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[t’s my pleasure to welcome you all to “the t-PA story”.

The scientific output of Désiré between 1968 and 2008 consists of approximately
650 research papers in peer-reviewed international journals, 170 survey articles
and 28 issued US patents.

He ranked among the 100 most cited scientific authors of the nineties and is
listed with the highly cited authors of the 1980’s and 1990’s.

Among these many scientific achievements, the landmark has undoubtedly been
the development of tissue-type plasminogen activator or t-PA from a laboratory
concept to a life-saving drug, that is used worldwide for the treatment of
thromboembolic disease

(This was indeed translational research avant-la-lettre).

Therefore, we are very happy to have here today the main players in this story
and to hear their testimony first-hand.

As a colleague for over 30 years now, [ am very happy to be able to monitor this
session, and we are very grateful to the Flemish Institute for Biotechnology and
the University of Leuven for organizing it.

At the basis of the development of t-PA was a molecular model for the regulation
of fibrinolysis, that was developed together with Bjorn Wiman, our second
speaker, which was presented in a Plenary Lecture at the VII*h International
Congress on Thrombosis and Haemostasis in 1979.

Initially, natural t-PA was obtained from the culture medium of the Bowes
melanoma cell line, which was produced by Alfons Billiau in sufficient amounts
to allow its purification by Dick Rijken, and to study its biochemical properties
and to develop quantitative assays (which was done in collaboration with Iréne
Juhan-Vague).

Its thrombolytic potential was first evaluated in animal models (together with
Osamu Matsuo who is also here today).

In 1981 in collaboration with Willem Weimar, the first patient with renal
transplant vein thrombosis was successfully treated with melanoma t-PA,
followed in 1983 by patients with acute myocardial infarction (mainly by Frans
Van de Werf and Burt Sobel).

Following the cloning and expression of the t-PA gene by Diane Pennica at
Genentech recombinant t-PA was studied in animal models (that was in
collaboration with the late Herman Gold and with Hiro Yasuda).

With the approval of the Food and Drug Administration, recombinant t-PA was
first administered to a patient in 1984.

The subsequent NIH Thrombolysis in Acute Myocardial Infarction trials in the
USA, and the European Cooperative Study Group (led by Marc Verstraete)
provided the foundation for numerous clinical trials, culminating in the GUSTO
trial (that was monitored on behalf of Genentech by David Stump who is our last
speaker for today).

This trial conclusively established the potential of t-PA for treatment of acute
myocardial infarction.

We will learn in the next 2 hours why Désiré is considered to be “the father of t-
PA”.

As you will hear, it is a story of serendipity (or the right people being at the right
place at the right moment), but it is also a story of scientific intellect, resolve and
determination.






[t is my pleasure to invite Désiré to tell us how it all started, and then I will
subsequently briefly introduce the other speakers.

DESIRE COLLEN






[ would like to express my sincere gratitude for your presence here and for your
support of this endeavour.

[ would also like to take this opportunity to thank my many collaborators over
the years who have really made this t-PA story be possible.

[ actually started as a third year medical student in the Laboratory of Blood
Coagulation of prof. Marc Verstraete in 1964 (so | have been around a little
while), to help Dr. Guido Tytgat, who was making his PhD thesis on the
coagulation disturbances in liver cirrhosis, using accelerated radioiodine labeled
fibrinogen turnover as a measure of in vivo coagulation.

After Guido moved on in 1968, I continued working on my own thesis using
radiolabeled plasminogen to quantitate fibrinolytic activation.

Plasminogen that was actually purified in collaboration with Per Wallén and with
Bjorn Wiman.

This led to a first paper which you see here in which I served as the first of
twelve healthy volunteers used to determine the turnover parameters of
plasminogen.

You can see that at that time [ was 27 years and I can tell you that I have a
perfectly normal plasminogen turnover.

The half-life after the equilibration of the radio isotope clearance was about 2.1
day.

Now following that study in patients which were treated by Jos Vermylen with
streptokinase we saw very much to our surprise initially that although with
streptokinase the plasminogen activity goes down very very quickly that the
isotope from the blood disapeared only with a half-live of half a day.

So clearly the plasminogen label stayed in the blood but the activity was gone
and obviously this could be explained by the formation of an inactive inhibitor
complex.

And you see here this is the plasminogen on gel filtration size exclusion
chromatography and this is the main inhibitor which here in this patient after a
couple of hours had taken care of most, of the activated plasminogen.

Now at that time this gives us the suggestion that if you could make an assay for
this plasmin inhibitor complex that you might have a biomarker for in vivo
activation of the fibrinolytic system and so as we had the complex here labeled, it
was inactive.

Now in these days before the monoclonal antibodies, we are talking here about
1971, I believe or 72 the only way known to me was to try to purify the complex,
make a polyclonal antiserum to it, absorb the two components and hopefully be
left with some residual antibodies that react with the complex only and not with
the precursors.

We studied this in great detail with Ed Plow and it actually did work.

What you have here is the plasma in the middle and here the anti-serum which is
progressively adsorbed with plasma and you see that you can adsorb everything
away.

At least this is how it looked originally.

Whereas if you would take activated plasma and you adsorb it away there is still
residual activity.

And so the problem was can we make this into an assay and although we tried
very hard in collaboration with Ed Plow, we couldn’t really make this into a
commercial development.
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However when we looked at this polyclonal antiserum against plasmin inhibitor
complex everybody thought at that time that it probably would be ai-antitrypsin.
This is an old-fashioned crossed immuno electroforesis with two sera, one
against ai-antitrypsin, one against this inhibitor plasmin complex, but adsorbed
with plasminogen, and you clearly see that there is a lot of antitrypsin and
something else which is not antitrypsin.

The results of all this was that a2 -antiplasmin was identified immunologically
and then the problem was how does this work, what are the kinetics.

So initially we tried to go after an assay for this inhibitor complex but
subsequently of course it became important to activate and to purify the system
and this was actually done in collaboration with Bjorn Wiman.

Now around that same time, in the middle of the seventies, there was evidence
accumulated mostly in the group of Ed Reich that malignant cells in culture
produced fibrinolytic activity and that the malignant phenotype was much more
severe or correlated with the amount of protease fibrinolytic activity secreted.
And in collaboration with Fons Billiau we found then that the protein in plasma
that was able to revert this was actually the az-antiplasmin.

So we wanted to go after an inhibitor of cancer growth which in retrospect
proved to be a little bit naive, but in any case Fons’ system was so complicated
with titration of cell cultures that eventually he suggested that I try to purify
such a malignant protease so that at least we could do some biochemistry and
some kinetics on it.

And there serendipity has helped me once again because the very first cell line
medium that I got from Grant Barlow from Abbott was from a patient’s
melanoma, metastasis in culture, a patient called Bowes.

And that patient Bowes, produced her melanoma, a patient that already died
three or four years earlier, but produced malignant proteases in very high
amounts which eventually proved to be t-PA.

The reason that other people had been working with this for three or four years
already and not recognized the potential as a fibrin specific fibrinolytic agent is
actually summarized in this cartoon here, which was based on the interactions
with Wiman, the kinetics of az-antiplasmin inhibition of plasmin and the affinity
of t-PA for fibrin.

And it is based on this cartoon, which has been shown many many times that one
thing went to the other, the rest of the story will be told to you by those people
who have participated in those different steps.

Thank you very much.
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Our second speaker is Bjorn Wiman. Bjorn Wiman was formerly at Umea
University in Sweden and later at Karolinksa.

BJORN WIMAN
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I'm honoured and very pleased to be here today to be invited to this
distinguished symposium in the celebration of the retirement of Désiré Collen.

[ guess that the retirement is not a correct word because I guess that he will just
switch gears a little bit and then continue as usual.

My task today is to talk about some regulatory aspects of fibrinolysis and the
mostly historical remarks.

The regulatory aspects of fibrinolysis that I will talk about, involves two different
but cooperating mechanisms.

The first one is localized activation of plasminogen at the fibrin surface and the
second one is the selective extremely rapid inhibition of free plasmin but not of
plasmin that is bound to the fibrin surface.

We knew that the localized activation is occurring just because both plasminogen
and t-PA have affinity for fibrin forming the ternary complex and therefore at the
fibrin surface activation goes extremely rapidly.

For the second part, we knew that the lysine binding sites in the plasmin
molecule play a very important role in this mechanism.

Let me first start to talk a little bit about the affinity to fibrin of t-PA and its
importance for the localized plasmin activation.

It has been suggested, that there was an affinity between t-PA and fibrin and that
was actually suggested very long time ago by Astrup and coworkers.

However, they really didn’t present any solid experimental data to proof this
hypothesis mainly because all these proteins were not purified at that time so
they didn’t really have the possibilities to proof it.

Much later, in the summer of 1975, Per Wallen, my boss at that time working up
in Umea, in another part of Sweden, he had started the work of purification and
characterization of t-PA from pig heart muscles one of his students at that time,
got the task to set up a new method to measure t-PA.

