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The intrigue surrounding the fate of Pittsburgh Compound-A may not rank alongside the
mystery surrounding the whereabouts of the ApoEL1 allele, but it is a question we are often
asked. The question provides a nice segue to this brief history of our work on amyloid imaging
with Pittsburgh Compound-B (PiB). This work formed the basis for our selection to share the
2008 Potamkin Prize with Clifford R. Jack, MD, who was likewise acknowledged for his
pioneering and extensive work in magnetic resonance imaging in Alzheimer disease (AD). It
isagreat honor for us to join the list of previous winners of the prize inspired by Luba Potamkin
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and generously established and continued by her husband, Victor, and sons Robert and Alan
since 1988 in their efforts to “recognize and promote excellence in neuroscientific research
dedicated to finding the cause of Alzheimer’s disease and developing effective therapy for it.”
It is a special honor for us to share the 2008 Potamkin Prize with Cli. Jack who holds our
highest respect as a meticulous and productive scientist and a colleague of great integrity.

Unlike ApoE1, Pittsburgh Compound-A actually exists. Although it initially carried the
moniker, BTA-1, the compound later to be named Pittsburgh Compound- A represents one of
the early thioflavin-T derivatives made in our amyloid-imaging tracer development program
at the University of Pittsburgh. The development of this compound marked a real change in
the confidence level of our group. For more than a decade, we struggled with manipulating the
Congo red pharmacophore into a suitable positron emission tomography (PET) amyloid tracer
with only limited success. This was primarily a result of the poor brain entry of this class of
compounds. From the very first in vivo animal experiment with [11C]BTA-1, we realized that
we had finally cleared an important hurdle with respect to successfully achieving high levels
of brain penetration by an amyloid-specific radiotracer. It was at this point that we began to
believe that we were on the path to success rather than just hoping for success. As one of us
(C.A.M.) pointed out in his Potamkin Award presentation, “PiB: From the Bench to Humans,”
Congo red appeared to be a logical place to begin to develop an amyloid imaging radiotracer,
but even after years of work and over 300 compounds later, we could not reach the necessary
level of rapid brain entry required for a successful PET tracer. [11C]BTA 1 not only met our
goal for brain entry, but also exceeded it by 4-fold.

Before we leave the topic of the “Congo red years,” we should point out that several useful
offshoots derived from this work. The 3 best known are: (1) the salicylic acid derivative of
Congo red called Chrysamine- G a drug that may protect from amyloid-beta (AB) induced
neurotOX|C|ty 4 and has been explored as a y-secretase modulator; (2) X- 34°a highly
fluorescent derivative of Chrysamlne -G and Congo red that is remarkably sensitive foramyloid
fibrils in histologic appllcatlons and (3) methoxy- X04, a derivative of X-34 that has proven
to be very useful for in vivo imaging with 2-photon microscopy applications in transgenic mice.

-10 ), addition, X-34 is the basic structural backbone for “BSB,” a compound that differs
from X-34 only by the addition of 1 bromine atom.11 BSB, like Congo red and PiB, has been
shown to bind AP ollgomers (albeit at solution concentrations many times higher than those
attained in PET studles) Slmllarly, “FSB” is a compound that differs from X-34 only by the
addition of 1 fluorine atom. FSB has been reported by 1 group to be an Ap plaque contrast
agent for magnetic resonance imaging, although this remains to be repllcated

The transition away from the Congo red derivatives such as the X-series began in November
1999. From that time through our present work with fluorine-18—labeled PiB derivatives, we
have synthesized and tested over 350 thioflavin-T derivatives. The first of these thioflavin-T
derivatives differed very little from the parent compound, but showed marked improvements
in properties important for an in vivo Ap imaging agent.15 BTA-1 was the seventh of the
thioflavin-T derivatives and was first tested with in vitro binding studies and ex vivo mouse
brain entry studies in April 2000, just 5 months into our thioflavin-T exploration program.
Whether it was blind luck or the fruits of persistence, no one can say, but the fact that it was
possible to chemically alter thioflavin-T in a way that not only resulted in excellent brain entry,
but also improved the affinity of the derivatives for Ap fibrils by more than 100-fold allowed
us to finally break through the barriers that kept human studies out of reach for the Congo red
class of compounds for over 10 years.

