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The Wilms’ tumor suppressor gene (WT1) encodes
a zinc finger DNA binding protein which functions as
a transcriptional repressor. In this study we investi-
gated whether the human transforming growth fac-
tor-g1 (TGF-31) gene might be a target for transcrip-
tional repression mediated by WT1. Using con-
structs of the TGF-81 promoter linked to the
chloramphenicol acetyl transferase gene, we have
demonstrated that the WT1 protein represses
expression of the TGF-31 gene through a
CGCCCCCGC response element spanning nucleo-
tides —111 to =119 of the TGF-31 promoter. We
have also shown in a cotransfection assay that Egr-
1, an immediate early growth response gene, acti-
vates transcription of the TGF-51 gene through the
same response element and that WT1 represses
both the basal and Egr-1-induced TGF-31 promoter
activity in monkey kidney CV-1 cells. Moreover, WT1
and Egr-1 proteins interact directly with the WT1/
Egr-1 response element of the TGF-31 promoter in
gel mobility shift assays. These findings provide
further definition of transcriptional control of the
TGF-31 gene by showing that the WT1 gene product
suppresses TGF-31 transcription and that the WT1/
Egr-1 consensus element of the human TGF-81 pro-
moter plays a critical role in this repression. (Molec-
ular Endocrinology 8: 595-602, 1994)

INTRODUCTION

Wilms' tumor is a pediatric kidney malignancy that
arises from the continued proliferation of embryonic
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kidney blastemal cells which have lost the property of
differentiation (1). Wilms’ tumor is observed in both
hereditary and sporadic forms (2). In addition to the
inheritance pattern, Wilms’ tumor is occasionally asso-
ciated with other disorders, e.g. as part of the WAGR
syndrome (Wilms’ tumor, aniridia, genitourinary abnor-
malities, and mental retardation) (3, 4). Chromosomal
deletion analysis of children with the WAGR syndrome
allowed mapping of a potential Wilms’ tumor suppres-
sor gene (WT1) to chromosome 11p13 (5-7). This led
to the isolation of a candidate WT1 gene encoding a
zinc finger protein (8, 9). Some tumors have been
demonstrated to have internal deletions and mutations
of the WT1 gene (10, 11).

The protein encoded by the WT1 gene contains an
amino terminus rich in proline and glutamine residues
and a carboxy terminus containing four zinc fingers
(12). These structural domains are associated with
sequence-specific DNA binding and transcriptional
repression, respectively (12, 13). The zinc finger region
of WT1 is a sequence-specific DNA binding domain
which recognizes the consensus site (5-CGCC-
CCCGC-3’) of early growth response gene (Egr-1), a
transcription factor also known as NGF1-A (14), Krox
24 (15), TIS-8 (16), and Zif 268 (17). Egr-1 gene induc-
tion is noted after mitogenic stimulation in many cell
types. However, a variety of differentiation cues also
induce this gene (18). The WT1 protein functions as a
transcriptional repressor when bound to the Egr-1 con-
sensus sequence (12), and it has been postulated that
the antagonistic activities of WT1 and Egr-1 may play
a critical role in regulating the balance between growth
and differentiation (12).

One potential modulator of kidney glomerular cell
function is transforming growth factor-3 (TGF-8) (19,
20), the prototypic member of a large family of struc-
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turally related and functionally regulatory proteins re-
ferred to as the TGF-g8 superfamily (21). TGF-gs are
multifunctional regulators of cell proliferation and differ-
entiation for a wide variety of cell types, including most
normal and transformed epithelial, endothelial, lymph-
oid, and mesenchymal cells (21). In the kidney, TGF-8
significantly increases the production of collagen and
fibronectin by glomerular mesangial cells (19), acting
through high-affinity receptors that are detected in cul-
tured mouse glomerular endothelial, mesangial, and
epithelial cells as well as isolated intact rat glomeruli
(19). Anti-TGF-3 therapy suppresses experimentally in-
duced glomerulonephritis in an animal model system
(22). TGF-3s are present in both cortex and medulla
and they have been shown to inhibit DNA synthesis
and attenuate the effects of many mitogenic peptides
on isolated renal endothelial, epithelial, and mesangial
cells in vitro (19).

