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DR. GW NN- HARDY: Pl ease take your seats. |It's
my pleasure this nmorning to introduce Dr. David Robertson
who is one of the coorgani zers of this workshop and the
chair of our final session. Dr. Robertson.
GENETI C DI SORDERS OF CATECHOLAM NE METABCLI SM
DAVI D ROBERTSON, M D.
VANDERBI LT UNI VERSI TY, NASHVILLE, TN
DR. ROBERTSON: Thank you very nuch, Katrina.
Katri na has gone nmany places and gotten educated in many
ways, but at Vanderbilt we still take credit for all the
good things you do, and as many of John Hardy's good
thi ngs as possi ble, even though he never was at Vanderbilt
as far as | know.
This nmorning we have a very good session.
think that we will present a variety of points of viewto
you. | will begin by a discussion of sort of the big
pi cture of autonom c disorders and where sonme of themfit
inin the great schenme of things, and then | will talk
about a particular one that is our great success story,
and that is DBH deficiency. |It's our great success story
because very quickly after identifying the cause of it at
a functional level we were able to treat it with great
efficacy, and that is the goal for all of the others.

(Slide.)

DR. ROBERTSON: | think it is often useful to
| ook at things the way, let's say, a cardiologist or a
general practitioner mght |ook at things, and they night



O©CoO~NO U WNPE

| ook at the cardiovascul ar continuum of autonom ¢ and
bl ood pressure abnormalities, and if they did that they
woul d cone up with a slide sonething Iike this, where the
great majority of people have normal bl ood pressure and
heart rate control

And so the vast majority of us are here in the
m ddl e, but there are sonme people at the upper end who
have hi gh bl ood pressure or hypertension, naybe 10 percent
of the population, a |ot of people, certainly, and then
there are sone people in the mddle that are called
borderline hypertension, or |abile hypertension, and they
woul d be in a group that are kind of on the borderline but
often go into this area at sone point in their illness.
This is a small end of the continuum in that the nunbers
of people here at the |ow end of the cardi ovascul ar
continuumin terns of blood pressure, they are relatively
l[imted in nunbers, and there is the severe ones that are
nost conparable to the hypertension that have | ow bl ood
pressure every tine they stand, and it's pretty severe
every tinme they stand.

So that is one end of the continuum and then

there is sonething anal ogous to this here that we cal
orthostatic intolerance. That's a term a very old term
a nonspecific termthat we often use for these people.
There's a newer termthat has been advanced especially by
Philip Lowe at the Mayo Clinic, but it is such a
conpelling term POTS, postural orthostatic tachycardia,
but that many patients conme and tell me now they have
POTS, and they don't nean tubercul osis of the bone when
they say that, either, so this is | think the nearest
thing to this, and so not all of the autonom c disorders
fit neatly into this schene, but this is sonmething that
many peopl e under st and.

Now, if you |l ook at this population here of the
peopl e who have tachycardi a when they stand, and usually
not hypertension, there are about a 1/2 million Anericans
who we are estinmating have that. The estimates go from as
| ow as 100,000 Americans to as high as 3 million
Anmericans, and that thirtyfold difference is driven by how
peopl e define this, whether they define orthostatic
tachycardia broadly, or narrowy, and then the people who
have | ow bl ood pressure every tine they stand, they have
orthostatic hypertension. There are about 100, 000
Ameri cans who seemto have a pretty severe case of that.

By a remarkabl e coincidence, we actually know a
great many of the -- at least in a superficial way we know

the disorders that characterize much of this. W don't
know t he pat hophysi ol ogies to characterize nost of these
peopl e.

There's one other big difference between the two
ends of the spectrum People at the high end of the bl ood
pressure spectrum are asynptomatic, so when people are
treated for high blood pressure the goal is not to nake
them feel any better. They already feel fine. The goa
is to prevent conplications 20 years into the future, but



both these categories here are quite synptomatic and nost
autonom ¢ di sorders are very synptomatic, so the goa
here, the therapeutic goal here is the here and now.
We're trying to make people feel better today. We'd like
to prevent conplications far into the future, but we have
very little data in nost of these entities to know if
we're able to do that or not.

(Slide.)

DR. ROBERTSON:. In this slide |I just wanted to
rem nd peopl e how dysaut onom as teach us about physi ol ogy
and pat hophysi ol ogy, and they do teach us a lot. There
are two things they do. First, there is anmplification of
signal in the absence of buffering reflexes. Things that
cause tiny perturbations in blood pressure in you and
me -- nmost of us are healthy in this room-- in people
wi t h dysaut onom as of various sorts there may be great

anplification of that signal, and we may di scover things
because of that. For exanple, only in the last 5 years
has the effect of water, drinking water on bl ood pressure
been di scovered.

You know, this is sonething you would think
m ght have occurred in the 17th Century, but it didn't.

It occurred in the late 1990's, and it occurred because of
the amplification of signal in people with dysautonom as
16 ounces of water raised blood pressure 40 mllineters of
mercury within 30 mnutes in this population, and then
when we went carefully and | ooked to normal subjects, and
| guess Dr. Jordan in particular was the one who nade

t hese cruci al observations, we found that there was also a
pressor effect of water in normal human subjects that just
never got into the physiol ogy textbooks.

Then, once you discover a phenonena |ike that
through the different nodels of dysautononias and seeing
how di fferent people, different kinds of patients react to
wat er, you m ght be able to go a | ong way toward deci di ng
where the nmechanismis |ocated and that's a process that
peopl e are going through now, so these teach us a | ot
about phenonena, they teach us a | ot of phenonenol ogy, and
they teach us a | ot of nechanisns.

Now, today | want to tal k about dopam ne
bet ahydr oxi de defi ci ency.

(Slide.)

DR. ROBERTSON. It was a syndrome initially seen
by us in a 33-year-old woman who had had severe | ow bl ood
pressure every tine she stood throughout her life, and
only was able to stand about 30 seconds without | osing
consci ousness, and so had spent her life seated in chairs
or on the floor alnmost all the tine, and she was able to
wal k sonme di stance, but | think very hard to get fromthis
podiumto the door for her under npbst circunstances.