Per Wallen would like to see a caseinolytic assay for measuring t-PA, a method
that we were very used to, at that time, looking at urokinase activation of
plasmin.

The problem was that we couldn’t find any activity at all using this method.

The t-PA was very active in clot lysing system.

So then I was thinking myself actually, what is the reason for this?

And it ended up with that I added a small amount of washed fibrin to the
caseinolytic mixture and immediately we got a very strong caseinolysis. So from
that point of view, it was quite clear that activation of plasminogen must occur at
the surface of fibrin.

A few years later, | was actually invited to come to study antiplasmin, together
with Désiré here in Leuven, already our cooperation started before that because
already, when I was in Umea, we tried to purify the native antiplasmin which was
indeed, a difficult task.

Nevertheless, having the knowledge about the fibrin specificity of t-PA, I
eventually happened to convince Désiré that t-PA indeed was fibrin-specific.

So, and then I'm certain that if not immediately, just a few weeks later, Désiré
already had a goal to develop a new thrombolytic agent | mean, [ didn’t have that
perspective but Désiré had.

[ mean he had been working with Marc Verstraete for a long time, who was the
master in using treatment of thrombotic disease with thrombolytic agent using
streptokinase at that time.
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Well, together with Désiré Collen and eventually Roger Lijnen who, a little bit
later, joined the group, we purified antiplasmin.

We characterized its reaction with plasmin, both structurally and kinetically and
from the structure point of view, it was clear that a one to one covalently
stabilized complex was formed.

Eventually we were able to demonstrate that an ester bond had been formed
between those two proteins.

Nevertheless, from the kinetic point of view, we were able to demonstrate that
actually two different interactions were of importance for the extremely rapid
reaction that occurred between plasmin and antiplasmin.

In the first one, it’s a plasmin active site interacting with a scissible peptide bond
in antiplasmin.

But, very important, the lysing binding site in plasmin, also interact with
complementary site in the carboxyterminal portion of antiplasmin and that is
actually the rate limiting step.

[ mean, in this case, the reaction between plasmin and antiplasmin was so rapid
with a rate constant of over 107 M-1 s-1 that we could not really understand how
plasmin could be active at all in vivo.

But, I mean, since the lysing binding sites in plasmin were very important for this
rapid reaction.

That actually meant that plasmin that were fibrin bound reacted at about 100-
fold slower with antiplasmin as compared to the free plasmin.

So this is then the second mechanism keeping the fibrinolytic process localized.
This is a schematic presentation of how the fibrinolytic process is regulated, t-PA
release from the vessel wall endothelial cells can take one of three pathways
either is taken up extremely rapidly in the liver.

[t could be inhibited by PAI-1 or if fibrin is present, it forms a ternary complex
with plasmin at the fibrin surface and rapidly plasmin is formed which is sitting
here relatively alone without problems until its released out into the
bloodstream when it's rapidly captured by a2-antiplasmin it is clear from
knowledge that we have now, that PAI-1 is really the important determinant of
the action of t-PA under physiological fibrinolysis and that means, if you have a
high levels of PAI-1, you have very little free t-PA in circulation.

If you have low levels of PAI-1, then actually you have a lot of free t-PA causing
increased levels of for example plasmin, antiplasmin complex and those patients
indeed had small, but significant risk of getting bleeding problem.

On the other hand, high levels of PAI-1, that really causes an increased risk of
thrombotic disease mainly of myocardial infarction and it is now known from
prospective studies in healthy individuals that in the short term follow up this is
actual a major risk factor for myocardial infarction, it's much stronger than any
of the lipid parameters.
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Last, I have some concluding remarks.

I've spent a memorable, funny and fantastic year in Leuven during the years 77
and '78.

[ cooperated with a great number of devoted and dynamic scientists.

We published a lot of papers, mostly about anti-plasmin and its function.

We had a boss that [ respected more for every day and year to come and that was
not Désiré Collen, but it was our common boss at that time, Marc Verstraete.

And we also were drinking a lot of fantastic French wines and we had a large
number of superb diners cooked by Desiré’s wife, Louisa.

Coming from the North, I rather would like to compare the t-PA story with a
snowball and what I did was, when I came to Desiré’s lab and were able to
convince him about the fabulous specificity of t-PA, I made a very little snowball.
What Desiré did was that he put that snowball in rolling and he directed its
rolling so that it get bigger and bigger and bigger and it actually created a lot of
resources and what I admire mostly about the work of Désiré is that he has
actually used those resources in a fantastic way.

[ mean, he has really used the resources so that they created more and better
science.

So that’s my concluding remarks. Thank you very much.
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Our next speaker is Alfons Billiau from Rega Institute in Leuven, who
collaborated with Désiré in the period 1980-1982.

He took initially care of the production of the melanoma culture medium,
because we didn’t have cell culture facilities at that time, but maybe even more
importantly he made the initial contact with Willem Weimar at the Erasmus
Medical University in Rotterdam, who treated in 1981, I believe the first renal
allograft patients with melanoma t-PA.

Dr. Weimar could not be here today, but Dr. Billiau kindly agreed to cover that
part of the story himself.

ALFONS BILLIAU
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Dear Désiré, colleagues and friends.

I've had the pleasure, like him, to have belonged to the academic staff of this
university for my entire career, which already ended in 2002.

In the early 1970’s when I first made Désiré’s acquaintance, my own research at
the Rega Institute included the production of interferon from cultured cells both
of mice and men.

Both these research lines, in mice and in human interferon would be important
for the development of a fruitful collaboration between us.

For my retrovirus research line, I had developed several tumour cell lines, as
Désiré already mentioned, by in vitro infection of mouse fibroblasts with mouse
sarcoma virus and some of these cells, had been used at the University of Ghent,
to validate a test for malignancy by looking at invasiveness in vivo in chick
embryo blastoderms.

Thus, I had become interested (more or less sidewise) in the invasiveness of
tumor cells and as Désiré already mentioned, already at that time invasiveness of
tumor cells was believed to be due, at least, in part to the disbalanced secretion
of proteases and protease inhibitors.

So, when Désiré and I happened to exchange views on our mutual interests, the
idea rose to test my mouse tumor cell lines for production of proteases, and to
see whether this could perhaps lead us to develop an in vitro model for studying
protease inhibitors which might then prove to have anti-tumor potential.

Now at the time, a British postdoc, Vic Edy, had come to my laboratory at the
Rega Institute to work on interferon production and he was accompanied by his
wife Judy, a biologist and she was looking for a job and Désiré employed her to
explore the idea that we had and she published her paper on the subject, in 1977,
showing that, indeed, the mouse tumor cell lines, that we had at the Rega
Institute, were producing a proteolytic activity, and that this activity resulted
from secretion of a plasminogen activator.

Now in her paper, Judy also reported, rather parenthically, that she tested
fibrinolytic activity in a sample of culture fluid from a human melanoma cell line
and found that it resembled that of my mouse tumour cell lines in being inhibited
by normal plasma.

Now the origin of the fluid is even not specified in the paper, but as Désiré told
us, this was the sample that he had brought, I guess from New York, a sample of
fluid from a culture that would later become the famous Bowes melanoma cell
line.
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But then, it must have been wintertime 1980-1981, one day, rather out of the
blue, Désiré stepped into my office on an early morning I guess, handing me a
culture flask and asking me: ‘Could I take care of this culture because in his own
laboratory, although it was very well equipped, he did not have yet, at that time,
tissue culture facility.

He explained having information that the line, called ‘Bowes’, produced a protease
with properties similar or identical to those of the normal tissue-type plasminogen
activator and he gave me of course the initiation course on t-PA that we have just
received five minutes ago.

Now as I said, he didn’t have the equipment to cultivate the cells, while we at the
Rega Institute, we were fully operational in producing human fibroblast
interferon from a mass culture system.

So producing the cells and producing the supernatant was very easy and in a
very short time, we could set up the system.

Désiré hired a technician to even increase it in the Rega Institute and very soon
he accumulated sufficient pure protein to deliver proof of principle in the animal
model.

Meanwhile, at the Rega Institute, we had started to do clinical trials, trying to
proof that the interferon, that we were producing, had some antiviral or some
anti-tumor potential.

And some of these trials were being done in Dijkzigt Hospital in Rotterdam
under the guidance of Willem Weimar, then in his early career as a nephrologist.
The overall results of our trial with interferon were in fact very discouraging and
on top of that it was really very difficult and it involved a lot of pains and aches to
produce very small amounts of interferon, while producing the t-PA was very
easy.

So this contrast between these difficult and discouraging trials with interferon
were really striking and then in April the annual interferon meeting of that year
1981 was to take place in Rotterdam.

So on the 21st of April, or the day before, I drove to Rotterdam, I took my car,
which, as you will see was important, and arriving at the Town hall, [ was looking
for Willem Weimar, but I couldn’t find him.
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Thank you, Désiré, for everything you have signified to me in

the past in terms of inspiration, collaboration and friendship.

Thanks to the organizers of this meeting.

