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Transgription of the human tissue-type plnsminogen activator ({PA) gene has been reported to initinte from a single site proximul to a TATA box
motif (1988, 1. Biol. Chan. 260, 1122311230, In this study, we utilized primer extension unalysis to evaluate the tPA mRNA stasnt site in
phorbal- 12-myristate | 3-ucetate (PMA) induced W3R b mun lung fibrablust cclls. Whilst some tPA mRNA inltlated from the predicted
TATA-proximal tacation (+1). 4 10-fold greuter proportion of tIPA mRNA trinseripts initiated 110 buses downstrenm (rom d sequence conserved
and utilized as the TATA-independent teanseription start site in the rodent tPA genes. Moreover, the trunsfection uand expression in different ceit
typex of a cosmid containing the entire human tPA gene resulied in utilization of the saume downstream (+110) start site. We propose that this,
rather than the previously published position, is the major transeriptional initiation point for the human tPA gene. A core sequence (5'-
CAGAGCTG-3") was identifled which is common to the TATA-independent mRNA start xites of the human, mouse and rat tPA genes, and which
demonstrates only partial similarity to sequences found at the initiation paint of other TATA-independent genes.

Tissue plasminogen activator; Transeriplion; TATA-box; mRNA

1. INTRODUCTION

Tissue-type plasminogen activator (1PA) is u serine
protease which is capable of specifically converting the
inactive zymogen plasniinogen into plasmin, a broad
substrate protease (reviewed in [1]). It is through the
activation of plasmin that tPA is thought to play an
important role in diverse cellular processes which in-
clude fibrin blood clot dissolution and cell migration
[1.2]. The genes encoding human [3.4]. mouse [5] und rat
[6) tPA , and their promoters. have been isolated and
studied. The human tPA gene promoter shares 55-60%
sequence similarity with the rodent tPA promoters [6).
However, whilst transcription has been reported to ini-
tiate from a single site 25 bp downstreum of a TATA
box motif in the human tPA gene promoter [3.4], the
rodent tPA promoters lack a functional TATA box at
this position and initiates transcription from a con-
served site approximately 110 bp downstream of the
human tPA mRNA start site [5,6).

Abbreviations: bp, base pair: CAT, chloramphenicol acetyl truns.
fernse; cDNA, complementary DNA; DME, Dulbecco's modified
Eagle's medium; FCS, fetal call serum; GAPDH, glycerildehyde-3-
phosphate dehydrogenase; PMA, phorboi-12-inyristate-13-acetate:
tPA, tissue-type plasminogen uclivator.
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Analysis of published gene sequences showed that the
region that includes the transcription initiation site in
the rodent tPA genes is also conserved in the human
tPA promoter. However, the radiclabeled probes em-
ployed to map the human tPA mRNA start site [3.4].
would have been of insufficient length to detect tran-
seripts initiating from the site equivalent to that utilized
in the mouse and rat tPA genes. In this communication
we report that for the human tPA gene expressed in
several mouse and human cell types, the majority of
transeripts initiate in a downstream region equivalent to
that utilised in rodent tPA genes, rather than at the
published, TATA-dependent start site.

2. MATERIALS AND METHODS

2.1, Cell Lines anet imaituenance

WI-38 human fetal lung fibroblast cells were oblained {rom the
American Type Culture Callection (ATCC, Rockville, MD), and cul-
tured in Hams Fi2 medium (Flow Luaborutories, Melean, Yirginia)
containing 10% fetal calf serum (FCS; Gibco, Wisconsin), Cells of the
F9 mouse embryonul carcinoma line [7] were obtained {rom Dr. A.
Levine uand grown in Dulbecco's modifled Eagles medium (DME)
containing 10% heat-inactivated FCS. F9 cells (and transfected deriv-
atives) were maintained on plastic plates or flusks coated with C.1%
gelntin, Mouse L fibroblust cells were from Colombia Universily via
Dr. K. Raphael (CSIRQ. Prospeet, NSW), They were culiured in
DME with 5% FCS plus 5% calf serum. The hunuin métanoma cell
tine MM170 was supplied by Dr. Hillary Warren (Woden Valley
Hospital, Cunberra, Australia) and grown in DME containing 10%
FCS, MMI170 cells scerete tPA enzyme but express very low basal