Recent results indicate that human insulin-like growth
factor Il and the platelet-derived growth factor A chain
are transcriptionally repressed by WT1 through a cis
acting element, CGCCCCCGC, which resides in the
promoter of both of these genes (23-25). Since this cis
acting element is also present in the human TGF-81
gene and since WT1 protein is expressed in adult
kidney podocytes, we examined whether the Wilms'
tumor suppressor WT1 might regulate the transcription
of the TGF-31 gene. The studies presented here dem-
onstrate that the human TGF-51 gene is transcription-
ally repressed by Wilms' tumor suppressor WT1 in
kidney epithelial cells. This cis acting element, which
was well characterized earlier as an Egr gene consen-
sus site (12), also acts as a transcriptional activator
response element of human TGF-31 by the Egr-1 gene
product.

RESULTS

Mapping of a WT1 Response Element in the TGF-
81 Promoter

To determine whether WT1 regulates the TGF-31 pro-
moter, a region of the human promoter, —175 to +11
and its 5'-end deletion portions were fused to the
bacterial chloramphenicol acetyl transferase (CAT) gene
(Fig. 1). Regulation of these TGF-31-CAT constructs
was monitored after transfection into kidney CV-1 cells
with vector plasmid DNA (CMV) containing a cytomeg-
alovirus promoter, plasmid containing human WT1
cDNA insert (CMV-WT1), or WT1 deletion expression
vectors. Cotransfection of TGF-31-CAT reporter con-
structs and the expression vector CMV-WT1 resulted
in a 3- to 5-fold repression of activity for constructs
phTG7, phTG7-1, phTG7-1-1, phTG7-1-2, and phTG7-
1-3. However, the TGF-81 promoter activity was no
longer repressed by CMV-WT1 when the deletion
reached —100 (phTG7-2). These results suggest that
sequences between —119 and —100, which include the
potential Egr-1 binding site 5'-CGCCCCCGC-3" (Fig.
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Fig. 1. ldentification of Specific Regulatory Regions of the
Human TGF-g1 Promoter Required for WT1 Gene Product-
Mediated Repression

A, A partial map of the promoter region of the human TGF-
g1 gene is shown. Schematic representation of the various
TGF-81 promoter-CAT constructs used to transfect monkey
kidney CV-1 cells is presented. B, To analyze the repression
of TGF-31 promoter activity by the WT1 gene product, the
TGF-81-CAT constructs were cotransfected with the WT1
expression construct, CMV-WT1, or a control plasmid (CMV)
using calcium phosphate. After transfection, cells were incu-
bated for 48 h and 100 ug cellular protein were analyzed for
CAT activity The values (% acetylation) represent an average
of three separate experiments. C, The phTG7-1 (6 ug) con-
struct was transfected into monkey CV-1 cells with the indi-
cated amounts of CMV-WT1. The total amount of transfected
DNA remained constant at 24 g by adding the control plasmid
CMV in each transfected dish.

2), are important for down-regulation of TGF-31 expres-
sion in the presence of the WT1 gene product. Another
Egr-1 response element-like sequence is also present
in an inverted orientation between —74 and —82, but it
did not show significant repression.

We chose plasmid phTG7-1 which spans the region
from —160 to +11 for subsequent transient cotransfec-
tion assays with the WT1 expression vector (Fig. 1C).
When increasing amounts of WT1 expression vector
were cotransfected with the phTG7-1 reporter con-
struct, CAT activity decreased progressively (up to 8.3-
fold), suggesting that WT1 repressed TGF-81 gene
transcription in a dose-dependent manner.
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hTGF-81 -119 CGCCCCCGE -111
hTGF-81 -74 CGCCCCCGG -82
hIGF-II -229 CGCCCCCGC -221
hIGF-II -124 CGCCCCCGC -132
hIGF-II +57 CGCCCCCGC +65
hPDGF-A -56 CGCCCCCGC -64
hPDGF-A -62 CGCCCCCGC -70
mEgr-1 -275 CGCCCOCGT -283
mEgr-1 -598 CGCCCCCGC -590
mEgr-1  -639 CGCCCACTC -647