Thanks to the audience for attention.
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He arrived late telling me that his being late was due to the fact that he was
taking care, at that same moment, of a patient, a renal transplant patient who had
developed a big thrombus in the vein, of the kidney and he had no solution for
this.

He said “well, I'm really - perhaps I have to go back to see the patient, but the
patient - in fact I expect the patient to die tomorrow or the day after tomorrow”.
So I told him and these are the words that I read from his account that he just
sent me a few weeks ago, | apparently told him: “did you ever hear of t-PA?”

He had never heard of t-PA.

[ explained the story, I told him that, here in Leuven, we had badges of t-PA ready
to be injected and he really insisted that he would receive the product to inject it.
[ immediately, that same evening, came back with my car to Leuven, in the
morning I called Désiré, Désiré immediately agreed, I brought the t-PA sample to
Rotterdam - which was easy because [ had my car - and before the meeting was
over, the patient’s thrombus was dissolved.

These are the original pictures taken.

On the left side you see the thrombus on April 15 where you can see it, here |
suppose and it has gone on, a few days later with the picture here taken on May
the 8th,

[ will add to this few reflections of Willem Weimar since he could not be here
today.

His reflection is: in those days clinical research was purely based on trust
between basic scientists, clinicians and patients. But certainly, the serendipity
factor played a role too.

My renal transplant unit happened to cooperate with the Rega Institute in
Leuven.

One of my patients was developing an ascending thrombosis exactly during an
Interferon meeting in Rotterdam, which was attended by De Somer and Billiau.
Désiré Collen had just produced the first t-PA batch and Fons Billiau had a car.

[ wish to stop here by thanking Désiré for everything he has signified to me in the
past, in terms of inspiration, collaboration and friendship and I wish to thank the
audience for attention.
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Of course before these first patients could be treated with melanoma t-PA, the
protein first had to be purified from the cell culture medium, which turned out
not to be so simple, because in Leuven, we did not succeed in purifying it to full
homogeneity.

This is where Dick Rijken comes into the story.

Dick Rijken was as a postdoc in Leuven from 1979 to '83.

He was at that time at the Gaubius Institute in Leiden and is now at the Erasmus
University Medical Center in Rotterdam and he learned us a few tricks on how to
purify t-PA.

DINGEMAN RIJKEN
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Mister chairman, ladies and gentlemen, Désiré, dear friends, so [ have been asked
to speak about two things.

About the purification of melanoma plasminogen activator and about the kinetics
of plasminogen activation by t-PA.

I worked with t-PA as a PhD student, at the Gaubius Institute in Leiden, in the
Netherlands in the seventies, and then as a postdoc, here in Leuven from 79 to
82.

Before I will speak about the story of t-PA, I want to make a few remarks about
the history of t-PA.

The history of t-PA goes back to the first half of the previous century, when
people developed the technique of tissue culturing.

And during tissue culture on a, for instance a matrix of clotted plasma, people
frequently observed that the clot may liquefy, suggesting that tissue contains
something that induce fibrinolysis.

It's sometimes difficult to say when a protein, was really discovered, but for t-PA
1952 was a very historical year.

And the question is: why?

I was born in 1952, but that was not the reason.

What about Désiré?

Désiré was nine years old.

He was playing outside and did not yet think about t-PA.

[ think, he was thinking about already flying in the air like in his airplane.
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The real reason was that Astrup, who has been mentioned already by Bjorn
Wiman.

Astrup published in 1952 in Nature a paper entitled “Isolation of a soluble
fibrinolytic activator from animal tissue”.

So by using a very strong chaotropic agent, thiocyanate, two molar thiocyanate
he was able to extract t-PA from the tissue, because t-PA was, or is, strongly
bound to the tissue and I still don’t understand why that is.

But anyhow, it was possible by this observation to extract t-PA from a tissue and
from that time on people started to try to purify t-PA and in the fifties and in the
sixties, several PhD students spent their time to purify t-PA.

And in the seventies it was my turn and my director and supervisor, Professor
Pieter Brakman he told me that [ had to purify t-PA from human tissue.

And the first thing that you need then is a source and in that time, this table was
available in the literature, showing that uterine tissue contains the highest
amounts of t-PA.

Here is 720 Astrup & Albrechtsen units per gram of tissue.

Other tissues contained less t-PA activity, for instance the liver, no activity at all,
brain a low activity.

It's interesting that most relevant papers at this moment, nowadays, are about
brain t-PA because t-PA seems to have an essential role there, a non-haemostatic
function.

The second thing you need is an assay and the assay that we used was, again,
developed by Astrup, in 1952 and it was an assay which was very similar to his
tissue culture technique.

So he used a tissue culture plate and put a thin layer of fibrin, containing some
plasminogen, into the plate and then a droplet containing t-PA was applied on
the plate and the plate was incubated overnight and then the next morning you
can see and measure how much fibrin has been lysed during the night.

And then, the third thing that you need for purification are separation techniques
and [ was lucky in the seventies, because affinity chromatography became
available and that’s probably the reason that [ was more successful than people
in the fifties and in the sixties.

So after four years, I was able to publish my first paper about the purification
and characterization of plasminogen activator from human uterine tissue, here
you see the material.

So we were able to purify one milligram of t-PA from five kilogram of tissue.

And after you have purified a protein you want to characterize the protein, and
of course I tried to do that but I spent more than half a year doing experiments
with my purified t-PA and all experiments failed.

Because in each experiment, [ lost my activity until Pieter Brakman suggested me
to use a neutral detergent Tween 80 in my buffers and indeed that trick
stabilized my t-PA activity just by preventing adsorption losses to plastic and
glassware.

So, I could perform my characterization experiments and complete my thesis.
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Then [ went to Leuven as a postdoc.

So on a Saturday morning in ‘78, I visited Désiré and we discussed about the
possibilities and then finally we agreed that I would study the kinetics, the
enzyme kinetics of plasminogen activation by t-PA and in particular the role of
fibrin.

The next time that I met Désiré, was in the summer of 79, three months before I
would really come to Leuven, it was in London during the ISTH congress.

Désiré told me about the melanoma cell culture, so he told me that he has a
much better potential role for t-PA, having at least 500 units t-PA per ml.

And so, I started here in Leuven by purifying melanoma plasminogen activator.
The melanoma conditioned medium contained 20, only 20 units per ml instead
of 500, but still it was a huge amount because it was possible to purify one
milligram of t-PA from 10 litres of conditioned medium.

10 litres medium instead of 5 kilogram tissue and as we heard from the previous
speaker, this one is easily to scale-up.

We concluded in this paper that all findings indicate that plasminogen activator
secreted by human melanoma cells in culture is very similar to, or identical with,
the plasminogen activator found in normal tissue but different from urokinase.
So then, because of the availability of a lot of purified t-PA, I continued with studying
the fibrinolytic properties of one chain and two chain human extrinsic tissue-type
plasminogen activator, a long name for just t-PA.

Désiré suggested in the meantime that Marc Hoylaerts could already start with
the kinetics because it took too long before I could start.

So, and that was a very good decision because Marc was able to develop a very
nice model for the kinetics of plasminogen activator by t-PA.

Here you see the ternary complex already mentioned by Bjorn Wiman,
plasminogen activator, plasminogen and fibrin in which the activation rapidly
occurs.

This is a very interesting paper, more than one thousand times cited, although I
believe that only a few people have really read the paper because enzyme
kinetics is very difficult to understand, even for me as a second author.
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Désire,
Many thanks for the
exciting years in your lab!
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So all these results, including the treatment of the first patient were presented at
the ISTH Congress in Toronto, in 1981.

Professor Verstraete was sponsored by a business class ticket to go to Toronto
and that was sufficient money for our chairman of this session and for Marc
Hoylaerts and for me, to fly with cheap tickets to Toronto and it was also
sufficient for the low budget accommodation in the student rooms of the
university campus.

And Désiré would join us and he had also booked for a room in that student
campus.

But when he arrived at the campus it appeared that he had got a room in the
ladies department because they didn’t know whether Désiré was a male or a
female.

So, without hesitating one second Désiré took his luggage and went to the city for
a more luxurious hotel.

[ want to finish by saying, Désiré, many many thanks for the exiting years in your
lab.

Thank you.
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Our next speaker is Irene Juhan-Vague from the Centre Hospitalier Universitaire
Timone in Marseille.

Se has had a long-term collaboration with Désiré, spanning the period 1982-
1989 and later up till today on many other subjects.

Her efforts were in the determination of t-PA levels in pathological conditions,
contributing to the discovery of PAI-1, as you have already heard, the main
physiological inhibitor of t-PA.

IRENE JUHAN-VAGUE
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Désiré, in 1982 you accepted to be my mentor for my PhD thesis and | began to study
plasma t-PA antigen variations in clinical situations.

This led to the identification of a specific inhibitor of t-PA, which became PAI-1.

I used first the radioimmunometric assay described by Dick Rijken with the aim to
detect low fibrinolytic activity due to decreased t-PA levels in patients with
thrombotic disorders.