The other thing about her is, she had ptosis of
the eyelids, as others with this di sease have had. She
had nasal stuffiness when she |lay down at night, that's a
sign of autononic inpairnment, and there was a conplicated
perinatal course. She could not open her eyes when she



was born. The physician felt she was going to die, and
told the famly to be prepared for that, but she survived
because she was placed in an incubator and so was able to
overconme the hypotherma, and | think the reason we see
t hese peopl e now and not before incubators were around is
that crucial element of heat control, so she survived al
of this, and survived to be seen.

Mal e subjects with this disease, | just put down
here at the end, have retrograde ejaculation also as a

synpt om
(Slide.)

DR. ROBERTSON: So in thinking about this
person, the way we anal yzed her was, we asked if the
pressor reflexes were intact. W can check that by having
a patient place their hand in ice water, half ice, and
hal f water, for 60 seconds. |If you do that, and you're
normal , you will raise your pressure about 20 or 25
mllimeters of nercury in 60 seconds, your hand in ice
water, but clearly, this wonan did not do that. |If
anyt hing, her pressure fell, so that indicated that her
nonodrenergi ¢ nerves were not doing their job to raise
pressure in this situation.

There are several things you can do to
understand what's going on in a patient like this.

(Slide.)

DR. ROBERTSON: One thing you can do is to draw
bl ood and | ook at norepi nephrine and its netabolites and
precursors, and another thing you can do is to actually go
into the neuron that is rel easing norepi nephrine and
nmeasure the electric activity. It is in fact not all that
difficult to do this in hunman subjects. The perinea
nerve is available, the |ateral aspect of the knee. You
can enter that and there are many fibers there that are
not nonodrenergic, but you can find the nonodrenergi c ones
because they fire in a sequence that is tied to the heart
rate, so if you find a nerve that is beating in sequence

to the heart in the leg, it's pretty nuch got to be a
nonodrenergi c nerve, and there's a | ot of evidence for
that that I won't go into.

And so we thought maybe this wonan has no
nonodrenergic nerves at all, so we did the test of
nm croneur ography. 1In a normal person, going from supine
to upright there's about a doubling of the burst per
second of nerve activity in a neurodronergic neuron, and
i nterestingly enough, in our patient, not only was there
an appropriate |level of electrical activity in her
nonodrenergi ¢ nerve, but perhaps even a little nore than
nost peopl e m ght have, perhaps because the pressure was
low, and in response to upright posture her activity of
her nonodrenergi c nerve went up just as it should do.

Anot her thing there could have been is a problem
with the receptors for norepi nephrine not being there.

(Slide.)

DR. ROBERTSON: That could be tested by given
al pha 1 or beta 1 or beta 2 agonists, and when we did that
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we found that not only were these present at 100 percent
activity, as they are in all of us, but actually they were
si xfold hypersensitive, so not only were the receptors
there, but they were there in abundance, and very, very
hyperfunctional, so the electrical activities in the nerve
and the receptors are there, so the problem nmust be sone

ot her pl ace.

(Slide.)

DR. ROBERTSON: Just | ooking at the
nonodr energi c synapse, normally dopa is made into dopam ne
in the cytoplasmthen punped into the neuron, or punped
into the vesicle where dopani ne beta hydroxyl ase is
| ocated and nmekes it into norepinephrine, and that
eventual |y gets packaged and released into the synaptic
cleft.

So a probl em anywhere along this pathway could
lead to difficulties, and so we | ooked to see if the
pati ent had norepi nephrine in her plasm, and we found
that the patient here had no norepi nephrine in her plasmg,
whereas normal |y peopl e woul d have 250 picograns per ml.

On the other hand, npst people who are healthy
have very little dopanine in her plasnmm, but this patient
had very high levels of dopam ne, and just eyeing these
two relative to each other, the dopani ne and
nor epi nephrine, you m ght wonder, is there stoichionmetric
repl acenent of norepinephrine by dopamine in these
neur ons.

We can test that by giving a drug called
tyram ne, which was alluded to yesterday by Maureen Hahn
Tyram ne rel eases neuronal catechunen stores, and al t hough
when we gave Tyram ne no norepi nephrine appeared in the

bl ood from neurons, a |ot of dopamine did, and that

i ndicated that the neurons were filled wi th dopani ne

rat her than norepinephrine, so it |ooked to us like the
DBH was probably -- since this was undetectable and this
was high, and this was somewhat high, it |ooked to us like
DBH was the likely villain.

(Slide.)

DR. ROBERTSON. The genetics, we have been able
to work out the genetics of it in the |last year, and we
find that there are basically three haplotypes that are
i nvol ved in the cases that have been studied so ar, so
you' ve got to have two bad copies of DBH to get this
di sease. This is the nost interesting one of them

(Slide.)

DR. ROBERTSON: | will just show you this, which
i ndi cates that whereas exon 1 ought to end appropriately
here, because of the change in nucleotide at this point
actually it doesn't end there, but a whole lot of intron 1
gets tied onto that, or renmains tied onto that, and so
that presents great difficulties for the patients, and we
initially reported the | owest |evels of norepinephrine
that had ever been reported, but as our assays becone
better we think we overestimated then, and we're not sure
there is even one nol ecul e of norepinephrine in the body



of these patients, so basically it's dopam ne in the

synapse com ng out of the nonodrenergic neuron. No
nor epi nephrine, just dopani ne

(Slide.)

DR. ROBERTSON. And so one thing that | thought
was extrenely interesting was that these patients had
conpl ete absence in blood, CSF in urine and
nor epi nephrine, epinephrine, norenetanephrine,
nmet anephrine, DHPG and VMA, and yet | think that anyone
in this roomcould talk to this person while seated for a
hal f - hour and not detect any cognitive or psychiatric
difficulties.

