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ABSTRACT. 

The human leukaemic cell line, K562 can be induced to differentiate along the 

megakaryoblastic pathway by the addition of phorbol myristate acetate and, during 

this process, the cells switch from producing a mixture of active tissue plasminogen 

activator (t-PA) and urokinase (u-PA) to producing active u-PA alone. I performed a 

series of experiments designed to examine the mechanism of down regulation oft-PA 

activity that occurred with differentiation. The results of these experiments showed 

that, in the K562 system at least, differentiation-linked changes int-PA activity are 

incidental to plasminogen activator inhibitor type-1 (PAl-1) synthesis and release and 

that the inhibitor is a critical regulatory protein in this model system. 

I therefore chose to study the regulation of PAl-1 both in vitro and in vivo. To perform 

the in vitro regulation studies, DNA constructs derived from the PAl-1 promoter and 

5' flanking sequence were cloned upstream of a luciferase reporter gene. These 

constructs were transfected into human hepatoma cells, the cells treated with TGFB 

for 24 hours after which luciferase activity was measured as a function of promoter 

activity. The active regions were also analyzed by gel retardation to investigate the 

transcription factors that bound to these regions. The functional data taken together 

with the DNA binding data supported the hypothesis that the response of the PAl-1 

promoter to TGFP was mediated by two conserved regions of the promoter and 5' 
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flanking sequence, both of which contain DNA sequences with homology to the 

activator protein-1 (AP-1) consensus sequence. 

I then focused on a single region from the PAl-1 5' flanking region in an attempt to 

define the role of the AP-1-like sites in the TGFB response. The direct response of this 

region to AP-1 was assessed by co-transfection of plasmids containing the genes for 

c-fos and c-jun together with the PAl-1 /reporter constructs. My data indicates that the 

full TGFB response of this region of the PAl-1 promoter is dependent on the interaction 

of two distinct binding sites. Although the first site has homology to the AP-1 site, 

it does not appear to bind AP-1 . While this site does not appear to be essential, it is 

required for the full TGFB response of this region. The second site, located 5' to the 

AP-1 site, appears to be critical in the TGFB response. This site is 15bp in length and 

contains a motif that is present in both active regions of the PAl-1 promoter. This 

novel sequence does not appear to correspond to any previously described 

transcription factor binding site and may represent a new and specific binding site 

which is critical for a strong TGFB response. 

My in vivo studies were aimed at determining the sites of PAl-1 synthesis in the 

normal mouse and then examining how these changed during diseases known to have 

a predisposition to thrombosis. I used an acute phase model in which mice were 

injected with endotoxin. In situ hybridization and immunhistochemical analysis 

revealed that the normal animal produced a low level of PAl-1 and this was confined 
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primarily to smooth muscles cells of the vessel wall. In contrast, following injection 

with endotoxin, there was a large increase in PAl-1 synthesis by vascular endothelium 

throughout the animal. I also studied the distribution of PAl-1 in a more chronic model 

of renal disease. This study of murine lupus nephritis (LN) demonstrated a number of 

unique features about the expression of PAl-1 in vivo. First of all, I found the chronic 

expression of PAl-1 in a disease in which coagulation is a prominent feature. I showed 

that many cell types express PAl-1, a fact that had been suggested by in vitro studies 

but not previously demonstrated in vivo. Finally, I demonstrated that the PAl-1 

expression is localised to sites of active disease. All of this data is suggestive of a 

role for this potent anti-fibrinolytic molecule in the ongoing pathology of LN. 
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CHAPTER 1 : INTRODUCTION 

PLASMINOGEN ACTIVATOR INHIBITOR TVPE-1. 

Plasminogen activation provides an important source of localized proteolytic 

activity in the blood during fibrinolysis, and in the tissues during a variety of normal 

and pathologic processes that in general involve invasive or degradative events (1,2). 

Precise regulation of plasminogen activator (PA) activity thus constitutes a critical 

feature of many biological processes and abnormalities in this regulation may lead to 

clinical problems (3-5). This control is achieved at many levels. These include 

regulation of synthesis of tissue-type PA (t-PA) and/or urokinase-like PA (u-PA) by cells 

of the vessel wall; and modulation of PA activity through interactions with cell surface 

receptors (6-10), components of the extracelluar matrix (11, 12) or with specific PA 

inhibitors (PAis). There are at least 3 immunologically distinct groups of PAis (13). 

These include type-1 PAI (PAl-1) previously termed the "endothelial cell-type" PAI 

( 14), PAl-2 previously termed the placental type inhibitor ( 15) and protease nexin ( 16) 

detected in cultured fibroblasts. 

Gene structure and physical characteristics. 

The structure of PAl-1 has been investigated using both the purified protein and its 

cDNA (reviewed in (17). The human PAl-1 gene is located on chromosome number 
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7 ( 18), close to the locus for cystic fibrosis ( 19). The entire PAl-1 gene was isolated 

and shown to be 12.2 Kb in length and to be organized into 8 intrans and 9 exons 

(20). It specifies two distinct transcripts of 3.2 and 2.3 Kb which are co-linear from 

their 5'-end and appear to be formed by alternative polyadenylation. The 3.2 Kb 

cDNA contains a small 5' non-translated region, a region that codes for a 23 amino 

acid signal peptide, the coding region, and a rather large, 3' non-translated region 

which accounts for over 50% of the cDNA (18,21,22). The translated protein is a 

single-chain glycoprotein with an approximate molecular weight of 50,000 and an 

isoelectric point of 4.5-5.0. More precisely, the cDNA revealed that the mature 

human protein consists of 379 amino acids, three of which represent potential sites 

for the attachment of n-linked carbohydrate side chains. Carbohydrates constitute 

approximately 13% of the mass of the molecule. Comparison of the sequence of the 

PAl-1 cDNA with that of a1-antitrypsin indicates that its reactive centre is located at 

the carboxyterminal end of the molecule, at Arg346-Met347 (23), and that it is a 

member of the serine proteinase inhibitor (Serpin) gene family. It is noteworthy that 

PAl-1 lacks cysteine residues, a property that may account for its stability under 

reducing conditions. 

During the initial characterization of PAl-1 it was apparent that this was an 

unusual protease inhibitor. For example, it migrated with P-mobility when analyzed 

by agarose zone electrophoresis (24) while most plasma protease inhibitors display 

a-mobility. Moreover, its activity was still apparent after SOS-PAGE and reduction 
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(25) treatments that irreversibly inactivate most other inhibitors. In spite of this 

unusual stability, the molecule was rapidly and efficiently inactivated by oxidants (26). 

Finally, an unexpected but rather consistent finding was that a latent form of PAl-1 

exists in the conditioned medium of a large variety of cells and may also be present 

in platelets (27). The inactive form can be converted into the active inhibitor by 

treatment with denaturants (28), heat (29), negatively charged phospholipids (30) or 

vitronectin (31). Biologically relevant activators of latent PAl-1 in plasma and cells 

have not yet been identified and all detectable intracellular PAl-1 appears to be active 

(32,33) but labile, decaying to the latent form with a half-life of 2-3 hours after it is 

secreted (34). These observations are consistent with the simple idea that PAl-1 is 

produced in an active form but is inherently unstable and rapidly decays into the 

inactive form once secreted, perhaps because of conformational changes in the 

molecule (17). It is likely that denaturants activate latent PAl-1 by altering the 

3-dimensional structure of the molecule, transiently re-exposing its reactive centre. 

Interestingly, PAl-1 is present in the extracelluar matrix (ECM) of a variety of cells 

(35-37) where it appears to be distributed as a rather homogeneous carpet under the 

cells (38). ECM-associated PAl-1 is active, not latent (39). It is bound to specific 

PAl-1 binding proteins that protect it from the spontaneous loss of activity observed 

in solution, increasing its half-life from under 3 hours to over 20 hours (40). These 

binding proteins thus stabilize PAl-1 in the active configuration (41 ). PAl-1 in plasma 

is also predominantly active and bound to a specific binding protein, an observation 

that suggests that the PAl-1 binding protein is an ifnportant regulator of PAl-1 activity. 
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The binding protein has been purified from both human (41) and bovine (42) plasma 

and shown to be vitronectin. The biological significance of the interaction between 

PAl-1 and vitronectin in plasma, which increases the half life of PAl-1 from 2 hours 

to 4 hours, remains unclear since the clearance time for PAl-1 in vivo is only 5-10 

minutes (43). 

Role of PAl-1 in vivo. 

Naturally occurring complexes between single-chain t-PA and PAl-1, but not 

between t-PA and PAl-2, PAl-3 or protease nexin (44), can be detected in the blood, 

and the second order rate constant for the interaction of single-chain t-PA with PAl-1 

is approximately 20,000 times higher than the constant derived for the interaction of 

t-PA with PAl-2 and protease nexin (45,46). These observations have led to the 

conclusion that of all the serpin inhibitors, the primary regulator of plasminogen 

activation may be PAl-1 (reviewed in (17) and that PAl-1 appears to be the 

physiological inhibitor oft-PA, at least in the blood. PAl-1 is a regulated protein. Its 

synthesis is stimulated by transforming growth factor beta(TGFP), basic fibroblast 

growth factor, tumour necrosis factor, interleukin-1, endotoxin, phorbol myristate 

acetate(PMA) and dexamethasone (reviewed in (4 7) all of which cause an increase in 

gene transcription as demonstrated in nuclear run-on experiments (48). These data 

suggest that the regulatory region of the PAl-1 gene must be unusually complex, 

18 



containing DNA elements responsive to all of these molecules. Transfection 

experiments with 6.3kb of the PAl-1 promoter and firefly luciferase as the reporter 

gene have confirmed the presence of DNA elements responsive to dexamethasone 

(49), TGFP (50) and PMA (unpublished data). Nucleotides -90 to + 75 mediate a ten 

fold increase with dexamethasone and this element functions in both the forward and 

the reverse orientation suggesting that it is an authentic glucocorticoid responsive 

enhancer. Additional information on the response of the PAl-1 promoter to TGFB is 

presented in Chapters 3 and 4 of this thesis. 

A number of recent observations attest to the clinical relevance of alterations 

in plasma levels of PAl-1 and it is now clear that patients with elevated PAl-1 levels 
i' 

have, or are at risk of developing, thromb~tic problems. For example, the levels of 

PAl-1 increase 10 to 20-fold during gram negative infections (51 )that have 

I 

disseminated intravascular coagulation as ~ne of their major clinical manifestations. 

Specific information on the identity of the c,11 types expressing PAl-1 in endotoxaemia 

and their localization is considered in Chapters 5 and 6 of this thesis. 

Increased plasma PAl-1 activity has also been associated with deep vein 

thrombosis (52), myocardial infarction (53), angina pectoris (54) and pregnancy (55), 

all conditions with an increased thrombotic risk. The precise role of PAl-1 in coronary 

artery disease, however, is thrown into question by a recent angiographically 

monitored study that failed to show any correlation between the severity of the 
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disease and plasma PAl-1 levels (56). It is possible that the role of PAl-1 in the acute 

phase of coronary occlusive disease is distinct from its role in the chronic phase where 

persistently elevated PAl-1 levels may merely correlate with some other risk factor for 

myocardial infarction, such as raised triglycerides. This association has been 

demonstrated in a number of studies (53,54,57). 

Raised PAl-1 levels have also been detected in critically ill patients with 

unrelated diseases such as pancreatitis, malignancy, and liver disease (58). Hepatic 

failure may affect plasma PAl-1 levels in various ways since, for example, PAl-1 is 

cleared from the circulation by the liver and it is perhaps not surprising that diseases 

such as chronic alcoholism, hepatitis or cirrhosis are associated with elevated plasma 

PAl-1 levels (41). Furthermore, PAl-1 is known to be produced by hepatocytes 

(59,60). In this regard it has been demonstrated that hyperinsulinaemia is associated 

with high PAI activity in cases of type-2 diabetes and obesity (61) an observation 

which correlates well with cell culture studies where insulin has been shown to 

stimulate PAl-1 synthesis in a number of different hepatoma cell lines (62). 

PAl-1 activity in plasma frequently increases after major surgery and in response 

to acute trauma (63), suggesting that it is an acute-phase reactant. However the in 

situ hybridisation studies I present in Chapter 5 showed that PAl-1 is synthesized by 

endothelial cells of many organs in response to endotoxin. This observation suggests 

that PAl-1 in not a classical acute phase protein, since these proteins are generally 
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synthesized by liver hepatocytes (64,65). 

The importance of PAl-1 regulation is further emphasized by the finding that 

patients with low plasma PAl-1 concentrations have bleeding disorders (5,66). An 

interesting example of the relationship between PAl-1 and haemostasis is provided by 

the case of activated protein C which stimulates the fibrinolytic activity of endothelial 

cells and plasma. This it does, not by increasing t-PA or u-PA production or by 

dissociating preexisting t-PA/PAl-1 complexes, but rather by decreasing PAl-1 itself 

(reviewed in (17)). It would seem that the net fibrinolytic activity of blood or cells 

reflects a balance between PA' s and PAl-1, and that changes in the relative 

concentrations of either of these molecules may lead to thrombotic problems or to a 

bleeding diathesis. 
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Thesis aim. 

Although the initial aim of my thesis (Cape Town} was to examine the 

mechanism of down regulation of tissue plasminogen activator (t-PA) activity during 

the differentiation of the leukaemic cell line K562, most of my subsequent work (La 

Jolla) was designed to investigate the in vivo and in vitro regulation of PAl-1. This 

change of emphasis arose from my initial observations with the K562 cells which 

showed that PAl-1 was a critical regulator of PA activity in this system. 

Chapter 2 begins with a short outline of the work performed on the regulation 

oft-PA activity released by K562 cells in response to PMA. This work showed that 

t-PA activity was primarily regulated by PAl-1 levels and that PAl-1 secretion was 

highly regulated by changes in PMA concentrations. Much of the basic protein 

chemistry and molecular biology of PAl-1 had already been completed and I therefore 

chose to focus on two aspects of PAl-1 which may contribute to understanding the 

role of PAl-1 in vivo. Chapters 3 and 4 contain work in which I mapped regions of the 

PAl-1 promoter that were responsive to TGFB. I isolated a number of regions of the 

promoter that were TGFB responsive and from these regions focused on the minimal 

DNA sequences that were able to confer TGFB responsiveness. I also studied the role 

of the transcription factors AP-1 and NF-1 in the TGFB response of these regions. 

Chapters 5 and 6 record the in vivo localization of PAl-1 mRNA synthesis in 
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normal mice and also in mouse models of human disease. Although clinical studies had 

suggested a role for PAl-1 in thrombotic disease, very little is known about the sites 

of synthesis or the regulation of PAl-1 in vivo. I therefore studied the localisation of 

PAl-1 using in situ hybridisation in both normal mice and in mice with diseases 

characterised by an increased incidence in thrombosis. 

Chapter 7 contains a short summary. 
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CHAPTER 2: REGULATION OF PLASMINOGEN ACTIVATOR AND PAl-1 IN K562 

CELLS IN RESPONSE TO PHORBOL MYRISTATE ACETATE. 

lotrod uction: 

The species of PA secreted by the leukocytes from patients with acute myeloid 

leukaemia has prognostic significance (67) and has been shown by Wilson et al to be 

a differentiation-linked process (68). Primitive myeloid cells secrete active t-PA while 

differentiated cells secrete active u-PA. A convenient experimental model for studying 

this process is presented by the human leukaemic cell line K562, which was 

established from the pleural effusion of a patient with chronic myeloid leukaemia (69). 

These cells are induced to differentiate along the megakaryoblastic pathway by the 

addition of phorbol myristate acetate (PMA (70) and, during this process, they switch 

from producing a mixture of active t-PA and u-PA to producing active u-PA alone and 

they show increased production of both transforming growth factor-B (TGFB) and 

platelet derived growth factor. In this Chapter I describe the results of experiments 

designed to examine the mechanism of down regulation oft-PA activity that occurred 

with differentiation. 

Methods: 

Cell culture. K562 cells were grown in RPMl1640 (Flow Laboratory, Mclean, 

VA) supplemented with 10% heat-inactivated fetal calf serum (FCS), penicillin and 

streptomycin (Whittaker, Walkersville, MD). Cells (5x105) were cultured for 48 hours 
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after which the serum-containing medium was replaced by serum-free RPMI or 

serum-free RMPI with 1 Ong/ml of PMA. The conditioned medium (CM) was collected 

after a further 24 hours, and centrifuged to remove the cells and debris and assayed 

immediately or stored at 4°C. 

PA activity assay. PA in the CM was assayed as previously described (71 ). 

Briefly, plasminogen dependent lysis of insoluble 125I-labelled fibrin was measured in 

Linbro multi well plates (Flow). The species of PA was established by incubating the 

CM with an excess of neutralizing antibodies to either t-PA or u-PA for 1 hour at 4°C 

before measuring residual PA activity. 

PA inhibitor assay. To assay for an inhibitor of PAs, a known amount oft-PA 

was preincubated with the CM from K562 pells treated for 24 hours with 1 Ong/ml of 
l 

PMA. The residual t-PA activity was quantitated in the PA activity assay as described 

above. SOS activation, a known property of the inhibitor PAl-1, was performed by 

incubating the conditioned medium sequentially with 0.2% SOS at 37°C for 30 mins 

followed by 1 % Triton X-100, before incubation with a known amount of t-PA. 
I 

Fibrin-plasminogen zymography. Polyacrylamide gel electrophoresis (PAGE) and 
I 

zymography were performed as described by others (72, 73). Briefly the CM were run 

on 11 % polyacrylamide gels containing 0.1 % sodium dodecyl sulphate (SOS) and then 

washed in 2.5% Triton X-100 to remove the SOS. The gels were then laid on 

indicator gels consisting of 1.25% agar, human plasminogen (50ug/ml), thrombin 

(0.03U/ml) and fibrinogen (2mg/ml). Plasminogen dependent lysis was seen as clear 

zones in the opaque indicator gel. 
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ELISA assay fort-PA antigen. A 96-well ELISA tray was coated with 100ul 

polyclonal anti-t-PA at 0.1 mg/ml in phosphate buffered saline pH 7 .6 (PBS) and 

incubated at 4°C overnight. The residual serum in the polyclonal preparation was 

sufficient for blocking. The wells were washed twice with PBS. Samples (50ul) 

containing either t-PA standards or CM were added and incubated at RT for 1 hour. 

Recombinant t-PA, diluted in ELISA diluent (500 mmol NaCl, 1 0mmol Na2HPO4; pH 

8.5 and 0.5% Triton-X100) containing 3% FCS, was used to construct a standard 

curve using 2-fold dilutions starting at 4ng/50ul. After incubation with the antigen the 

wells were washed five times with TST ( 150 mmol NaCl, 50 mmol Tris; pH 8.0 and 

0.05% Tween 20) followed by sequential addition of 50ul of mouse monoclonal 

anti-t-PA (20ug/ml); 50ul of link Ab (sheep anti-mouse at 20ug/ml); 50ul of 

peroxidase anti-peroxidase (PAP at 135ug/ml) and ABTS/peroxide substrate. 