But we were very rapidly surprised to find markedly increased t-PA levels in severely
ill patients.

Here a plasma of a patient with very high level of t-PA antigen levels and this plasma
was gel filtered and we see immunoreactive material eluted at high molecular weight
form, without fibrinolytic activity, and it could not be identified as a complex with
known inhibitors and thus we suggest that this was a complex with an unknown
specific inhibitor.

This observation prompted us to further investigate this phenomenon and we
developed a functional assay for this specific inhibitor and we found high level of
inhibitors in many hospitalized patients.

Here we have a plasma with high t-PA inhibitor levels and active t-PA was added and
a specific inhibitor was also added immediately or after 5 minutes incubation and we
see that immunoactive material shifts from a molecular weight of 70 000 to 120 000
and this means that there was a complex formation of the t-PA added with the
inhibitor which was called later on PAI-1.
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High levels of PA inhibitor were found in
several pathological conditions.
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Then we tried to determine in which pathological conditions high levels of t-PA
inhibitor were found and what were the inducers.

We first showed that PAI-1 is an acute phase reactant protein; it increased very
quickly after surgery, in less than 1 hour.

In patients with deep vein thrombosis it was often found that after venous occlusion
test, t-PA was normally released but it was not accompanied by an increased
fibrinolytic activity and this was due to high levels of the inhibitors.

We were mainly interested by the disregulation of PAI-1 in obesity and diabetes.

And we showed that PAI-1 is increased, not in all form of obesity but in this kind of
obesity which is called android obesity and which is due to a repartition of the fat in
the upper part of the body and this kind of obesity is accompanied by complications
such as insulin resistance, metabolic syndrome, diabetes and increased risk of
coronary disease.

And in this form of obesity, called the gynoid obesity with fat in the lower part of the
body, PAI-1 is normal and this form of obesity is not accompanied by all these
complications.
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« High levels of PA inhibitor were found in several
pathological conditions.

They could play a role in the thrombotic
process.

= The highest concentrations observed were still
below 1 pg/ml.

Such levels were not expected to interfere
significantly with thrombolytic therapy with tPA.
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Therefore, high PAI-1 levels were found in several pathological conditions and
especially in obesity and diabetes and we suggest that it could play a role in the
thrombotic process.

The highest concentrations observed were still below one microgram per millilitre.
Such levels were not expected to interfere significantly with thrombolytic therapy
with t-PA.

I am extremely grateful to Désiré.

He accepted at the very beginning, that | focus my thesis work on clinical research
and without his help it would have been extremely difficult to initiate a research team
in Marseille and gratefulness of the faculty of medicine in Marseille lead to the
nomination of Désiré as doctor honoris causa of the university of Marseille.

Thanks for all Désiré.
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Our next speaker is Osamu Matsuo, who is at Kinki University School of Medicine
in Osaka Japan.

He worked as a post-doc in Leuven in 1979-1980.

He was actually the first one to do an experimental animal study with the
melanoma t-PA, that was then just purified.

This was done in rabbits with experimental pulmonary embolism.

OSAMU MATSUO
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First experimental animal
studies with melanoma t-PA

-- from UK to t-PA --

Osamu Matsuo

Present address:
Department of Physiology,
Kinki University School of Medicine, Osaka
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Thank you.

It is my great pleasure that I can be here and these very impressive days for
Désiré Collen.

When I came here it was 1979, before joining Désiré’s lab, I was fighting against
our government, because at that time, in our government approved very low
concentration of UK, urokinase, only 10,000 CTA units was approved for the
treatment of stroke at that time.

So I guess raising the evidence that the low concentration of UK doesn’t work.
This is a circulating plasma model.

This kind of techniques is used for the t-PA experiments.

This is like a heart, the arteries connect to the circulation and come back to the
vein in the reservoir where we injected the urokinase and I checked it and find
out low concentration of UK doesn’t work at all.

In 1979 I joined Désiré lab and I can use t-PA and [ compare the activity of t-PA
with urokinase.

You see in the absence of the anti-plasmin which is introduced already the UK
digested fibrinogen very quickly, but the t-PA also digested, but the speed is very
slow, but in the presence of the anti-plasmin the t-PA doesn’t digest fibrinogen
but urokinase digested fibrinogen.
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Then I use these kind of circulating plasma models and how is the t-PA acts on
thrombus and compared it with urokinase.

You'll see the left side urokinase induced thrombolysis in time dependent and
also dose dependent.

But here right side the t-PA dose dependent by induced the thrombolysis, but if
you take a look very carefully even the 100 units of urokinase induce only less
than 20 % thrombolysis, but here over 60% thrombolysis is observed in the case
of t-PA.

So thus almost t-PA is 10 times efficient than UK.

During such experiments we checked the activation of fibrinolytic system in the
circulating plasma.

If we take a look, in that case of a t-PA 100 units it’s got very good thrombolysis.
But UK 100 units induced very low thrombolysis, but almost same degree of the
fibrinogenolysis and plasminogen depletion and antiplasmin depletion.

But when we use very high amount urokinase we get very clear thrombolysis,
but instead of such a thrombolysis we get very completely fibrinogen depleted
and also plasminogen, antiplasmin also depleted.
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Thus in vivo experiments it is clear that t-PA is completely different in terms of
thrombolysis in the circulation model.

So we move on the in vitro model, this is model with pulmonary embolisms.
We produced thrombosus with radiolabeled fibrinogen which is introduced to
jugular vein to the lungs here is the radioactivities you see of 35,000 t-PA
induced, the increased radioactivity.

But here 1,000,000 units UK decrease fibrinogen and also antiplasmin degraded
greatly and plasminogen also degraded, but 100,000 units urokinase is almost
same as saline infusions.

This is very typical experiment and we used the further experiments with a
double doses of the previous slide.

70,000 t-PA was infused, you see this is thrombolysis in the serum the
radioactivity is released, but in the urokinase 100,000 is almost same as the
serum infusion, 1,0000,0000 unit of urokinase about 11,0000, but in case of the
t-PA 35,000 it’s about 17 %, 70, 000 units 23% thrombolysis.

During, these kind of experiments Désiré told me let’s have dinner tonight, but |
had to work until midnight to take a blood sample, but he took me to his house,
so I carried my rabbit and rabbit sit, in his bathroom and I take blood samples
during the drinking Smuggler.

This is our favourite at that time.
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Thrombolytic Efficiency of PA
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Thrombolysis (lysis of fibrin)
Fibrinogenolysis (lysis of fibrinogen)

Fibrinolysis on the Solid Phase (Thrombus)
Fibrinolysis in the Circulating Plasma
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[ calculate these figures fibrinolysis ...

If this value is greater than the one it means it is very specific for thrombolysis,
that means that fibrinolysis is induced on the surface of the fibrin, but if it is
below 1, this is much greater fibrinolygenolysis induced.

So it is clear that t-PA is completed different in in vivo experiments.

And further we did a similar experiment with canine and during this kind of
animal experiments [ convinced that the t-PA is the ideal thrombolytic agent for
the future.

At that time [ was 1979 - 1980 here you will see [ look very young, but Désiré
also looks very young, but I believe our heart still young and I hope Désiré has
another big story for, not only science and also for the management in the
translational research work in the future.

Thank you very much for your attention.
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Our next speaker is Frans Van de Werf from the department Cardiology,
University Hospital in Leuven.

As we have just heard the first patients ever treated with melanoma t-PA were
renal allograft patients. Frans Van de Werf treated the first patients with Acute
Myocardial Infarction with t-PA which eventually turned out to be the major
indication for its clinical use.

FRANS VAN DE WERF
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Ladies and gentlemen, Désiré, I got the great privilege to treat the five first
patients in the world with an acute myocardial infarction.

Two other patients were treated by Burt Sobel and his collaborators in St. Louis.
All these patients were treated with t-PA from the BOWES melanoma cell lines,
so purified in the lab of Désiré and if you would look at the doses, because at that
time we didn’t know what the right dose was for t-PA, I think it corresponds to a
few milligrams and as you can see, we gave t-PA intravenously also
intracoronarily and these doses were very small when you compare it now with
the current dose of t-PA which is around 100 milligram.

The first patient, as you can see, was not successful, but I still remember the day
when we did it, this was in January’83 and this was off course in the CAT lab, we
had to check the occlusion first and then the recanalization process.

Désiré was off course there, but in addition I think 20 or 30 people attended this
procedure.

[ have seen this patient many times, and although it was not a success, I would
like to show a few data from this patient.

For the cardiologists here in the room, they will recognize these very tall t-waves
in the anterior leads and this was indeed a patient with an acute artery
infarction.

And we started the procedure on January 20t at 3 pm.
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And as I said, it was not successful and we took an ECG after the procedure in the
evening and this showed the clear anteroseptal transmural myocardial infarction
and then the patient was about to be discharged.

This ECG was taken and there was suggestion of the formation of an aneurysm so
that was certainly not successful and we were concerned about the future of this
patient.