(Slide.)

DR. ROBERTSON. This is an exanple of where you
may be able to do sonething dramatically helpful if you
real |y understand nmechani sms, so when we knew t he probl em
and we knew all of the things that the patient had that
were workable we were able to take a drug, norepinephrine,
with a carboxyl group attached which is called LDOPS and
whi ch was nmenti oned yesterday by Dave Gol dstein and sone
others during the conference -- when we gave that drug to
the patients, whereas the norepinephrine was undetectable
on pl acebo, LDOPS gave nornmal blood | evels of
nor epi nephrine, so we chose this drug -- we chose this
drug because the carboxyl group would help us get it
absorbed fromthe stomach and get it past the liver.

It would still be a substrate for the
nor epi nephrine transporter, so it would get into the
neuron, and there's plenty of dobodecarboxylase in the
neuron to decarboxylate this and target the norepinephrine
right where it was needed, and you can also see that this
standing tinme, the anpunt of tine the patient could stand
noti onl ess without | osing consciousness rose from about 30
seconds to 600 seconds. 600 seconds is 10 minutes, and in
our clinic that is considered a cure. |If you can stand 10
m nutes, that is all we ask of anyone, so if you can stand
10 mi nutes you can wal k for an hour because of the
muscl es, and so this is really great.

And notice also that the actually the dopam ne
actual ly went down, perhaps because of feedback inhibition
of the tyrosine hydroxyl ase.

(Slide.)

DR. ROBERTSON. One of my teachers, Oto Kuchel
when he heard us report this disease said, why do you
think the blood pressure is lowin this patient? He said

that | believe with a straight face, and | said, well, you
know, this is the | owest norepinephrine ever seen in a
human being. | was |leaning toward that as the reason for

the | ow bl ood pressure, and he said, what about the
dopam ne, don't you think that dopam ne could be invol ved
in that, and so we discussed it and we deci ded that

dopam ne coul d be invol ved.
(Slide.)
DR. ROBERTSON: So we decided to give the drug



nmetyrosine. Metyrosine, which basic scientists frequently
call al phamethyl P tyrosine in the older literature. The
tyrosi ne bl ocks tyrosi ne hydroxyl ase and reduces dopa,
dopani ne, norepine and epi ne, and since norepinephrine
dom nates bl ood pressure in virtually all of you, in just
everyone who had been given this drug it had al ways

| onered bl ood pressure, but if you didn't have

nor epi nephrine and you only had dopam ne, and if that
dopam ne were | owering bl ood pressure, then nmetyresine
ought to paradoxically raise your pressure, which it had
never done in anyone before, and so Dr. Kuchel and

agreed that was the thing we would do

(Slide.)
DR. ROBERTSON. And rmuch to ny surprise at the
time, but -- and possibly even to his surprise we found

that the norepinephrine was | ow before and | ow after
metyrosine. That's no surprise the dopani ne was high
before netyrosine. W gave it to | ower dopamine, and it
did | ower dopam ne, but | ook what happened to systolic
supi ne pressure. It went from 110 to 165, quite a | arge
bl ood pressure increase, perhaps the highest bl ood
pressure this patient had ever had. W discontinued the

drug, because we were worried about how her bl ood vessels
woul d respond to that kind of pressure, never having had
it.

Mor eover, the patient's weight rose 1 kil ogram
suggesting that dopanmine in this patient was functioning
per haps as an endogenous diuretic, so | think it
reenphasi zed the great inportance dopanm ne may have, and
in my next-to-the-last slide --

(Slide.)
DR. ROBERTSON: -- let ne just suggest to you
that | still think that -- |'ve never been able to

per suade anyone, other than perhaps Dr. Axelrod of this,
but certainly |I've not been able to persuade foundations
for support for this, but | still think that dopam ne
bei ng raised during crises and famlial disautonom a, |
t hi nk we cannot ignore that, because we know dopamni ne can
cause a diureses and hypobulim a, and that you can get a
hypobul i mi c | abile hypertension

We know that it can cause vasodilatation in the
coronary arteries, the venal arteries, the nmasseteric
arteries, and the cerebral vasculature. W know that in
the CNS it can alter nmentation, and we know that through
the area postrenmmn, even at the edge of the blood brain
barrier can cause nausea and vomiting, so | think this is
one thing that | hope will get tested in famlia

dysaut ononi a by soneone in the future.

(Slide.)

DR. ROBERTSON: So in conclusion, autonomnic
di sorders lead us to the discovery of new phenonena and
mechani sms. They are very heterogeneous. There are
probably hundreds of genetic and acquired
pat hophysi ol ogi es out there to be discovered, especially
in the group with orthostatic intolerance, or POTS. Many



but not all of these disorders should one day be as
anenable to drug therapy as DBH defici ency.

Thank you.

(Appl ause.)

DR. ROBERTSON. Qur presentations this norning
are going to be diverse, and | think we will probably take

guestions at the end of the norning if that's okay, Dave.
We have a nunber of presentations this norning that | want
to just introduce you to briefly before | turn to our next
speaker. Two of these relate to orthostatic intol erance,
POTS-type entities. The first of these is NET deficiency,

by Linda Smith. The second will be neuropathic disorders
that Gris Jacob will present, and finally Jens Jordan
wi |l be tal king about genetics factors and Dan O Connor

about the genetic determninants of autonom c bl ood
pressure.
Let me start by introducing Linda Smith. The

power of the presentation by Dr. Peltzer yesterday | think
will come into play again, because there is nothing as
shaking to all of us as the experience of a real patient,
or a real nomwho has to deal with these devastating
di sorders, and Linda Smith is a great hero to all of us in
the autonomc field, because she has been able to in spite
of her illness, do a great deal, | think. Her web site
has established the National Dysautonom a Research
Foundation and the web site has | think becone a mgjor
cl eari nghouse for genetic autononic disorders and the way
people find a way to expertise around the country.
She is the sort of person who can call up the
Whi t e House and get the President to agree to cone and
speak at her conference. Not many of us have the gunption
to even undertake that.
But I will just stop here and introduce to you
Li nda Smith.
NET DEFI Cl ENCY: PERSPECTI VE OF A PATI ENT
LI NDA J SM TH, EXECUTI VE DI RECTOR/ FOUNDER
NATI ONAL DYSAUTONOM A RESEARCH FOUNDATI ON, REDW NG, MN