Absorbance readings were taken at 414nm, 0.5-2 hours after addition of the 

substrate. The assay was linear (r = .997) for a range of t-PA from 4ng/well to 

0.1 ng/well. 

PAP was prepared by incubating peroxidase at 100ug/ml in PBS pH 7.6 with 

purified mouse anti-peroxidase at 2. 7mg/ml. The enzyme substrate (40 mmol ABTS 

(2,2' azino-di (3-ethyl-benzthiozoline) sulphonic acid]) was made up in water and 

stored at -20°C. It was diluted 1: 100 in citrate buffer pH4.0 and a 1: 100 dilution of 

30% hydrogen peroxide was added immediately before use. 

Northern blot analysis. The total RNA was extracted from K562 cells that had 

been incubated for 24 hours in serum-free RPMI alone or containing 1 ng/ml or 1 Ong/ml 
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of PMA. The acid/guanidium thiocyanate/phenol-chloroform method was used (7 4) and 

concentration was determined by measurement of sample absorbance at 260 nm. 

Total RNA (20 pg) was analyzed for PAl-1 mRNA by Northern blotting as described 

previously, employing a 1.3 kb human PAl-1 cDNA probe kindly provided by Dr 

D.Loskutoff(48). The probe was labelled by the random primer technique (75) 

employing a-32P dGTP ( > 3000 Ci/mmol; Amersham, Arlington Heights, IL). Equal 

loading and transfer of the RNA was confirmed by inspection of the ethidium 

bromide-stained RNA in the nylon membrane following transfer. Autoradiography was 

performed at -80°C employing Kodak XAR-5 film with intensifying screens. 

Results. 

PA activity released by K562 cells in response to PMA treatment. The CM from 

control cells (serum free medium) and from cells treated with increasing doses of PMA 

in serum free medium was assayed for PA activity and the species of PA determined 

by titration with neutralizing antibodies. The control cells (Fig.1: SF) secreted both 

active t-PA (cross hatched bars) and active u-PA (solid bars). Treatment of the cells 

with 0.01 ng/ml or 0.1 ng/ml of PMA (Fig.1) caused a large increase in the secretion 

oft-PA and u-PA. In contrast, cells treated with 1 ng/ml or 1 Ong/ml of PMA released 

decreased amounts of PA activity and the residual activity was all due to u-PA (Fig.1 ). 
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Figure 1. PA actjvity assay. The PA activity and species was measured using 
the fibrin lysis assay as described in the method. t·PA is represented by cross 
hatched bars and u-PA by solid bars. The PMA concentration is on the x-axis 
and solubilized 1251 fibrin cpm are on the y-axis. These results represent the 
average of three experiments each performed in duplicate. 

t-PA antigen released by K562 cells in response to PMA treatment. The CM 

from control cells and from cells treated with PMA was assayed in the t-PA ELISA 

assay as described in the methods. The control cells (Fig.2: SF) secreted low amounts 

oft-PA antigen. Treatment of the cells with PMA led to an increase in the amount of 

t-PA antigen secreted for all amounts of PMA used (Fig.2). Unlike the t-PA activity 

which was decreased in response to 1 Ong/ml of PMA, the t-PA antigen was increased 

(compare Fig.1 to Fig.2). 
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Figure 2. The t-PA antigen from K562 cells treated with PMA. PMA 
concentration is on the x-axis and the absorbance at 414nm is on the y-axis. 
These results represent the mean of three experiments +- SD. 

Inhibition of t-PA by CM from K562 cells treated with 1 Ong/ml PMA. CM from 

K562 cells that had been treated with 1 Ong/ml of PMA was added to a known amount 

oft-PA (1 ng), the mixture was incubated for 30 min at 37°C and then assayed for 

residual PA activity. This assay was performed in the presence of the neutralizing 

antibody to u-PA so that only t-PA lysis and inhibition was measured. 

RPMI alone, or RPMI treated sequentially with 0.2% SOS and 1 % Triton X-100 

were added to 1 ng t-PA without effect on the residual t-PA activity (Fig.3). When CM 

from K562 cells treated with 1 Ong/ml of PMA was added, there was a greater than 
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50% reduction in residual t-PA activity (Fig.3). When CM treated with SOS to unmask 

latent PAl-1 as described in the methods was added the residual t-PA activity was 

reduced to less than 1 %. 

10.50 
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7.00 8' ~ 
0 
.c 
t:. 

3.50 

RPMI RPMI/SDS CM CM/SOS 
1 ng t-PA per well. 

Figure 3. Assay fort-PA inhibitor. was performed by pre-incubating a known 
amount oft-PA with CM from K562 cells treated for 24 hours with 1 Ong/ml of 
PMA. The residual PA activity was quantitated in a fibrin lysis assay. The 
effect of treatment of the CM with 0.2% SOS was also studied. These results 
represent .the mean of three experiments. 

Inhibition oft-PA and u-PA by CM from K562 cells treated with 10ng/ml PMA. 

The ability of the CM to inhibit t-PA or u-PA was also tested by using fibrin 
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autography. The CM alone ( 1 Qui) showed a small zone of lysis at the same molecular 

weight (55 000 MW) as the proenzyme form of u-PA (Fig.4: lane 1 ). t-PA alone 

showed a lysis zone of a higher molecular weight (70 000 MW; Fig.4: lane 2) and this 

was completely inhibited by pre-incubation of the t-PA with 1 Oul of CM (Fig.4: lane 

3) . u-PA alone showed 2 zones of lysis consistent with the two chain and the single 

chain form of u-PA (55 000 MW and 30 000 MW) as indicated by the arrow heads 

(Fig.4: lane 4) which again showed inhibition after pre-incubation with CM (Fig.4: Lane 

5). 
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Figure 4. Fibrin-plasminogen zymography was performed as described in the 
methods section on CM alone (1 ); t-PA alone (2); t-PA + CM (3); u-PA alone (4) 
and u-PA + CM (5). Dark bands: lysis zones in the indicator gel. 

Northern blot analysis of K562 for PAl-1 mRNA. Total RNA was extracted from 

K562 cells after treatment with serum free medium (Fig.5 lane-1) or serum free 

medium containing 0.1 ng/ml PMA (Fig.5 lane-2) or 10ng/ml PMA (Fig.5 lane-3). Panel 

A shows the northern hybridization signal and Panel B shows the same gel stained 

with ethidium bromide before hybridization to determine equal loading of the lanes. 

Two species of mRNA were detected for PAl-1 mRNA of control cells (Panel A: lane-1) 

which represent the 3.2Kb and the 2.3Kb mRNAs for PAl-1 as described by others 

(21 ). After treatment with 0.1 ng/ml of PMA, there was a slight increase in the signal 
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for PAl-1 mRNA (Panel A: lane-2). There was a large induction in PAl-1 mRNA after 

treatment with 10ng/ml of PMA (Panel A: lane-3). 
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Figure 5. Induction of PAl-1 mRNA by PMA. Panel A shows the results of a 
Northern hybridization for PAl-1 MANA using a 32p labelled PAl-1 cDNA probe 
on control cells (lane-1) and cells treated with 0.1 ng/ml PMA (lane-2) and 
10ng/ml PMA (lanes-3). Both the 3.2Kb and the 2.3Kb PAl-1 mRNA species 
are detected. Panel 8 shows the same gel stained with ethidium bromide prior 
to hybridization as a control for equal loading of the lanes. 
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Discussion. 

It has previously been shown that normal bone marrow progenitor cells release 

t-PA activity which changes to u-PA as the cells differentiate and mature. The 

mechanism of this switch in enzyme type has not been elucidated. K562 cells 

secreted both t-PA and u-PA and responded to PMA with a change in the amount of 

active t-PA in the CM (Fig. 1 ). K562 cells thus show a pattern of PA regulation that 

is similar to that of bone marrow cells in as much as the phenotypic changes induced 

by PMA can be equated with "differentiation" or "maturation". 

Treatment with 0.1 ng/ml of PMA caused an increase in both t-PA and u-PA 

activity but 10ng/ml of PMA completely abolished t-PA activity and decreased levels 

of u-PA could be measured (Fig.1 ). The fall in release oft-PA activity caused by high 

concentrations of PMA proved to be due, not to decreased release of active enzyme, 

but rather to concomitant induction of inhibitor release since t-PA antigen levels in CM 

were induced by high, medium and low concentrations of PMA (Fig.2). Moreover, 

when the conditioned medium from these cells was analyzed, I was able to show that 

an inhibitor oft-PA was being induced by PMA treatment (Fig.3 and 4). The activity 

of this inhibitor was increased by treatment with SDS, a known property of the 

inhibitor, PAl-1 (25). 

Using a cDNA probe for PAl-1 (48) I was able to show the specific induction of 
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PAl-1 mRNA in K562 cells by 10ng/ml of PMA (Fig.5). The increase in PAl-1 

synthesis induced by 1 Ong/ml of PMA was thus sufficient to inhibit completely the 

t-PA that was also induced by the PMA. The small amounts of active u-PA (detected 

by the 1251 fibrin lysis assay and by zymography) in CM from cells treated with 

1 Ong/ml of PMA can be explained by the fact that PAl-1, while it inhibits two-chain 

u-PA, has no effect upon the single chain form (76). During the assay, therefore, 

single chain u-PA was probably converted into active two-chain enzyme by traces of 

plasmin, and this was not inhibited by the PAl-1 which had decayed to the latent form 

in the interval that elapsed between secretion and the assay. This explanation is 

consistent with the report by Andreasan et al (77) of their ability to measure u-PA 

activity in the presence of PAl-1 and with the fact that the decay of active PAl-1 is 

rapid (32). 

The results of these experiments thus show that, in the K562 system at least, 

differentiation-linked changes in t-PA activity are incidental to PAl-1 synthesis and 

release and that the inhibitor is a critical regulatory protein. Whether or not the 

increase in PAl-1 secretion was due to a direct effect of PMA is uncertain, since 

phorbol ester is known to increase TGFB and PDGF levels in these cells (70, 78) and 

TGFB causes large increases in PAl-1 synthesis by a variety of cultured cell types 

(48, 79,80). 

These initial observations were extended, to include the assay of intracellular 

levels of these components. These results were published in Blood, Vol 74, No 4 
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CHAPTER 3: IDENTIFICATION OF REGULATORY SEQUENCES IN THE TYPE-1 

PLASMINOGEN ACTIVATOR INHIBITOR GENE RESPONSIVE TO TRANSFORMING 

GROWTH FACTOR B 

Introduction. 

PAl-1 is the primary inhibitor of both tissue-type plasminogen activator (t-PA) 

and urokinase-type plasminogen activator (u-PA) (46), and as such is a potent 

anti-fibrinolytic molecule. PAl-1 synthesis by cultured cells in vitro is induced by a 

number of molecules including cytokines (81,82), growth factors (48,83,84), 

hormones (49,62), and a variety of other agents such as endotoxin (85) and phorbol 

myristate acetate (86). Nuclear transcription run-on assays have shown that the 

regulation of PAl-1 by many of these agents occurs primarily at the level of 

transcription (48,50). This observation, together with the wide spectrum of effector 

molecules now known to regulate PAl-1 gene expression (87), indicates that the PAl-1 

promoter is precisely regulated, and suggests that it is also highly reactive to various 

trans-acting pathways. 

Increased levels of plasma PAl-1 have been demonstrated in a number of human 

conditions frequently associated with a predisposition to thrombosis, including 

myocardial infarction (53), deep vein thrombosis (52) and pregnancy (55). Plasma 

PAl-1 has also been shown to be elevated in patients with sepsis and endotoxaemia, 

a disease associated with disseminated intravascular coagulation (51 ). These 

observations suggest that PAl-1 gene expression is also highly regulated in vivo, and 
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that abnormal expression of this inhibitor may contribute to the pathogenesis of these 

disorders. One molecule of particular importance in this setting may be transforming 

growth factor beta (TGFB), a molecule released from activated platelets and 

leukocytes at sites of inflammation and thrombosis (88). The release of TGFB from 

activated platelets appears to induce PAl-1 in endothelial (89) and hepatoma (80) cells, 

and also increases the level of plasma PAl-1 when infused into rabbits (80). 

Although the mechanism of action of TGFB remains unclear (88), its effect on 

several promoters has been studied. For example, the autoinduction of the TGF-,81 

promoter suggests a feedback loop designed to amplify the response to TGFB under 

certain conditions (90). This response appears to involve specific AP-1 binding sites. 
J 

i' 
AP-1 is a heterodimeric complex of Fos and Jun protein subunits which binds to 

specific DNA enhancer sites which have the consensus sequence TGAg/cTCA (91 ). 

AP-1 is believed to mediate the transcriptional effects of the tumour promoting phorbol 

esters (92). In contrast to these results, the TGF,8 response sequence in the promoter 
I 

for type 1 collagen, has been localized to a sequence with homology to a nuclear 
I 

factor 1 (NF-1) binding site (93). A number of different consensus sequences for the 

NF-1 DNA binding site have been proposed including TGG(n7)GCCAA (94) and 

TGGCA (95,96). 

The PAl-1 promoter and 5'-flanking region contains several sequences which 

are similar to both NF-1 and AP-1 consensus binding sites. I report here the results 
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of transfection experiments which indicate that regions containing AP-1-like elements 

appear to be critical for TGFP inducibility. Deletion of NF-1-like sequences has no 

effect on induction of the PAl-1 promoter by TGFP in this system. 

General Methods. 

DNA preparation. Plasmid DNA was isolated using anion exchange 

chromatography with a Qiagen pack 500 kit (Oiagen,Studio City, CA). Enzyme 

reaction conditions were as recommended by suppliers. DNA fragments were isolated 

from agarose gels using a silica matrix (Geneclean II kit; Bio 101, La Jolla, CA). DNA 

sequencing was performed by a modification of the dideoxy chain-termination 

procedure with a Sequenase kit (United States Biochemical; Cleveland, OH). 

Plasmid construction (Fig.1 ). The starting constructs had identical 3' ends (the 

EcoRI cleavage site at + 75 in the 5' non-translated region of the PAl-1 cDNA (49)) 

but extended upstream to -800, -549 and to -100 respectively. p39LUC was 

constructed in the same way and contains the sequence from + 75 to -39 of the PAl-1 

promoter. Specific fragments consisting of the sequences between-595 to-800,-595 

to -636 and -636 to -800 were subcloned at the -39 position of p39LUC. A 5' 

deletion series through the region -636 to -800, starting from -800, was constructed 

using Bal-31 slow exonuclease (International Biotechnologies; New Haven, CN). A 3' 

deletion series through the same region starting from -636, was also constructed using 

Bal-31. pS00LUC/mutXhol, which has a 10 bp substitution containing an Xhol 
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restriction site at -39, was linearized at -636, digested with Bal-31 exonuclease and 

then cleaved at the Xhol site to remove the intervening sequence between -636 and 

-39. The ends were filled using the Kienow enzyme and the plasmid was ligated with 

T4 DNA ligase. 

Cell culture. Hep3B human hepatoma cells obtained from ATCC (HB8064; 

Rockville, MD) were maintained in DMEM/HAMs F-12 (Whittaker;Walkersville, MD) 

supplemented with 10% fetal bovine serum (Hyclone; Logan, UT), glutamine, sodium 

pyruvate, non-essential amino acids and penicillin/streptomycin (Whittaker). For 

transfection experiments, semiconfluent cells in 6-well ( 10 cm2 per well) tissue culture 

plates (Corning; Corning, NY) were washed twice with serum free media (DMEM/F-12) 

then incubated in serum free media. A mixture containing lipofectin (GIBCO, Grand 

Island, NY; 12.Sug/well) and DNA constructs (2.5ug/well) in water was added to each 

well (50 pl/well) and the plates were incubated for 1 Shrs. After lipofection, plates 

were incubated an additional 24hrs in the absence or presence of 1 ng/ml TGFB 1 (a 

generous gift of Berlix Biosciences, South San Francisco, CA). The monolayers were 

washed and then extracted into 0.25% Triton X-100. An internal control plasmid 

(pSV2CAT) was co-transfected with the luciferase fragments and CAT activity was 

used to correct for differences in DNA uptake when using different constructs. In 

addition to this control, each construct was tested with at least 2 independent DNA 

preparations in order to rule out any effects related to differences in DNA preparation. 

For each experiment, two independent transfections were performed with each 
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construct. The fold induction calculated for Figs. 2-6 represents the average of four 

or more experiments. 

Luciferase and CAT assays. Cells were extracted into Triton X-100 (0.25% in 

0.1 MKPO4/1 mM DTT/pH7.8) and then assayed for luciferase as described (97) by 

using a Monolight 2010 luminometer (Analytical Luminescence; San Diego, CA). CAT 

assays were performed as previously described (98) and the results were expressed 

as the percentage of acetylated chloramphenicol over the total labelled 

chloramphenicol in each sample. 

Gel retardation. Gel retardation experiments were performed (99,100) using 

oligonucleotides homologous to the regions between -66 to -87 ( 5 '-AGA GCC AGT 

GAG TGG TGG GGC-3' ) and between -650 to -674 ( 5'-GTG GGG AGT CAG CCG 

TGT ATC ATC G-3' ). The oligonucleotides (100ng) were end-labelled using 6.25uCi 

of gamma 32P ATP and 20U T 4 polynucleotide kinase for 30 mins at 37°C. The free 

label was removed by 2 cycles of ethanol precipitation in the presence of 2.5M 

ammonium acetate. Hep3B nuclear extract was prepared (101) and then 5 µg was 

incubated in the presence or absence of a 50-fold molar excess of the cold competitor 

oligonucleotides (50ng) for 15 mins on ice (The sequence of the AP-1 competitor = 

5'-GGG GGT TGA ATC ACT GGG GTG AGT CAC CCC C-3' and the sequence of the 

non specific competitors = 5'-AGC TTG AGC TCA GAT CT-3' or 5'-CCG AGT TGA 

TAC CGG G-3'). The mixtures were then incubated with 20,000 cpm of the labelled 

42 



oligonucleotide (1 ng) in the presence of 1 ug of poly dl-dC (Boehringer Mannheim, 

West Germany) in gel shift buffer (25mM HEPES pH 7.4, 40mM KCI, 7.5% glycerol, 

0.125mM EDTA, 0. 75mM OTT and 5mM MgCl2) for 30 mins on ice and then at room 

temperature for 15 mins. The reaction mixture was loaded on a 6% non-denaturing 

polyacrylamide gel system using a 5mM Tris/380mM glycine/2mM EDT A buffer pH 

8.5. The gels were run at 150V for 4 hours, dried and then autoradiographed on 

XAR-5 film (Kodak; Rochester, NY). 