But I've seen this patient many times and a couple of years ago, he got a
pacemaker because he had some conduction disturbances and this ECG was
taken this year so 25 years later after failed thrombolysis you see the pacemaker
leads but he was still alive.
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And finally he died in July of this year, 25 years after the administration of t-PA at
the age of 83.

Which means that you can survive an anterior infarction after failed reperfusion
therapy for more than 25 years.

The other patients, the other six patients were successfully treated and this
resulted in a publication in the New England in '84, so this was a publication on
only seven patients and this is the smallest number of patients the New England
has ever published.

And if you would calculate the number of citations per patient, this is absolutely
a world record.

At that time [ was also working with the copper coil and, off course in animals,
and if you induce a copper coil in a coronary artery, you have a complete
thrombotic occlusion after a couple of minutes.

63



64



And so this copper coil, here in detail, was advanced over a guidewire and so you
could nicely position this copper coil into a coronary artery.

And then you could check the occlusion and the recanalization by repeat
angiography.

And this we have done also in the same time, ‘83, with a publication in ‘84 in
Circulation, but this time with recombinant t-PA made by Genentech and we
treated nine dogs with t-PA and ten dogs with urokinase mentioned by the
previous speaker and we could see a huge difference, not only in efficacy but also
with regard to the fibrin specificity.

So this was a very successful study as well with recombinant DNA.
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And then afterwards, I got involved in many international studies here and our
group has been able to coordinate many of these studies and all these studies
have confirmed, not only the superiority of t-PA over streptokinase but also the
tremendous importance of artery perfusion and in fact all these studies have
paved the way for mechanical reperfusion which is now used in many hospitals
with a CAT lab.

Because of the success of these papers, an academic session was organized by Dr.
Boutelegier shortly after the first publications.

And this was organized in the Bordeaux region, more specifically in Pessac
Leognan and I apologize for the quality of this picture because this was taken
undercover.

You see here Désiré Collen and myself and we became there Doctor Honoris
Causa, but there they call it slightly different.

They called us “Commandeurs d’honneurs dans I'ordre du bon temps” and of
course we were very pleased by this nomination.

And shortly after the ceremony, this nice picture was taken from Desiré and
Louisa in a local garden there and I'm not sure whether this will be a foretaste to
what you and Louisa are going to do after your retirement, Désiré.

Anyhow, [ would like to thank you for all the support I got during my 25 years of
academic work here and all the support our department got from you and
especially also all the friendship we got from you.

Thank you very much.
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Our next speaker is Diane Pennica, she is at Genentech at South San-Francisco.

As you have just heard the Bowes melanoma cell line has been instrumental in
development of t-PA and Dick has explained how it has been purified, but it took
an experienced technician about 2 weeks to purify 1 mg of melanoma t-PA.

And you have just heard from Frans Van de Werf that therapeutic dose is 100 mg
of t-PA, so this could have been the premature end of the t-PA story, if not for a
serendipitous meeting back in 1980 in Malmo, Sweden that resulted in the
cloning of t-PA and large scale production by recombinant DNA technology and it
is Diane Pennica who cloned the t-PA gene.

DIANE PENNICA
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Thank you.

Désiré, it’s such a pleasure and an honour to be here, to help celebrate your many
accomplishments.

So instead of showing you a lot of data, I thought I would tell you the story of
how Désiré and I met 28 years ago and how our chance meeting led to a very
exciting collaboration together.

So the story began in May of 1980, when I was hired as my first job, by a small,
very unknown biotech company called Genentech as their 60th employee.
Today, there’s over 11000 people there.

It’s one of the world’s most successful biotech companies, in part due to the
success of t-PA.

So Genentech focus back in 1980 was heart disease.

As you know, it’s the single largest killer of men and women in both the US and
Europe.

Every 20 seconds somebody has a heart attack and over a million and a half
people have a heart attack every year.

So there was a real critical need for a drug for heart attacks.
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So my first project in 1980, when I got to the lab, was to try and clone a gene for a
protein that would quickly dissolve blood clots in heart attack patients.

So there were rumours back in 1980 about a blood clot dissolving substance
called t-PA and Genentech asked me to go to a meeting in Sweden to learn more
about it.

[ had been at Genentech only one month, [ barely knew what cloning was but I
was young, excited, [ had a passport and I told my boss “Sure, I'll go to Sweden”.
And on June 12 in 1980 in Malmo, Sweden, [ ended up being in the wrong place
at the right time and [ happened to meet Désiré by accident, who was the world'’s
expert on t-PA.
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And [ want to tell you about this accidental meeting, which is how our
collaboration began.

So I arrived in Sweden to check out the meeting a day in advance because [ didn’t
want to be late, I didn’t want to get lost the next day.

My dad always said “don’t be late, don’t be late” so I wanted to check out the
meeting and I got to the hotel to check in and the hotel clerk said, I asked her
where this meeting was, like a walk over literally that day.

And she said “oh, the meeting of the doctors, that started today” and I got so
upset because I thought I missed the first day of the meeting.

Genentech sent me halfway around the world, so I threw my suitcases in my
room, I ran to the meeting and I peeked in the room and [ saw about thirty guys,
sitting around a big table and I was so upset because I thought I had the wrong
day, I snuck into the room and set down.

And just as [ sat down, Désiré had walked up to the podium and started to talk
about t-PA.

And I got really excited because he said he had a cell line, he said he had an
antibody and he had purified protein and this is exactly what I came here to hear.
During the break everybody kept looking back at me, they didn’t know who I
was.

Somebody came up to me and said “can [ help you” and I said I'm Diane Pennica
from Genentech.

[ am so sorry I'm late for this meeting.

[ missed the morning.

They said “oh this is not the real meeting, this is a pre-conference session”.

The real meeting starts tomorrow and I had entered a private pre-conference
session by mistake of all the top researchers in the heart disease field.

[ was not supposed to be there.

And if I hadn’t been so time-conscious, I may never have met Désiré.

And they told me later that they didn’t asked me to leave when [ walked in
because they thought [ was one of the scientist daughters waiting for her dad.
So I got really lucky.

So they invited me to dinner that evening, in a castle, a very beautiful dinner and
[ met Désiré at the time and we talked about trying to clone t-PA because there
really wasn’t any other way to get enough protein to treat patients.

And he wondered whether it was possible and because no gene that large had
ever been cloned before, this was back in 1980 and I quickly told Désiré, being
very naive and excited, I said sure I can do it and I think because I was so
enthusiastic, it helped convince him to collaborate with us to try and clone the t-
PA gene.
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And I have to admit, I had never cloned anything before.

[ had no idea how to do it or even if it could be done, but I wasn’t going to tell
Désiré that.

[ just, you know, I wanted to be enthusiastic.

And looking back, to make a long story short, it was a really huge challenge.
There were so many setbacks and disappointments.

We worked nonstop, I didn’t take a day of for almost a year, there was a lot of
competitors all around the world, which it actually became a race which added to
all the stress and the excitement but the long hours and the hard work paid off
because we achieved our goal.

And here you can see me celebrating with my very first taste of Perrier-Jouet
Champagne in our clot buster T-shirts.

So 1980, we started the cloning project and in 1982 we determined the structure
of the protein that dissolves blood clots and it’s a very beautiful protein, shown
here.

This was probably one of the most exciting times of my career.
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In 1983, we published our work in the journal Nature “Cloning and expression of
human t-PA cDNA in the E.coli” and to this day, Désiré, I really don’t know how
you got your name on a line by itself on a Nature paper, but that’s I think, a first.
Shown here is the E.coli bacteria and these little refractile particles look like little
headlights, that’s the t-PA being made in the bacteria.

And that was very exciting to see that too.

In 1984, t-PA was produced in large quantities and we named the drug Activase,
we had a big contest to see what name we would give to the drug.

We found that t-PA dissolves blood clots in blocked arteries shown here, is an
angiogram of a heart attack patient of the clinical trials, you can see the blood
clot here, no blood flowing before t-PA and after t-PA, you can see with our
recombinant material the blood is flowing freely.
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And November 13, 1987, another very exciting day for us, 7 years after Désiré
and I met, it was approved by the FDA as a drug for heart attack patients and
newspapers around the country broadcast us.

You can see the clot dissolving drug called a big step in coronary therapy.

[t still stands as one of the fastest drug development projects in history.

And one of the highpoints in my career was meeting Steve Birnbaum, in the halls
of Genentech.

[ was walking down the hall from my lab one day and one of our marketing guys
came up to me and said: “Diane, this is Steve Birnbaum”, he was the first heart
attack patient treated with recombinant t-PA.

And my heart just leaped and then he said: Steve, this is Diane Pennica, she
cloned t-PA and he just grabbed me and hugged me and said thank you, your
drug saved my life.

Since 1987, close to 2 million heart attack victims have been treated with t-PA.
Here’s a Christmas card I have hanging in my office from one of the heart attack
victims saying dear Dr. Pennica, and it should be Désiré and all the people here
who contributed, happy holidays, thanks for helping to save my life.
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In 1996 t-PA was approved for the treatment of strokes. Every 45 seconds
somebody has a stroke, over 700 000 people in both the US and in Europe suffer
from a stroke every year and since 1996, over 150000 stroke victims have been
treated with t-PA, our recombinant material.