MS. SMTH:. Thank you, Dr. Robertson. 1'd like
to begin by thanking the National Institutes of Health and
Dr. Hardy for inviting me to speak with you today. | have

been asked to speak on the subject of the norepinephrine
transporter deficiency, not as a researcher or as a

physician but as a |ifelong patient of autonomc
dysfunction due to a genetic mutation of the
nor epi nephrine transporter

My talk today will focus on three areas. First,

I will let you know how t he norepi nephrine transporter
deficiency has affected nyself fromearly chil dhood,
adol escence, and adulthood. | will then give you a better

under st andi ng of the National Dysautonom a Research
Foundation and its role in providing patients with
autonomc, or with information and support on autonomc
di sorders, and finally | will share sonme observations and
possi bl e changes that could help to see inprovenents in
access to quality health care and inproved opportunities



for research into dysautonom as

The norepi nephrine transporter deficiency, which
I will nowrefer to as the NET, was identified as a
genetic nmutation in ny famly in 1999. M nother, three
sisters, including nmy twin sister, one brother, and one of
our children all carry this genetic nutation. 50 percent
of ny famly have been diagnosed with this condition

Al t hough | and other nenbers in ny famly
suffered fromsynptons often seen in orthostatic
i nt ol erance and neurocar di ogeni ¢ syncope, the type and
range of synptons are quite variable. All of us are
i npacted with changes in heart rate and bl ood pressure.

However, each of us is inpacted in a different way.

Each of nmy fam|ly nenbers lead fairly normal and
healthy lifestyles. Despite the belief of many physicians
that we're confused by the synptons prior to the discovery
of the NET nutation, none of us suffer from depression or
are addicted to drugs. W are not hypochondriacs, and we
don't fixate on our synptons. |In fact, my fam |y menbers
all have a tendency to ignore or dismss our synptons as
not hi ng nore than an i nconveni ence, or that everyone el se
in the world nust have the same problem

My early chil dhood included very infrequent
synmptons of syncope, high heart rates, nausea, vomting,

m grai ne headaches, fatigue, notion sickness, fevers,
severe joint pain, and gastrointestinal problenms. During
nmy adol escence, ny synptonms started to change. G owi ng up
on a huge dairy farmwe |led an extrenely busy life. CQur
chores began at 4:00 a.m every norning 7 days a week, 365
days a year. \enever | didn't feel well, I would
convince nyself that this was due to not enough sleep or
not eating for hours at a tine.

By the tine | turned 13, | began to notice that
nmy headaches becane nore severe, and | had nore trouble
concentrating or keeping nmy focus. | was able to keep up
with the other nmenbers of ny family and, in fact, likely
benefitted fromthe effects of the NET deficiency. On

many occasions | found it easy to keep pace, and had a
hi gher | evel of energy than the majority of ny famly and
nmy friends, but then there were also tines that | had
difficulty Iifting my plate, or walking fromone roomto
the next, and the sinple task of breathing seened
difficult.

Then during a routine physical examin 1980 at
the age of 17 | was told by a local physician that he
t hought | might have coronary artery disease. The
followp tests ordered by the physician were all nornmal
We were thrilled, and we moved on with our life.

About a year later, | noved to Los Angeles. |
noti ced changes in ny health once again, and | was
directed to see a neurologist to investigate what might be

causing nmy new synptons. | was experiencing an increase
i n headaches, dizziness, syncope, visual distortion
cognitive inpairment, and body trenors. Agai n, al

tests, including a CAT scan, revealed normal results. M



doctor in L.A was concerned about nmy synptons, but was
very confused as to how to proceed. | solved his problem
by nmoving again, this time to Florida

My nove to Florida brought about some new

problems. | noticed that the heat played a npjor role in
ny epi sodes, yet | didn't know why. At tines, ny standing
peri od was under 30 seconds. | |learned to avoid outdoor

activities but did not see a doctor for nmy synptons unti
several years later, when my husband noticed the high
heart rates with very little physical activity.
mai nt ai ned a very extensive exercise schedule, yet ny
heart rate rose rapidly just wal ki ng across the room

My physician ordered a holter nonitor, but l|ater
cancel ed the order upon learning | was pregnant. She
believed that it would be best to have the obstetrician
follow me during ny pregnancy, and assuned that this was
the likely cause of nmy many heart rate changes.

During my pregnancy, ny obstetrician found that
my bl ood pressures were abnormal and told ne that | had
toxemi a poisoning. | was confined to bed rest after ny
fourth nmonth of pregnancy and several nonths |ater
delivered a beautiful baby girl by Cesarean section
Unfortunately, | again experienced conplications that
caused t he anesthesi ol ogi st sone serious concerns. M
bl ood pressures during recovery began to rise rapidly, and
becanme so high that the anesthesiol ogi st spent over 3
hours with ne during ny recovery. He later told ny
husband that after spending 30 years treating patients, he
had never seen a response like mne to an epidural. He
enphasi zed to ny husband that we should follow up with ny
doctor regarding this unusual response once | was rel eased
fromthe hospital

After the birth of ny daughter, | began to
noti ce even nore change. | devel oped nore chest pain,
peri ods of slurred speech, dysfunctional sleep, trouble
keepi ng ny bal ance and wal king. | had burning pain in ny
arnms and | egs. Sonetinmes this burning pain would fee
li ke a thousand bee stings. | also began to have fainting
epi sodes that forced ne back to nmy famly doctor. A visit
to my fam |y physician reveal ed some unusual findings, and
he made arrangenents for a referral to a well-respected
nephrol ogist in Clearwater, Florida. The nephrol ogi st was
positively certain that nmy synptons were caused by a
pheochr onocyt oma

Agai n, countless tests were perforned. This
time, an MRl showed three small spots, which she believed
were fromthe mld strokes and was the cause of the
slurred speech, hesitant gait, nenory and swal |l owi ng
difficulties, and the headaches. The holter nonitor
recordi ng showed highly variabl e bl ood pressure and heart
rates that once again perpl exed ny doctor

After referrals to several neurol ogists and
cardi ol ogists, | was sent to a team of
el ectrophysi ol ogists. They realized | was having some
type of autonom c regulatory dysfunction. They worked



closely with me and provided referrals to a fanous
specialty center in an attenpt to find a solution and

restore me back to health.