Results, 

Identification of PAl-1 5' flanking sequences responsive to TGFB. A series of 

overlapping fragments (-800, -549, -100 and -39) with identical 3' ends (+75), 

containing the start site of transcription at + 1 as well as a perfect TAT A box at -23 

to -28 (102), were cloned into the multiple cloning site of p19LUC. These plasmids 

were then transfected into Hep 3B cells and assayed for response to TGFB as 

described in Materials and Methods (Fig. 1 ). Deletion of the region between -800 and 

-549 reduced the TGFB response from 54-fold to 11-fold, and the remaining response 

disappeared when sequences between -100 and -39 were deleted. Thus, two areas 

in the PAl-1 5' flanking sequence appear to mediate the response of the PAl-1 gene 

to TGFp. Figure 1 also shows the response when sequences between + 7 and + 75 

in the 5' untranslated region were deleted. This region contains a perfect NF-1 
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consensus sequence ((94); TGG(n7)GCCAA) at + 15 to + 29, and NF-1 has been 

implicated in the TGFB response of the type 1 collagen promoter (93). This deletion 

had no effect on the TGFB response of the proximal 100 bp region. 

-800 -23 1 +75 

I I ► I we I 54x 

-549 +75 

I I ►DI die I 11x 

-100 +75 

I I ►~- LUC I 11x 

-100 +7 

I I ► I LU:: I 11x 

-39 
+75 

I I ►~- LU:: I 2x 

Figure 1. 5' deletion series of 800 bp of the PAl-1 promoter and 5' flanking 
region. A series of overlapping fragments of the 5' flanking region of the PAl-1 
gene were transiently transfected into Hep3B hepatoma cells using lipofection, 
treated with 1 ng/ml of TGFB for 24 hours, and then cell lysates were prepared 
and assayed for luciferase activity as described in the methods. The 5' 
boundaries are indicated to the left top of each construct. The fold increase in 
luciferase activity following TGFB treatment is presented to the right of each 
construct. The ratios are representative of changes in promoter activity and 
have been corrected for minor differences in DNA uptake by co-transfection of 
pSV2 CAT. The solid box(■) at position -23 represents the •TATA• box. The 
arrow ( ►) at position O indicates the location and direction of transcription 
initiation. The open box denotes the coding sequence for the luciferase reporter 
gene. The cross hatched box (□) at position + 7 to + 75 contains an NF-1 
consensus sequence (TGGn7GCCAA)between + 15 to + 29. 

5' deletional analysis of proximal region. A more detailed analysis of the 

proximal promoter region (-100 to -39) was performed by transfecting Hep 3B cells 

with overlapping 5' deletion fragments starting at-100 (Fig.2). The response (11-fold 
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induction with TGFB) was lost when the sequence from -87 to -49 was deleted. As 

is shown in the lower part of the figure, this region contains an AP-1-like consensus 

sequence in the reverse orientation at -75 to -81 (underlined twice) as well as a CRE 

consensus sequence at -51 to -58 (underlined once). 

-100 -23 0 •75 

I I ► I wc ■ 11 X 

-87 

I I ► I LUC ■ 11x 

-82 
I I ► I we ■ 7x 

-66 

I I ► I wc ■ 4x 

-49 

I I ► I LUC ■ 2x 

-39 

11 ► I LUC I 2x 

-87 AGAGCCAGTGAGTGGGTGGGGCTGGAACATGATGTCATC -49 

Figure 2. 5' Deletion analysis of the 1oroximal region. A 5' deletion series 
between -100 and -39 was assayed for luciferase induction following treatment 
with 1 ng/ml of TGFB as described in the: legend to Fig, 1. The 5' boundaries are 
indicated on the top left of each construct and the fold-induction after treatment 
with TGFB is indicated to the right of each construct. The sequence of the 
region between -87 and -49 is displayed at the bottom of the figure with the 
AP-1-like site in the reverse orientation underlined twice and the CRE like site 
underlined once. 
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Deletional analysis of distal region. The distal region contains an NF-1-like 

sequence between -595 and -636 (Fig.3, underlined once) as well as three AP-1-like 

sequences between -636 and -800 (Fig. 3, underlined twice). To begin the analysis 

of this region, I cloned the sequence between -595 and -800 into p39LUC and 

assayed this construct for TGFB induction. This 206 bp fragment showed strong 

(37-fold) induction in response to TGFB (Fig. 3). I then subcloned the NF-1 containing 

region between -595 and -636 into p39LUC and assayed this construct for response 

to TGFB. This 46 bp region showed little or no induction with TGFB (less than 2-fold) 

suggesting that it was not involved in the TGFB response of the PAl-1 gene. I tested 

the remaining AP-1 containing sequence between -636 and -800 for TGFB induction. 

This 165 bp sequence showed strong (50-fold) induction with TGFB despite the fact 

that the NF-1 containing sequences were removed. 
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-800 AAGCTTACCATGGTAACCCCTGGTCCCGTTCAGCCACCACCACCCCACCCA 

GCACACCTCCAACCTCAGCCAGACAAGGTTGTTGACACAAGAGAGCCCTCAGGG 

GCACAGAGAGAGTCTGGACACGTGGGGAGJCAGCCGTGTATCATCGGAGGCGGC 
CGGGCA~GGGATGAGGGAAAGACCAAGAGTCCTCTGTTGGG -595 

-39 0 +75 

11 ► 11 u.c I 2x 
N'-1 

-800 -636 --595 +75 

• • I I 111 ► 11 uz ■ 37x _,_, ..,_, .... , 
-636 --595 +75 

II lll ► l ■ a.t ■ 2x 

-eoo -636 -39 +75 

• •• 11 ► 11 ttc I 49x 

-aoo -636 -39 +7 

• •• I I ► I u.c I 47x 

Figure 3. Deletional analysis of distal responsive region. The region containing 
both the distal NF-1-like sequence (cross-hatched box between -636 and -595) 
and distal AP-1-like sequences (cross-hatched circles between -800 to -636) 
was cloned into P39LUC. Then the regions containing either the distal NF-1 
consensus sequence or the distal AP-1 consensus sequences were cloned into 
p39LUC. Finally a construct lacking the proximal NF-1 consensus sequence 
(cross-hatched box at + 7 to + 75) was also cloned. These constructs were 
assayed for induction after treatment with TGFB as described in Figure 1 and 
the fold induction is indicated to the right of each construct. The sequence 
between -595 and -800 is displayed at the top of the figure with the AP-1-like 
sites underlined twice and the N F-1-like site underlined once. 

Finally, a dose response experiment was performed to compare directly the 

TGFB sensitivity of the NF-1 and AP-1 containing fragments (Fig.4). The fragment 

containing the AP-1 sequences responded to TGFB in a dose dependent manner 

showing a greater than 50-fold increase at 1 ng/ml of TGFB, while the fragment 

containing the NF-1 sequence showed no response even at doses up to 5ng/ml. 

Figure 4 (inset) shows the CAT assays for both of these constructs in the absence of 
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TGFB (lane 1 and lane 3) and in the presence of 5 ng/ml TGFB (lane 2 and lane 4). 

Ouantitation of the CAT assay revealed that all samples in this assay had conversions 

between 31 % and 33%. This control experiment indicates that DNA uptake was 

equal for both constructs at all doses of TGFB used in this assay. I again deleted the 

NF-1 containing sequence in the 5' untranslated region (between + 7 and + 75) to 

ensure that it was not playing a role in the TGFB response of the distal region. No 

change in the level of induction of this fragment with TGFP was observed (Fig.3, last 

construct). Thus, the sequence between + 7 and + 75 does not seem to contribute 

to the TGFP response of this distal region. 
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Figure 4. Dose response of distal AP·J and NF-1 regions wjth TGFB. The 
constructs containing either the distal AP-1-like sequences or the distal 
NF-1-like sequences were transfected into Hep3B cells as described in Fig.1. 
The cells were then treated with increasing amounts of TGFB for 24 hours and 
assayed for luciferase activity as described in the legend to Figure.1 . The fold 
induction is plotted on the y-axis (linear scale) against the concentration of 
TGFB on the x-axis (logarithmic scale) . The inset contains the CAT assay for 
the NF-1 containing region at both O pg/ml (lane 1) and 5000pg/ml (lane 2) and 
for the AP-1 containing region at both O pg/ml (lane 3) and 5000pg/ml (lane 4). 
Ouantitation of this assay gave conversions of between 31 % and 33 % for all 
of the constructs used in this assay. 

In order to define the TGFP response sequence between -636 and -800, I made 

several progressive 5' deletions through this region (Fig.5). Fragments lacking the 

region -740 to -800 were fully responsive to TGFP. However, when sequences 

between -740 and -703 were deleted, the level of TGFB induction fell from 50-fold to 
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4-fold. The remaining 4-fold induction was still present at -674. These experiments 

showed that two sequences within the distal region were responsive to TGFB, the first 

between -740 and -703 and the second between -674 and -636. To confirm the 

above results, I also performed a 3' deletion series through this region (Fig.5). 

Deletion of the region between -648 and -678 reduced the TGFB response 

approximately 4-fold (i.e., from 50-fold to 12-fold). This is the same region that still 

showed 4-fold induction in the 5' deletion series. The remaining 12-fold induction was 

lost when sequences between -703 and -732 were deleted. This is the same region 

localized by the 5' deletion series. Thus, both the 3' and the 5' deletion series 

localized the same two regions of activity. 
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-39 +7~ 2x I ■ ► r::mr::, 

-800 -640 

I ■ ► r:::rrn 50x 
-740 AP-1 AP-1 AP-1 

I • • • II ■ ► r7i1'CP 50x 
-703 4x I • • 11 ■ ► rcvr::::, 

-697 4x I • • 11 ■ ► r:::rr:n 
-674 4x I • • II ■ ► r:::rr:n 

-646 50x I ■ ► r:::nz::::p 

-6"8 68x I ■ ► r::m:::::, 

◄78 14x ~ 

-703 12x I ■ ► r:::TIE7I 
-732 

~ 2x 
-7eo 

~ 2x 

Figure 5. Deletional analysis of the distal region. A 5' and a 3' deletion series 
through the region between -636 and -800 were assayed for induction in 
response to 1 ng/ml of TGFB as described in Fig.1. The 5' boundaries are 
indicated to the top left of each construct and the 3' boundaries to the top right 
of each construct. The cross hatched circles represent AP-1-like sequences. 
The fold induction in response to 1 ng/ml of TGFB is represented to the far right 
of the figure. 

Gel retardation analysis. Gel retardation experiments (99,100) were performed 

using synthetic oligonucleotides as described in the Methods, to assess whether the 

responsive sequences in the promoter proximal and distal regions were able to bind 

a common nuclear protein. The first oligonucleotide was from the proximal region (-66 

to -88) and it appeared to bind a single specific protein (Fig.6 lane-1) when analyzed 

in this manner. Binding was eliminated by the presence of a 50-fold molar excess of 
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cold oligonucleotide of the same sequence (Fig.6 lane-2), but was only weakly 

reduced by using a 50-fold molar excess of two different non specific oligonucleotides 

(Fig.6 lanes 5 and 6). A 50-fold molar excess of an oligonucleotide that contained 

2 AP-1 consensus sequences, also eliminated the formation of this complex (Fig.6 

lane-4) indicating that AP-1 or an AP-1 like protein was binding to this oligonucleotide. 

Finally, the unlabeled cold oligonucleotide from the distal responsive region (-650 to 

-674) also competed for the binding to this protein (Fig.6 lane-3). These results 

suggest that both regions may be binding the same protein. This conclusion is 

supported by the observation that the second oligonucleotide from the distal 

responsive region (-650 to -674) also showed a single specific band (Fig.6, lane-7) 

which ran at the same molecular weight as the band from the proximal region. The 
J 

I 
formation of this radiolabeled complex was eliminated by the presence of a 50-fold 

excess of cold oligonucleotide of the same sequence (Fig.6 lane-8), but was only 

weakly reduced by a 50-fold excess of two different non specific oligonucleotides ( 

Fig.6 lanes 11 and 12). Again, this complex was not detected in the presence of a 
I 

50-fold excess of either the consensus AP-1 oligonucleotide (Fig. 6 lane-10), or of the 
I 

proximal (-66 to-88) oligonucleotide (Fig.6 lane-9). The two oligonucleotides used for 

the non-specific competition both contain a TGA sequence (see Materials and 

Methods) which may account for the slight competition seen in these assays (103). 
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Figure 6. Gel retardation analysis. Labelled oligonucleotides (32P: 20,000cpm 
per lane) containing the distal responsive sequence (-650 to -674) in lanes 1 to 
6, and proximal responsive sequence (-66 to -87) in lanes 7 to 12 were 
incubated with 5ug Hep3B nuclear extract in the presence and absence of 
competitor oligonucleotides (i.e., a 50-fold molar excess of unlabelled 
oligonucleotide). The arrow head indicates the position of the complexes. 
Lanes 1 and 7, no competitor; lanes 2 and 8, competition with oligonucleotide 
of the same sequence; lanes 3 and 9, competition with · an oligonucleotide 
containing two consensus AP-1 sequences; lane 4, competition with sequence 
from proximal promoter (-66 to -87) ; lane 10, competition with sequence from 
distal region (-650 to -674); lanes 5,6 and 11, 12, competition with non-specific 
oligonucleotide. 
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Discussion. 

TGFP is a homodimeric molecule that belongs to a family of structurally related 

peptides. It has been called a "multifunctional signaling molecule" (104) since, for 

example, it inhibits the growth of endothelial cells in culture (84) and yet acts as a 

potent angiogenic agent in vivo (105). It has also been shown to stimulate the 

production of extracellular matrix proteins including PAl-1 (84,106). I have studied 

the regulation of the PAl-1 promoter and 5' flanking sequence by TGFB and have 

shown that the response lies within two separate regions (107). The first of these is 

in the proximal promoter at -49 to -87 and mediates an 11-fold induction with TGFB 

(Fig.2). The second is in the distal 5' flanking sequence at-636 to -800 and mediates 

50-fold induction. These are the same two general regions that mediate the response 

of the PAl-1 promoter to dexamethasone (49). Comparative analysis of the human, 

mouse and bovine promoters shows a high degree of homology in these two regions 

( 108). This observation suggests that these sequences have been conserved between 

species, most likely because of their functional importance for the regulation of this 

gene in vivo. Kim et al demonstrated that autoinduction of the TGFP gene was 

mediated by AP-1 sequences (90), and both the proximal and distal regions of the 

PAl-1 promoter contain responsive sequences with homology to the AP-1 consensus 

binding site (Fig.4 ). The proximal region contains an AP-1-like binding site in the 

reverse orientation at -75 to -81 (TGAGTGA) as well as a cAMP binding sequence at 

-58 to -51 (TGATGTCA). The distal region contains 3 AP-1-like binding sites located 
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between -636 and -800. Two of these sites have a single base pair mismatch from 

the consensus sequence ( -664 to -670 = GGAGTCA; -711 to -717 = TGACACA), 

and the third one has a 2 bp mismatch (~659 to -653:TGTATCA). Based on sequence 

homology, all of the AP-1-like sites are expected to be active except for the one at 

-664 to -670 (GGAGTCA) which has a T to G substitution of the first base. This 

change has been shown to decrease the binding affinity for AP-1 (91 ). 

To test whether AP-1 or an AP-1-like protein was binding to any of these 

responsive sequences I end labelled two oligonucleotides from these regions and 

tested them in a gel retardation binding assay. The first oligonucleotide spanned the 

region from -66 to -87 (i.e., the region containing the AP-1-like site in the proximal 

promoter), while the second (-650 to -674) contains 2 of the 3 AP-1-like sites from 

the distal promoter. I found that each of these 2 oligonucleotides had a common 

specific band that could be completely competed with a 50-fold molar excess of an 

oligonucleotide containing 2 AP-1 consensus sequences. Thus, AP-1 or an AP-1-like 

protein binds to the regions that mediate the TGFB response. Furthermore, 

competition studies between these two regions indicated that they could compete 

with one another for binding of the same protein. These results suggest that both 

regions may mediate the TGFB response, at least in part, by binding a related nuclear 

factor. 

The distal region (-636 to -800) which shows the strongest response to TGFB, 
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appears to have two responsive sequences that function cooperatively with one 

another to account for the full activity seen in this region. The relative activities of 

these two sequences appear different in the 5' deletion series compared to the 3' 

deletion series (Fig.5). A possible explanation for this difference may be that 3' 

deletions are accompanied by rotation of upstream binding sites about the DNA helix 

and by changes in the distance of upstream sequences from the TATA box, both of 

which can affect the activity of an upstream binding site (109). However, in spite of 

the differences in relative activity seen in the 5' and the 3' deletion series, the 

localization of the responsive sequences is the same. 

Westerhausen et al (50) have recently shown that two regions mediate the 

TGFB response of the PAl-1 promoter in another cell line, Hep G2. The first, a 259 

bp region (between -546 and -804) includes the sequence in which I find two separate 

40 bp responsive sequences (i.e., between -636 and -740). However, the second 

region (between -186 and -328) which mediates a 2-fold induction in their study, was 

inactive in my analysis. Another difference between the two studies is that I detected 

significant activity in response to TGFB in the region between -39 and -100 (11-fold 

induction) whereas this region was inactive in the Westerhausen et al study. These 

differences may be due to quantitative differences in the transcription factors present 

in the cell lines employed in the two studies, or alternatively to differences in the 

sensitivity of the assay systems. 
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A nuclear factor-1 (NF-1) binding sequence (TGG(n6)GCCAA) has been shown 

to mediate the TGFB response of the alpha-2 (type-1) collagen promoter (93) and the 

PAl-1 promoter has a number of sites with homology to the consensus sequence for 

NF-1 (94-96). However in my study, none of these sequences appeared to mediate 

the response of the PAl-1 promoter to TGFB. For example, there is an NF-1-like 

binding sequence located in the 5' untranslated sequence of the PAl-1 cDNA at + 15 

to +29. This site has the sequence: TGG(n7)GCCAA which was shown by Shaul et 

al. to be a high affinity binding site for NF-1 (94). I therefore deleted sequences 

between + 7 and + 75 to create a construct which lacks this NF-1 consensus 

sequence (Fig.2). This deletion had no effect on the TGFB response of the proximal 

100 bp region. I also deleted the same NF-1 site (deletion from + 7 to + 75) to ensure 

that it was not playing a role in the TGFB response of the distal region and observed 

no change in induction. (Fig.4). Finally, in my analysis of the distal region, an 

NF-1-like binding site located between -629 and -634 (TGGCA (95,96)) showed no 

activity in response to TGFB. These mapping experiments suggest that the NF-1 

binding sites present in both the proximal and the distal promoter are not responsible 

for the TGFB induction in my system. 

In summary, the functional data taken together with the DNA binding data support the 

hypothesis that the response of the PAl-1 promoter to TGFP is mediated by two 

conserved regions of the promoter and 5' flanking sequence, both of which contain 

DNA sequences with homology to the AP-1 consensus sequence. 
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CHAPTER 4: A NOVEL SEQUENCE IN THE 5' FLANKING REGION OF THE PAl-1 

GENE MEDIATES INDUCTION BY TRANSFORMING GROWTH FACTOR BETA. 