Published by Elsevier Science Publishers B.V,



Yolume 309, number 2

lewvels af iPA mMRNA (duta not shown). The level of (PA enzyme
activity scercted by the various cell lines was determined by Oibrin gel
zymogruphy (8], Human and mouse tPA enzyme uctivilies were distin-
guished on the basis of size: the proteins migrute wt 70 kDa und 79
kDay, respectively {8,9). All cell lines were grown at 37°C in 4 humid-
ifled atmosphere of 5% CO,.
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Fig. 1. Analysis of human tPA mRNA start sites. (A) Northern blot
analysis of cyloplasmic RNA isolated from WI-38 cells, treated with
100 ng/ml PMA for O hor 20 h. 10 g RINA was loaded per lang, the
results shown representing non-adjacent lanes from the sume autora-
diograph. Fillers were probed with ¥P-lubeled human (PA (pPA
114B) and subsequently, GAPDH, ¢cDNAs. Positions of 285 and 188
tRNA are indicated. (B) Primer extension analysis of tPA mRNA in
PMA-induced WI-38 cells. 10 ug of IRNA, or sytoplasmic RNA from
unireated or PMA-treated WI-38 cells, was anneuled with radiola-
beled primer (hiPA-1) for 16 h, extended in the presence of AMY
reverse transcriptase and size-separated on u 6% denaluring poly-
acrylamide gel. Dideoxy sequencing reactions of a standard insert
were run in parallel for accurate size estimation (s¢e below), The gel
shown is typical of at least 3 independent experiments. (C) Schematic
diagram of hiumman (PA gene promcoter, hiPAL! primer (horizontsl
arrow) and extension products corresponding to bands mi and M.,
Positions of the TATA box {T). previously identified transsription
start site (+1; reference {3]) and the trunslation start codon (AUG) at
207 are indicated.
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2.2, Plasmid BNA cuonstruction

A DNA frugment containing 475 bp of the upstreun region, the
reporied transeription start site and 120 bp of the §° untransfated
region of the human tPA gene, was excised (rom the plusmid pBG198
[3) following digestion with Xhelf, blunt-ending with Klenow DNA
polymerase 1 and further digestion with EcoRl. This tPA promoter
frugment was subscloned into pUCY, und later cloned into pSY,CAT
{10} from which the SY40 promotlereahuncer hud been removed by
delstion of an Alfel-Find111 fragment, generating the plasmid named
tPACAT. Swndurd molecular cloning technigues were used [11]. The
cosmid H9Y, contuining u 39 kbp insert with the entire human tPA gene
together with 4.2 kbp §° of the published trunscription initiation point
[9). was kindly provided by Dr. Marcy MacDonald (Centru! Labora-
tory of the Netherlunds Red Cross Blood Trunsfusion Service, The
Netherlunds).

2.3, DNA trangfection

Stubly transformed cell lines were derived by co-transfecting cells
with 10 g DNA of the casmid H9 or plasmid tPACAT supercoiled
DNA, und 2 g DNA ol the plusmid pSV,.NEO (obtained from Dr.
P. Berg. Stunford University Medical Center, CA). Translestion of
cells wus us described previously (12). Colonies of cells expressing the
iteo gene were selested by resistance 1o G418 (Geneticin, Sigma Chem.
ieal Co.. St Louis, USA: 400 gg/mi). Approximately 6¢-200 colonies
were pooled to provide bulk trunsfected cultures. Transfected cell lines
were shown by Southern blotling of genomic DNA [11] 1o contain an
averuge of 50-100 copiss of the transfected plasmids (data not shown).

