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Abstract

A basal promoter for the M, 72,000 type IV collagenase gene was
specifically defined by chloramphenicol acetyltransferase assays of a
nested set of 5' upstream fragments containing the promoter region. This

core promoter is TACATCT and is a noncanonical TATA box that fits
the TATA consensus sequence. This sequence begins 26 base pairs in
the upstream direction from the start site of transcription for the type IV
collagenase gene. This basal promoter is active in the highly metastatic
A2058 melanoma cell line. A putative enhancer was found between
nucleotides â€”¿�223to â€”¿�422that produces a 7-fold increase in transcrip-
tional activity in the A2058 melanoma cell line. The region immediately
5' of the basal promoter, upstream to position â€”¿�422,contains a silencer

and represses transcriptional activity in the nonmetastatic HT144 mela
noma cell line. The results of this study are consistent with previous data
that found high expression of M, 72,000 type IV collagenase mRNA and
enzymatic activity in the A2058 cell line, whereas low mRNA expression
and type IV collagenase activity were found in the HT144 cell line.

Introduction

Tumor cell invasion and metastasis formation are the major
cause of treatment failure in cancer patients, and degradation
of basement membranes is an early event in this process. Type
IV collagenase, a metalloproteinase, has been postulated to play
a central role in the ability of tumor cells to invade basement
membranes. Previous work suggests that the M, 72,000 type
IV collagenase gene is transcriptionally regulated (1-3) and is
upregulated in human tumor tissues and human tumor cell lines
(4, 5). However, the mechanism of the transcriptional regula
tion of this gene has not been defined. Studies have shown that
the M, 72,000 type IV collagenase gene is not regulated at the
transcriptional level in a manner similar to stromelysin or
interstitial collagenase and does not have AP-1 binding sites (4,
6-8). It has been difficult to identify a basal promoter for
transcription of the M, 72,000 type IV collagenase gene, pos
sibly due to the fact that this may be a weak promoter (2).
Therefore, the specific goal of this work was to perform prelim
inary characterization of the basal promoter, to measure pro
moter activity, and to identify potential enhancers or silencers
present in the region immediately 5' to the basal promoter in

both metastatic and nonmetastatic cell lines. Transcription
factors may be present in metastatic cell lines that are respon
sible for increasing the expression of type IV collagenase.
Alternatively, factors that act as repressers of type IV collagen
ase transcription may also exist in nonmetastatic cell lines. It
is important to determine the DNA regions which may bind
these factors within each cell line. Analysis of 5' upstream
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nested fragments of the promoter region in CAT2 assays of

metastatic and nonmetastatic transfected cells was performed
in order to examine the region immediately upstream of the
principal start site of transcription. As a result of these studies
we have defined a basal promoter for the M, 72,000 type IV
collagenase, measured promoter activity in metastatic and non
metastatic cell lines, and identified a putative enhancer and a
silencer in the 5' region near the promoter. The results provide

a greater understanding of transcriptional regulation of the M,
72,000 type IV collagenase gene.

Materials and Methods

Construction of CAT Expression Vectors. Recently, there have been
several CAT expression vectors made which provide for a more ade
quate study of weak promoters (9, 10). These are improved CAT
vectors, because a high background of CAT activity due to transcription
starts at cryptic promoters in the vector is eliminated. These vectors
were used in our study of the 5' regulatory region of the M, 72,000

type IV collagenase gene. CCB119, a new promoterless CAT expression
vector (9), was used for subcloning type IV collagenase promoter
fragments. A nested set of 5' upstream fragments were produced by

PCR amplification (11) so that these fragments originate at defined
positions. The PCR primers contain appropriate restriction enzyme
recognition sites utilized later for subcloning. PCR was performed on
double-stranded Ml3 DNA containing a 2.3-kilobase human placenta!
genomic restriction fragment spanning the 5' end of the type IV

collagenase gene (12). These fragments were directionally subcloned
(13) into the CCB119 polylinker in both orientations and are shown in
Fig. IB. Clones 1, 3, 5, 7, and 9 contain DNA fragments in the correct
orientation; and clones 2, 4. 6, 8, and 10 contain DNA fragments in
the opposite orientation. The identity of these clones was verified by
analysis of appropriate restriction enzyme digestions. Clone 7 contains
the TACATCT sequence (Fig. 1), and clone 9 is similar to clone 7
except that the TACATCT sequence is not included. The TACATCT
sequence is located 26 base pairs upstream (Fig. 1/4) from the major
start site of transcription at position +1 (7, 12). This site has been
demonstrated to be the single, major start site in A2058 melanoma
cells (5).