Being chemists and neuropharmacologists, the thought never occurred to us to stop at our
seventh compound. In fact, we continue to make new thioflavin-T derivatives in our fluorine-18
labeling program. We had made and tested approximately 100 compounds by early 2001, but
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BTA-1 remained the “lead compound” in February 2001 when the first meeting was arranged
with Bengt Langstrom, Director of the Uppsala University PET Center in Sweden. The purpose
of this meeting was to discuss initiation of the first human PET study using our amyloid tracers.
It was the combination of high affinity for AB fibrils in vitro and excellent brain entry that
gained top billing for BTA-1 in the early development work, and no compound had surpassed
this combination of attributes up to that point.1 So, in February 2001, [11C]BTA-1 was the
featured compound in the meeting with Langstrom that is memorable for several reasons, not
the least of which was the location— the swimming pool of a hotel near Bethesda, MD, where
Langstrom was consulting for National Institutes of Health. There was no swimming involved;
the pool area just happened to be the most convenient place to find a table for the laptop with
the presentation that described the properties of BTA-1. BTA-1 also was the topic of a
presentation at Uppsala University in April 2001 to Langstrom, his PET Center staff and
colleagues from other Swedish universities including Agneta Nordberg of the Karolinska
Institute. The meeting took place in a small conference room that also served as a museum of
sorts for some of the early hardware that Langstrom and colleagues had employed over the
preceding decades to pioneer radiotracer synthesis with high specific activity carbon-11. The
most fascinating of these was fashioned from a model railroad set. It was at this meeting that
BTA-1 first became known as “Pittsburgh Compound-A” or PiA.

Along with, “Whatever happened to Pittsburgh Compound-A?” a second common question
we are asked about our amyloid imaging PET program is, “Why were the first human studies
done in Sweden?” The simple answer to that question is that Langstrom and colleagues led the
field of PET imaging in the “microdosing concept."17 Because of their very high specific
activity, PET radiotracers are typically given in “microdoses” (ie, <10 pg) and subjects usually
receive only 1 dose/y and seldom more than 4 doses/y. To put this in perspective, it would take
10,000 doses of a typical radiotracer to equal the mass of drug in a single low-dose aspirin.
Basically, the microdosing concept holds that the preclinical safety evaluation of high specific
activity radiotracers should be tailored to how they are used and not judged by the same
requirements originally developed by regulatory agencies interested in assuring the safety of
therapeutic agents typically given in milligram or gram quantities. Langstrom and colleagues
led the efforts for these streamlined guidelines for the past decade, and Swedish regulatory
authorities led the way in defining special pathways for microdosing toxicology. The Food and
Drug Administration and other agencies have since adopted guidelines very similar to those
present in Sweden in 2001, as evidenced by the current exploratory IND mechanism for new
imaging agents.18 It is worth noting that we began the approval process for human studies
simultaneously in Sweden and in the United States in 2001, understanding that it would take
longer to begin our studies in Pittsburgh than it would to begin the Uppsala arm of this study.
That process included toxicologic evaluation of the lead compound funded by a special
National Institute on Aging (NIA) mechanism (NIA contract, NO1- AG-9-2117). Fortunately,
the portions of this toxicologic evaluation that were relevant for Swedish approval were
completed first and were critical in gaining approval for the Uppsala studies. Completion of
the remainder of these studies and eventual approval of the IND for PiB took several years
longer. Thus, collaborating with our colleagues in Uppsala not only brought their considerable
expertise in the development of new neuroimaging tracers to bear, it also speeded the evaluation
process by a period of years. As one of us (W.E.K.) pointed out in his Potamkin Prize
presentation, “PiB: From Uppsala to ADNI,” had PiB studies not been facilitated by the 2002
start of human studies in Uppsala, PiB would not have been sufficiently well developed for
inclusion in the Alzheimer’s Disease Neuroimaging Initiative (ADNI) 4 years later.