And for my last slide I'd like to read an e-mail that I got just three weeks ago, and
again it should be addressed to everybody here who contributed and the e-mail
says:

Diane, I can’t express my gratitude to you and your colleagues.

Your talk in Belgium will mark the one year anniversary of my “weird Sunday” -
and without your efforts, and without t-PA, I'm sure October 6th, 2007 would
have been a day where my life was significantly altered (or worse).

[ can only imagine what the nurse must have thought when I stumbled into the
emergency room (with one hand over my eye) and said: “Hi, my name is Rob
Lippe, 'm 43 years old, [ work at Genentech, [ believe I'm having a stroke and I
need t-PA.

[ would be honored to give you the tour of the Genentech Manufacturing Plant -
or drive you to Belgium for that matter.”

So, thank you Désiré, my first project at Genentech was the most exciting time of
my career.

You helped make our dream of developing a drug for heart attack and stroke
victims come true and I wish you happiness, exciting new adventures and more
discoveries in the years to come.

Thank you.
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Our next speaker is Hiro Yasuda, he is a former collaborator of the late Dr. Gold
at Massachusetts General Hospital in Boston.

Now that this recombinant t-PA became available, they did the first experimental
animal work with recombinant t-PA and subsequently also treated the first
patients with acute myocardial infarction with the recombinant version of t-PA.

TSUNEHIRO YASUDA
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Good afternoon.

Thank you very much for this invitation.

My name is Dr. Yasuda.

[ am from Boston and I like to share our t-PA story.
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My talk can not be done without Dr. Gold, who unfortunately left us, several
months ago.

He was the principal investigator.

[ was the junior staff and worked with him and with Désiré.

We had a great time.

This is a bottle I think Diane’s company made it and Diane cloned it, this is rt-PA,
recombinant t-PA, we tested it in animals and later in human.

Well this is a dog model we concocted, this is an exposed dog heart and this is the
LAD, this is a stenosis and we injected blood then thrombin in this section and
this is a flow meter, continuously monitor the flow and also we confirm the
finding with coronary angiogram,

89



90



This is the LAD, this is occluded position right there and LAD goes this way will
come up.

After 20 or 30 I can’t see where and in this area begun to show some fuzz,
showed something showing up, but still I couldn’t see the artery very clearly.
And this is the thirty, something there, but again oh I can see something and I
think probably be perfused and the flow meter shows clear flow and now it is
very clear and we are very excited and this is a sixty minutes and then a very
clear still maintain the perfusion, so we know that this really worked and we are
excited.

Well this is a dog model.

This is a dose response, this is 4.3 ug per kg per minute, this is a 10, thisisa 15,
this is a 25 and Désiré quickly pointed out the reperfusion time is really getting
better.

So I think this is a great dose and then we moved on to dog randomization trial.
We are blinded and we give 1 dog saline, an other 1 dog t-PA and t-PA opened in
about 30 minutes.

Obviously saline opened only 1 and rest of them didn’t do anything.

So we are stunned.

Now we expected, but this was fantastic data and we had to do human.

Dogs are fine, but I really wanted to try in human.

Look-alike but a little different.

And basically we did many patients, but same results.

Again randomized and one group was saline group which crossed over, didn’t
open but again 9 out of 13 open.

This was published in Circulation 1984 acute myocardial infarction with t-PA
treatment was very successful.

One I have to tell you, we really wanted to do this, because we had to go fast.
Désiré was saying, never seen Désiré slow, always fast.

So like you had to go fast ... so obvious Dr. Gold said we have to go fast, so comes
down to meet to get the patient.
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Patients, don’t come by appointment, they have to have a heart attack first and
have to come to our hospital.

So how do we found out?

You know, it is very difficult and they come to emergency room, next thing you
know they go CCU and then you missed it, so how do I find this patient?

And our ex-chief resident, currently Novartis’ chairman, director of research and
development, Mark Fisherman recommended just to give pizza.

What do you mean “pizza”?

You know, if you call just give us a pizza.

No, they are smart doctors from Harvard we buy with pizza?

You know, so I decided try it so you know I can’t go at the pizza shop and calling
in the middle of a heart attack, that is a very stressful, so I decided give us a pizza
chit, you know the little card, give one they can order by telephone, give us a
pizza card to the pizza delivery man.

So that is how we did it.

So that is how we got one acute MI patient, perfectly fit to the t-PA study.
Otherwise, we would have taken much longer time.

This is an important thing that we realize once open the heart, coronary artery,
but occlude again a couple of minutes to hours, so we even make the effort to
open.

We could not keep it open for a long time

And this is a dog experiment we confirmed.

This is a normal flow we occluded it and watch this is all closed given t-PA and
some opening and a perfect opening, this is a flow meter’s recording and this is
closed completely, popped open again and closed, popped open and closed.

So this is really not helpful, but later we give the pre-treatment of the
antithrombotic agent slowly opens it doesn’t pop open and stays open.

So this is called a cyclical occlusion of flow and we have to try this kind of
treatment to the human.

So to do that we developed this special model called circum flex model, because a
dog does not have right coronary to talk about and LAD is not easy to do.

A dogs circum flex are big, so we segmented this part to removed inverted it
inside out these stitched so that the adventitia inside of the arterial lumen and
give a stenosis in the distal portion and the flow probe here to monitor the flow
and it did the same thing, but to do this we have to close here cramp off and the
cramp off so that the blood would be shut off for a while.

So we had to operate very quickly.

And when you open this segment, release the clamp, blood clots develop in the
matter of 2 minutes, complete occlusion just incredible and incredible part is
that clot is platelet rich, white clot and it was just remarkable and this kind of
clot sits there and t-PA wouldn’t work very well.

So this is a pathology, this is a just I talked about this a complete open occlusion
by platelet rich white clot here and this is a pretreated with antiplatelet agent a
platelet GPIIb/IIla blocker completely patent after 3 hours of observation.

M means media and A means adventitia this is an inverted segment of the
circumflex.
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And this is the data.

Rapid and sustained coronoray artery recanalization.

[ think it is important open fast when the blood arteries are closed and also we
have to keep it open.

So when you use two together reperfusion time is much shorter and remained
open.

And this is a graph that published, this is reperfusion time, so very quickly
reperfusion in this area and never closed.

This is never open.

The doses gradually get smaller and GPIIb/Illa reperfusion becoming
problematic and the cyclical flow appears.

So apparently in the United States often, routine that the patient comes with
loaded with GPIIb/IIla then come to hospital give t-PA.

[ don’t know why they don’t give it over their, but they come like this and we see

like one or two a week and as Diane mentioned we have lots of t-PA for the
ischemic stroke patients.

And thank you and Désiré happy many years and productive second heart
career.

Thank you.
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Our next speaker is Marc Verstraete, who as Désiré said earlier, was the director of
our lab when Désiré started his scientific career and has been that throughout the
whole development period of t-PA.
He actually coordinated the European clinical studies with recombinant t-PA and
that is what he will tell us about.

MARC VERSTRAETE
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M. Verstraete et al. Lancet 1985; 2:965-969
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Désiré, ladies and gentlemen, thank you very much for suggesting my presence
here.

Now, when recombinant t-PA became available in Europe, I started to call on a
number of friends who have been joining me for another series of trials, not on t-
PA but on streptokinase and you see here, that we could collect a certain number
of patients who were treated 72 hours after myocardial infarction with
streptokinase, administered during 72 hours versus heparin.

Now that trial did not show a difference, in the two groups.

When we took patients who had a myocardial infarction of less then 24 hours
and gave them streptokinase, then there was a decrease of mortality, 24-day
mortality of 30%.

Our next trial was still more remarkable because we could select patients of less
than 12 hours duration.

They got streptokinase or glucose and the 6-month mortality was close to 50%.
This is a remarkable decrease in mortality and although this trial was published
in a decent journal, actually The New England Journal of Medicine, it did not
attract the interest of cardiologists, very much to our surprise.

Now, when recombinant t-PA became available in Europe, we continued the
European cooperative study group and the very first trial was on the limited
number of patients, 129, who were randomized either to t-PA, given over 90
minutes or to placebo.

And at 90 minutes after beginning of the infusion, an angiogram was made and
you see a remarkable difference between the patency at that time in the control
group 21% versus 61% in the group receiving t-PA.