Transient Transfections of CAT Constructs into Metastatic and Non
metastatic Cell Lines. All CAT constructs were transfected into cell
lines A2058 and HT144 by the calcium phosphate procedure (14). The
A2058 melanoma cell line was derived from a brain metastasis (15) and
is an aggressive tumor cell line. HT 144, at passage 84, was obtained
from the American Type Culture Collection and is a nonmetastatic
melanoma cell line. A2058 cells were transfected at passage 22, and
HT144 cells were at passage 117. All cells were grown on 10-cm-
diameter tissue culture dishes (Costar) in Dulbecco's modified Eagle's

medium containing 10% fetal calf serum and were transfected when the
cells reached 80% confluency. Cells were harvested 48 h after transfec-
tion. Because transient transfections are so variable due to differential
uptake of plasmid DNA during transfection, particularly between dif
ferent cell lines, it is essential to normalize data to the efficiency of
transfection. This has been achieved by using luciferase vectors (16, 17)

2The abbreviations used are: CAT. chloramphenicol acetyltransferase; PCR,

polymerase chain reaction; CMV. cytomegalovirus.
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Fig. 1. A, genomic sequences of human type IV collagenase, nucleotides â€”¿�51
to +14, reported previously (9). The TACATCT sequence is underlined, and the
major start site of transcription is indicated at position +1.5, CCB119 CAT
constructs made. The nucleotide regions and orientation of each PCR fragment
within the CCB119 vector are indicated.

as controls for transfectibility. Luciferase assays are extremely sensitive
(16); therefore, only a minute amount of luciferase vector is required
for cotransfection. By using minimal amounts of control vector, se
questering of transcription factors from the CAT expression vector is
significantly reduced. Thus, the results obtained in the CAT assay are
maximized.

Determination of Protein Concentration and Luciferase Activity of Cell
Extracts. Harvested cells were extracted as described (16). The protein
concentration of all cell extracts was determined by the Bio-Rad assay.
Luciferase assays were performed (16) using a Monolight 2010 lumi-
nometer (Analytical Luminescence Laboratory). The amount of cell
extract added to the luciferase assay was adjusted according to the
protein content. Therefore, 10 M'of the extract containing the greatest
amount of protein were added to the luciferase assay, and a greater
volume was added for extracts with lower protein concentrations.
Control experiments showed that increasing the amount of extract
added, up to 30 //I, did not inhibit the luciferase assay. All results were
within the linear range (IO3 to IO5)of relative light units.

Assays for CAT Expression. CAT assays were performed as described
(18), and D-rAre0-[di'cWowace/y/-l,2-'4C]chloramphenicol (57.9 mCi/

mmol; NEC-408A; New England Nuclear) was used as substrate.
Control CAT assays of extracts from CCB120 transfected cells showed
that chloramphenicol acetylation reactions were inhibited by the addi
tions of cell extract greater than 20 n\, the optimum amount suggested
by the protocol (18). Thus, the CAT assays could not be adjusted by
adding more cell extract for those cells that transfected less efficiently.
Because the type IV collagenase promoter is weak, it was also not
possible to assay small amounts of extracts for cells that had extremely
high transfection efficiency. Therefore, CAT assays were performed
using 20 fi\ of each cell extract, and the data were then normalized to
protein concentration and luciferase activity.

Results and Discussion

In the determination of a basal type IV collagenase promoter
and identification of a putative enhancer and a silencer in the

A2058 and HT144 cell lines, transfections A-l to A-10 are
A2058 cells transfected with CAT constructs 1 to 10. Transfec
tions H-l to H-10 are HT 144 cells transfected with CAT
constructs 1 to 10. Transfections A-11 and H-ll are the two
cell lines transfected with CCB119 containing no inserts. A-12
and H-l2 are transfections with the positive control, CCB120.
The CCB120 vector contains a Simian Virus 40 promoter 5'

to the CAT reporter gene and includes the Simian Virus enhan
cer. Each 10-cm-diameter tissue culture dish of cells was trans
fected with 12 ng of the appropriate CAT vector. A-14 and H-
14 are controls that were not transfected with CAT vectors. In
addition, transfections A-l to A-14 and H-l to H-l4 were
cotransfected with a luciferase vector (CMV-luciferase) that
contains a CMV promoter. Because this promoter is extremely
strong and the luciferase assay is so sensitive (16), only 300 ng
of the CMV-luciferase vector were required for each transfec
tion. Therefore, the CAT vectonluciferase vector ratio used was
40:1. Control experiments demonstrated that using this ratio
produced the optimum expression of both vectors and utilized
the least amount of luciferase vector. These experiments showed
that the expression of CAT from control vector CCB120 was
directly proportional to luciferase expression in both cell lines
(data not shown). Thus, cotransfection with the CMV-luciferase
vector is a good control for transfectability in these experiments.