But the astute reader may already be thinking, “So, how did Pittsburgh Compound-A morph
into Pittsburgh Compound-B in the initial Uppsala human study and beyond?”” One writer of
this article (W.E.K.) gives full credit for that switch to his radiochemist colleague and coauthor
(C.A.M.). It was late 2001, and the Uppsala group had begun the final preclinical studies
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necessary for local regulatory approval of the compound they had christened “Pittsburgh
Compound-A.” NIA had already approved funding for toxicologic evaluation of Pittsburgh
Compound-A, when the suggestion came up at our weekly chemistry meeting something to
the effect of, “I’ve been looking at the data and thinking, and | don’t think BTA-1 is the best
compound. | think we should go with 6-OH-BTA-1 [the original name for PiB], because it is
cleared from normal brain much better.” It should not be surprising that this suggestion was
initially met with a degree of inertia on both sides of the Atlantic.

PiB was the 23rd compound synthesized and tested in our thioflavin-T program in July 2000,
so it had been on the (lab)books for more than a year before the first human study. The affinities
of Pittsburgh Compound-A and PiB were never convincingly different in binding studies using
AB fibrils or AD brain homogenates, but the more rapid clearance of PiB from normal animal
brain was evident very early on. The reason PiB did not trump Pittsburgh Compound-A from
the beginning, was that the brain entry of PiB was only half that of Pittsburgh Compound-A.
Perhaps it was the considerable difficulty encountered in getting Congo red derivatives into
the brain that made brain entry so greatly emphasized up to this point. We began to better
understand the fact that although the brain entry of PiB was only half that of Pittsburgh
Compound-A, it was still twice that required of a good tracer. The case was made as follows:
when compared with several other proven dopamine and serotonin neuroreceptor radiotracers
on “level ground,” PiB fit the profile of a good tracer and Pittsburgh Compound-A did not.
19 The “level ground” of this argument was clearance from the cerebellum of nonhuman
primates. The cerebellum contains essentially no binding sites for any of the radiotracers
considered. Thus, radiotracer pharmacokinetics in cerebellum primarily represents the critical
metric of clearance of nonspecific binding, permitting visualization and quantitation of specific
binding by increasing the target-to-background ratio throughout the brain. Despite the
understandable reluctance to make an 11th-hour change in the human study protocol, this logic
was most convincing. Pittsburgh Compound-A was out, and 6-OH-BTA-1 was in; carrying
the new name of “Pittsburgh Compound-B.” By January 2002, preliminary toxicologic studies
and animal physiologic studies with PiB were completed and Agneta Nordberg had identified
and evaluated the first subject for human PiB studies. The study was scheduled for February
14, 2002... Valentine’s Day. The first imaging subject was a relatively young woman whose
memory problems had forced her to stop working as a healthcare professional. Despite being
the first subject, she was later identified as “AD2” in the paper that described this initial human
PiB study.20 In Pittsburgh, we waited eagerly for word from our Swedish colleagues
throughout the day of February 14. It turned out to be a very “sweet” Valentine’s Day. The
first message we received was that the study was completed without incident. We then waited
with our Uppsala colleagues to see the first images that would not be ready until the following
day. Langstrom chose to call and give us the word on the phone rather than via e-mail. “I think
we have something to celebrate,” was the way Bengt shared the good news with us. In looking
at the images he e-mailed after the call (Fig. 1), it was immediately clear that the pattern of
PiB retention matched the expected regzional distribution of AB deposits previously
extrapolated from postmortem studies. 1-23 Some of us still felt the need to see a negative
study in the first cognitively normal subject before celebrating, and that came several weeks
later. Within months, the preliminary findings from the first 9 AD subjects, 2 elderly and 3
young controls were presented at the “Hot Topics” session of the International Conference on
Alzheimer’s Disease in Stockholm on July 24, 2002 by Henry Engler of the Uppsala University
team. A news story in Science4 described the presentation as follows: “At the conference,
images of the results audibly took the audience’s breath away: In healthy people, the marker
sailed right through the brain and...in people with early Alzheimer’s disease, the marker stuck
in the cortex, particularly in the frontal lobes and temporal-parietal areas, 2 of the brain regions
most damaged in the disease.” For us, it was a fulfilling moment that still burns bright in our
memory.
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The intrepid lady who provided that first glimpse of a human PiB PET image in 2002 died in
late 2007, and an autopsy confirmed what we suspected in 2002 when we viewed that first
image; PiB retention reflects the distribution of Ap deposits in the brain. This has now been
confirmed by 2 correlative autopsy studies in other patients.25'26 Perhaps it would be
overstating the importance of this first subject to the development of amyloid imaging to
suggest that she deserves a place beside the woman who provided the very first “images” of
AD before the disease even had a name, Auguste D—but perhaps not. One difference is that
our first Swedish volunteer had an Mini-Mental State Examination of 25 when she knowingly
and willingly agreed to accept the potential risks involved in this new study. We, along with
the rest of our field, are indebted to her and many subsequent altruistic volunteers for the
amyloid imaging technology that has become so quickly established. Some 2000 to 3000 PiB
scans later, those risks are now known to be essentially limited to the relatively minor risks
associated with the radiation exposure. Below is an excerpt of a letter of appreciation sent to
our first volunteer through the Swedish research team:

We would like to express our deep appreciation to you and your family for your
willingness to take part in the recent study conducted by Dr Nordberg...in Uppsala.
Because of the confidential nature of your involvement in this research, we will never
know your name and will never meet you. However, we do feel sincere gratitude for
your participation and would like to try to express that in this letter. ... As you know,
this study was the first evaluation of a new chemical substance designed to let us
observe specific brain changes associated with memory loss. Itis only through selfless
individuals such as you that medical scientists can push ahead the frontiers of research
and make discoveries that will improve the future care of patients like yourself.... We
believe the discoveries that began with your PET study on February 14, 2002 will
significantly change the way we approach memory loss in the very near future. We
hope these changes come in time to be of personal benefit to you, but they will surely
have an effect on those who may follow. You should take pride in knowing that you
played an important role in allowing these changes to begin. Thank you very much...

It seems clear that the imaging studies begun with this first volunteer have started to have an
effect on how we approach aging and dementia. PiB scans are now being performed in about
40 centers around the world. Conditions such as normal aging,27_29 mild cognitive
impairment (MCI),?’Ov31 AD,20,32,33 early-onset familial AD,34-36 non-AD dementias,3’~
40 and others#L have been studied with PiB PET. The inclusion of PiB in ADNI alongside
imaging stalwarts like structural magnetic resonance imaging and fluorodeoxyglucose PET is
a testimony to the rapid acceptance of this relatively new technology. Current work is focusing
on developing a fluorine-18—labeled PiB derivative for more widespread availability and
routine clinical use. In addition, several current antiamyloid drug trials now include a PiB
component to assess the efficacy of the drug on the Ap target. This will be the most important
role of amyloid imaging: facilitating the development of effective disease-modifying therapies.
The finding that MCI patients often have levels of PiB retention similar to that seen in AD,
coupled with the finding that at least 25% of cognitively normal elderly have measurable PiB
retention, suggests we will need to look in asymptomatic people to find the earliest stages of
AD pathology. It may be that we have to identify and treat people at this early stage to achieve
substantial disease-modifying effects. Our hope is that the benefit of PiB to which we alluded
in the letter to our first subject will ultimately be seen best in the development of new, effective
drugs along with the identification of the people who can best benefit from these drugs even
before the first symptoms of AD become clinically apparent. We would like to think that this
will be the answer to another question, “Whatever happened to Pittsburgh Compound-B?”

By the way, Pittsburgh Compound-A did finally make it into human studies. A German group
from the University Hospital in Ulm and the University of Mainz published a report in the
journal Nuklearmedizin in 2007 in which PiA (called [11C]BTA-1 in the report) was injected
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into 1 AD patient and 1 healthy control. There was increased uptake in the AD patient, but it
seems that our suspicions about poor clearance of nonspecific binding were correct.42 That’s
what happened to Pittsburgh Compound-A.
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FIGURE 1.

First human PiB PET images obtained on February 14, 2002 by Bengt Léngstrém and
colleagues at the Uppsala University PET Centre from the first volunteer (mild AD, Mini-
Mental State Examination = 25) recruited and evaluated by Agneta Nordberg and colleagues
at the Karolinska Institute. PET indicates positron emission tomography.
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