Introduction. 

PAl-1 synthesis by cultured cells in vitro is induced by a variety of molecules 

including cytokines (81,82), growth factors (48,83,84), hormones (49,62), and other 

agents such as endotoxin (85) and phorbol myristate acetate (86). Nuclear 

transcription run-on assays demonstrate that the regulation of PAl-1 by many of these 

agents, including TGFB, occurs primarily at the level of transcription (48). TGFB is a 

homodimeric molecule that belongs to a farhily of structurally related peptides, and is 

interesting because it has such a diverse number of biological functions. For example, 

it inhibits the growth of endothelial cells in culture (84) and yet acts as a potent 
I 

angiogenic agent in vivo (105). TGFB released from platelets may be an important 

negative regulator of the fibrinolytic syst~m of the vessel wall since the TGFB in 
. 

releasates of thrombin activated platelets causes large increases in PAl-1 synthesis by 

endothelial cells (89). This increased PAl-1 synthesis may account for the resistance 

of platelet-rich thrombi to thrombolytic therapy (110). The PAl-1 that accumulates in 

the extracellular matrix in response to TGFB protects matrix proteins from proteolytic 

degradation (111 ). Thus, the induction of PAl-1 by TGFB may also play a role in both 

wound healing and fibrotic responses. 
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Because the induction of PAl-1 and other genes by TGFB appears to affect a number 

of biological systems, the mechanism of transcriptional regulation by this 

growth/differentiation mediator has been extensively studied (50,107). For example, 

the autoinduction of the TGF-P1 promoter suggests a feedback loop designed to 

amplify the response to TGFB under certain conditions (90). This response was 

shown to involve specific AP-1 sites (90). AP-1 is a heterodimeric complex of Fos and 

Jun protein subunits which binds to specific DNA enhancer sites which have the 

consensus sequence TGAg/cTCA (91). AP-1 is believed to mediate the transcriptional 

effects of the tumor promoting phorbol esters (92). In contrast to these results, the 

TGFB response sequence in the promoter for type 1 collagen, has been localized to a 

sequence with homology to a nuclear factor 1 (NF-1) binding site (93). A number of 

different consensus sequences for NF-1 have been described and these include the 

sequences I.Cmn7GCCAA (94) and TGGCA (95,96). In preliminary experiments, I 

(Chapter 3) and others (50) studied the effect of TGFB on the PAl-1 promoter and 

demonstrated that the responsive regions contain sequences with homology to the 

AP-1 consensus sequence. I was unable to demonstrate a role for NF-1 sites in the 

TGFB response of the PAl-1 promoter in Hep3B cells. 

To investigate the role of AP-1 in the regulation of the PAl-1 promoter in more 

detail, I compared the effect of both TGFB and AP-1 itself on the activity of a 25bp 

fragment from the PAl-1 promoter. This fragment contains one of the AP-1 like 

sequences and responds to TGFB. I show that, although the AP-1 like sequence 
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influences the response to TGFB, its function does not appear to be related to its 

ability to bind AP-1 . Gel shift and functional analysis of the AP-1 like site suggests 

that a protein binds in this region and that this protein has a higher affinity for the wild 

type sequence in PAl-1 than it does for the consensus AP-1 site. Furthermore, a 

second sequence close to this site appears critical for the TGFB response and this 

sequence shows no functional activity in response to AP-1. Thus, it appears that a 

protein unrelated to AP-1 is critical to the TGFB response of the PAl-1 gene, and that 

the AP-1-like site enhances but is not essential for this response. 

Materials and methods. 

DNA preparation, cell culture and luciferase assays were performed as described 

in Chapter 3. 

Plasmid construction. A fragment of the PAl-1 promoter (i.e., between -39 and 

+ 71 ), which had previously been shown to have low basal activity and only minimal 

response to TGFB (average induction of 2. 7-fold), was used as a minimal promoter in 

these studies. Double-stranded blunt-end oligonucleotides were cloned into the -39 

position of this promoter and the sequences confirmed by double-stranded sequencing 

methods. A minimal promoter construct derived from the Hepatitis B viral promoter 

(a generous gift from Dr. A. Mclachlan, The Scripps Research Institute) was used 
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as a heterologous promoter to test some of the same oligonucleotides. This promoter 

contained from -188 to + 145 of the Hepatitis B promoter and in experiments not 

shown, demonstrated only 4-fold induction in response to TGFB. 

Gel retardation analysis. Gel retardation experiments were performed as 

previously described (99,100). The oligonucleotides employed in these studies were 

homologous to the regions between -732 to -708 ( 5 '-GCC AGA CAA GGT TGT TGA 

CAC AAG A-3') and between -732 to -716 ( 5'-GCC AGA CAA GGT TGT-3' ). The 

oligonucleotides ( 1 OOng) were end-labelled using 6.25uCi of gamma 32P ATP and 20U 

T4 Polynucleotide kinase for 30 mins at 37°C. The free label was removed by 2 

cycles of ethanol precipitation in the presence of 2.5M ammonium acetate. Hep3B 

nuclear extract was prepared ( 101) and then 5 µg was incubated in the presence or 

absence of a 50-fold and 100-fold molar excess of the cold competitor 

oligonucleotides in the presence of 5ug of poly dl-dC (Boehringer Mannheim, West 

Germany) in gel shift buffer (25mM HEPES Ph 7.4, 40mM KCI, 7.5% glycerol, 

0.125mM EDTA, 0. 75mM OTT and 5mM MgCl2) for 15 mins on ice. The mixtures 

were then incubated with 50,000 cpm of the labelled oligonucleotide (1 ng) for 30 

mins on ice and then at room temperature for 15 mins. The reaction mixture was 

loaded on a 6% non-denaturing polyacrylamide gel using a Tris/borate buffer pH 7 .4. 

The gels were run at 150V for 4 hours, dried and then autoradiographed on XAR-5 

film (Kodak). 
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Results. 

TGFB responsiveness of three synthetic oligonucleotides. Previous deletion 

mapping of the PAl-1 promoter demonstrated that three separate regions (-49 to -87, 

-636 to -674 and -703 to -740) were important in the TGFB response (Chapter 3). 

Based on these observations, I synthesized oligonucleotides containing the AP-1 like 

sites from each of these regions, cloned them into the plasmid containing the minimal 

promoter, and tested their response to TGFB (Fig.1 ). The first oligo was 16bp in 

length, corresponded to -56 to -41 of the PAl-1 gene (region A), and conferred, 

approximately 10-fold induction on the minimal promoter. The second oligo was 25bp 

in length and corresponded to -674 to -650 (region B). It conferred 56-fold induction 

on the minimal promoter. The last oligo was 36bp long and corresponded to -743 to 

-708 (region C) and led to a 25-fold induction in the promoter. Regions A and C 

contain only a single AP-1 like sequence whereas region B contains 2 AP-1 like binding 

sequences. Thus, oligonucleotides containing AP-1 like sequences from each region 

were able to confer TGFB responsiveness to a non-responsive minimal promoter 

(Fig.1). 
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Figure 1. Localization of TGFB resoosive regions of the PAl-1 promoter. A 
series of oligonucleotides from the PAl-1 promoter were cloned into a minimal 
promoter construct and tested for response to 1 ng/ml TGFB after transient 
transfection in Hep3B cells as previously described. The minimal promoter 
contains a perfect TATA box at -23 and the start site of transcription( ►) fused 
to the firefly luciferase reporter gene (LUC). These oligonucleotide sequences 
were derived from the proximal promoter (Region A: -56 to -41) and from the 
distal 5' flanking sequence (Region B: -674 to -650 and Region C: - 743 to 
-708) of the PAl-1 gene. Each region showed a specific response to TGFB 
when compared to the background response of the minimal promoter (3-fold) 
and the results (fold induction in respose to TGFB ) are indicated on the far right 
of the figure. These and all subsequent results represent the average of at least 
4 indepedent experiments, each performed in duplicate. 

Responsiveness of regions A,B and C to c-fos/c-Jun. In order to test directly the 

responses of these sequences to AP-1 itself, I co-transfected them with plasmids 

containing the mouse genes for c-fos and c-jun under the control of the RSV promoter. 

I found that all three of these regions showed a dose-dependent response to increasing 

amounts of transfected c-fos/c-jun (Fig. 2), with maximum responses seen at 0. 1 ug per 

well. 
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Figure 2. Dose response of regions A to c to co-transfected RSV c-fos/c-jun. 
Co-transfection experiments were performed in which the constructs to be 
tested were transfected together with the plasmid• containing the genes f~r 
mouse c-fos and c-Jun under the control of the RSV promoter. The x-1x1s 
reprents the concentration in ug/well of each of the c-fos/c-jun plasmids added 
to 2.5ug of each of the reponer constructa (region A Ce), region B (■l and 
region C ( ♦). The y-axis represents the luciferase light units in ■ log acale. 

using 0. 1 ug/well of c-fos and c-jun plasmids. This response was dependent on 

co-transfection of both plasmids since neither c-fos or c-jun alone was able to cause 

this induction (data not shown). 

Detailed analysis of the TGFB responsive sequence of region C. To examine the 

role of the AP-1 like sequences in the TGFB response, I chose to study region C since 

it contains only a single AP-1 site and shows relatively strong induction by TGFB 

65 



Although the expression plasmids for c-fos and c-jun contained cDNAs derived 

from mouse genes, I did not anticipate any problems using these proteins in a human 

cells system in view of the extremely high degree of conservation of these proteins 

between species. Transcription factors have been shown by others to operate in an 

extremely wide variety of species (Mitchell, P. and Tjian, R. Science 245, 371-378, 

1989.). 

Detailed analysis of the TGFB responsive sequence of region C. To examine the 

role of the AP-1 like sequences in the TGFB response, I chose to study region C since 

it contains only a single AP-1 site and shows relatively strong induction by TGFB 

(Fig.2). To find the minimal TGFB responsive sequence in this region I constructed 2 

oligonucleotides, the first from the 3' side of region C which contained the AP-1 like 

sequence (C2: -708 to -723) and the second from the remaining 5' sequence (C3: 

-727 to -743). When I tested the responsiveness of these oligonucleotides to TGFB 

I found that neither sequence showed maximal induction as compared to region C 

itself (Fig.3; compare C1 with C2 and C3). This result raised the possibility that I may 

have deleted a portion of a binding site located between -723 and -727. I therefore 

progressively extended the 5' side of C2 to include bases between -723 to -728 

(Fig.3; C4) but found that this only slightly improved the TGFB response. However, 

when this region was extended another 4bp there was a dramatic incre_ase in the 

TGFB response to 63-fold induction (Fig.3, C5) suggesting that this region was crucial 

for the response. 

66 



-708-39 7~ 
-7-43 

:t"GACACA-11 ► I • C1 u.c 25x 

-723 -708 

C2 I II ► I u.c • 10x 

-7-43 -727 

C3 I I ► • u.c • 3x 

-728 -708 

C4 I ► • u.c • 7x 

-732 -708 

cs I ► I u.c • 63 

Figure 3. Localization of minimal TGFB responsive seguence in region C. Four 
constructs ( C2: -723 to -708; C3: -743 to -727; C4: -728 to -708; and CS: 
-732 to -708) derived from region Cl were cloned into the minimal promoter 
and tested for response to 1 ng/ml of TGFB as previously described. The fold 
Induction is indicated to the right of the figure. 

Functional analysis of region CS to localize the TGFB and AP-1 (F /S) responsive 

regions. In preliminary studies, I determined the response of the minimal promoter to 

direct stimulation with c-fos/c-jun. It showed approximately 10-fold induction with 

AP-1 compared to only 3-fold induction with TGFB (Fig.4, bottom line). When I tested 

C5 itself in a similar manner, there was only a 2-fold increase above the vector 

background induced by c-fos/c-jun compared to a greater than 20-fold increase above 

background seen with TGFB (i.e., C5 itself showed 63-fold induction with TGFB). 

Thus, although the wild type AP-1-like site in C5 was a relatively poor responsive 

sequence for c-fos/c-jun, this region still showed a strong response to TGFB. I 

therefore mutated the AP-1 site to produce a consensus AP-1 sequence (converting 
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TGACACA to TGAGTCA) and again compared the responseness of this construct to 

both c-fos/c-jun and TGFB. This mutation increased the AP-1 response from 19-fold 

to 105-fold but did not improve the TGFB response (Fig.4: C5 and C6). In fact, there 

was a consistent decrease in the TGFB response following this mutation (compare 

63-fold induction with TGFB for the wild type AP-1 like site (Fig.4 C5) to 27-fold for 

the consensus AP-1 site (Fig.4 C6). I then mutated the AP-1-like site by changing the 

critical TGA bases, a change shown by others to decrease the activity of the AP-1 

binding site. Although this mutation had the expected effect of abolishing the AP-1 

response, it did not completely abolish the response of this construct to TGFB (i.e., 

C7 showed a 10-fold induction with c-fos/c-jun [i.e. vector background] whereas it 

still showed 13-fold induction with TGFB [i.e. 5-fold above vector background]). 
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TGF11 F/.J 
-732 -708 -3Q 75 

Cl ~ TGACACA-11 ► • u.c • 
63x 19x 

C6 §£1 II ► • w:: • 
27x 105x 

C7 I [§] II ► • w:: • 
13x 10x 

ca H!3 II ► • w:: • 
5x 14x 

C9 ► • w:: • 
4x 13x 

C10 1§§1 [§] II ► • w:: • 
4x 11x 

► I u.c I 3x 10x 

Figure 4. Site directed mutagenesis to localize the TGFB and AP-1 <FLJ> 
responsive regions of C5. Five mutants derived from C5 were tested for their 
response to 1 ng/ml of TGFB or to transactivation by AP-1. The altered bases 
in each case are indicated in the box for each construct (C6: CA to GT; C7: 
TGA to CCG; CS: GCCA to TAAC; C9: AGA to TTT; C10: TGA to CCG; and 
GCCA to TAAC). The fold inductions are indicated to the right of the figure. 

This result once again suggested that the 5• portion of CS was also important 

in mediating the TGFB response. To further test this hypothesis, I mutated the 4bp 

sequence between -728 and -732 (CS) since the previous deletion results (Fig.3; C4 

compared to C5) suggested that this sequence was critical to the TGFB response. I 

also mutated 3bp between -726 and -728 (C9). As expected, both of these s• 

mutations caused dramatic reductions in the response of CS to TGFB, reducing the 

65-fold response of CS to vector background levels. These changes also reduced the 

AP-1 response from 19-fold to 13-14-fold (Fig.4: CS and CS). Finally, I created a 
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double mutation of both of these sites and these changes abolished both the TGFB 

and the AP-1 responses (Fig.4 C10). 

Heterologous promoter Induction. To test whether the 25bp oligonucleotide 

(CS) was able to activate a heterologous promoter, I cloned it into a hepatitis B viral 

promoter. In control experiments, I tested from -188 to + 145 of the viral promoter 

itself and demonstrated that this construct alone showed 28-fold induction with 

fos/jun (Fig.5). However, the viral promoter showed only 4-fold induction with TGFB. 

Thus, even though the hepatitis B viral promoter had active AP-1-like sites, these were 

not sufficient for a strong TGFB response. I then cloned the region between -708 and 

-732 of the PAl-1 promoter (C5) into the viral promoter and tested this construct as 

above. This 25bp PAl-1 fragment was able to increase the TGFB response of the viral 

promoter from 4-fold to 47-fold (Fig.5, second line) but did not significantly alter the 

AP-1 response (25-fold compared to 28-fold). Again, mutation of bases between-728 

and -732 of the PAl-1 oligonucleotide reduced the TGFB induction of this fragment but 

did not lower the response to AP-1 (Fig. 5, third line). 
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TGF11 F/J 

-188 1 145 

I ► ls1 LUC ij 4x 2Bx 

-732 -708 

~ TGACACA-H ► ls1 LUC ij47x 25x 

-732 -708 

H!§J II ► B1 LUC ij 10x 3Bx 

Figure 5. Heterologous promoter response to cs. The Hepatitis B viral 
promoter from -188 to + 145 was tested for response to both TGFB and to 
transactivation in response to AP-1 . C5 (-732 to -708 of the PAl-1 promoter) 
and CB (mutation of bases -728 to -732 from GCCA to TAAC) were cloned at 
position -1 88 and then these constructs were also tested for response to both 
TGFB and AP-1 • The fold induction is indicated to the right of the figure. 