Fig. 2. Nucleotide Sequences Containing WT1/Egr-1 Re-
sponse Element

A, Partial nucleotide sequence of human TGF-31 promoter
(—180/+1) (28). The WT1/Egr-1 consensus element (top) and
near-consensus element (one nucleotide deviation) are under-
lined. B, The WT1/Egr-1 consensus element and near-consen-
sus elements present in the human TGF-31, insulin-like growth
factor Il, and platelet-derived growth factor A chain and mouse
Egr-1 promoters are presented. Underlined nucleotides are
deviations from the consensus element.

Identification of a WT1 Response Element in TGF-
£1 Promoter

To characterize the putative Egr-1 response element
mapped in Fig. 1B, we generated chimeric constructs
containing portions of the TGF-31 upstream sequence
between —125 and —98 linked to an Adenovirus E4-
promoter-CAT vector. Multiple nucleotide mutants of
the putative Egr-1 responsive element and its 3’ down-
stream sequence were generated as described in Fig.
3A. In cotransfection assays, the wild type construct
(E4A38-WT) was induced 2.1-fold by CMV-EGR-1 and
this was repressed to the basal level or below by CMV-
WT1 (Fig. 3B). A mutation of nucleotides 1 to 3 of the
response element of the construct was slightly less
inducible by CMV-EGR-1 but down-regulated similarly
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Fig. 3. WT1 Represses Basal and Egr-1 Induced TGF-1
Promoter Activity Through WT1/Egr-1 Response Element

A, Diagram of the point mutations introduced into the WT1/
Egr-1 consensus site of the human TGF-81 promoter. B,
Identification of WT1-responsive element in the human TGF-
$1 promoter. The wild type (pE4A38-WT) and mutant chimeric
TGF-31 promoter constructs (6 ng) were cotransfected with
either the CMV-EGR-1 or CMV-WT1 plasmids (12 ug) or
parental CMV plasmid into monkey kidney CV-1 cells. The
level of CAT activity is shown. The values represent the
average of three individual experiments with comparable re-
sults.

to the wild type. Mutation of the middle three nucleo-
tides of the response element in construct E4A38-M2
resulted in significant reduction in activation and repres-
sion activity. Mutation of nucleotides 7 to 9 of the motif
in the construct E4A38-M3 resulted in a reduction of
activation by CMV-EGR-1 but the repression by CMV-
WT1 appeared to be unaltered. Mutation of nucleotides
3’ to the response element, by themselves, had little
effect on the activation or repression of E4A38-M4, but
when accompanied by a mutation in the middle three
nucleotides (E4A38-M5), these mutations completely
abolished the induction and repression activity of the
response element. Therefore, the sequence CGCC-
CCCGC located between —119 and —111 appears to
be responsible for Egr-1-mediated activation and WT1-
mediated repression of the TGF-31 gene.

To investigate the functional relevance of the
CGCCCCCGC sequence for a WT1 response element,
we cotransfected the TGF-31 reporter construct
phTG7-1-1 with wild type and mutant WT1 expression
vectors (Fig. 4). The wild type WT1 repressed the
activity of the reporter construct significantly. In co-
transfection assays, CB6ABZWT repressed transcrip-
tion 2- to 3-fold in construct phTG7-1-1. On the other
hand, CMV-WT1(1-364), in which the last two zinc
fingers have been deleted with resultant destruction of
the binding domain, did not repress the activity of
phTG7-1-1, suggesting that this truncated WT1 protein
did not bind the WT1/Egr-1 response element and
therefore did not repress TGF-51 promoter.