Of course, that was a remarkable statistical difference.
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MI < 6h
N129

IV heparin + ASA IV heparin
IV Streptokinase/60 min. rt-PA 90 min.

angiographic coronary patency at 90 min.:
55% p: 0.054 70%

circulating fibrinogen in % of starting value:
value at the end of the perfusion
12% p: 0.001 61%

M. Verstraete et al. Lancet 1985; 1:842-847

MI < 4h treated
with IV rt-PA / 90 min
N123

}

angiography
at end of infusion

Infarct related artery closed Infarct related artery open
27% 72%
placebo inf / 6h rt-PA infusion / 6h
angio 6-24h
5% reocclusion 6%

angio at hosp.discharge
57% reduction of plaque area 83%

M. Verstraete et al. Am. J. Cardiol 1987; 60:231-237

MI < 5h
N 721
\
IV hep + ASA IV hep + ASA
Placebo rt-PA
100 mg/ 3h
mortality:

57% at 14 days 2.8%
7.9% at 3 months 5.1%
867 U/I infarct size based 697 U/

on [¥] hydroxybutyrate
dehydrogenase release
up to 72h.

F. Van de Werf et al. Br. Med. J. 1988:1374-1379
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So, we moved to the second European trial, which was a comparison between t-
PA plus heparin but no aspirin versus streptokinase plus heparin and aspirin.
Actually at that time, we did not dare to add aspirin to this combination and
again we were making angiograms at 90 minutes and you see that also here we
had a remarkable difference, although less great than in previous trials, in the t-
PA group.

And also what we noted, was that there was a saving of circulating fibrinogen.

In the streptokinase group the circulating fibrinogen fell to 12% of the original
value or pre-treatment value.

But 61% of the pre-treatment fibrinogen level was maintained in the t-PA group.
So, t-PA was indeed safer than streptokinase and also more active.

The third question that we wanted to solve was whether we have hit the right
dose of t-PA or whether a prolonged infusion of t-PA would be better than the
single infusion.

To this end we have collected 123 patients who had an angiogram at the end of t-
PA infusion.

Based on the angiogram, we found that 27% had still a closed coronary artery,
but that 72% had an open coronary artery.

Then we gave a second infusion of t-PA to those with an open coronary artery
and found that with this second infusion, the re-occlusion rate at between 6 and
24 hours was practically the same.

So the conclusion was that the prolongation or the addition of a further dose of t-
PA to avoid the occlusion was not, demonstrated.

[t is important of course to reopen a closed coronary artery, but still more
important is to decrease mortality.

In this trial we have used t-PA heparin and aspirin compared to placebo instead
of t-PA, but presence of heparin and aspirin and you see that at 14 days, the
overall, the total mortality was half in the t-PA group compared to the control
group.

There was also saving of lives at three months, in the t-PA group compared to the
control group.

And also the infarct size was smaller in the t-PA group compared to the control

group.
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MI < 5h

N 367
IV hep + ASA IV hep + ASA
100 mg rt-PA / 3h 100 mg rt-PA / 3h
__No immed. PTCA | + immed. PTCA
13% angiographic re-occlusion 6 -165 min 18%

after end of infusion

3% recurrent ischemia during the first 24h 17%
1% occluded IRA at end of hospital stay 13%
3% hospital mortality at 14 days %
3% hospital mortality at 3 months 8%

M.L. Simoons et al. Lancet 1988; 1:197-202

MI <6h
N 652
rt-PA -PA
ASA ASA
IV placebo IV heparin

coronary patency
at 48 - 120h after

75% randomisation 84%
672U enzymatic infarct size (Q,, HBDH) 646 U
2.9% hospital mortality 1.6%

D.P. de Bono et al. Br. Heart J. 1992; 67:122-128

The six trials of the ECSG enrolled 2121 patients with
acute Ml including 1 to 3 coronary angiograms.

Six princeps plus 18 ancillary publications.
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Then, we moved to the next trial where we gave everyone heparin and aspirin
and then 100 mg of t-PA in three hours in this group and we also had an
immediate, PTCA.

This group was randomized not to receive or to have immediate PTCA.

You can see that the angiographic occlusion between 6 and 165 minutes after the
beginning of the infusion was no different between the two groups.

Also ischemia during the first 24 hours, was actually more frequent in the t-PA
group than in the control group.

The mortality was 50% higher in the t-PA with immediate infusion compared to
the control group.

So the conclusion was that there was no gain when you use IV heparin, aspirin
and t-PA to have immediate PTCA indeed, that the situation could even be worse.
And then, the next trial we tried to solve the question how the coronary patency
would be between 48 hours and 120 hours after randomization to t-PA, aspirin
and heparin, or t-PA, aspirin and placebo instead of heparin.

You see that the incidence of coronary patency is practically similar, although
slightly higher in the heparin group.

And that the infarct size also was smaller in the IV heparin group plus t-PA plus
aspirin.

The hospital mortality was also lower in this combination group compared to
this group where heparin was replaced by placebo.
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A further endeavour, but I will not extend on that, was on pulmonary embolism
where we made an European trial comparing the systemic versus the
intrapulmonary administration of t-PA and the conclusion was that systemic
administration was as good as intrapulmonary administration of t-PA.

The second trial was in patients with a severe pulmonary embolism where rt-PA
was compared to systemic urokinase and there was no significant difference
between these two groups.

Of course, this indifference where European endeavours on a limited number of
patients and could not compete with the American trial, the TIMI trial, the TAMI
trials which were conducted on very large battalions.

But certainly the two sets of trials were comparable, lead in general to the same
conclusion and had put the whole t-PA story at the clinical level in a minimum of
time.

Thank you very much.
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Our next speaker is David Stump.

Dave was a post-doc in Leuven from 1984 to 1986, he subsequently went to
Genentech and is now at Human Genome Sciences in Rockville, Maryland.

Dave will give us an overview of the United States’ studies with recombinant t-PA
in myocardial infarction and at the end of this symposium reflect on translational
research between academia and industry.

DAVID STUMP
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Thank you very much Roger.

What a pleasure to be here on this great occasion as I continue on with the theme
that was started by professor Verstraete.

[ would like to now talk about what was a little bit of parallel universe that was
ongoing in North America at this time and then come back with what turned out
to be the ultimate moment, I think in the story where not the North American
trial was done, but truly international effort was undertaken to really establish
the potential of t-PA.

My return to the US in 1986, following my two years here in Leuven, [ began my
academic career at the University of Vermont and in fact my collaboration with
Désiré continued there as we became closely involved with two very active US
clinical research group, one, the TIMI investigators led by Eugene Braunwald.
This was an NIH sponsored group and the TAMI investigators led by at that time
the very young Eric Topol and Rob Califf a private non-government sponsored
academic clinical trial consortium.

We also, from Vermont, did support studies that were ongoing as described
earlier with Chip Gold.

Désiré pretty much took the lead and managing a collaboration.

[ took the lead in working with Rob and Eric and together we tried to figure out
how we were going to work with TIMI and it turned out to being important piece
of work when all was said and done.

This was a really interesting advantage point that we observed clinical trial
results emerging from.

From the TIMI trials there were two key findings.

In the intent of time, I will not take you through every single piece of data.

First in a relatively small randomized trial which compared t-PA to
streptokinase, reperfusion of occluded coronary arteries was superior with our
t-PA and very interestingly relatively independent of the age of the occluding
thrombus.

Second a much larger outcome study was proceeded by a dose finding phase.
This was TIMI 1L

This had been necessitated by a manufacturing process change for rt-PA at
Genentech and during this time it was observed that a dose of 150 mg actually
appeared to offer more efficacious thrombolysis so in fact this larger second
phase of the study which was not a comparative thrombolysis study, but was a
study to test the impact of early versus late intervention with angioplasty on
beta-blockers, but after about 900 patients that actually have been treated it
became clear that the risk of intracranial haemorrhage at a 150 mg was
unacceptably high.

As a consequence the dose for further study was lowered to a 100 mg resulting
in an acceptably lower risk of 0.5 % and a very attractive overall mortality of 4.5
%.

As a result the enthusiasm for t-PA became very high among the many TIMI
investigators and spread similar among practising cardiologists in the United
States after its approval by the FDA for use in 1987.

The beneficial effects of rapidly opening an occluded coronary with t-PA were
felt to be obvious.

An exploratory research on characterizing and optimizing coronary patency
ensued.
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Results from these studies, shown in this slide, were interesting, in fact would
have great importance in shaping advance that were to follow, though we didn’t
understand that fully at the time.

First the predictive value of an open artery seem consistently positive based on
exploratory analysis of both the TIMI and TAMI data.

The magnitude of the effect were comparable with the sustained reperfusion was
approximately twice the mortality for initial reperfusion followed by re-
occlusion and approximately three to four times the mortality for failed
reperfusion.

Second the risk of re-occlusion following successful reperfusion was shown in
three independent studies.

One done here in Europe to be significantly higher when intravenous heparin
was not utilized concomitantly with t-PA.

Third and maybe most importantly accelerating the administration time of a 100
mg of t-PA from the standard 3 hours by 1 half to 90 minutes was shown in three
different studies to improve early coronary patency rates especially those
measured at 60 minutes of infusion time.

There did remain concern about the potential enhancement of risk of
intracranial haemorrhage with this approach, while the observe rate in the
pooled the experiments with these small patency showed only a 0.5 percent risk.
The relatively small sample size could not allow the excess risk seen in TAMI II at
an 150 mg to be comfortably excluded.