Gel shift analysis of C5. To identify the nuclear proteins that bind to regulatory 

regions of the PAl-1 gene, I performed gel shift studies using double-stranded 

oligonucleotides corresponding to position -708 to -732 and nuclear proteins from 

Hep3B cells. When labelled oligonucleotide C5 was incubated in the absence of any 

competitor oligonucleotides, I observed 2 specific shifted bands (Fig.7; lane 1, B1 and 

B2). In the presence of a 50 (lane 2) and, 100-fold (lane 3) excess of cold competitor 

of the same sequence, this shift was greatly reduced (band B1) or abolished (band 

B2). I then tested the ability of the mutated oligonucleotides to compete for binding 

to these proteins. I found that changing the sequence of the AP-1 like site to a 

consensus AP-1 site reduced the efficiency of competition for both bands B1 and B2 

(Fig.7, lanes 4 and 5), even though functionally this mutation improved the response 
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to AP-1 by an order of magnitude (Fig.4: C6). Similarly, when the TGA of the AP-1 

site was changed to CCG (C7), this oligonucleotide was still able to compete weakly 

for the binding of both B1 and B2 (lanes 6 and 7), even though functionally this site 

was no longer active in response to AP-1 (Fig.4: C7). This result suggested that 

although a protein bound to the AP-1 like site it was not competing in the manner 

expected of AP-1 . When an oligonucleotide with a 4bp mutation between -728 and 

-732 was used in the competition assay (CS), it was as efficient in competing for 

bands B1 and B2 (lanes 8,9) as the wild type sequence (Fig.4:CS) . Thus, the proteins 

in the shifted bands B1 and B2 appear to be binding in the region of the AP-1-like site 

and not to the 5' end of this oligonucleotide. Finally, the double mutant (C 10) showed 

no specific competition of either band (lanes 10, 11) as did a control oligonucleotide 
j 

(lanes 12, 13) containing the HNF-1 bindin'g site (Fig.4 C10 and HNF-1 ). 
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Lane 

None C5 C8 c:, C8 C10 HNF-1 
I\ I\ I\ I\ I\ I\ 
ABABABABABAB 

--·----·-···· 

. 
1 2 3 4 5 6 7 8 9 10 11 12 13 

• 

Figure 7. Gel retardation analysis. Labelled oligonucleotide (CS 32P: 
50,000cpm per lane) containing the sequence from -732 to -708 of the PAl-1 
promoter was incubated with 5ug Hep3B nuclear extract and 5ug of dldC in the 
presence and absence of competitor oligonucleotides (i.e., a 50-fold (A) and 
100-fold (B) molar excess of unlabelled oligonucleotide). The arrow head at B1 
and B2 indicate the position of the specific complexes. The arrow head at NS 
represents a non-specific complex. lane 1 no competitor; lanes 2 and 3, 
competition with oligonucleotide of the same sequence (CS); lanes 4 and 5, 
competition with the oligonucleotide containing the consensus AP-1 sequence 
(C6); lane 6 and 7, competition with the oligonucleotide containing the mutant 
AP-1 site (C7); lane 8 and 9, competition with the oligonucleotide with 4bp 
mutation at -732 to -728 (CS); lanes 10 and 11, competition with the double 
mutant (C10) and lanes 12 and 13, competition with non-specific 
oligonucleotide containing the sequence of the HNF1 binding site. 
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Discussion, 

The TGFB response of both the PAl-1 promoter and the TGFB promoter (90) has 

been localized to regions containing specific AP-1 like sites. The simplest 

interpretation of this data is that TGFB acts by increasing the level of AP-1 in the cell 

to cause increased transcription of these promoters. However, when I examined two 

regions of the PAl-1 promoter that displayed similar levels of induction by TGFB (about 

60-fold; Figure 1: region B and Figure 3: C5) I observed that one region showed 

2000-fold transactivation with AP-1 (Figure 2: region B) whereas the other {Figure 4: 

C5) showed only about 19-fold transactivation. Thus, the TGFB response did not 

appear to correlate with the ability of these sequences to respond to AP-1 . I examined 

the role of the AP-1-like sequences in the TGFB response more directly by using site 

directed mutagenesis. I found that although mutation of the AP-1-like site in C5 to 

a consensus AP-1 sequence increased transactivation by fos/jun from 19-fold to 

greater than 100-fold, this same change decreased the response to TGFB {Figure 4: 

region C6). This observation suggested that the AP-1-like site was important in the 

TGFB response but that its role was not apparently related to the ability of this 

sequence to respond to c-fos/c-jun. This hypothesis is supported by the observation 

that gel shift analysis demonstrated that the protein bound to the AP-1-like site did not 

show a competition pattern consistent with AP-1 (Figure 4). For example, the 

construct which contained the consensus AP-1 site was a relatively poor competitor 

for proteins bound to the wild type AP-1-like site (Figure 7: lanes 4 and 5), in spite of 
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the fact that it was functionally far more active in response to AP-1 (Figure 4: C6). 

Moreover, a mutant that was functionally inactive in terms of its response to AP-1 

(Figure 4: C7), still showed specific competition (Figure 7: lanes 6 and 7) compared 

to a non-specific competitor (Figure 7: lanes 12 and 13). These results indicate that 

a protein binds to the wild type AP-1-like sequence that is functionally important in the 

TGFB response. However, both the binding and the functional data indicate that this 

protein is not AP-1 . This protein may be derived from the large family of AP-1 like 

proteins (91) and may have slightly different sequence specificity when compared to 

c-fos/c-jun. 

Examination of the published data on the TGFB promoter reveals that it contains 

three AP-1 like sites all of which appear to play a role in the autoinduction of this gene 

(90). The first site is located at -365 to -371 and mediates an approximately 10-fold 

induction with TGFB. The other two sites are located between + 102 to + 289, and 

together mediated about 4-fold induction in response to TGFB. Moreover, each TGFB 

responsive region was also shown to be responsive to AP-1. Again, comparison of 

the level of transactivation by AP-1 to the level of induction by TGFB, reveals a similar 

discrepancy as I observed with the PAl-1 promoter. For example, one region (-453 to 

+ 11) showed approximately equal responses to AP-1 and TGFB (8. 5-fold induction 

with TGFB and 12. 7-fold response to AP-1 ), whereas a second region ( + 102 to 

+ 289) showed much greater response to AP-1 than to TGFB (4. 7-fold induction with 

TGFB compared to 19-fold with AP-1 ). This result again suggests that TGFB induction 
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is not simply due to an increase in AP-1 in the cell. 

Finally, it is interesting to note that there is a T to A substitution at the fifth 

position of the AP-1-like sites in the most TGFB response sequences of both the PAl-1 

promoter and the TGFB promoter (TGA(n)TGA to TGA(n)ACA [PAl-1 promoter: -717 

to -711 = TGACACA; -659 to -653 = TGATACA; TGFB promoter: reverse 

orientation: -365 to -371 = TGAGACA]). These sequences are distinct from the 

consensus sequence for AP-1 (TGA(g/c)TCA (92). It is possible that the T to A 

substitution may lower the binding affinity of this sequence for c-fos/c-jun resulting 

in a sequence that preferentially binds another protein. This possibility is consistent 

with the functional data on the AP-1-like site of the PAl-1 promoter (Figure 4: CS 

between -711 to -717) since the wild type sequence is a poor AP-1 binding site and 

yet is still important in the TGFB response. 

Analysis of the 25bp sequence derived from the wild type PAl-1 promoter (-708 

to -732) suggested that the 5' side of the oligonucleotide may contain a second 

binding site of importance in the TGFB response (Figure 4: C5 compared to CS). In 

fact, mutation of the 5' side of this region almost completely abolished the TGFB 

response even though the AP-1 region was intact (Figure 4: CS). Moreover, this 

sequence alone was able to act independently of the AP-1 site and confer strong TGFB 

induction to the normally unresponsive minimal promoter (data not shown). These 

results indicate that this second site on the 5' side of C5 is also important for the 
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TGFB response in this system. The full TGFB response, however, seemed to be 

dependent on the functional activity of both the AP-1 like site and the 5' site. 

The analysis of the critical bases involved in the TGFB response of this 

sequence is complicated by the fact that a partial NF-1 site (reverse orientation from 

-729 to -732: TGGC, Figure 4: C5) is found on the 5' side of this active region. A 

number of features suggest that this NF-1 site may not be functionally important. In 

the first instance, several other NF-1 sites of similar sequence are found in regions of 

the PAl-1 promoter that are not responsive to TGFB. For example, two other perfect 

NF-1 sites situated between -100 and -595 showed no response to TGFB (TGGCA: 

Chapter 2, Figure 1). Furthemore, the sequence between -595 and -636 contains a 

similar NF-1 site (TGGCA; -633 to -629) and also does not show any response to 

TGFB, when tested independently (Chap 2, Figure 3). The lack of activity of these 

other NF-1 sites may however be related to the context of the surrounding DNA, and 

it is possible that the bases adjacent to the site uniquely arranged so as to activate 

this NF-1 site. Secondly, mutation of the sequence adjacent to this NF-1 site (Figure 

4: C9) which only affects the first base of the site still completely reduced the TGFB 

response. 

When I compared the sequence of the 5' 15bp construct (-718 to -732) to the 

other region of the PAl-1 promoter which showed strong TGFB induction (region B = 

60-fold), I found a high sequence similarity between these two regions (75% 
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homology). This region of homology contains only first base of the NF-1 site which 

further argues that the activity of this site may be independent of the NF-1 site. I 

performed a homology search on the TGFB promoter and detected a high degree of 

homology between the active regions of the PAl-1 promoter and a region between 

-365 to -371 of the TGFB promoter (75% homology). Interestingly, this is not only 

the same region of the TGFB promoter that shows the strongest TGFB induction, but 

it also has the AP-1-like sequence (TGAnACA) identical to those seen in responsive 

regions of the PAl-1 promoter. 

In summary, the TGFB response of both the PAl-1 promoter and the TGFB 

promoter was localized to specific AP-1 like sites. However my data indicates that the 

full TGFB response of this region of the PAl-1 promoter is dependent on the interaction 

of two distinct binding sites. Although the first site has homology to the AP-1 site, 

it does not appear to bind AP-1 . While this site does not appear to be essential, it is 

required for the full TGFB response of this region. The second site, located 5' to the 

AP-1 site, appears to be critical in the TGFB response. This site is 15bp in size and 

contains a motive that is present in both active regions of the PAl-1 promoter as well 

as in the most responsive region of the TGFB promoter. The 5' side of this 15bp 

sequence also contains a partial NF-1 site which our data suggests is probably not 

involved in the TGFB response of the sequence, but this conclusion still needs to be 

rigoursly tested. This novel region of homology between the active regions of the 

PAl-1 and TGFB promoters does not appear to correspond to any previously described 
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transcription factor binding sites and may represent a new and specific binding site 

which is critical for a strong TGFB response. 
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CHAPTER 5: CELLULAR LOCALIZATION OF IYPE-1 PLASMINOGEN ACTIVATOR 

INHIBITOR mRNA AND PROTEIN IN MURINE RENAL TISSUE. 

Introduction. 

Increased levels of plasma PAl-1 have been demonstrated in a number of clinical 

conditions associated with a predisposition to thrombosis, such as myocardial 

infarction (53), deep vein thrombosis (52) and pregnancy (55). Plasma PAl-1 activity 

may also be elevated in patients with sepsis and endotoxemia, a condition frequently 

associated with disseminated intravascular coagulation (51 ). These observations 

suggest that increased rates of PAl-1 synthesis or release may contribute to the 

increased risk of thrombosis associated with these conditions. 

We have been interested in the role of PAl-1 in renal disease since increased 

plasma PAl-1 levels also correlate with the active phase of a variety of human renal 

disorders, including the nephrotic syndrome ( 112) and the hemolytic uraemic 

syndrome (113). Moreover, a large increase in plasma PAl-1 was observed in an 

experimental model of glomerulonephritis (GN) in which rats were injected with 

anti-glomerular basement membrane (anti-GBM) antibodies (82). Microscopic 

examination of renal tissue from these animals showed fibrin thrombi in glomeruli. 

Direct administration of tumor necrosis factor alpha (TNFa) also caused large increases 

in plasma PAl-1, and concomitant administration of both the nephrotoxic antibody and 
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TNFa caused superinduction of plasma PAl-1 levels. The increase in PAl-1 was again 

associated with an increase in fibrin thrombi. 

In spite of the potential importance of PAl-1 in human thrombotic disease, the 

cellular site(s) of synthesis of this important inhibitor in vivo is unknown. In most 

instances, measurements of PAl-1 have been confined to plasma and the origin of 

plasma PAl-1 also remains speculative (87). In this study, I investigate the site of 

renal PAl-1 production in control and endotoxemic mice. I show by Northern blot 

analysis that while PAl-1 mRNA expression is barely detectable in the control kidney, 

large amounts can be detected following administration LPS. Although cell culture 

studies suggest that endothelial cells may be the primary site of synthesis of PAl-1 in 

vivo (for a review see; (87)), little PAl-1 could be detected in the endothelium of 

untreated, control animals. Analysis of renal tissue from LPS-treated mice by in situ 

hybridization revealed that PAI mRNA was synthesized primarily by endothelial cells 

located throughout the kidney. The localization of PAl-1 production to the 

endothelium in this model may have relevance to the formation of fibrin thrombi in 

certain renal diseases like HUS and lupus nephritis. 
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Material and methods. 

Tissue preparation. Twelve age matched CB6 mice (BalbC/ByJ x C578I6/J; 

Scripps Clinic Rodent Breeding Colony) between the ages of 2 months and 8 months 

received intraperitoneal injections of either 50ug of LPS in normal saline or saline 

alone. Three hours later the mice were killed by overdose inhalation anaesthesia using 

metofane and perfused for 5 minutes with 30ml of cold 4% paraformaldehyde injected 

through the left ventricle. Organs were removed and immersed in freshly prepared 4% 

cold paraformaldehyde. The tissues were fixed at 4°C overnight, embedded in paraffin 

blocks.and sectioned at 2-5um thickness using a microtome. The tissue sections were 

mounted onto polylysine slides and stored at room temperature, until analyzed. The 

results (see below) were consistent from animal to animal in both the control and the 

LPS treated groups. 

Riboprobe preparation. A full length mouse PAl-1 cDNA (114) subcloned into 

the vector pBS + (Stratagene) was provided by Drs. L.Diamond and M. Cole 

(Princeton University). An EcoRI/Sphl fragment containing from nucleotide 1 to 

nucleotide 1085 of the mouse PAl-1 cDNA was cloned into pGEM -32 (Promega). 

This vector was linearized with the restriction enzyme EcoRI and used to make an 

antisense riboprobe labelled with 35S-labeled UTP (specific activity , 1 200 Ci/mmol; 

Amersham) by in vitro transcription using SP6 RNA polymerase (Promega). The DNA 
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template was removed by digestion using RO 1 DNAse for 15 minutes at 37°C and the 

riboprobe purified by phenol extraction and ethanol precipitation. This vector-insert 

construct was also used to make a sense control probe by linearizing with the 

restriction enzyme Hindlll and in vitro transcription using T7 RNA polymerase. 

In situ hybridization. In situ hybridizations were carried out essentially as 

described (115). Briefly, prior to hybridization, the paraffin sections (2-5um) were 

pretreated sequentially with xylene (three 5 min washes), with 2x SSC (one 10 min 

wash; 1x SSC = 150mM NaCl/1 SmM sodium citrate, pH 7.0), with 4% 

paraformaldehyde (10 min at 4°C), and with proteinase K at 1 ug/ml in 500mM 

NaCl/10mM Tris-HCI pH8.0 (10 min at room temperature). The slides were then 

prehybridized for 1-2hrs in 1 OOul of prehybridization buffer (50% (wt/vol) 

formamide/0.3M NaCl/20mM Tris-HCI, pH8.0/5mM EDTA/0.02% 

polyvinylpyrrolidone/0.02% Ficoll/0.02% bovine serum albumin/10% (wt/vol) dextran 

sulphate/1 OmM dithiothreitol) at 42°C. The hybridizations were started by adding 

600, 000 cpm of the 35S-labeled riboprobe in 20ul of prehybridization buffer containing 

2.5mg/ml oft-RNA, and were carried out at 55°C overnight. The sections were then 

washed with 2x SSC (two 10 min washes), treated with RNase A (20ug/ml in 500mM 

NaCl/1 OmM Tris-HCI for 30 mins at room temperature), washed in 2x SSC (two 10 

min washes), and then washed at high stringency in 0.1x SSC at 60°C for 2hr. This 

wash temperature is considerably higher than other commonly described methods 

(e.g., 52°C; (115), and combined with RNAse A treatment, which reduces non-specific 
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hybridization by more than 8-fold (116), results in very high stringency conditions. All 

SSC solutions up to this point of the procedure contained 1 0mM 2-mercaptoethanol 

and 1 mM EDTA to reduce non-specific binding of the probe. The sections were 

washed in 0.5x SSC without 2-mercaptoethanol (two 10 min washes), dehydrated by 

immersion in a graded alcohol series containing 0.3M NH4Ac, dried, coated with 

NTB2 emulsion (Kodak; diluted 1 : 2 in water), and exposed in the dark at 4 °C for 2-12 

weeks. Slides were developed for 2 min in D19 developer (Kodak), fixed, washed in 

water (three 5 min washes) and counterstained with hematoxylin and eosin. Parallel 

sections were analyzed using a sense probe as the control for non-specific 

hybridization and in no instance was a specific signal detected even after 12 weeks 

exposure (data not shown). 

Northern blot analysis. Total RNA was extracted from renal tissue of CBS mice 

by the acid/guanidium/thiocyanate phenol-chloroform method (74) and its 

concentration determined by measurement of sample absorbance at 260 nm. Total 

RNA (20 pg) was analyzed for PAl-1 mRNA by Northern blotting as described 

previously (48), employing a 1.3 kb human PAl-1 cDNA probe. The probe was labeled 

by the random primer technique (75) employing a-32P dGTP ( > 3000 Ci/mmol; 

Amersham). Equal loading and transfer of the RNA was confirmed by inspection of 

the ethidium bromide-stained RNA in the nylon membrane following transfer. 

Autoradiography was performed at -80°C., employing Kodak XAR-5 film with 

intensifying screens. 
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Antibodies. The full length mouse PAl-1 cDNA was cloned into a protein A 

expression vector (pRIT2T, Pharmacia). The fusion protein was expressed in E-coli 

(N4830-1, Pharmacia) and purified by passing the cell lysate over an lgG Sepharose 

(Pharmacia) column, and then over a heparin-Agarose (Typell, Sigma) column. Rabbits 

were immunized with 0.4mg of the fusion protein and then boosted three times with 

0.4mg at 2 week intervals. The lgG fraction of the resulting antiserum was isolated 

with Protein A-Sepharose (Bio-Rad), using the low salt method (117). The resulting 

lgG fraction contained antibodies to both PAl-1 and protein A. Therefore the 

anti-protein A specific lgG was removed by applying the total lgG fraction to a Protein 

A-Sepharose column. In order ensure that only the anti-protein A antibodies bound to 

this column, the Fe binding capacity of the column was first blocked with cross-linked 
i' 

normal rabbit lgG. The pass-through was then applied to a PAl-1-Sepharose column 

and the anti-PAl-1 lgG was eluted with 0.1 M glycine, pH 2.5, and used for the 

immunohistochemistry. After these purifi~ation steps it could be demonstrated that 

this fraction of the antibody was specific t9r PAl-1 and had no non-specific binding to 

protein A (data not shown). The lgG frac~ion of rabbit anti-human vWF ( 118, 119) 

was purified using protein A-sepharose affinity chromatography from antisera kindly 

provided by Dr Z. Ruggeri of this institution. 

lmmunohistochemistry. lmmunohistochemical staining was carried out as 

described in the HISTOSTAIN-SP Kit (Zymed). Paraffin embedded, paraformaldehyde 

fixed sections were deparaffinized with xylene' at 37°C (3x5 min), treated with 3% 
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hydrogen peroxide for 10 min at room temperature to quench endogenous peroxidase 

activity, and rehydrated with a graded series of ethanol. After washing with 0.05 M 

Tris-HCI, 0. 15 M NaCl, pH 7 .4 (TBS) for 10 min, the sections were treated with a 

graded series (0.2, 0.5, 1 %) of Triton X-100 in TBS for permeabilization (10 min each 

at room temperature). The sections were then incubated with prewarmed 0.23% 

(wt/vol) pepsin (2830 U/mg, Worthington Bioche. Corp.) in 0.01 N HCI at 37°C for 

various times. Times were optimized for each antigen. For example, 3 min was the 

optimal time to unmask PAl-1 tissue antigens, while 8 min was optimal for vWF. The 

tissue sections were rinsed with cold distilled water, washed with 0.2% Triton-TBS 

(2x3 min), and incubated with 10% (wt/vol) normal goat serum in TBS for 30 min at 

room temperature. Incubation with primary rabbit antibodies was performed in a 

humidified box for 16-18 h at 4 °C followed by 1 hr at room temperature. I used 5 

pg/ml of immunopurified anti-mouse PAl-1 or 10 pg/ml of affinity-purified anti-human 

vWF, in TBS, containing 0.1 % (wt/vol) bovine serum albumin (BSA). After washing 

with 1 % Triton-TBS (3x3 min), the second antibody (biotinylated goat anti-rabbit lgG, 

Zymed diluted 1:100 with TBS containing 0.05% Tween 20) was added and allowed 

to react for 15 min at room temperature. The tissue sections were washed again with 

1 % Triton-TBS (3x3 min), incubated with streptavidin-peroxidase conjugate prepared 

according to the manufacturer's instructions for 10 min at room temperature, washed 

with 1 % Triton-TBS (3x3 min), and then treated with a freshly prepared amino 

ethylcarbazole (AEC) chromogen containing 0.03% hydrogen peroxide at room 

temperature for 15 min. After rinsing in distilled water for 3 min, the sections were 
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counter-stained with Mayer's hematoxylin for 3 min at room temperature, rinsed well 

with tap water and mounted in GVA-mount (Zymed). 

