. 61, 97–102.

SHAFIT-ZAGARDO, B., BROWN, F.L., ZAVODNY, P.J., and
MAIO, J.J. (1983). Transcription of the Kpn I families of long in-
terspersed DNAs in human cells. Nature 304, 277–280.

SMIT, A.F.A. (1996). The origin of interspersed repeats in the human
genome. Curr. Opin. Genet. Dev. 6, 743–748.

SIMMEN, R.C.M., CHUNG, T.E., IMATAKA, H., MICHEL, F.J.,
BADINGA, L., and SIMMEN, F.A. (1999). Trans-activation func-
tions of the Sp-related nuclear factor, basic transcription element-
binding protein, and progesterone receptor in endometrial epithelial
cells. Endocrinology 140, 2517–2525.

SIMMEN, R.C.M., ZHANG, X-L., ZHANG, D., WANG, Y.,
MICHEL, F.J., and SIMMEN, F.A. (2000). Expression and regula-
tory function of the transcription factor Sp1 in the uterine endome-
trium at early pregnancy: Implications for epithelial phenotype. Mol.
Cell. Endocrinol. 159, 159–170.

SOGAWA, K., IMATAKA, H., YAMASAKI, Y., KUSUME, H., ABE,
H., and FUJII-KURIYAMA, Y. (1993). cDNA cloning and tran-
scriptional properties of a novel GC box-binding protein, BTEB2.
Nucleic Acids Res. 21, 1527–1532.

SONG, J., MANGOLD, M., SUSKE, G., GELTINGER, C.,
KANAZAWA, I., SUN, K., and YOKOYAMA, K.K. (2001). Char-
acterization and promoter analysis of the mouse gene for transcrip-
tion factor Sp4. Gene 264, 19–27.

SONG, S., LEE, C-Y., GREEN, M.L., CHUNG, C.S., SIMMEN,
R.C.M., and SIMMEN, F.A. (1996). The unique endometrial ex-
pression and genomic organization of the porcine IGFBP-2 gene.
Mol. Cell. Endocrinol. 120, 193–202.

STONER, M., WANG, F., WORMKE, M., NGUYEN, T., SAMUDIO,
I., VYHLIDAL, C., MARME, D., FINKENZELLER, G., and SAFE,
S. (2000). Inhibition of vascular endothelial growth factor expression
in HEC1A endometrial cancer cells through interactions of estrogen
receptor alpha and Sp3 proteins. J. Biol. Chem. 275, 22769–22779.

SUPP, D.M., WITTE, D.P., BRANFORD, W.W., SMITH, E.P., and
POTTER, S.S. (1996). Sp4, a member of the Sp1-family of zinc fin-
ger transcription factors, is required for normal murine growth, via-
bility, and male fertility. Dev. Biol. 176, 284–299.

TURNER, J., and CROSSLEY, M. (1999). Mammalian Krüppel-like
transcription factors: More than just a pretty finger. Trends Biochem.
Sci. 24, 236–240.

ULLU, E., and TSCHUDI, C. (1984). Alu sequences are processed 7SL
RNA genes. Nature 312, 171–172.

WANI, M.A., MEANS, R.T., and LINGREL, J.B. (1998). Loss of
LKLF function results in embryonic lethality in mice. Transgenic
Res. 7, 229–238.

BTEB1 AND MITOGENESIS 127



ZHANG, D., ZHANG, X-L., MICHEL, F.J., BLUM, J.L., SIMMEN,
F.A., and SIMMEN, R.C.M. (2002). Direct interaction of the Krüp-
pel-like family (KLF) member, BTEB1 and progesterone receptor
mediates progesterone-responsive gene expression in endometrial ep-
ithelial cells. Endocrinology 143, 62–73.

ZHANG, J.S., MONCRIEFFE, M.C., KACZYNSKI, J., ELLEN-
RIEDER, V., PRENDERGAST, F.G., and URRUTIA, R. (2001). A
conserved alpha-helical motif mediates the interaction of Sp1-like
transcriptional repressors with the co-repressor mSin3A. Mol. Cell.
Biol. 21, 5041–5049.