We have also tested the effects of alternatively
spliced WT1 proteins for the regulation of the TGF-31
promoter (Fig. 5). WT1 proteins containing a lysine,
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Fig. 4. Effect of WT1 and WT1 Mutant Plasmids on the TGF-
81 Promoter

A, Expression vectors used in cotransfection assays con-
tained the full length WT1 cDNA or zinc finger domain coding
regions of human WT1, driven by the cytomegalovirus imme-
diate-early promoter. B, In order to confirm the WT1-respon-
sive element in the human TGF-81 promoter, the reporter
construct phTG7-1-1 (6 ug) was cotransfected with the CMV-
WT1 or mutant expression vectors CB6ABZ-WT, CMV-
WT1(1-364), or CMV plasmid (12 ng) into monkey kidney CV-
1 cells. Transfections were repeated three times with compa-
rable results.

threonine, and serine (KTS) insertion did not repress
TGF-31 promoter activity. However, repression was
observed in the absence or presence of a 17-amino
acid insertion in the N terminus of the WT1 protein.

Identification of Factors that Bind to the WT1
Response Element

To identify factors that interact with the WT1/Egr-1
response element, we have utilized a gel shift assay
using annealed oligonucleotides containing the region
—125/—-98 (Fig. 3A) as a probe. First, we asked whether
in vitro translated **S-labeled Egr-1 product (32) can
bind to this sequence. As shown in Fig. 6A, lane 1, the
Egr-1 protein reacted with the annealed oligonucleotide
probe (—125/—98). Addition of increasing amounts of
the specific competitor (fragment —125/—98) to the
binding reaction gradually competed out the protein-
DNA complexes (lanes 2-7). These results suggest that
Egr-1 protein can interact with WT1/Egr-1 response
element of the human TGF-81 promoter.

Next, nuclear extracts of kidney CV-1 cells were used
in a gel shift assay to determine whether endogenous
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Fig. 5. Effect of the WT1 Alternative Splicing Variants (11) on
Human TGF-31 Promoter Activity

A, A schematic representation of expression constructs
containing alternatively spliced WT1 proteins. Insertion of ly-
sine, threonine, and serine (KTS) at position 390 and 17-amino
acid insertions at position 248 generated these four WT1
proteins. B, Cotransfection results of TGF-31 reporter con-
struct phTG7-1-1 and the WT1-expression constructs pre-
sented in panel A. Transfections were repeated three times
with comparable results.
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Fig. 6. Egr-1 and WT1 Proteins Bind to the TGF-31 Promoter

A, In vitro translated Egr-1 protein binds specifically to the
—125/-98 region of the human TGF-81 promoter. Radiola-
beled wild type oligonucleotide was incubated with in vitro
translated *S-labeled Egr-1 protein as described in Materials
and Methods. In lanes 2 to 7, increasing amounts of specific
competitor were added to the reaction mixture. B, Bacterially
expressed WT1 protein binds to the TGF-81 promoter. The
WT1 zinc finger protein produced in bacteria (24) and encom-
passing the WT1 binding site was used in gel shift assays with
a wild type oligonucleotide probe. Competition for binding the
DNA-protein complex was seen (lane 9) with a 100-fold m
excess of specific cold competitor.
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nuclear factors interact with the WT1/Egr-1 response
element. As indicated in Fig. 7, four complexes could
be detected. These specific complexes (designated as
a, b, ¢, and d) were competed out when 10- and 100-
fold m excess of unlabeled wild type competitor was
added to the binding reaction (lanes 2 and 3, respec-
tively). In order to identify the specific bands possibly
representing Egr-1 protein, we used a rabbit antiserum
(R5232-2) directed against a bovine GH (bGH)-Egr-1
fusion protein made in Escherichia coli. (32). This anti-
serum (R5232-2) supershifted (arrow) multiple bands
(b, c, and d of lane 1). Of note, the R5232-2 antiserum
does not cross-react with Egr-2 (32), another member
of the Egr family of transcription factors (33), and in our
hands, supershifting did not occur with antibodies to

CV-1
Probe —125/—98
[ 1
R5232-2 - - - + +
] g = X g X
Competitor Zo o g S §
"
- =
a— ==
b_
d—

123 45

Fig. 7. Identification of Nuclear Factors That Bind to the WT1/
Egr-1 Responsive Element in TGF-81 Promoter