In control experiments, tissue sections were stained with antisera previously depleted 

of the specific antibodies. In the case of PAl-1, immunoadsorption was performed by 

adding a 20-fold molar excess of PAl-1 antigen over antibody to the immunopurified 

rabbit anti-mouse PAl-1 solution, and the mixture was incubated overnight at 4°C. 

This mixture was then used instead of the primary antibody for immunohistochemical 

staining. No specific staining was apparent in these control experiments. Tissues 

incubated with preimmune (normal) rabbit lgG instead of primary antibody also failed 

to stain. Cultured mouse 3T3 cells produce PAl-1 following incubation with 1 ng/ml 

phorbol 12-myristate 13-acetate (PMA) in serum-free media for 24 h (unpublished 

data). These cells were used as a positive control for immunohistochemical staining 

of PAl-1 . Human umbilical vein ECs were cultured as described previously ( 120) and 

used as a positive control for immunohistochemical staining of vWF (121 ). 

lmmunoelectron microscopy. Staining for PAl-1 antigen was performed using 

avidin-biotin method with slight modifications. Sections (30um) of renal tissue from 

mice treated with 50ug LPS for 3 hours were first fixed in 4% paraformalderhyde for 

1 hour at 4°C and then incubated in blocking buffer (10 mM TRIS-HCI, 2% BSA and 

0.02% saponin, pH 7.5) for 1 hour at RT. The tissue sections were incubated with 

the primary antibody (rabbit anti-PAl-1) diluted 1: 100 overnight at 4°C, washed, 
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incubated with biotinylated goat anti-rabbit lgG (1 :100) for 4 hours at RT, and then 

with avidin-peroxidase complexes (1 :200; prepared according to the directions of the 

Vectastatin Elite ABC Kit (Vector Lab)) for 4 hours at RT. All reagents were made in 

reagent diluent (0.05 M TRIS-HCI, 0.15M NaCl, 2% BSA, 1 % heat inactivated human 

serum0.02% saponin, pH 7.5) and between each step the sections were washed with 

reagent diluent three times for 15 minutes at RT. For color development, 

diaminobenzidine (2 mg/ml) in TBS were used at RT for 45 min. 

The sections were then transferred into 0.1 M cacodylate buffer, pH 7.4 for 15 

to 60 min and dehydrated in graded ethanol, and then embedded in Epon 8 12 Resin 

(TAAB Lab Equipment LTD, England). Ultrathin sections were cut on an Ultratome Ill 

(LKB Instruments Inc., Gaithergurg, MD) and mounted on a 200 mesh bare grids. 

Osmium or lead acetate that might have obscured the diabenzidine reaction product 

were not used. The sections were examined and photographed with an HU 12A 

electron microscope (Hitachi Ltd., Tokyo, Japan) at a 75-kV excitation power using 

a 20-um objective aperture. 

Results. 

Northern blot analysis of renal PAl-1 mRNA. Examination of total RNA from 

control and endotoxin treated mice by Northern blot analysis using a human PAl-1 

cDNA probe (48) revealed a single transcript of 3.2 Kb, in agreement with the size of 

mouse PAl-1 mRNA (114) . Although only a relatively weak signal could be detected 

in RNA prepared from control mice (Fig.1 A), a strong signal was detected in RNA 
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from endotoxin-treated animals (Fig.1 B). These results agree with previous 

dose-response and time course studies in which nuclease protection assays were 

employed to demonstrate maximum (93-fold) induction of PAl-1 mRNA, in murine 

tissues 3 hours after LPS administration (122). Endotoxin also stimulates renal PAl-1 

in rats (123). 
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A B 

Figure 1. Northern blot analysis of PAl-1 mRNA in control and endotoxemic 
mice. Mice received intraperitoneal injections with saline (Lane A) or 50ug of 
LPS (Lane B) as described in the methods. Three hours later total kidney RNA 
was extracted, and 20 µg was fractionated by agarose gel electrophoresis, 
transferred to nitrocellulose and hybridized to a 32P labelled human PAl-1 cDNA 
probe. The membranes were exposed for 3 days at -so0c. Even loading and 
quality of the RNA was verified by ethidium bromide staining of the agarose gel. 
The estimated size of the positive band relative to the 18S and 28S RNA is 
3.2Kb. 

Localization of PAl-1 mRNA and antigen in the renal cortex. No PAl-1 mRNA 

was detected when the renal cortex from control mice was examined by in situ 
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hybridization (Fig.2 A), even alter 12 weeks exposure (not shown). However, after 

LPS administration, a strong hybridization signal was apparent both in the glomeruli, 

and in the peritubular region in close proximity to the tubules (Fi9.2 B). Tubular 

epithelial cells were negative, and remained negative even after the long exposure time 

(not shown). This pattern of hybridization was relatively uniform throughout the 

cortical region. Examination of the glomeruli at higher magnification revealed that 

many of the positive cells had the morphologic appearance of glomerular endothelial 

cells (Fig.2 C; the arrow head marks a possible EC). The pattern of PAl-1 mRNA 

expression was similar to that obtained by immunohistochemistry for PAl-1 antigen 

since no staining of the renal cortex was apparent in control mice (Fig.2 D), but strong 

staining of the glomerulus and peri-tubular region was seen following LPS 

administration (Fig.2 E). No PAl-1 antigen could be detected in tubular epithelial cells 

(Fig.2 E and 2F). Examination of the glomerulus at high magnification once again 

revealed that the positive cells had the appearance of ECs (Fig.2 F: arrow). The 

staining pattern of these cells appears most dense over the cell bodies due to the blue 

color of the nuclear stain used to counter stain these sections; however, staining of 

the thin rim of cytoplasm can also be observed in these sections (Fig.2 F). To confirm 

the possible endothelial cell origin of the PAl-1 producing cells, serial sections from the 

renal cortex were stained With an antibody to vWF which is specific for ECs (124). 

The staining pattern observed with this antibody was almost identical to that seen 

with antibodies to PAl-1 (Fig.2 G: compare to Fig.2 F). The staining intensity of vWF 

in renal tissue from LPS-treated mice was slightly greater than that in control mice, 
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although the difference was much less marked than that observed for PAl-1 (data not 

shown). 
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gure 2. Localization of PAl-1 in the renal cortex. Panels 
-C show paraffin sections from the renal cortex of control 
~-400x mag) and LPS (50 µg) treated (B-400x mag and 
·1000x mag: Arrow denotes what appears to be an EC 
ic eusl mice after they were analyzed by in s~u 
rbrid 'zatiion as described in the methods using a 3 S 
belled mouse PAl-1 antisense riboprobe. Panels D-G show 
Hallel sections that were analyzed by 
1munohlistochemistry using antibodies to either PAl-1 (D: 
Hlttol mice, 400x mag; E: endotoxin-treated mice, 400x 
ag; F: endotoxin-treated mice, 1 000x mag: Arrow denotes 
1 EC nucleus) or to vWF (G: endotoxin-treated mice, 
)00x mag). Photographs were taken using bright field or 
ilarized light epiluminescence. G denotes a glomerulus 
id T denotes a tubule. 
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Localization of PAl-1 antigen in the glomerulus by immunoelectron microscopy. 

Sections from the renal cortex of mice injected with LPS were processed for PAl-1 

antigen. Low power scanning EM showed the presence of positive staining in the 

cytoplasm of endothelial cells (Fig.3 A). A high power view of a positive region 

showed the basement membrane with foot processes of podocytes on one side and 

the cytoplasm of an endothelial cell on the other side (Fig.3 8). The positive staining 

in the endothelial cell is indicated by the arrow head. 

LUMEN 

Figure 3: Panel A. 
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B-
Figure 3: Panel B. 

lmmunoelectron microscopy for PAl-1 in the renal cortex. Sections from the renal cortex of LPS treated mice were 
processed for PAl-1 antigen using diaminobenzidine staining. Panel A shows a low power (2000x mag) view of 
a glomerulus with positive DAB staining (black) in the cytoplasm of both the endothelial cells seen in the field as 
indicated by the arrow heads. Panel B shows a high power (7000x mag) view with the foot processes (F) of the 
podocytes (F) seen above the basement membrane (BM) and the diaminobenzidine reaction product in the 
cytoplasm of the endothelial cells (EC) indicated by the arrow. 

Localization of PAl-1 mRNA and antigen in the renal medulla. No PAl-1 mRNA 

was detected in the renal medulla of control mice (Fig.4 A). However, 3 hr after LPS 

administration, peri-tubular cells throughout the medulla hybridized strongly for PAl-1 
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mRNA (Fig.4 B). Examination of a distal tubule at high magnification suggested that 

the positive cells may again be peri-tubular ECs. (Fig.4 C: arrow). Again, the pattern 

of PAl-1 antigen distribution was similar to that of PAl-1 mRNA in that no PAl-1 

antigen could be detected in the control renal medulla (Fig.4 D), a relatively strong 

signal was observed following LPS administration (Fig.4 E), and this signal seemed to 

be localized to ECs (Fig.4 F: The arrow marks a possible EC nucleus). Tubular 

epithelial cells of the medulla were negative for PAl-1 mRNA (Fig.4 B, C) and antigen 

(Fig.4 E, F). The PAl-1 mRNA and antigen staining patterns were uniform throughout 

the renal medulla. This pattern of staining was similar to that seen with vWF (Fig.4 

G) confirming that the PAl-1 producing cells were ECs. Again, a slight increase in 

vWF staining was detected after LPS treatment (data not shown). 
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gure 4. Localization of PAl-1 in the renal medulla . 
tnal medullary sections were analyzed by in situ 
·bridization for PAl-1 as described in Fig.2 (Panel A: 
ntrol mice, 400x mag; Panel B: endotoxin-treated mice, 
IOx mag; Panel C: endotoxin-treated mice, 1 000x mag: 
row denotes an EC nucleus). Slides were exposed for 2 
3eks. Serial sections were also analyzed by 
munohistochemistry for either PAl-1 (Panel D: control 
ce, 400x mag; Panel E: endotoxin-treated mice, 400x 
1g; Panel F: endotoxin-treated mice, 1000x mag: Arrow 
notes an EC nucleus) or vWF (Panel G: endotoxin-treated 
ce, 1 000x mag). Photographs were taken using bright 
Id or polarized light epiluminescence. DT denotes a distal 
>ule. 
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Localization of PAl-1 mRNA and antigen in the renal papilla. The renal papilla 

in the control animal showed a weak but specific in situ hybridization signal for PAl-1 

mRNA (Fig.5 A) . However, this signal was only apparent after 12 weeks exposure of 

the slides, in contrast to the signal in the LPS-treated animals which was strongly 

positive at 2 weeks (Fig.5 B). The cell type involved in this response has yet to be 

determined. This signal seen in the renal papilla may account for the low level of 

PAl-1 mRNA that is detected following northern hybridization of total renal RNA. A 

stronger signal was detected at 2 weeks in the renal papilla following LPS treatment 

(Fig.5 B), and again the positive cells seemed to be ECs. No PAl-1 mRNA was 

detected in epithelial cells of the tubules at this level in the kidney. These results with 

PAl-1 mRNA were similar to those obtained with PAl-1 antigen (data not shown). 

Figure 5. Localization of PAl-1 in renal papilla. Renal papillary sections from control (A) or LPS-treated (Bl mice 
were analyzed by in situ hybridization for PAl-1 as described in Fig.2; 400x mag. The slide in panel A was exposed 
for 12 weeks, the slide in panel B for 2 weeks. 

99 



Localization of PAl-1 mRNA and antigen in the renal vasculature. Except for 

the renal papilla, the only other region in the untreated control kidney in which PAl-1 

mRNA could be detected was in the muscular wall of vessels (Fig.6 A). Endothelial 

cells in these normal vessels were entirely negative, in contrast to the LPS treated 

mice where ECs of vessels throughout the kidney were strongly positive for PAl-1 

mRNA (Fig.6 B). Interestingly, LPS-treatment seemed to reduce the level of PAl-1 

mRNA detected in the medial layer of the muscular wall. The hybridization signal in 

these vessels was once again similar to the immunohistochemical staining pattern 

where a specific EC stain was seen in both arteries and veins of the LPS treated 

kidney (Fig.6 C). 

Localization of PAl-1 mRNA in the perinephric fat. No PAl-1 mRNA was 

detected in perinephric fat from untreated control mice (Fig.6 D) whereas perinephric 

fat from the LPS-treated animals was strongly positive for PAl-1 mRNA (Fig.6 E). The 

cell type involved in this response has yet to be determined. No PAl-1 antige~ was 

detected when perinephric fat from control mice was analyzed by 

immunohistochemical staining (not shown), while strong PAl-1 staining was detected 

in the LPS-treated mice (Fig.6 F). 
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Figure 6. Localization of PAl-1 in renal vasculature and peri-nephric fat. Sections containing renal vasculature 
from control (Al or LPS-treated (Bl mice were analyzed by in situ hybridization for PAl-1 as described in Fig. 2. 
Slides were exposed for 12 weeks. Serial sections from endotoxemic mice also were analyzed by 
immunohistochemistry for PAl-1 (Panel C) . Sections containing perinephric fat from control (DI or LPS-treated (El 
mice were analyzed by in situ hybridization for PAl-1 . Slides were exposed for 2 weeks. Serial sections from 
endotoxemic mice were analyzed by immunohistochemistry for PAl-1 (Panel F) . All photographs are shown at 400 
x mag. 
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Discussion, 

The concentration of PAl-1 in the plasma of rabbits (51 ), rats (123), and man 

(125) increases during endotoxemia. Endotoxin treatment induces PAl-1 mRNA in the 

heart, lung, kidney and liver of the rat (123), and in virtually all tissues of the mouse, 

including the kidney ((122) ; see also Fig. 1 ). These results suggest that plasma 

PAl-1 may originate from multiple tissues in the endotoxemic animal. In spite of this, 

little is known about the nature of the cells that produce PAl-1 in the various tissues. 

The wide distribution of PAl-1 mRNA in the endotoxin-treated animals suggests that 

common cells of the vascular wall may be involved and cell culture studies 

demonstrate that cultured endothelial cells can be induced to synthesize PAl-1 in 

response to LPS (48,85). Moreover, analysis of cell populations obtained from the 

LPS-treated rat by cell separation techniques suggests that hepatic PAl-1 mRNA may 

be derived primarily from hepatic endothelial cells (123) in response to LPS. However, 

the cellular localization of renal PAl-1 mRNA is unknown and the origin of PAl-1 in vivo 

remains speculative. 

In this study, we attempt to identify the specific cells within the kidney that 

produce PAl-1 since the kidney is sensitive to the effects of endotoxemia. For 

example, endotoxemia is believed to be a critical factor in the HUS ( 126-128), a 

disease in which increased plasma PAl-1 has been demonstrated ( 113). This disorder 

is also characterized by focal renal lesions of fibrin deposition in glomerular arterioles 
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and capillaries (129,130). Northern blot analysis revealed that the untreated control 

kidney produces low, but significant levels of PAl-1 mRNA (Fig.1 A). In situ 

hybridization analysis demonstrated that the PAl-1 mRNA present in the normal kidney 

is restricted to the media of renal vessels (Fig.6 A) and to the renal papilla (Fig.5 A). 

The location of PAl-1 positive cells within the media of control renal vessels suggests 

that it is being produced by smooth muscle cells since they are the predominant cell 

type in this location (131 ). Analysis of other untreated control tissues by in situ 

hybridization reveals a similar localization of PAl-1 positive cells to the media of large 

vessels (data not shown). These results raise the possibility that vascular smooth 

muscle cells in a variety of tissues may contribute to the PAl-1 in plasma of control 

mice. The identity of ttie PAl-1 producing cells in the renal papilla remains to be 

determined. 

Treatment of mice with LPS caused marked increases in renal PAl-1 mRNA as 

seen by Northern blotting (Fig.1, lane B) and by in situ hybridization (Fig.2-6). 

Increased antigen staining was also observed throughout the kidney (Fig.2-6). This 

response has been previously quantitated ( 122) and reaches a maximum of 93-fold 

induction 3 hours after administration of 50ug of LPS. The specificity of the PAl-1 

response has also been previously investigated using nuclear run on assays to 

compare the rate of transcription of the PAl-1 , vWF and ChoB genes in response to 

LPS (48). It was demonstrated that while the rate of PAl-1 transcription increases 

more than 30-fold, vWF and ChoB did not change or increased only slightly. My 
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localization studies in endotoxemic mice demonstrate that the primary site of renal 

PAl-1 synthesis is in endothelial cells. In the glomeruli the appearances and positions 

of the positive cells suggested that they were endothelial cells since in many cases the 

nucleus of the positive cell was situated within a well defined capillary (Fig.2 C and 

F). The endothelial cell localization of PAl-1 was confirmed by immunoelectron 

microscopy for PAl-1 antigen (Fig.3 A and B) which showed positive staining in the 

cytoplasm of endothelial cells. Outside of the glomerulus, the positive cells of the 

cortex (Fig.2 B, C) and the medulla (Fig.4 B, C) lay in close proximity to the distal and 

proximal convoluted tubules and these could be identified, by virtue of their position 

and appearance, as peritubular endothelial cells. To confirm the hypothesis that 

endothelial cells are the primary PAl-1 producing cells in renal tissue from the 

endotoxemic mouse, serial sections were stained with an antibody to vWF, an 

endothelial specific marker. The position and appearance of vWF positive cells 

coincided with that of PAl-1 positive cells (Fig.2 G,). In addition, analysis of the renal 

vasculature in endotoxemic mice demonstrates that in all instances, the PAl-1 

producing cells were primarily on the luminal side of the vessels and could be clearly 

identified as endothelial cells (Fig.6 B). Activated leukocytes adherent to the vessel 

wall could also account for this pattern of localization but the wide distribution of the 

signal and the lack of any adherent cells seen in the positive sections (Fig.2 C, 2F, 3A, 

5B and 5C) show that this was not the case. Furthermore, this staining pattern was 

observed even after prolonged perfusion of the vascular system with 

paraformalderhyde, a treatment which clearly washes most of the red blood cells and 
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leukocytes from the blood vessels (Fig.2 C and 2F). 