I had one of the first tilt table exans on the
West Coast of Florida, and eventually had a pacenaker
implant in an effort to control ny heart rate changes. By

the tine | reached the age of 30, | had seen over 25
physi ci ans, had been hospitalized over a dozen tinmes, and
had countl ess tests and procedures. | had MAI's, PET

scans, col onoscopi es, echocardi ograns, EKG s, EEG s,
| apar oscopi es, EPS studies, a pacenmaker inplant, and
countl ess bl ood tests.

I had been seen by general practitioners,
neurol ogi sts, cardi ol ogists, electrophysiol ogists,
nephrol ogi sts, and gastroenterol ogists. | had been
di agnosed wi th vasodepressor syncope, coronary artery
spasns, epilepsy, Renaud's Phenomenon, Syndrone X, Sub-

Cl avian Steel Syndrone, and panic attacks. | was
prescribed nultiple nmedications: Atropine, |asix,
scopol am ne, cal ci um channel bl ockers, beta bl ockers,
nitroglycerine, tegretol, dilantin, and countl ess ot her
medi cat i ons.

It seened as though every doctor visit would
result in being referred to another specialist, or to
another facility for yet nore tests. At the age of 32, a
rel ocation for ny husband resulted in a nove to a new town
in Florida. During the first nmonth in our new town, | had

a major episode. | called ny husband to tell himl was on
a riding |lawnnmower nmowi ng the yard when | started to fee
crushing pain in the mddle of ny back, ny chest, and ny
left arm and the left side of my face was conpletely
nunb. | had great difficulty walking into the house.
When | did get into the house, | went into the bathroomto
take a cool shower, believing that maybe | was suffering
from heat exhaustion, or that maybe | had damaged one of
t he pacenaker | eads by nmowi ng the yard.

| | ooked into the bathroommrror. Both of ny
eyes were extrenely dilated and glassy, and the entire
| eft side of ny face was drooping. | had a difficult tine
breat hing, and ny heart rate was in excess of 150 beats a
m nute. M husband called nmy previous cardiol ogist, who
in turn called the EMS to our hone. By the tinme the EMS
crew arrived | was in a fetal position and had no feeling
frommy neck down.

By the tine | reached the hospital at 6:30 p.m,
I was seen by one ER nurse. Mre than 5 hours later a
physician came into the roomto exam ne ne. M sister-
in-law, a critical care nurse of 25 years, was present
with nmy husband. M sister-in-law was not happy that |
was not being nonitored or exam ned, and asked if it would
be possible for me to be given fluids. At 3:00 a.m, nore
than 10 hours after the episode began, | was finally given

fluids and was admitted to the hospital
The followi ng norning, I nmet a new doctor who



spent under 5 minutes with me and asked me three
qguestions, 1) how many children do you have, 2) what does
your husband do for a living, and 3) what insurance
conpany do you have? He took no fam ly history or bl ood
pressures, ordered nore than $10,000 in additional tests,
and then had a nurse give ne discharge instructions that
were as follows: return honme and take a nmultivitamin with
i ron.

My husband had not spoken with a doctor and was
concerned as to what we should do. We were in a new
conmuni ty, and did not know who to turn to. M husband
asked the nurse to please have the physician contact him
and give himsonme idea of what may have happened. \When
the physician did contact nmy husband, he informed himthat
he sees these types of synptons in many young wonen that
cone into the ER, and he was very surprised that | didn't
ask for drugs.

Then he proceeded to ask ny husband if | had any
psychol ogi cal problems. Wen ny husband asked, why woul d
he state this, his response was, well, your wife didn't
ook ne in the eye. Had he taken the tinme to ask, he
woul d have di scovered that when I am synptomatic | get
blurred or double vision, so | focus on stationary things,

things that don't nobve, not to nention keeping eye contact
is not a priority when you're feeling |ike you've just
been hit by a truck

After speaking to several people, | |learned of a
| ocal neurologist who is treating a well-known tennis
pl ayer for synptons that were simlar to mne. | was seen

in his office, where he told me that nedicine involves
some key concepts that are not always adhered to. At this
point, he told ne that he would take ne off al
medi cations, and that | would have to keep a daily
journal. He also told nme that it mght take some tinme to
find a cause for ny synptons, and he asked ne to be
patient with himas we worked together to find a solution

After 1 nonth of journal entries, and a study to
measure the blood flow to the brain, | was informed that
my synptons were indicative of autonom c dysfunction. |
then NORD, the National Organization for Rare Disorders,
and was given the contact information for Vanderbilt
Uni versity's Autononic Dysfunction Center

| proceeded to give Vanderbilt a call. Wthin 2
hours, | was in conversation with a very pl easant
physician fromlIsrael. He recomrended | be eval uated at
their facility. Wthin 2 weeks of our conversation, | was
di agnosed with orthostatic intolerance. | was told to
increase nmy salt and fluid intake, and to nodify ny

lifestyle to acconmpdate the synptons. After nore than 30
years of countless tests, physicians, and
hospitalizations, | finally had a diagnhosis and a
treatment plan that was begi nning to work.