Further research to confirm and expand on these interesting findings then
waned as the field awaited the first reporting of data in early 1990 of large
multinational mortality trials comparing our t-PA either alteplase or duteplase to
the much less expensive streptokinase.

Importantly both the GISSI-2 and ISIS-3 trials used minimal concomitant heparin
anticoagulation as well as the standard non accelerated dosing of our t-PA.
When results of both studies showed no incremental mortality benefit for rt-PA
and those of you who were with me at that time will I think agree this
represented a true crises for the future of rt-PA and I might say for Genentech
absent further clarifying clinical research.

While sharing in the disappointment at this unexpected turn of events for a
concept in which I was certainly scientifically vested, | found myself confronting
a rather personal dimension of the situation since [ had in fact moved to
Genentech in 1989 to lead the further clinical development of t-PA.

As a trained hematologist hoping to study new thrombolytic approaches to other
thrombotic diseases in addition to acute myocardial infarction, I suddenly found
myself facilitating a discussion among most influential positions in the world of
cardiology, such as our colleague Frans Van de Werf who you have heard from
earlier along with some of the keenest business minds in the world of science
and technology all focused on what exactly to do next.

There quickly emerged the consensus that absent a more definitive study, rt-PA
would be relegated to afterthought status, given the impossibility of a reduction
in its price.
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Shortly there are after the design of the GUSTO trial was conceived in the
substantial effort for its implementation was initiated.

The design and results of the trial had become a landmark.

Undoubtly the most difficult decision I personally had to make for the trial was to
support the useful accelerated dosing regimen for t-PA.

My own quantity modelling of the relationship of coronary artery patency status
and mortality suggested that in fact both the use of accelerated t-PA and
concomitant heparin would likely be required to achieve our target of an
absolute 1% mortality reduction for t-PA.

This 1% benefit was critical as it represented the magnitude of benefit that
would be minimally clinical meaningful to practising cardiologists.

However the uncertainty around the safety risk of accelerated t-PA wouldn’t be
comfortably addressed until nearly half of the GUSTO trial patients had been
treated.

[ anxiously watched the trial unfold over the next three years until results from
the 41,021 patient study emerged in early 1993.

The results showed that all cause mortality was significantly reduced for t-PA
versus streptokinase followed by either intravenous or subcutaneous heparin.
Furthermore a nested cohort angiographic sub-study confirmed higher coronary
patency with accelerated t-PA and parallel improvement in measures of left
ventricular function and mortality.

The safety results did show a small but significantly increase risk of intracranial
haemorrhage with accelerated t-PA.

But when integrated into a combined net clinical benefit endpoint of stroke-free
survival, the benefit of t-PA was still statistically significant.

The implications of the GUSTO trial results were far reaching.

rt-PA was established as the leading thrombolytic for the treatment of acute
myocardial infarction.

This was clear.

[t's mechanism of benefit was demonstrated to be timely coronary reperfusion.
An innovative premium-cost therapy was shown to be cost-effective.

In a sense of more broadly cutting edge science and technology had prevailed as
a basis for translational medicine.

Finally and importantly for some of us Genentech and in a way biotechnology
itself would survive if not thrive.

So let me now say way the what is perhaps a bit more difficult challenge
describing history is one thing, interpreting it is quite another.
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I've been asked though to reflect on translational research, how it takes place
between academia and industry, and related specifically to the development of
the t-PA story.

It is a story that we have chronicled here today and in fact it has been widely
discussed by many in academic science and medicine as well as industry.

This is not the first time the story of t-PA has come up.

Although I most certainly was not there from the very start, my years in Leuven,
at the University of Vermont and finally at Genentech have together offered me a
rather unique perspective developed from these somewhat diversed vantage
points.

It’s one of the few who engaged the story from both the academic and industry
sides.

[ have on occasion been asked to reflect on it.

Actually the last such time was the gathering of chairs of US biochemistry
departments, invited by our colleague and friend Ken Mann at the University of
Vermont.

For whom I used what I think was an interesting way of get out the question of
whether the t-PA story is in fact so compelling as to represent a basis for a call to
such collaborations as a standard, in other words do we really have a whole
which is greater than a sum of its parts?

Very simply I've asked what would have been the outcome had anyone of the key
contributors not been part of the story?

A theoretical knock-out experiment if you will.

So could it have happened as it did without the involvement of science, medicine
or industry?

[ will leave the topic of government to another time, but it is certainly had its
moments in the story.

We consider first the scenario of the absence of science.

What if there had been no science and in this case by science I'm talking about
the key biochemical and biological contributions made by many in this room to
the full understanding of fibrinolysis and thrombolysis.

Streptokinase and urokinase would be the currently available thrombolytic
agents.

The mortality of patients with acute myocardial infarction would be lower than
without them but still at a residual cost of 1 live per 100 patients treated.

And thrombolytic therapy would not be available for patients with early acute
ischemic stroke at a cost of 10 disabilities per 100 patients treated.

Consider if you will the scenario of the absence of medicine.

In this case | am talking about invasive cardiology and neurology which
elucidated the key role of arterial thrombosis in the pathogenesis of both acute
myocardial infarction and ischemic stroke.

Today rt-PA would been a niche thrombolytic for a few patients with deep
venous thrombosis and pulmonary embolism.

Reperfusion therapy would not be widely applied for acute myocardial infarction
at a cost of 3.5 lives per 100 patients treated.

And reperfusion therapy would not be applied for early acute ischemic stroke at
a cost of 10 disabilities per 100 patients treated.
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Lastly let’s consider the scenario the absence of industry.

Specifically the contribution of biotechnology to the cloning, expression and
production of an otherwise relatively unavailable trace protein in nature.

t-PA would be a novel scientific discovery of some pathophysiologic relevance,
but the cost to patients would be as if t-PA had never been discovered at all.
And consequently the effort to discover and develop additional innovative
therapies by Genentech would have had to be underwritten by other sources.
And in order to put some context on this, let me just remind you that this would
have been perhaps realised at a cost of not having drugs like Ritaxin, Herceptin,
Avastin truly cutting edge therapeutics in medicine today.

Taking all together my own conclusion that it most certainly could not have
happened as it did without the contributions of all three.

And yes it is a model which can work well provided the nature of relationships is
very clear and conflict of interest is avoided.

But finally because we are gathered here today to celebrate the career of our
teacher, collaborator and friend Désiré, allow me to consider the most
unfortunate scenario without Désiré Collen.

One last theoretical knock-out if you will.

[ am absolutely convinced that the t-PA story would not have happened with
anywhere near the urgency and efficiency that it did if it all.

[ am even more convinced that my own life, and no doubt many of you will echo
this, would have been much less interesting and gratifying over the last 25 years.
But most critically fewer patients with acute MI stroke would be alive and well
today.

It is most fortunate that this last scenario will never materialize beyond the
hypothetical and for that we on behalf of these patients are grateful and do
celebrate here today.

Désiré our congratulations, our thanks, well done, it’s a great story, 'm proud to
have been a part of it.

Thank you for your attention.
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ROGER LIJNEN

[t is my privilege to invite a very special young lady to the stage, which is Juliette,
the youngest of Désiré’s grand children.
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[ would now like to invite professor Verstraete to share with us some brief
concluding remarks.

MARC VERSTRAETE
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Well, when you are requested to come to conclusions after a remarkable day one
is really a little bit uncertain.

Because conclusions suggest the end of an event or the completion of an
endeavour and this is exactly what it should not be.

Although today is a milestone in the life of Désiré Collen, it is certainly not the
end, by far, of a scientist.

We badly need the inspiration, the help, the stimulation, the support of Désiré
Collen and not only at our laboratory, or what used to be my laboratory, but also
at our Faculty of Medicine in Leuven and at the University at large.

Now, how to reach the goal, to maintain and to continue to have the benefit of a
Désiré Collen?

I think one suggestion is to make a number of clones of Désiré Collen so that he
would survive himself forever.

And once we have obtained the clones, I think we should take a patent on the
product.

Thank you very much Desiré for having inspired so many people, for having
being an example for many under us, for having really worked very hard, but
always on the very amicable way.

You have been, for me personally, a friend, an advisor and a loyal man and
therefore I would suggest and ask the audience to give this gentle giant, Désiré
Collen, a standing ovation.
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We still have a surprise on behalf of the Flemish Institute of Biotechnology.

JO BURY
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Well Désiré, it’s my pleasure to speak, in front of the audience and in the name of
all the VIB-scientists.

The scientists of VIB want to thank you for infecting us with your enthusiasm on
basic science, on tech transfer, on translational research and we would like to
thank you to inspire us with your vision and to enlight us with your vision which
is centered around focus on excellence, on giving young talent the potential to
grow up in an environment which you made very stimulating for the scientists to
excel and these are now the cornerstones of the VIB policy.

We thank you for that.

And we have brought you a little present from the VIB scientists.

We have found a good bottle of Leoville Poyferré of 99, which people tell me, is a
very good year and of course for a giant like you a simple bottle wouldn’t be good
enough.

A big bottle for a big man.

Thank you all very much
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