Many cell types studied in tissue culture have been shown to synthesize PAl-1, 

including mesangial cells (132), glomerularepithelial cells (133), renal fibroblasts (134) 

and endothelial cells from many different sources (87, 135-137). The observations 

that a wide spectrum of renal cells and endothelial cells produce PAl-1 in vitro, is in 

contrast to my in vivo findings with control mice in which we can only detect PAl-1 

in the media of vessels and in the renal papilla. Even though the kidney can be 

induced to produce large amounts of PAl-1 mRNA and antigen by LPS, the majority 

of the PAl-1 response appeared to be restricted primarily to a subset of cells (i.e., 

endothelial cells) . Epithelial cells in renal tissue from control and LPS-treated animals 

' were entirely negative in these studies (Fig:2, 4). These results indicate that the cell 

types that produce PAl-1 in vitro may not necessarily account for the majority of the 

PAl-1 synthesis in vivo. A number of factors may account for these differences. For 
I 

example, PAl-1 is a serum response gene (85, 138) suggesting that the production of 

this inhibitor by a variety of cultured renal dells may be in response to the serum in the 

growth media. It is also possible that control mechanisms which govern normal 

growth in vivo may be compromised in vitro, resulting in the inappropriate expression 

of PAl-1 in the cultured cells. These differences may also reflect a species difference 

since the above cell culture studies were not performed with murine cells. Whatever 

the reason, these differences indicate that caution should be used in the interpretation 

of results derived solely from in vitro studies. 
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PAl-1 is an important antifibrinolytic molecule (139), and may function in matrix 

stabilization (40, 132) and tissue remodelling ( 140). Inappropriate expression of PAl-1 

during these processes may thus contribute to the pathogenesis of renal disease. For 

example, in the anti-GBM antibody model of GN in the rat (82), increased plasma 

PAl-1 was observed and thrombi were shown to accumulate in the glomeruli. TNFa, 

the cytokine which is thought to play a major role in the injury that takes place in this 

model, caused increased numbers of fibrin thrombi and a concurrent increase in the 

level of plasma PAl-1 (82). TNFa is also one of the primary mediators of the LPS 

reaction with a plasma peak at 45-100 minutes after administration of LPS ( 141). 

This time course of expression precedes the peak of PAl-1 expression at 180 minutes 

( 122), suggesting that a common cell type may synthesize PAl-1 in both of these 

models in response to TNFa. My observations showing that LPS caused a marked 

increase in PAl-1 in ECs at all levels of the renal vasculature, including those in the 

glomerulus, suggests that ECs may also synthesize PAl-1 in the glomerulus during the 

progression of disease in the anti-GBM model. If so, these data imply that during the 

initial injury phase of the disease the balance between coagulation and fibrinolysis may 

have shifted in favor of coagulation. Raised local concentrations of PAl-1 in the 

endothelial cells of the glomerulus would be expected to contribute to this shift by 

inhibiting the normal processes responsible for the removal of fibrin. 

In the later phases of renal damage leading to GN, there is a strong component 

of cellular proliferation and matrix accumulation (142). A variety of observations 
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indicate that PAl-1 can protect matrix from proteolytic degradation (111 ), suggesting 

that it may also play a role in the matrix accumulation that takes place during the 

progression of GN. Further support for this hypothesis comes from studies of the role 

of TGFB in matrix accumulation in a rat anti-thymocyte model of GN (143). In these 

studies anti-TGFB antibodies not only reduced the amount of matrix accumulation but 

also reduced the histological evidence of the disease. These results suggest that 

TGFB promotes matrix accumulation in this model. TGFB is a potent inducer of PAl-1 

synthesis with doses as low as 1ng/ml inducing PAl-1 by 50-fold or more (48). Thus, 

the PAl-1 gene may be induced by increased local concentrations of TGFB, and the 

increased PAl-1 may in turn protect the matrix from normal degradation thus leading 

to ongoing pathology. This protection of matrix in response to TGFB has been 

demonstrated in vitro studies using human fibrosarcoma HT1080 cells (111 ). Further 

support for this mechanism of action comes from work using a rat model of GN which 

shows increases in renal TGFB activity and mRNA up to 14 days after the initial injury 

(144). My study demonstrates, that in endotoxemia, PAl-1 is synthesized in the 

glomerulus during the initial phase of the disease and we speculate that PAl-1 may 

also be chronically elevated in the glomerulus in response to other mediators like TGFB 

in the later phases of ongoing renal disease. This possibility is under investigation. 
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CHAPTER 6: INAPPROPRIATE EXPRESSION OF TYPE 1 PLASMINOGEN 

ACTIVATOR INHIBITOR IN RENAL TISSUE IN MURINE LUPUS. 

Introduction. Systemic Lupus Erythematosus (SLE) is an autoimmune disorder in 

which 70% of the patients develop glomerulonephritis (GN). An interesting feature 

of lupus nephritis (LN) is the endothelial cell activation and proliferation, with 

subsequent intravascular coagulation that accompanies the disease ( 145-14 7). These 

pathogenic features suggest that endothelial cells may play a central role in the 

process of coagulation since I have recently shown that they produce large amounts 

of PAl-1 in response to lipopolysaccharide (LPS) (148), and it is known that LPS can 

accelerate the progress of LN in susceptible mice (149,150). PAl-1 is a potent 

anti-fibrinolytic molecule by virtue of its ability to inhibit both tissue type plasminogen 

activator (t-PA) and urokinase-type plasminogen activator (u-PA) (46), and local 

increases in PAl-1 may be expected to inhibit the clearance of fibrin at sites of 

coagulation. The inappropriate expression of PAl-1 by renal cells in response to LPS 

or cytokines released in the inflammatory stage of LN may contribute to the 

progression of the disease. 

We have been interested in the role of PAl-1 in renal disease since increased 

plasma PAl-1 levels also correlate with the active phase of a variety of human renal 

disorders, including the nephrotic syndrome ( 112) and the hemolytic uraemic 

syndrome (113). Moreover, a large increase in plasma PAl-1 was observed in an 
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experimental model of GN in which rats were injected with anti-glomerular basement 

membrane (anti-GBM) antibodies (82). Microscopic examination of renal tissue from 

these animals revealed the presence of fibrin thrombi within glomeruli. Moreover, 

direct administration of TNFa also caused large increases in plasma PAl-1, and 

concomitant administration of both the nephrotoxic antibody (Ab) and TNFa caused 

superinduction of plasma PAl-1 levels. The increase in PAl-1 was again associated 

with an increase in fibrin thrombi. Although the expression of PAl-1 during the acute 

phase of these diseases could account for early decreases in fibrinolysis, the role of 

PAl-1 in ongoing chronic glomerulonephritis remains to be determined. 

In this report, we investigate changes in renal PAl-1 in a murine model 

(151-153) of SLE in MRL/lpr female mice. We show that local increases in PAl-1 can 

be detected at sites of active disease including the glomerular tufts and crescents as 

well in areas of interstitial nephritis. PAl-1 expression was localized to endothelial 

cells, parietal epithelial cells, tubular epithelial cells and in mononuclear cells in the 

tubular interstitium. None of these cells appear to express PAl-1 in the normal kidney 

suggesting that these local increases in PAl-1 expression may contribute to the 

increased fibrin deposition associatiated with lupus nephritis. 

,, 
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Materials and methods. 

Tissue preparation. 34 Female diseased mice (MRL/lpr; 4 months to 7 months) 

and 9 female control mice (MRL/scr or CB6 mice (BalbC/ByJ x C57BI6/J; 4 months to 

18 months; Scripps Clinic Rodent Breeding Colony) were sacrificed by overdose 

inhalation anaesthesia using metofane. Blood was drawn from the left ventricle and 

anticoagulated with 0.01 M Citrate. The anticoagulated blood was then centrifuged 

at 4000g for 15 minutes and the plasma removed and stored at -70°C. Various 

organs were then removed and immersed in freshly prepared 4 % cold 

paraformaldehyde at 4°C overnight, embedded in paraffin blocks.and sectioned at 

2-5um thickness using a microtome. ,;-he tissue sections were mounted onto 
j' 

polylysine slides and stored at room temperature. PAS stains were performed using 

standard techniques. 

ELISA assays. The substrates for the ELISA were made from calf thymus (Pel 
! 

Freeze, Rogers, AK) exactly as previously described (154). Briefly, long soluble 
I 

chromatin stripped of histone H 1 and non histone proteins and thus consisting 

essentially of DNA wrapped around the (H2A-H2B-H3-H4)2 histone octamer, was 

made by washing chromatin in 0.5 M NaCl (155). The native histone octamer was 

prepared by salt extraction of chromatin (156), and DNA (Calbiochem, La Jolla, CA) 

was further processed by proteinase K digestion, extraction with phenol, and digestion 

with S1 nuclease as described (154,157). Single stranded DNA was made by placing 
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this DNA into a boiling water bath for 15 minutes and then cooling rapidly in ice 

water. 

The ELISA was performed as described in detail previously ( 154, 157) except that 

the plates were coated with 100 µI instead of 200 µI of antigen in each well. In 

addition, methylated BSA was pre-coated on the ELISA plate before binding both 

double-stranded and single-stranded DNA. Sera were diluted 1 :300 in serum diluent 

(1 % gelatin, 1 % BSA, 0.75% BGG, 0.05% tween-20, in 0.14 M NaCl, 0.01 M sodium 

phosphate, pH 7 .4) and 100 µI was incubated in duplicate in the ELISA at room 

temperature for two hours. After washing, the plates were incubated for two hours 

with goat anti-mouse class specific antibodies conjugated with horseradish peroxidase 

(Caltag, South San Francisco, CA). The detecting antibody was quantified with the 

2,2'-azino-di-[3-ethylbenzthiazolinsulfonate] (Boehringer Mannheim, Germany) 

colorimetric reagent as described (157). 

Riboprobe preparation. A full length mouse PAl-1 cDNA (114) subcloned into 

the vector pBS + (Stratagene) was provided by Ors. L.Diamond and M. Cole 

(Princeton University). An EcoRI/Sphl fragment containing from nucleotide 1 to 

nucleotide 1085 of the mouse PAl-1 cDNA was cloned into pGEM -32 (Promega). 

This vector was linearized with the restriction enzyme EcoRI and used to make an 

antisense riboprobe labelled with 35S-labeled UTP (specific activity , 1200 Ci/mmol; 

Amersham) by in vitro transcription using SP6 RNA polymerase (Promega). The DNA 

template was removed by digestion using RO 1 DNAse for 15 minutes at 37°C and the 
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riboprobe purified by phenol extraction and ethanol precipitation. This vector was also 

used to make a sense control probe by in vitro transcription using T7 RNA polymerase 

following linearization with the restriction enzyme Hindlll. 

In situ hybridization. In situ hybridizations were carried out essentially as 

described in Chapter 5 ( 11 5). 

lmmunohlstochemistry. lmmunohistochemistry was performed on cryostat 

sections using an immunoperoxidase technique. Kidneys were embedded in OTC, 

frozen in liquid nitrogen and four micron sections were cut using a cryostat. The 

sections were fixed with cold, 4% paraformaldehyde for 5 minutes, washed with PBS 

(5 min) and PBS-0.1 % glycine (5 min), and then incubated sequentially in avidin (10 

U/ml) and d-biotin (1 mg/ml) for 40 minutes each. The sections were blocked in 

blocking solution (reagent diluent; 2.5% heat inactivated horse serum in PBS, pH 7.5) 

for 20 minutes and then incubated with primary antibody (Rabbit anti-mouse PAl-1 [ 

], 40 lg/ml in reagent diluent) in humidified chambers at RT for 2 hours. Tissue 

sections were further incubated with peroxidase conjugated goat anti-rabbit lgG 

(Jackson Immunology, 1 :200 in reagent diluent) for 1 hour at room temperature (RT). 

Color reactions were developed with aminoethyl carbozole (AEC) for 30 min, 

counterstained with Mayor's hematoxylin, rinsed, and mounted with Gel-mount 

(Biomeda), and the results observed under light microscope. 
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In control experiments, tissue sections were stained with antisera previously depleted 

of the specific antibodies. In the case of PAl-1, immunoadsorption was performed by 

adding to the immunopurified rabbit anti-mouse PAl-1 solution, a 20-fold molar excess 

of PAl-1 antigen over antibody and the mixture was incubated overnight at 4°C. This 

mixture was then used instead of the primary antibody for immunohistochemical 

staining. No staining was apparent in these control experiments. 

lmmunoelectron microscopy. Staining for PAl-1 antigen and immunoelectron 

microscopy was performed as described in Chapter 5. 

Results. 

Histopathology: Periodic Schiff Acid (PAS) staining was performed on 

renal tissue from both diseased and control mice. The glomerular lesions were graded 

from Oto IV as previously described (158). In this grading system, a grade I lesion 

shows minimal mesangial thickening, while II lesions contain noticable increases in 

both mesangium and glomerular cellularity. Grade Ill lesions are characterized by the 

preceding features plus superimposed inflammatory exudates and/or capsular 

adhesions, and grade IV lesions are characterized by obliteration of glomerular 

architecture involving > 70% of the glomeruli. A grade O is given to all specimens 

with no glomerular lesions. The control mice (C1 to C6 = CB6 and C7 to C9 = 

MRL/scr) showed no evidence of renal disease (Grade 0-1; Table 1) at all ages 
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examined, whereas the diseased mice (D1 to D35 = MRL/lpr) showed severe grades 

of LN (Grade II to IV; Table 1). 
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No Age Grade Glom Cres Int Poly No Age Grad Glom Cres Int Poly 

1 4 0 0 0 0 0 D14 5 Ill 0 2 + 2 + 

C2 6 0 0 0 0 0 D15 5 Ill 0 

C3 8 0 0 0 0 0 D16 7 Ill 3 + + 

C4 8 0 0 0 0 0 D17 6 Ill 

C5 12 0 0 0 0 0 D18 7 Ill 

C6 18 0 0 0 0 0 D19 7 Ill 

C7 2 0 0 0 0 0 D20 7 Ill 

cs 4 0 0 0 0 0 D21 7 Ill !It :; :::::::::: 

C9 6 I 0 0 0 0 D22 7 Ill 2 + 

D1 2 0 0 0 0 0 D23 7 Ill 2+ 

D2 4 0 D24 7 Ill 

D3 6 II D25 5 Ill 

D4 6 II D26 7 Ill 

D5 5 II D27 5 Ill 

D6 7 II D28 5 IV 

D7 7 II D29 5 IV 

D8 7 II D30 7 IV 

D9 7 II D31 7 IV 

D10 7 II D32 7 IV 

D11 7 II D33 6 IV 

D12 5 II D34 6 IV 

D13 6 II D35 5 IV 

TABLE 1 ; Summary of the histological findings and the in-situ hybidization results for each region of the kidney in both 
the control mice (C1 to C6 = CB6 mice and C7 to C9 = MRL/scr mice) and the diseased mice (04 to D38 = MRL/lpr). 
The age of the mice in months is indicated in the second column and the grade of renal disease from O to IV ( as 
outlined in the results) is indicated in the third column. Each sample was also evaluated for the extent of glomerular 
proliferation and sclerosis (Glom), the extent of crescent formation (Cres), the extent of interstial nephritis (Int) and the 
extent of polyarteritis (Poly) and these results are expressed on a scale from O to 4 + as indicated in the appropriate 
columns. Sections of the same slides were graded for the presence or absence of PAl-1 mRNA in these same regions 
by in situ hybridization after 12 weeks exposure of the slides. The presence of PAl-1 mRNA in a specific region is 
indicated by a shaded block in the table. 
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The glomerular lesions were characterized by cell proliferation and inflammatory exudation 

accompanied by membrane thickening, crescent formation and fibrinoid deposits (Fig.1 A). 

Interstitial nephritis with inflammatory mononuclear cells surrounding the tubules was also 

frequently detected (Fig .1 B) and in many instances, severe polyarteritis involving the renal arteries 

was observed (Fig .1 C) . 

Figure 1. Histologic appearance of renal t issue from an MRL/lpr mouse. Panels A-C show paraffin sections from 
the kidney of a MRL/lpr mouse stained with PAS as described in the methods. Panel A (200x mag) shows a 
glomerular tuft with crescent formation and hypercellularity (Arrow denotes a crescent) . Panel B ( 1 00x mag) shows 
tubules with surrounding interstitial nephritis. Panel C (200x mag) shows an artery with arteritis . Photographs 
were taken using bright field microscopy. 

Disease markers: ELISA assays for autoantibodies including anti-ds DNA, anti-ssDNA, 

anti-chromatin and anti-histone were performed as described in the materials and methods (160) . 

MRL/lpr mice had an increase in all parameters compared to control mice (Table 2) indicating that 

the MRL/lpr mice had autoimmune disease. We also examined creatinine levels but found no 

significant difference between the control and the disease group (0.4 vs 0.3) indicating that the 

mice did not have end stage renal failure . 
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ASSAY Control OD (n = 9) Disease OD (n = 15) 

Anti-ds DNA Ab. 0.02±0.02 1.19±1.17 

Anti-ss DNA Ab. 0.20±.056 5.08±2.03 

Anti-chromatin Ab. 0.003 ± 0.009 4.06±2.06 

Anti-histone Ab. 0.29±0.16 1.83±2.06 

TABLE 2: ELISA assays to measure markers of disease activity in both control 
mice (numbers C1 to C9) and in diseased mice (numbers 04 to 08 and 018 to 
27). The ELISA assays were performed as described in the material and 
methods and the results are expressed as the average optical density (OD) 
reading ( ± SD) for each group after background subtraction. 

Localization of PAl-1 by in situ hybridization and immunohistochemistry. All regions of the 

I 

kidney were examined for PAl-1 mRNA using in situ hybridization and for PAl-1 antigen using 

immunohistochemistry. As previously observed 
1
(148), the muscular wall of renal vessels in the 

control animals showed a weak but specific signal for PAl-1 mRNA and antigen as did the renal 

papillae (data not shown). Although, the positive papillary cell type has not been determined, the 

hybridization signal was relatively weak and was only apparent after 12 weeks exposure of the 

slides. All other regions of the kidney including the glomeruli, were negative for both PAl-1 mRNA 

(12 weeks exposure) and antigen, regardless of the age of the animals (Fig.2 A). 