A nuclear extract of CV-1 cells was used in binding reactions
with a wild type oligonucleotide (Fig. 3A) probe. The DNA-
protein complexes were separated on a nondenaturing 5%
polyacrylamide gel and autoradiographed. Specific bands, de-
termined by competition with unlabeled wild type competitor,
are marked as a, b, ¢, and d. Egr-1 polyclonal antibody (R5232-
2) supershifted the Egr-1-TGF-31 complex (arrow). Competi-
tion for this supershifted band was seen with a specific cold
competitor.
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Egr-2, Egr-3, Egr-4 (data not shown). However, we
cannot exclude possible cross-reactivity of R5232-2
with Egr-related proteins. We have identified the spec-
ificity of this supershift band as it is competed out in
the presence of 100-fold M excess of wild type com-
petitor (lane 5, Fig. 7). Multiple DNA-protein complexes
were also detected with the same promoter fragment
using extracts of murine myeloid cells (B. R. Dey,
unpublished observations).

Finally, to confirm that WT1 protein binds to the same
recognition sequence (i.e. CGCCCCCGC) of the TGF-
581 promoter, we performed a binding assay using the
WT1 zinc finger protein fragment produced in bacteria
(24) and encompassing the WT1 binding site. As shown
in Fig. 6B, the WT1 protein binds to the wild type
oligonucleotide probe (—125/—98). In the presence of
specific competitor at 100-fold m excess, this WT1
DNA-protein complex was markedly competed out. Col-
lectively, these results confirm that WT1 and Egr-1 bind
to the CGCCCCCGC sequence element in vitro, that
Egr-1 protein is present in nuclear extracts of CV-1
cells and can bind to this element in the TGF-31 pro-
moter, and that Egr-1 is a transcriptional activator
whereas WT1 is transcriptional repressor of the TGF-
B1 gene.

DISCUSSION

In this study, we have demonstrated that a functional
WT1/Egr-1 consensus site, located in the human TGF-
31 promoter, is required for WT1-mediated repression
of transcription. Mutation of several nucleotides in the
WT1/Egr-1 response element that prevent or partially
prevent WT1-mediated transcriptional repression also
reduce or partially reduce induction of TGF-31 promoter
activity by Egr-1. In cotransfection assays, in the pres-
ence of both WT1 and Egr-1, WT1 was observed
consistently to repress the activities of chimeric TGF-
B1-promoter constructs. We have also shown that sev-
eral nuclear proteins (WT1, Egr-1, and proteins related
to Egr-1) interact with the WT1/Egr-1 response ele-
ment. To implicate WT1 directly in repression of TGF-
81, we have demonstrated that WT1 gene products
with either a truncated zinc finger or mutant functional
domain have significantly reduced ability to repress
expression of TGF-31. Collectively, these results sug-
gest that the TGF-31 gene may be a target for WT1
and Egr-1-mediated transcriptional regulation.

We have attempted to demonstrate the suppression
of expression of endogenous TGF-31 gene by WT1 in
stably transfected CV-1 cells. We observed 50-55%
down-regulation of TGF-1 mRNA and about 38-40%
less TGF-81 protein secretion in stably transfected
clones with the WT1 gene as compared to normal CV-
1 cells (data not presented). Unfortunately, the levels of
WT1 expression in these stably transfected clones were
very low and could only be detected by reverse tran-
scription polymerase chain reaction, thus making it
difficult to demonstrate our central hypothesis.
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WT1 protein has been designated as a transcription
factor because it contains two discrete functional do-
mains, one comprising the glutamine- and proline-rich
amino-terminal domain responsible for transcriptional
repression and the other comprising the four-zinc finger
DNA binding domain which is related to similar struc-
tures present in the early growth response (Egr) family
of proteins (12). WT1 is the only member of this zinc
finger transcription factor family that behaves as a
transcriptional repressor when it binds to the Egr con-
sensus site (12). Evidence suggesting that the DNA
binding domain of WT1 is inactivated in tumors (10)
implies its transcriptional repression function is also
inactivated. As a result, a target gene may be overex-
pressed and the cell may lose control of normal cellular
proliferation and differentiation. Our results show that
the promoter activity of the human TGF-31 promoter is
repressed when cotransfected with wild type WT1
(CMV-WT1), but not with mutant WT1 expression vec-
tors. WT1 has been shown to be maodified by alternative
splicing (11). One alternative spliced product generates
a protein with a 17-amino acid insertion N-terminal to
the zinc finger domain; this protein retains its ability to
repress the TGF-81 promoter. A second form of human
WT1 protein contains an insertion of three amino acids
(Lys-Thr-Ser) between fingers 3 and 4; this protein does
not regulate the TGF-31 promoter and probably binds
to a sequence distinct from Egr-1/WT1 (34, 35).