ZHANG, X-L., SIMMEN, F.A., MICHEL, F.J., and SIMMEN, R.C.M.
(2001). Increased expression of the Zn-finger transcription factor
BTEB1 in human endometrial cells is correlated with distinct cell
phenotype, gene expression patterns, and proliferative responsive-
ness to serum and TGF-b1. Mol. Cell. Endocrinol. 181, 81–96.

ZHU, J.L., KAYTOR, E.N., PAO, C.I., MENG, X.P., and PHILLIPS,
L.S. (2000). Involvement of Sp1 in the transcriptional regulation of
the rat insulin-like growth factor-1 gene. Mol. Cell. Endocrinol. 164,
205–218.

ZHU, X., MANCINI, M.A., CHANG, K-H., LIU, C-Y., CHEN, C-F.,
SHAN, B., JONES, D., YANG-FENG, T.L., and LEE, W-H. (1995).
Characterization of a novel 350-kilodalton nuclear phosphoprotein
that is specifically involved in mitotic-phase progression. Mol. Cell.
Biol. 15, 5017–5029.

Address reprint requests to:
Dr. Rosalia C.M. Simmen

Department of Animal Sciences
Building 459
Shealy Drive

University of Florida
Gainesville, FL 32611-0910

E-mail: simmen@animal.ufl.edu

Received for publication November 10, 2001; received in re-
vised form December 3, 2001; accepted January 14, 2002.

SIMMEN ET AL.128



This article has been cited by:

1. Steven L. Young. 2013. Oestrogen and progesterone action on endometrium: a translational approach to
understanding endometrial receptivity. Reproductive BioMedicine Online . [CrossRef]

2. Bruce A. Lessey, Steven L. YoungPathophysiology of Infertility in Endometriosis 240-254. [CrossRef]
3. Zhihong Wan, Ning Zhi, Susan Wong, Keyvan Keyvanfar, Delong Liu, Nalini Raghavachari, Peter J.

Munson, Su Su, Daniela Malide, Sachiko Kajigaya, Neal S. Young. 2010. Human parvovirus B19 causes
cell cycle arrest of human erythroid progenitors via deregulation of the E2F family of transcription factors.
Journal of Clinical Investigation 120:10, 3530-3544. [CrossRef]

4. Anatoly Mikhailik, James Mazella, Sharon Liang, Linda Tseng. 2009. Notch ligand-dependent gene
expression in human endometrial stromal cells. Biochemical and Biophysical Research Communications 388:3,
479-482. [CrossRef]

5. B LU, J XU, J CHEN, J YU, E XU, M LAI. 2008. TaqMan low density array is roughly right for gene
expression quantification in colorectal cancer. Clinica Chimica Acta 389:1-2, 146-151. [CrossRef]

6. Inseok Kwak, Sihong Song, Jason L. Blum, Rosalia C.M. Simmen, Frank A. Simmen. 2006. Enhancer- and
Silencer-Like Sequences That Mediate Insulin-Like Growth Factor-Binding Protein-2 Gene Expression
in Uterine Cells of Pregnancy. DNA and Cell Biology 25:1, 6-18. [Abstract] [Full Text PDF] [Full Text
PDF with Links]

7. A. G. Gunin, V. U. Emelianov, I. U. Mironkin, M. P. Morozov, V. A. Ivanov. 2003. Uterine response
to estradiol under action of chorionic gonadotropin in mice. International Journal of Gynecological Cancer
13:4, 485-496. [CrossRef]

http://dx.doi.org/10.1016/j.rbmo.2013.06.010
http://dx.doi.org/10.1002/9781444398519.ch23
http://dx.doi.org/10.1172/JCI41805
http://dx.doi.org/10.1016/j.bbrc.2009.07.037
http://dx.doi.org/10.1016/j.cca.2007.12.009
http://dx.doi.org/10.1089/dna.2006.25.6
http://online.liebertpub.com/doi/pdf/10.1089/dna.2006.25.6
http://online.liebertpub.com/doi/pdfplus/10.1089/dna.2006.25.6
http://online.liebertpub.com/doi/pdfplus/10.1089/dna.2006.25.6
http://dx.doi.org/10.1046/j.1525-1438.2003.13323.x