Soon after ny diagnosis of orthostatic
i ntol erance, we relocated to a much cool er environment,
M nnesota. This seenmed to make all the difference in the



world. In retrospect, ny synptonms were always the worst
during the warmer M nnesota sunmers as a child, and when
had nmoved to California and Florida. M synptons today

i nclude periods where | amrelatively synptomfree,

foll owed by periods of flare-ups. Sone episodes are worse
than others, and sone require hospitalization

| have devel oped nore gastrointestinal problens,
and | also have erratic changes in body tenperature. M
sl eep pattern is nore dysfunctional, and | al so experience
nore breathing problens, but at |east now | have sone
ability to manage ny own health care and can enjoy a nuch
greater quality of life, and the know edge of know ng that
my condition is life-altering, but not likely life-

t hreat eni ng, has been extrenely reassuring.

Al t hough the discovery of the NET has not
resulted in any new therapy at this point in tinme, the
know edge that there is hope for future inprovenents based
upon this discovery is especially inportant to nme as a

not her who has a child with this genetic nutation

My ordeal in getting a correct diagnosis and the
tremendous cost to nmy famly was staggering. By the time
I was di agnosed wi th norepi nephrine transporter
deficiency, we had spent hundreds of thousands in nedica
bills, lost two hones, suffered the |oss of three
pregnanci es, ny job, and many of our closest famly and
friends, but despite all this, the worst aspect of ny
ordeal was in trying to convince everyone that | was not
maki ng these things up. It is difficult enough dealing
wi th chronic synptons, but when no one believes you, or
attenpts to tell you that you really need to see a
counselor, it makes it that nuch harder

It is especially hard to accept when it is based
upon a conpl etely subjective opinion based upon a 5 or 10-
m nute conversation with someone you have never net
before, and who knows absol utely nothi ng about you.
Unfortunately, | have |l earned that mnmy experience was not
the exception in this area but, rather, the rule. |
realized that someone needed to do something to help
i nprove awareness of these conditions and help patients
like nyself find better access to quality health care.
What if others could benefit from my ordeal ?

In April of 1997, after spending nearly three
and a half decades | ooking for answers and trying to get

hel p, | started the National Dysautononi a Research
Foundation, the NDRF. Wth help fromny husband, Dan, and
several |eading autononmi c experts we can provide
i nformati on and support to thousands of individuals and
their famlies worldw de, and will continue to advocate
for all forms of autonom c involvenent.

Qur web site is visited by as nany as 18 to
22,000 visitors each nonth. Many of these individuals
contact us frustrated, angry, and scared. Sone have
voiced that it would be easier to suffer in silence than
to keep trying to get help. CQur foundation provides
educational material ainmed at the patient and their



famlies, as well as information for nedica
professionals. W hold patient conferences, bringing
toget her individuals with all forms of autonomc
i nvol venent .

We have held CME sessions for physicians, and
have mail ed i nformati on about dysautonom as to over 25, 000
physicians in the United States. W recently published a
new book, the NDRF handbook for patients with
dysautononmias. Wth the help of Dr. David Goldstein, this
book provides a patient with a layman's guide to the
aut onom ¢ nervous system the disorders that can devel op
as well as diagnostic test and treatnent options.

The book al so contains some practica

i nformati on on coping with chronic illness, as well as
other tools that can help patients and fam |lies. The book
is available fromour web site as a free downl oad. Pl ease
feel free to informyour patients of this nost val uable
resource.

I would Iike to share a story with you on the
i mportance of education and support in living with
dysautonom a. A wonan recently contacted nme and told ne
she was on the brink of institutionalizing herself after
all three physicians recommended that she seek
psychol ogi cal help. This was due to her inability to
recall her nore severe episodes. Wen she visited with
her psychiatrist, he told her to NDRF web site. It was
there that she |learned that her synptons were real and
that countless others felt the sane way she did. She was
also able to find a physician within an hour of her hone
who was able to help her

Today, with a change in diet and a snmall anpunt
of nmedication, she lives a perfectly healthy lifestyle.
She is back working full-tinme, her marriage is doing well
and she was just inforned she's going to have a baby in
| ate spring. She has never felt better or been happier in
her life.

O course, not all forns of dysautonom as are so
easy to handl e and, as many of you know, sone have

devastating and life-threatening or life-ending results.
NDRF al so acts as an advocate to help find ways to inprove
health care and advocate for equity in research funding
for this population, but how do we inprove the current
syst enf? This last July, NDRF held a patient synposiumin
our Nation's capital. Patients and fanm |y nenbers
representing various autonom c di sorders spoke to key
Menmbers of Congress. Qur nessage was a sinple one, that
the nore than 1 million Americans inpacted with
dysaut ononi a deserve an opportunity to find adequate
health care, and that nmore fundi ng needs to be nade
avai | abl e for medical research

Qur congressional representatives heard from
parents of children with FD, from an individual who is
suffering from MSA, and from a young woman who had her
quality of life stolen by orthostatic intolerance. W
spoke to several key congressional |eaders about the need



to i nprove awareness of autonom c disorders and to inprove
access to the health care system W also discussed the
need for nedical schools to spend nore tine studying
di sorders that affect one of the npbst inportant systens in
the human body, the autonom c nervous system

We di scussed the overwhel mi ng nunber of wonen
and children inmpacted with these disorders, and the fact
that gender bias may play a role in keeping autonom c

di sorders low on the priority |ist.

We di scussed centers of excellence, and the
great need to have facilities established throughout the
United States, not just for one form of autonomc
i nvol venent, but for each and every form of autonomc
i nvol venent. These centers would al so hel p provide nore
opportunities for research efforts and reduce the cost for
treating patients with these disorders.

Keep in mind that, due to the | ack of
understandi ng within the nedical comunity, dysautonom as
are often not recogni zed and, as such, insurance conpanies
often refuse to cover the cost of the patient's treatnent.
Centers of excellence will vastly inprove this.