The transcription of the TGF-31 gene is regulated by
other transcription factors and protooncogenes, e.g.
the AP-1 (jun-fos) complex. TGF-31 has been shown
to stimulate the expression of the transcription factor
genes jun-B and c-jun in various cell lines (36, 37). An
important contribution to this positive regulation of TGF-
81 is the autoinduction mediated through AP-1 binding
sites at positions —371 and —418 (37). Enhanced jun-
B and c-jun gene expression is an early genomic re-
sponse to TGF-31 stimulation. c-fos mRNA is also
rapidly and transiently induced by TGF-g1 (37). How-
ever, the level of induction by TGF-31 of jun mRNA far
exceeds that of c-fos mRNA (37). The TGF-g1 gene is
also transactivated by pp60** and the tax protein of
human T lymphotropic virus type 1 through the AP-1
complex (38, 39). The human and mouse TGF-31 pro-
moters also contain a number of putative Sp1 binding
sites (5'-GGGGCGQ) (28, 40). Geiser et al. (40) found
that the mammalian transcription factor Sp1 both bound
to and activated the mouse TGF-31 and human TGF-
(3 promoters. The putative Sp1 binding sites did not
contribute equally to activation of the TGF-31 promoter
and Sp1 activation synergy was observed (40). The
functional relevance of individual Sp1 binding sites has
yet to be determined. The consensus sequence of
nuclear factor 1 (at —267) and fat-specific element 2 (at
—1241, —1147, and —556) in the TGF-51 promoter (28)
is also unclear.

The mechanism of repression of TGF-31 expression
by WT1 remains unclear. Recently, Maheswaran et al.
(41) found that WT1 is physically associated with wild
type p53 in cells transfected with either protein. In the
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absence of wild type p53, WT1 functions as a transcrip-
tional activator of Egr-1 sites. Wild type p53 appears to
convert WT1 from a transcriptional activator to a tran-
scriptional repressor. In the presence of both the acti-
vator (Egr-1) and a repressor (WT1), the dominant effect
depends on the amount of each protein (13). This
suggests that the competition between an activator and
a repressor at a single DNA binding site is important in
determining the direction of transcriptional regulation of
agene. This hypothesis is consistent with our transcrip-
tional assays. It is possible that each protein exerts its
effect by interacting in a fundamentally different way
with the different factors involved in the transcriptional
complex since the DNA binding domain of WT1, when
expressed alone, is not an effective suppressor. Finally,
since WT1 represses transcription of the Egr-1 gene
itself, WT1 can also antagonize the action of Egr-1
indirectly (12).

Finally, we would like to speculate on the biological
importance of our central finding. Unfortunately, devel-
opmental and adult expression of TGF-31 in kidney is
poorly characterized. However, given that WT1 expres-
sion persists in the adult kidney podocyte layer (i.e. the
visceral epithelium that plays a role in extracellular
matrix production), loss of podocyte integrity (as occurs
in a variety of glomerular disorders) would lead to
decreased WT1 expression. In turn, this might dere-
press TGF-31 activity, thereby leading to increased
TGF-81 expression and, subsequently, increased col-
lagen production (42). Indeed, the causal role of in-
creased TGF-g31 activity in accumulation of matrix in
one model of glomerulonephritis has recently been dem-
onstrated (22). Since, scarring (sclerosis) is a common
feature in several glomerular disorders, our findings that
WT1 may play a critical role in regulating TGF-31
expression and indirectly controlling matrix production
is of pathogenetic interest.