24. RNA isalation and Northern blot analysis

Total eytoplusmic RNA was isolated from 107 cells by the Nonidst
P40 lysis method desvribed elsewhere [13), Northern blot analysis of
RNA wius performed as previously deseribed [14), und the filter re-
probed with ¢cDNA from the glyceraldehyde.3-phosphate dehydro-
genase (GAPDH) gene (plasmid pHeGAP obtained from ATCC.
Rockville, MD) to control for integrity and louading of RINA, Washed
fillers were exposed to X-ray filin a1 =70°C in the presence of Intensif-
ying sereens for 7 days,

2.5, Primer exiension ussay

Two aligonucleotide probes were used for primer extension unaly-
sis. IIPA-1 was complementiry to bases +252 to +279 of exon 2 in
the human (PA gene {4] and shares only 50% similarity to DNA
sequence {rom the sume position in the mouse (PA gene [§]. CAT-|
wis complementary (o bases +15 to + 34 of the chloramphenicol acetyl
transferuse (CAT) gene coding ssquence, These oligonucleatides (syn-
thesized by Dr. G. Both, CSIRO Division of Biomolecular Engineer-
ing, NSW) were 8%end lubeled using (y-“PJATP und T4 DNA polynu-
cleotide kinuse {11), Labeled primer (1 ng) was hybridized with 10 ug
of eytoplasmic RNA. in the presence of 40 mM NaCl, 10 mM Pipes
pH 6.4. 2 mM dithiothreitol und § U RNA Guard (Amersham, UK)
in 10 g1 total volume, sealed in glass capillary tubes a1 53°C for 16 h,
us described elsewhere [18]. The annealed primer was then extended
in the presence of 10 U AMY reverse transeriptuse, 50 mM Tris-HCl,
pH 8.3, 10 mM diihiothreitol, 6 mM MgCl, und 0.5 mM dNTPs, as
described [15]. The extension produsts were precipitated in ethanol.
denatured und subjecied to electrophoresis on a 6% (w/v) poly-
serylumide, 7M urea gel, in parallel with dideoxy sequencing reactions
(16] and/or size markers comprising *P-labeled Hpall-digesied
pBR2A22 DNA.

3. RESULTS

3.1, Mentification af the tPA gene trapscription initia-
tion site in hunan cells
Northern blot analysis revealed that tPA mRNA lev-

els increased 8-fold following a 20 h treatment of WI-33
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lung fibroblasts with 100 ng/m! PMA, as estimated by
densitometry of the autoradiograph shown in Fig. 1A,
This induction was specific us seen by compirison to a
GAPDH reference gene (Fig. 1A). The tPA mRNA
sturt sites were mapped in these cells by primer exten-
sion analysis (Fig. 1B). Two products resulted from
primer extension of tPA (ranseripts in RNA from PMA-
trented WI-38 cells. A minor bund (m!) of 279 nucleo-
tides corresponded to the previously described tPA
mRNA start site [3,4] while the major product was ap-
proximately 169 nucleotides long (M) (Fig. IB.C). No
extension products were observed using t(RNA as sub-
strate (Fig. 1B), and bands ml and M appear to be the
only specific extension products, as they were the only
bands confirmed by Sl-nuclease mapping of the same
RNA sumples (data not shown). Bund M waus the only
primer exteasion product observed following primer ex-
tension with RNA from human umbilical vein endothe-
lial cells (duta not shown) and untreated WI-38 cells
(only just detectable following longer exposure of gel in
Fig. 1B). The corresponding start site (M) is therefore
utilized for basal transeription in at least two human cell
types. The initiation site for transcripts generating the
extension product M would mup 110 bp downstream of
the TATA-dependent start site (+1) in the human tPA
genc. suggesting usage of the sturt site equivalant to that
used in the rodent tPA genes [6).