CAT expression was quantified by liquid scintillation count
ing of the acetylated derivatives of [l4C]chloramphenicol. The
percentage of conversion of [14C]chloramphenicol to acetylated

derivatives of chloramphenicol was determined for the cell
extracts of all transfections. Data for A-14 and H-l4, transfec
tions only with the luciferase vector, were considered as back
ground and were subtracted from the percentage of conversion.
The data were then normalized to cell extract protein concen
tration and luciferase activity to control for transfection effi
ciency. Transfections with CCB119 containing no insert, con
structs A-11 and H-ll, were considered as background and
were subtracted from the percentage of conversion. These back
ground values were 0.05% and 0.01%, respectively. The data
presented were reproduced in repeat experiments. The results
demonstrate that A-7 contains the basal promoter activity for
the M, 72,000 type IV collagenase gene (Table 1). A-7 was the
transfection with CCB119 + insert that includes the TACATCT
sequence and has no other sequence 5' to TACATCT (Fig. 1).

The cell extract for A-7 shows significant transcriptional activ
ity, 2.7% (Table 1). A-9 is similar to A-7 and differs only in
that the CCB119 + insert transfected lacks the TACATCT
sequence (Fig. 1). The transcriptional activity of A-9 is signifi
cantly less, 0.4% (Table 1). No basal promoter activity is
detected in the absence of the TACATCT sequence. These

Table 1 CAT activity
Results are shown as the percentage of conversion of [14C]chIoramphenicol to

acetylated derivatives of chloramphenicol in A2058 and HT 144 cell extracts. All
normalizations and adjustments for background have been included in these data
(see text).

A2058 cellextractA-lA-3A-5A-7A-9A-2A-4A-6A-8A-10Activity18.64.42.32.70.40.00.10.02.40.4HT144cellextractH-lH-3H-5H-7H-9H-2H-4H-6H-8H-10Activity0.10.00.10.80.20.10.10.10.20.1
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results demonstrate that the TACATCT sequence can provide
the basal promoter activity for the type IV collagenase gene in
the A2058 cell line. It is interesting that the A-8 cell extract,
obtained by transfection with the TACATCT sequence in the
opposite orientation, produces CAT activity almost equal to
that produced by the A-7 cell extract. Because TACATCT is
not a canonical TATA box, the polymerase or necessary tran
scription factors could be more flexible in the recognition of
this promoter. It is possible that a factor or factors exist in the
highly metastatic A2058 cell line which allow the polymerase
or transcription initiation factors to recognize and utilize the
TACATCT sequence in either orientation.

TACATCT can be described as a noncanonical TATA box
and fits the TATA consensus sequence (19). Position 3 of the
consensus sequence is T in 93% of TATA sequences and has a
7% possibility of being C, A, or G. Position 6 is A in 83% of
TATA sequences and has a 17% possibility of being C, A, or
G. In the TACATCT sequence, only positions 3 and 6 differ
from the canonical TATA sequence. Because the possibility
exists for these nucleotides to be C, the TACATCT can be
considered as an acceptable TATA box. Furthermore, this
sequence is surrounded by G-C-rich sequences (Fig. \A) as are
most TATA boxes (19).

In the highly metastatic A2058 cell line, there is about a 7-
fold increase in activity in A-l (Table 1) when compared with
the basal promoter activity of the A-7 transfection. A-l is the
transfection that includes nucleotides â€”¿�223to â€”¿�422in the

CCB119 + insert construct (Fig. IÃŸ).This DNA region could
contain an enhancer in A2058 cells and requires the promoter
to be positioned downstream, near the start site of transcription,
for activity. This is demonstrated by the transcriptional activity
of A-2 which is 0.0 (Table 1). A-2 is similar to A-l except that
the CCB119 insert used for transfection is in the opposite
orientation, thereby placing the promoter far upstream of the
putative enhancer. An experiment in which the promoter is left
intact and only the nucleotides -223 to -422 reversed would

determine whether this DNA region contains an enhancer.
In the nonmetastatic HT 144 cell line, no significant tran

scriptional activity was detected from the CCBI19 CAT con
structs that include the basal promoter and sequences upstream
of the promoter to nucleotide - 422 (Table 1; H-l, H-3, H-5).