Qur visits on Capitol H Il nmet with great
success. W have conmitnments from key Senators from both
the Health and Appropriations Conmittees to help us in our
efforts. Senator Wel|stone has nmade a conmitnment to us to
find funding for centers of excellence, and to nake an
anmendnent to include dysautononias within the Socia
Security Administration. W will be working with these
Menmbers of Congress over the course of the next several
nmont hs to reach these goals, and we | ook forward to your
support and hel p through this process.

Finally, | close with this. Wwen | was in elenentary
school my teacher asked a small boy in our class to lift a

giant tranpoline. Obviously, he couldn't Iift it. Then
he asked all of us to gather around the tranpoline and
lift together. To our amazenent, we were not only able to
lift the trampoline, but we were also able to nove it
clear across the room Al were shocked at how light the
tranpol i ne was when it was |ifted together

My experience in finding a diagnosis for my form
of dysautonom a has been at tines a great test of ny inner
strength, but it has also taught ne how |ight the burden
can be when both the physician and the patient work
closely together. It is nmy hope that all of us lifting
toget her can help inprove the lives of all of those
i npacted with dysautonon as

Thank you.

(Appl ause.)

DR. ROBERTSON. Thanks very much, Linda. That's
very hel pful, and nmaybe you could just stay there in
preparation for questions a little bit later. | should
call attention to the fact that she's greatly hel ped by
Dan Smith, who nay want to stand back there, her husband.

(Appl ause.)

DR. ROBERTSON: | know that al so there's another



advocacy group here representing the patients with Shy-
Drager Multiple System Atrophy. Don Summers, do you want
to stand?

(Appl ause.)

DR. ROBERTSON. And | hope, if there are any
ot her patient advocate groups that are here that have not
had attention called to them please feel free to stand up
and tell us who you are. W don't want to overl ook
anyone. Okay, let me now go to the third presentation
and that is by Dr. Gris Jacob on Neuropathic Postura
Tachycardi a Syndrone. Dr. Jacob

NEUROPATHI C POSTURAL TACHYCARDI A SYNDROVE
GRS JACOB, MD.,D.SC., RAMBAUM MEDI CAL CENTER
HAI FA, | SRAEL

DR. JACOB: It is very inpressive, and it says
how sci ence and humani sm goes together w thout politics.
Sorry about saying that, but thank you for the invitation
for giving this talk, but neuropathic postural tachycardia
is one of the facilitating diseases that | have met in ny
training, and the nane is neuropathic postura
tachycardia, just recently introduced, and we're going
through this history, the long history, beginning with the
POTS.

(Slide.)

DR. JACOB: POTS, Postural Orthostatic Syndrone
is a chronic formof orthostatic intolerance. Othostatic
intolerance is defined when a patient has orthostatic
synptons occur in the absence of a major drop in blood

pressure.

(Slide.)

DR. JACOB: Many nanes have been hung on this
di sease, and many pathologies it seens to nme, and these
syndrones, Postural Orthostatic Tachycardia Syndrones is
the mai nstream nanme now, and they're nostly used by
physi ci ans and introduced in the textbooks lately.

Hyper adrenergi c orthostatic hypertension is said
about the status of these patients in ternms of bioclinica
status and clinical status. That's neaning they have
hyper and hi gh cat echol am nes often encountered.
Hyperdynam ¢ beta adrenergic state was introduced by
Freulich in the sixties, hydropathic hyperbulima in the
eighties, mtroval ve prol apse, Barlev's Syndrome formally,
has di sappeared fromtextbooks. Vasiloregulatory asthenia
also is an old nane, irritable heart, or Soldier's Effort
Syndrome, and sone of the patients with chronic fatigue
syndrone meet this criteria of autostatic intol erance.

That neans they are confused, they are sw mm ng
in a big, big swinmng pool with a |ot of these nanes and
lots of these allergies, but we are going to focus on a
smal | part of these patients. W defined, we all defined
POTS, postural orthostatic tachycardia as the autostatic
syndrones that chronically occur at |east for 6 nonths.

It has a remarkabl e increase in heart rate when standing,

nore than three beats per mnute, and the bl ood pressure



does not drop that nuch significantly with standing, and
t he normal or high plasma norepinephrine, and for
i nstance, no associated illnesses.

(Slide.)

DR. JACOB: The epideni ol ogy, as David stated
before, this disease affects nostly young wonen. The
incidence earlier is a 1/2 million Anericans and at | east
1 percent or 2 percent of the population. It occurs
mai nly after a viral infection. Some of them they report
EPV i nfections. Sone of them they claimthat they have
trauma delivery, blood transfusion before the occurrence
of the disease, although nost of the patients, they don't
recall any of these.

The synptons seens to be, or the di sease seens
to be disappearing with aging. W are not going to argue
about this finding.

(Slide.)

DR. JACOB: Here is visually what happens to
t hese patients when they stand. When they are |ying down
they are perfectly normal, and once they are standing they
begin with |ightheadedness, dizziness, blurred vision, and
then pal pitati ons, nervousness, and in nost of themthey
don't let the syncope occur because they know the synptons
and can lie down and avoid the occurrence of such an

event, and many of them they have mnorities of the
patients they have reduced quality of |ife and avoi dance
of long standing, and they quit fromtheir job for years
and nont hs.

(Slide.)

DR. JACOB: Here is the marker of the disease.
The marker of the disease, how we stated before, |ook at
the normal s when they're |lying down they have 65, 67 of
heart rate, and when they stood they increased the heart
rate by 15 beats per nminute and naintained 1 hour

Qur patients, the POTS patients, they have a
little bit higher heart rate when they are |lying down, but
when they're standing a remarkable increase. Sone of them
to 150, 180 at the beginning, and maintain that if they
can stand. These patients at |east stand for 1 hour, sone
of them and they maintain this heart rate consistently.

(Slide.)