3.2, Mapping the start site of MRNA expressed fram «
transfected human (PA gene and promoter cone
steuets

The human tPA gene was transfected in cosmid form

(H9) into mouse F9 cells which express little or no tPA

[5], and mouse L cells which also do not express tPA

{17]. Stable transfected cell lines were established. two

of which (F9 PA124 and L PAI1]) expressed human

tPA mRNA and enzyme activity (M.J. Sleigh, unpub-
lished results). A low level of endogenous mouse tPA
activity was detected in F9 PA124 cells (about 5% the
level of human tPA expressed) but not in L. PA111 cells
(M.J. Sleigh. unpublished data). Primer extension map-
ping of tPA transcripts from these cell lines (Fig. 2A)
revealed the same products M and m1 (detectable only
upon longer exposures) us were observed in PMA-in-
duced WI-38 cells. The m1 product was less than 2% of
the total in the mouse cell lines. Two additional bands
of 142 nucleotides (m3) and 196 nucleotides (m2) were
consistently observed only in the transfected F9 cell line
(Fig. 2A, and data not shown). Start site m2 lies 27
bases upstream of the conserved start site M, at a posi-
tion also used as a mRNA start site by the endogenous
mouse tPA gene [5]. The downstream m3 start site se-
quence is not conserved in the rodent tPA genes. How-
ever it shares 7 out of 9 nucleotides with the sequence
containing the major inititiation site of the TATA-defi-
cient thymidylate synthase promoter [18]. No specific
extension products were detected using RNA isclated
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Fig. 2. Primer extension analysis of tPA mRNA start sites. (A) Total
eytoplasmic RNA was isolated from mouse L cells or F9 cells, deriv-
atives stably transfected with the human tPA gene cosmid M9 (L
PALLL L PAL12 and F9 PA124), and untransfested human MM 70
cells. 10 up tRRA or cytoplismic RNA was hybridized with *p.
labeled hiPA-| for t6 h and unalysed by primer extension. Size stand-
ards are Mpoll-digested pBR322. Only the specific and reproducible
primer extension products ure indicated (m1, m2, M und m3), with
their sizes. The TATA box (T), the previously proposed mRNA start
site which corresponds to mi (+1) (arrow) and the previously pro-
posed transcribed sequence (thick line) are indicated. Allhough not so
in this figure, band m3 was generally of equal signal intensity to that
abserved for bund m2. (B) Primer extension using cytoplusmic RNA
isoluted from L cells, untrunslected or stubly-transfected with plusmid
tPACAT (LTNI). 10 up (or 20 ug LTNI RNA as indicated) was
hybridized with a “Plabeled CAT gene primer (+15 to +34) und
anilyzed as deseribed in Section 2. The marker lune is Hpull-digested
pBRA22 | with sizes shown in base pairs, Extension produets are
shown (mi, M) and sizes indicated on the schematic diugrum at the
top, wherein symbols are as dessribed for Fig. 1.

from a line of transfected L cells expressing only very
low levels of tPA (L PA112), non-transfected mouse L
or F9 cells, or from human MMI70 cells. Sizes of
primer extension bands were estimated from restriction
fragment markers and from parallel sequencing reac-
tions (data not shown),

The position of transeription initiation in certain
genes may be dependent on sequences downsiream of
the mRNA start site [19], A plasmid tPACAT was there-
fore constructed. This plasmid contains 475 bp of the
human tPA gene sequence including the proposed
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major transcription initiation site (M) and only 8 nucle-
otides 3’ of this site. tPACAT was transfected into L
cells and a stably-transfected, CAT mRNA-expressing
cell line (LTNI) was established (B.R. Henderson, PhD
thesis, University of Sydney, 1990). Primer extension
(sce Fig. 2B) using a CAT gene specific primer (see
Scction 2) detected one major band of 100 nucleotides
in length corresponding in size to an RNA product
initiating at the major start site M. A very faint 210
nucleotide band equivalent in length to RNA initiating
from site m1 was also observed (daia not shown). Ex-
tension products were undetectable using RNA isolated
from non-transfected L colls.

4. DISCUSSION

The human tPA gene scquences described by Fisher
et al. [3] and Friezner Degen ot al. (4] revealed 4 TATA
box 25 bp upstream from u site which they demon-
strated by primer extension and Sl-nuclease analysis to
be a start site for gene transcription in human cells. The
results described in this study however, demonstrate
that in at least some situations, the major site for tran-
scription initiation lies 110 base pairs downstream. The
lacation of this major start site precluded its detection
in the previous studies [3.4]. as radiolabeled probes were
employed which did not extend sufficiently downstream
to enuble its detection. This site is used to initiate tran-
scription in normal human cells expressing the en-
dogenous tPA gene, and in human cells induced to ex-
press higher levels of tPA by treatment with the tumor
promoter phorbol-12-myristate-13-acetate.