Instead, the sequences upstream of the promoter may act as a
silencer since they apparently decrease the activity of the basal
promoter. Alternatively, the nuclear environment of these cells
may lack factors necessary for efficient transcription initiation
from this promoter. The H-l2 cell extract from transfection
with the control CCB120 vector produced high transcriptional
activity; however, the activity of the A-12 cell extract was 3-
fold greater than H-l2.

The putative enhancer and silencer identified in this work are
distinct from those found about 1.65 kilobases from the start
site of type IV collagenase transcription in previous work (1,
2). Those studies involved cell lines which contained E1A-
expressing clones. EIA represses the expression of type IV
collagenase (1, 2). Therefore, regulation of this gene was not
examined in the absence of El A, which is the more commonly
found cellular background in humans. Furthermore, the func
tions of nucleotides â€”¿�422to +1 could not be determined, even
in cells containing ElA-expressing clones (2), and a basal
promoter could not be specified. Perhaps this resulted from the
use of traditional CAT vectors which are not designed to
optimize the study of weak promoters.

The results are consistent with previous data (4) which show,

by Northern blot analysis, that there is a significant amount of
M, 72,000 type IV collagenase mRNA present in A2058 cells
and little mRNA in HT144 cells. Furthermore, gelatin zymo-
grams of A2058 and HT144 serum-free conditioned medium
showed elevated M, 72,000 type IV collagenase activity in the
A2058 medium (4). This degree of correlation is somewhat
surprising considering the multiple levels of transcriptional and
translational regulation that may be involved.

Transcriptional regulation studies of several other genes dem
onstrate that sequences which act as enhancer or silencers in a
certain cell line will not function similarly in a different cell
line. Positive or negative gene regulation from the same DNA
sequences can also be dependent upon physiological conditions
(20). It has already been suggested that cell type-specific silenc
ing exists in the regulation of the type IV collagenase gene (2).
Cell type-specific regulation of this gene could contribute to the
metastatic phenotype in aggressive tumor cell lines, such as
A2058. It is possible that a transcription factor or factors are
present in highly metastatic cells which bind to an upstream
DNA region located near the M, 72,000 type IV collagenase
promoter and enhance the transcriptional activity of the gene.
In nonmetastatic cells, a factor or factors may exist that bind a
similar DNA region and produce repression of type IV colla
genase transcription.

There are several other regulatory mechanisms that may
contribute to transcription of M, 72.000 type IV collagenase
mRNA. Overexpression of this metastasis-associated enzyme
may be the result of a loss of negative control circuits. Differ
ences in the degree of DNA methylation may exist, so that the
promoter region and the 5' flanking DNA would be hyperme-

thylated in the nonmetastatic cell lines. This would result in
the loss of expression of the type IV collagenase gene in cell
lines such as the HT 144 cell line. A novel autocrine regulatory
loop might be present that modifies existing nuclear programs
for type IV collagenase gene activity. Tumor progression to a
more invasive phenotype could be the result of posttranslational
modifications, such as phosphorylation of transcription factors.
These modifications could enhance or diminish DNA binding
potential, activate domain presentation of the general factors
such as RNA polymerase II, or mediate homodimer/heterodi-
mer formation of transcription factors.

In conclusion we have identified a 7-base pair basal promoter
of the M, 72,000 type IV collagenase gene, TACATCT, which
is a noncanonical TATA box, located 26 base pairs upstream
from the major start site of transcription. In a highly metastatic
melanoma cell line, nucleotides upstream and nearby the basal
promoter contain a putative enhancer that increases the M,
72,000 type IV collagenase transcriptional activity 7-fold. This
activity is approximately 16-fold weaker than that of the Simian
Virus 40 promoter + enhancer in the A2058 melanoma cell
line. Within the same DNA region a silencer exists in a non
metastatic melanoma cell line and represses transcription. This
apparent cell type specific regulation of the M, 72,000 type IV
collagenase gene, a gene that may play an essential role in
tumor cell invasion, could contribute to the production of the
metastatic phenotype.
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