MATERIALS AND METHODS
Cell Culture and DNA Transfection

The monkey kidney epithelial cell line (CV-1) was obtained
from the American Type Culture Collection. Cells were cultured
at 37 C in 5% CO; in Dulbecco’s modified Eagle’s media with
10% fetal bovine serum, 50 U/ml penicillin, and 50 ug/ml
streptomycin (GIBCO, Grand lIsland, NY). These cells were
maintained in tissue culture flasks and routinely passaged
twice a week. For transfection experiments, cells were plated
at a density of 1 x 10%/100-mm dish and grown until 60-70%
confluent. Cells were cotransfected by the calcium phosphate
coprecipitation technique (26) with TGF-31/CAT constructs
(Fig. 1) and different concentrations of expression plasmids
containing human WT1 cDNAs along with 1 ug human GH
expression plasmid under the control of SV40 promoter (Ni-
chols Institute, San Juan Capistano, CA). For WT1 cotransfec-
tion, 10 ug reporter plasmid were cotransfected with either 10
ug expression plasmid or 10 xg pCMV. In the case of Adeno-
virus E4-promoter-CAT constructs, 6 ug reporter construct
and 12 pg expression plasmid were used during cotransfec-
tion. After the cells were incubated with the DNA solutions for
8-12 h, cells were exposed to glycerol shock and finally
harvested after 48 h. All transfections were repeated at least
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three times. Cells were lysed by freeze thawing and 100 g
cell lysates were used for CAT assay (27). In order to control
for transfection efficiency, CAT activity was normalized to the
amount of GH secreted into the media.

CAT Plasmids and Expression Constructs

The TGF-31 promoter constructs were generated by polym-
erase chain reaction amplification of DNA fragments using
plasmid phTBG104 which has been described earlier (28).
These DNA fragments were cloned into a promoterless basic
pCAT vector (Promega, Madison, WI) using Hindill and Xbal
restriction sites. The chimeric constructs were generated by
inserting oligonucleotides containing mutants of Egr-1/WT1
response elements and wild type hTGF-31 promoter se-
quences (Fig. 3) between positions —125 and —98 into a
Hindlll/Xbal site of an adenovirus E4A38-CAT reporter plasmid
(29). Each plasmid was purified in two sequential CsCl centrif-
ugation steps for maximum purity. The WT1 and Egr-1 expres-
sion vectors are described elsewhere (13). The CMV-WT1 and
CMV-EGR-1 contain the full length coding region of WT1 and
Egr-1 under the control of the cytomegalovirus immediate early
promoter. In the mutant WT1 expression vector CMV-WT1
{1-364), the last two zinc fingers have been deleted and in
CB6ABZ-WT, the amino acids 179-294 were deleted.

Gel Mobility Shift Assay

Nuclear extracts were made from CV-1 cells essentially as
before (30) and gel mobility shift assays were performed as
previously described (31). The final protein concentrations
were 10.0 mg/ml. Binding reactions were done in a volume of
10 ¢l by incubating 1.5 ul nuclear extract and 1 g poly(dl-dC)
with 10,000 cpm of end-labeled probe in a buffer containing
50 mm Tris pH 7.5, 50 mm NaCl, 5 mm MgClz, 1 mm dithio-
threitol, 5% glycerol, and 100 um ZnCl,. The oligonucleotide
probes used in the gel shift analysis were prepared by an-
nealing the complementary strands and end labeling using
[*?P]AATP. The DNA-protein binding complexes were loaded
onto 5% polyacrylamide gel (39:1 acrylamide-bisacrylamide)
and run in 0.5 X TBE (50 mm Tris, 50 mm boric acid, and 1
mm EDTA pH 8.3) for 2-3 h at 8 V/cm. The gels were dried
and autoradiographed using Kodak XAR-5 film.
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