The same site predominates when either the complete
human tPA gene, or the promoter region attached to the
CAT marker gene, are introduced into mouse cells
(summarized in Fig. 3A). This indicates that utilization
of the start site M may occur independently of species
or state of induction of the cells, at least in those cell-
lines deseribed here.

The major transcription start site for the human tPA
gene now described appears to be identical to that used
in the rat and mouse tPA genes [5.6). Alignment of
human, rat and mouse tPA gene upstream sequences
suggests a possible insertion in the human gene 5'-flank-
ing region of a 31-36 nucleotide sequence which in-
cludes the TATA-box and the TATA-proximal start
site. with no equivalent sequences detected in the other
two genes (see [6] for sequence comparison). On the
other hand, an 8 nucleotide sequence (5-CAGAGCTG-
3') around the published initiation sites for the mouse
and rat gene, and the major site now proposed for the
human 1PA gene, is highly conserved. It is possible that
this conserved sequence element (shown in Fig. 3B) is
suincieni 16 position and initiate tPA gene transcription
efficiently. This postulate is indirectly supported by the
observations that neither sequences downstream
(tPACAT data, this study) nor upstream (mouse tPA
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Fig. 3. Summary of human tPA mRNA start sites, (A) Dingram
comparing the promaters and locations of published transeription
start sites for humun {3.4). mouse {5] und rat [6] tPA genes. The TATA
box (T). initiation sites (arrows), and proposed Spl and AP2 binding
sites ure indicuted, Open boxes show the positions of sequer.ces abient
in the mouse and rat tPA genes compared with 1he human 1PA gene.
Relative positions of the mRNA initiation sites (ml. m2, m3. M)
deiermined by primer extension for the human tPA (h.tPA) gene in
this study, are summarized for the different untransfected or trans-
fected ¢ell lines as indicated. (B) Compuarison of the major human tPA
mRNA initintion site and flanking sequense (-6 to +11} with the
mRNA initintion sites in the TATA-less mouse and rat tPA genes, and
other TATA-independent genes. The examples shown are (or the
terminal deoxynueleotidyl transferuse (TAT) gene (20), Adenavirus
1Vu2 promoter [21), human porphobilinogen deaminase (PBGD) gene
[22] und human collugen 1V al promater [23}, Transeription initistes
ut the indicated A residue in all promolers. A core segquence common
to the tPA genc initiation sequenses is boxed,

promoter analysis [5]) of this core sequence appear to
be required for correct initiation to occur.

The sequence immediately flanking the M start site
for the human tPA gene (-3 to +2) shows homology to
the transcription initiation regions of other TATA-inde-
pendent genes (sequences compared in Fig. 3B). How-
ever, only limited similarity exists between the con-
served LPA initiation sequence 5-CAGAGCTG-3 and
the initiator sequence (Inr) previously described for the
sequence corresponding to the conserved tPA initiator
interacts specifically with nuclear proteins [24], further
suggests that this sequence may represent an important
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determinant of both basal and PMA-inducible tPA gene
transcription initiation, )

The data presented here provide evidence which sug-
gests that the tPA genes may be transcriptionally regu-
lated more similurly than was previously thought. This
could prove important to our understanding of human
tPA gene regulation/expression given that most studics
on transcriptional induction of the tPA gene during
ovulation and embryonic development have focussed
on the rat (see [24)) and mouse (see [S])) tPA genes.
respectively. While the downstream (M) site appears
from our studies to be the predominunt initiation point
for transcription of the human tPA gene. it i3 possible
that alternative sites, such as the TATA-prozimal site
m!, and also the m2 and m3 start points seen in cell line
F9 PA124, are used preferentially in certain cell types
und/or contribute to regulation of the human tPA gene.
Further studies using appropriate extension primers
will be needed to determine whether transcription initi-
ation from site M predominates in all situations where
the human tPA gene is expressed.
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