In contrast to the weak signal detected in control animals, large amounts of PAl-1 mRNA 

(Fig.2 Band C) and PAl-1 antigen (Fig.2 D) were detected in kidneys of MRL/lpr mice. In this case, 
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the hybridization signal was apparent after only 2 weeks exposure of the slides (not shown). PAl-1 

positive cells were found in four main areas of disease, including the tufts of glomeruli, the 

crescents of glomeruli, in areas with interstitial nephritis and finally also in vessels with vasculitis: 
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Figure 2. Cortical localization of PAl-1 mRNA in the kidneys of a normal and LN mice. Panel A (400x mag) shows 
renal cortex from a control mouse and Panels 8-D (400x mag) show sections from the renal cortex of a MRL/lpr 
mouse after they were analyzed by in situ hybridization as described in the methods using a 35S labelled mouse 
PAl-1 antisense riboprobe. Sl~des were exposed for 6 weeks at 4°C and then stained with hematoxylin and eosin. 
Panel A: the glomerulus of a control mouse; Panel B: glomerulus of LN mouse with an early lesion (grade II) showing 
hypercellularity; Panel C: glomerulus from an advanced lesion (grade IV) showing necrosis; Panel D: (400x mag) 
a section of a glomerulus from an advanced lesion processed by immunohistochemistry for PAl-1 antigen. 
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Localization of PAl-1 mRNA in the glomerulus: Close examination of the glomeruli revealed 

that PAl-1 positive cells were frequently located within the proliferative areas of the glomerular tuft 

of both early and late lesions (Fig.2 C). These cells were mononuclear and could represent either 

mesangial cells or infiltrating inflammatory cells. These same regions of the glomerulus were also 

positive for PAl-1 antigen (Fig.2 D). Some of the postive cells had the appearance of capillary 

endothelial cells, a possibility confirmed by immunoelectron microscopy. For example, a low power 

EM view of a similar area shows an activated endothelial cell (Fig. 3 A; 2000x mag) stained for 

PAl-1 antigen (the arrow heads indicate positive DAB staining) which when examined at a higher 

power (Fig.3 B; 7000x mag, arrow heads indicate these areas) shows the presence of 

intracytoplasmic vessicles stained for PAl-1 antigen. 
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Flgure 3: Panel A. 
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Figure 3: Panel B. 

Figure 3: lmmunoelectron microscopy for PAl-1 antigen. Sections were processed by the immunoperoxidase 
technique for PAl-1 antigen using DAB substrate as described in the methods. Panel A shows a low power view 
of the glomerulus with an activated endothelial cell (2000x mag; EC denotes the endothelial cells, L denotes the 
capillary lumen and arrows indicate positive DAB staining). Panel B shows a high power view of the same cell as 
shown in panel A in which intracytoplasmic deposits of PAl-1 antigen were visualized (7000x mag; EC denotes the 
endothelial cell and arrows indicate positive DAB staining). 

A positive signal for PAl-1 mRNA was also detected in areas of crescent formation and in the 

early stages of the disease, we were able to identify parietal epithelial cells stained for PAl-1 mRNA 

(Fig.4 A) since these cells lay on the luminal side of bowmans capsule However, in later lesions 
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we were unable to identify the cell type due to the increased amount of inflammatory mononuclear 

cells present (Fig.4 B). Once again the presence of PAl-1 antigen was detected in these same areas 

(Fig.4 C). 

Figure 4. Localization of PAl-1 mRNA and 
antigen in crescents. Panel A shows early 
crescent formation ( Arrow denotes a parietal 
epithelial cell) and Panel B shows advanced 
crescent formation (Arrow denotes a 
crescent) processed by !.!l...fillY hybridization. 
Panel C shows an advanced crescent 
processed for PAl-1 antigen. Photographs 
were taken using polarized light 
epiluminescence or bright field illumination. 

Localization of PAl-1 mRNA in the tubules: A number of mice also showed signs of 

inflammatory interstitial nephritis. These lesions were characterized by a large cuff of inflammatory 

mononuclear cells surrounding the tubular epithelial cells. PAl-1 mRNA was found both within the 

surrounding inflammatroy cells (Fig.5 A) and in the tubular epithelial cells themselves (Fig.5 B). 
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Figure 5. Localization of PAl-1 in the renal medulla. Renal medullary sections were processed by i!L.fil1u. 
hybridization for PAl-1 as described in Fig.2 in MRL/lpr mice. Panel A shows interstitial nephritis with inflammatory 
mononuclear cells and Panel B shows a tubule with positive epithelial cells. Photographs were taken using polarized 
light epiluminescence. 

The presence of PAl-1 antigen in the renal tubules was confirmed by immunoelectron microscopy. 

A low power EM view of a tubule (Fig.6 A; 2000x mag) shows positive staining of all the epithelial 

cells in that tubule and a high power view shows the brush border of the epithelial cell and postitive 

staining in vesicles within the cytoplasm of the tubular epithelial cell (Fig.6 B; 7000x mag). 
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Figure 6: Panel A. 
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Figure 6: Panel B. 

LUMEN 

Figure 6. lmmunoelectron microscopy for PAl-1 antigen. Sections were processed for immunoelectron microscopy 
as desribed in Figure 3. Panel A shows a low power view of a proximal convoluted tubule with positive PAl-1 
antigen staining in the tubular epithelial cells (2000x mag). Panel B shows a high power view in which the brush 
border and the nucleus of the tubular epithelial cell are visualized (7000x mag; BB denotes the brush border). PAl-1 
positive staining is indicated by the arrows. 

Localization of PAl-1 mRNA in the blood vessels: A necrotizing inflammatory arteritis was 

observed in many large and medium size vessels. The media of these vessels was filled with 

inflammatory cells which had disrupted the normal vessel architecture but had not apparently 

affected the patency of the vessel. The media of these vessels had cells positive for PAl-1 mRNA 

(Fig. 7 A and B). In other areas of the kidney in which there was marked inflammation with a 
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mononuclear cell infiltrate, smaller vessels were observed in which endothelial cells (identified by 

their position on the luminal side of the vessel wall) stained positively for PAl-1 mRNA (Fig.7 C). 

This result is in contrast to that for the normal kidney in which endothelial cells are entirely negative 

(Chapter 5). 

Figure 7. Localization of PAl-1 in renal 
vasculature. Sections containing renal 
vasculature were processed by in situ 
hybridization for PAl-1 as described in Fig.2 in 
MRL/lpr mice. Panel A shows an artery with 
mild inflammatory arteritis (400x mag) and 
Panel B shows a more advanced lesion. Panel 
C shows small renal vessels (Arrow denotes 
positive endothelial cell: 400x mag). 
Photographs were taken using polarized light 
epiluminescence. 

Comparison betwee~ the histologic findings and the distribution of PAl-1 mRNA. Table 1 

contains a summary of the ages of the mice, the histologic grading, the extent of disease in four 

separate regions of the kidney (namely the glomerulus, the crescents, the intersitium and the blood 

vessels) and whether these regions were positive for PAl-1 mRNA by in situ hybridization. Regions 

in which a positive in situ hybridization signal was seen are indicated by shading of the appropriate 
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blocks in Table 1. Control mice of the CB6 genetic background (C1 to C6) showed no histological 

evidence of renal disease and were negative for PAl-1 mRNA in the regions described above. 

Control mice with the MRL/scr genetic background were also negative for histologic evidence of 

disease except for the 6 month old mouse which showed grade I renal disease with minimal 

mesangial thickening. These mice were also negative by in situ hybridization for PAl-1 mRNA. In 

contrast to these findings in control mice, all MRL/lpr mice showed evidence of moderate to severe 

lupus nephritis (grade II to IV), and as can be seen in Table 1 most of the areas with severe disease 

were also positive for PAl-1 mRNA by in situ hybridization. 
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Discussion. 

A striking feature of many acute and chronic forms of glomerulopathy is the formation of 

intravascular thrombi in the glomerulus (82, 160-164). This behavior is particularly prominent in LN 

(145,146) where intravascular thrombosis together with endothelial cell and mesangial cell 

proliferation are also observed. 

In spite of many studies which correlate abnormalities in some of the fibrinolytic factors with 

both acute and chronic renal diseases (82, 112, 113, 146,147,165), little is known about the role 

of these factors in the progression of renal disease. A key molecule in this regard is PAl-1, a potent 

anti-fibrinolytic protein which inhibits both t-PA and u-PA. Increased levels of PAl-1 have been 

detected in the plasma of individuals with a variety of renal diseases ( ) and in that of an 

experimental model of GN (82,112,113). Although, the origin (site of synthesis) of this plasma 

PAl-1 is unknown, we have recently shown that both glomerular and peritubular endothelial cells 

in vivo have the capacity to synthesize large amounts of PAl-1 in response to endotoxin. This 

observation raises the possibility that chronic expression of PAl-1 in endothelial cells could 

predispose to the intravascular coagulation frequently associated with LN. 

To see if PAl-1 was inappropriately expressed in ongoing renal disease, we chose to study 

LN in female MRL/lpr mice between the ages of 4 and 7 months. Mice with the MRL genetic 

background have a predisposition to develop autoimmune renal disease (151 ). A spontaneous 

recessive mutation, lpr (lymphoproliferation) in this genetic background leads to an early onset SLE 
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like syndrome. In my studies, I compared the expression of PAl-1 in the kidneys of normal mice 

(i.e., CBS mice and MRL/scr mice without the disease) to the expression of PAl-1 in mice with LN 

(i.e., MRL/lpr). Histopathologic analysis of renal tissue from MRL/lpr mice confirmed that these 

animals had active LN (Fig.1 A to C and Table 1 ), whereas the control mice (MRL/scr and CBS, 

Table 1) did not. This histologic assessment was supported serologically by measurments of the 

concentrations of markers of active SLE in the plasma of these mice. MRL/lpr mice had significantly 

higher levels of anti-ds DNA Abs, anti-ssDNA Abs (159,166), anti-chromatin Ab and anti-histone 

Abs ( 166) than did the control groups (Table 2). Although we also measured serum creatine levels, 

no significant difference was found between the control group and the disease group. Thus, the 

mice with LN did not seem to be in terminal renal failure. 

Low levels of PAl-1 mRNA in normal mice were detected specifically in the SMCs of medium 

size vessels and in an unidentified cell type in the renal papilla (data not shown), consistent with 

my previous findings (148). However, in marked contrast to this, mice with LN had high levels of 

PAl-1 mRNA at many sites of active disease. We identified PAl-1 positive endothelial cells by virtue 

of their characteristic position on the luminal side of the vessel wall, both in the glomerular tuft 

(Fig.2 C and Fig.3 A and B) and in small blood vessels (Fig.7 B) at sites of active disease. PAl-1 

positive cells were also found in the glomerular crescents (Fig.4 A,B and C). In early crescent 

formation it was possible to identify PAl-1 positive parietal epithelial cells by their position on the 

luminal side of Bowmans capsule. (Fig.4 A). In more advanced lesions, we were not able to 

identify the positive cells because of the high density of inflammatory monocytes within the 

crescents (Fig.4 Band C). At sites of interstitial nephritis we were also able to identify tubular 
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epithelial cells expressing PAl-1 (Fig.5 Band Fig.6 A and B) as well as an unidentified cell type in 

the surrounding inflammatory cells (Fig.5 A). Finally, large vessels with infiltrating inflammatory 

cells were also positive for PAl-1 in the media (Fig.7 A). This signal was seen at shorter exposures 

compared to normal mice (2 weeks compared to 12 weeks). 

The wide spectrum of cells expressing PAl-1 in the kidneys of mice with LN suggests a 

common underlying mechanism directing this expression. In my study, PAl-1 producing cells were 

found in areas of active disease and it is possible that the macrophages at these sites (167,168) 

released a cytokine that induced PAl-1 expression in a variety of renal cells. Studies of LN in 

MRL/lpr mice have shown that TNFa is expressed in the cortex of diseased kidneys but not in 

normal kidneys (169). Moreover, administration of TNFa at 4 months of age can exacerbate the 
j 

I° 
disease (170). Macrophages isolated from mic~ with LN synthesize TNFa in vitro (169) thus 

suggesting that TNFa may be an important cytokine in the progression of LN. Other indirect 

evidence to involve TNFa in the pathogenesis of ~N comes from studies on the role of LPS in renal 

disease. Hang et al showed that, in response to the mitogenic principle of endotoxin (R595), all 

I 
the strains of mice which they studied developed low levels of autoimmune GN (2 +) except for 

endotoxin-resistant C3H/HeJ mice (158) . In addition,MLR/lpr male mice, and other mice that 

develop late onset LN, had greatly accelerated renal disease in response to R595 compared to their 

untreated counterparts. The primary mediator of the LPS response is TN Fa ( 141) and C3H/HeJ 

mice, which do not make TNFa in response to LPS due to a defect in the signal pathway (171 ), do 

not develop autoimmune GN. This data again suggests that TNFa may be a crucial cytokine in the 

pathogenesis of LN. 

132 



It is interesting to compare the differences between PAl-1 mRNA expression in LN to that seen after 

LPS administration. In LN there is chronic expression of PAl-1 over long periods of time ( weeks 

to months) since almost all the diseased mice show some degree of PAl-1 expression. In contrast, 

in mice treated with LPS there is a much more transient expression of renal PAl-1, with a peak at 

3 hours and a return to background levels by 24 hours (122). In addition to this difference, the 

repertoire of cells that express PAl-1 mRNA in these models is also different. After LPS 

administration, the majority of the PAl-1 expression is by endothelial cells at all levels of the renal 

vasculature. This is in contrast to LN where many different cells types express PAl-1 including 

endothelial cells, parietal epithelial cells, tubular epithelial cells and also unidentified cells in areas 

of inflammatory infiltrates. These findings suggest that LPS may mediate the PAl-1 response via 

a direct action on endothelial cells. For example, there may be a direct affect of LPS in vivo which 

causes a transient peak of PAl-1 expression primarily in endothelial cells, followed by secondary 

more chronic effects related to the induction of TNFa. Furthermore, mononuclear cells in areas of 

inflammation may also express TNFa and other cytokines which may account for the much more 

widespread expression of PAl-1 seen in LN compared to endotoxaemia. 

In summary, this study of LN has demonstrated a number of unique features about the 

expression of PAl-1 in vivo. First of all, we find the chronic expression of PAl-1 in a disease in 

which coagulation is a prominent feature. We show that many cell types express PAl-1, a fact that 

had been suggested by in vitro studies ( 132-134) but not previously demonstrated in vivo. Finally, 

we demonstrate that the PAl-1 expression is localized to sites of active disease. All of this data 

is suggestive of a role for this potent anti-fibrinolytic molecule in the ongoing pathology of LN. This 
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possibility is under investigation. 
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CHAPTER 7: SUMMARY. 

1. The experiments described in Chapter 1 showed that, in the K562 system at 

least, differentiation-linked changes int-PA activity were incidental to 

PAI-1 synthesis and release and that the inhibitor is a critical regulatory 

protein. Whether or not the increase in PAI-1 secretion is due to a direct 

effect of PMA is uncertain, since phorbol ester is known to increase TGFB and 

PDGF levels in these cells (70,78) and TGFB causes large increases in PAI-1 

synthesis by a variety of cultured cell types (48,79,80). 

2. The transfection studies described in Chapter 2 showed that two sequences 

were important in the TGFB response of the PAI-1 promoter and 5' flanking 

region. The first of these was located in the proximal promoter (-49 to -87) 

and mediated an 11-fold induction with TGFB, while the second more distal 

region (-636 to -740) contained two sequences which together mediated a 

SO-fold or greater response. Sequence comparison indicated that both of the 

responsive regions contained sequences with high homology to the AP-1 

consensus binding site. Moreover, gel retardation analysis experiments 

demonstrated that both sequences bound a common nuclear protein, and that an 

oligonucleotide containing a consensus AP-1 site was able to compete for the 

binding of this protein. Thus the response of the PAI-1 gene to TGFS is 

mediated by at least two separate regions, and both of these regions contain 

DNA sequences with homology to the AP-1 binding site. Furthermore these 

experiments also demonstrated that NF-1-like binding sites located in the 

promoter and 5' flanking sequence were not responsible for the TGFB induction 

in this system. 
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3. One TGF.6 responsive region of the PAI-1 promoter (-708 to -732) was 

examined to determine the role of the AP-1-like site in this response. My 

data indicates that the full TGF.6 response of this region was dependent on 

the interaction of two distinct binding sites. Although the first site has 

homology to the AP-1 site, it does not appear to bind AP-1. Although this 

site does not appear to be essential, it is required for the full TGF.6 

response of this region. The second site, located 5 1 to the AP-1 site, 

appears to be critical in the TGFB response. This site is 15bp in size and 

contains a motif that is present in both active regions of the PAI-1 promoter 

as well as in the most responsive region of the TGFB promoter. This novel 

sequence does not appear to correspond to any previously described 

transcription factor binding sites and may represent a new and specific 

binding site which is critical for a strong TGFB response. 

4. I also examined the in vivo localization of PAI-1 in both an acute phase 

model and during a model of chronic renal disease. In situ hybridization was 

performed to determine the cellular localization of PAI-1 mRNA within renal 

tissues. In control kidneys, low levels of PAI-1 mRNA were detected in the 

renal papilla, and in the muscular walls of renal arteries. However, in the 

endotoxaemic mice, an intense hybridization signal for PAI-1 mRNA was 

observed in glomerular and peri tubular cells. These cells also stained 

positively for von Willebrand factor antigen, an endothelial cell-specific 

marker.The PAI-1 mRNA hybridization signal could further be observed in 

peri-tubular endothelial cells in the medulla, and in endothelial cells of 

veins and arteries throughout the kidney. Immunochemical staining revealed 

that PAI-1 antigen colocalized to cytoplasm of the cells expressing PAI-1 
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mRNA. These results provide the first direct evidence that PAI-1 is induced 

in endothelial cells of the kidney during endotoxaemia in vivo, and suggests 

a role for PAI-1 in the pathogenesis of renal disease. 

s. To examine the role of PAI-1 in the pathogenesis of renal disease 

characterized by thrombosis, I chose to study a model of lupus nephritis. I 

compared the expression of PAI-1 in the kidneys of normal mice to the 

expression of PAI-1 in mice with LN. Histopathologic analysis of renal tissue 

confirmed that the LN animals had active renal disease. This was confirmed by 

serology which showed that the diseased mice had significantly higher levels 

of anti-ds DNA Abs, anti-ss DNA Abs, anti-chromatin Abs and anti-histone Abs 

than did the control group. Low levels of PAI-1 mRNA in normal mice was 

detected specifically in the SMCs of medium size vessels and in the renal 
j 

papilla, consistent with my previous f indings. However, in contrast to this, 

mice with LN had high levels of PAI-1 mRNA at many sites of active disease. 

I identified PAI-1 positive endothelial cells both in the glomerular tuft and 

in small blood vessels at sites act~ve disease. PAI-1 positive parietal 

epithelial cells were also identified in Bowmans capsule. At sites of 
I 

interstitial nephritis PAI-1 positive tubular epithelial cells were also 

identified. Finally large vessels with infiltrating inflammatory cells were 

also positive for PAI-1 in the media. This study showed that many cell types 

express PAI-1, a fact that had been suggested by in vitro studies but not 

previously demonstrated in vivo. This data is suggestive of a role for this 

potent anti-fibrinolytic molecule in the ongoing pathology of LN. 
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