DR. JACOB: This is how we stated al so before
that bl ood pressure, the nmean arterial blood pressure when
we put themon the tilt table for a while at 15 degrees,
30 degrees, 45, up to 75 degrees, the bl ood pressure
remai ned and changed al ong the green line and al so not
differently fromthe controls.

(Slide.)

DR. JACOB: Also, because of the disease, also

the orthostatic intolerance is called hyperadrenergic
hypertensi on, or hypertension. |In these patients we found
that they have hi gh catechol am nes when they stand. Here
is the level, here is the plasm concentration of
catechol anmi nes when they're lying down, 250 like they're
normal , sometimes they're higher, sonetines they're | ower,
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and it's doubled when they stand, or tripled when they
stand fromthe nornmals, neaning it's in the patients, as
we see it rises to levels of thousands. One of our
patients reached the 4,000 picogramper milliliter. It
sounds to be like ferachl omatsotoma, and nany of them

m st akenly they diagnosed as ferachl omat sot oma, and j ust
the site was never found.

And we ask ourselves the first question, and
this is the question for us.

(Slide.)

DR. JACOB: Wiy these patients, we just sinply
measure the norepi nephrine and just sinply spillover, how
much the spillover to the plasma norepinephrine, and we
found that these patients in green |ines, they don't
produce, or don't release nore norepinephrine than the
controls. That neans that the high catecholanmines in the
pl asma, they are not due to an overprotection, or
overrel ease of norepinephrine into the plasm.

(Slide.)

DR. JACOB: Meanwhile, the clearance of the
nor epi nephrine was surprisingly reduced. W just |ooked
at the steady state here, where we reached the steady
state. Here the kinetic steady state wasn't stable, and
we just | ook at these two points, 20 minutes standing and
30 minutes standing, and the changes in the cl earance.
The change in the clearance when we stand is reduced about
30 percent, and by that it is contributing to the high
nor epi nephri ne when we stand.

Meanwhi | e, our patients, they reduce about 50
percent, they reduce the clearance of norepinephrine.

That means they don't have a rel ease of norepinephrine.
We have decreased cl earance system cally of
nor epi nephri ne.

(Slide.)

DR. JACOB: W ask again the question, why that,
because they don't produce nore norepi nephrine that
controls. Let's give themtyram ne, and we give them
tyram ne, they require higher doses of tyram ne in order
to increase their blood pressure by 25 units. That neans
they require 30 percent nore tyram ne, nore controls in
order to reach the same bl ood pressure.

That nmeans these patients are tyram ne-
resistant, and if we don't have these nerves, naybe we
suppose these nerves don't function very well, let's try

to find what happened to the receptors, al pha and beta
receptors, and not surprisingly, others have the sane
finding. These patients, our patients, they require |ess
dose, or a half-dose of phenylephrine in order to increase
their bl ood pressure by 25 units. That neans they have
hypa, al pha 1 or hypa responsi veness.

I"'mafraid to say hypa specifically, because of
the buffering by receptors and other system c things
affecting this finding of the sensitivity, but when we
corrected this sensitivity, we still have al pha receptor
hyper responsiveness, or hypersensitivity.



Al so, the same thing, when we gave these
patients those we --

(Slide.)

DR JACOB: -- those responses to iso-beta
agoni sts we found in order to increase the heart rate hy
25 beats per mnute these patients also required half of
the dose that required the controls, that they are beta
hypersensitivity, and we know that iso activates, also
beta, activate the bowel reflex. Also we connected this
data to the bowel reflex activity, and we found the sane.
They're still beta-1 hypersensitive.

(Slide.)

DR JACOB: Thus, we find sinply that al pha beta
receptor hypersensitivity existed in these patients. Beta

receptor hypersensitivity, resistance to tyram ne

requi renent, higher doses of tyramine in order to increase
their bl ood pressure, high plasm catechol anmi nes at | east
on the subgroup of our patients, not to augnent the
system c spillover but to reduce system c cl earance.

(Slide.)

DR JACOB:. Ohers, they found the mld group
they have found by the QSART, the sweating test, that they
have reduced the sweating in |legs. They found by Hoel dt ke
the normal conduction galvanic skin test in the |egs but
not in the arns. Also Streeten has found that al pha AR
sensitivity in the veins of the |legs, and recently
Stewart, G na Stewart and Roy Freeman, they found that
these patients, they list, vasoconstrict the arteries when
t hey stand, but without abnormal vascular abnormality.

All these data, it is our life, and conduct us
to think about one thing to this hypothesis.

(Slide.)

DR. JACOB: Are all these data conpatible with
partial denervation of the autonomnmi c nervous system
controlling the cardi ovascul ar systenf?

(Slide.)

DR. JACOB: In order to test this hypothesis
(Slide.)

DR JACOB: -- we enrolled 10 patients that neet

the criteria previously defined, and 10 healthy controls,
conpared themto 10 healthy controls. These guys, all of
t hese subjects were put on place for 3 days on a
controlled diet, sodiumand potassium 2140 mlli -

equi valents of nitriumand 70 mlli-equival ents of

pot assium and then we instrumentalized themwth
inserting a brachial artery catheta, and anticubital vein
and fenoral vein also were cannul ated, and al so to sanple
bl ood fromthese sites, fromthe arns, fromthe |egs
locally, and we test our hypothesis with the spillover as
i ntroduced by Essler.

The one conpartnment nodel wi dely used and very
accurate, it is not so high, but acceptable specifically.
The I egs and arms of the blood flow were nmeasured with a
closive vein air plethysnography, and then they rested the
pati ents.



(Slide.)
DR. JACOB: And then we sanpled three tines,
based on the armand fromthe | egs, and sinultaneously

three tines before each there was -- I"mgoing to tell you
about them The nitroprusside infusion was given in order
to reduce bl ood pressure by 20 mllinmeters of mercury in

order to have this, in order to activate the bar reflex
and to increase the spillover locally and systemically in
the arnms and in the | egs, as NPT represents there.

The col d pressor test is a painful sonatosensory
reflex, as reflexes need the cortex, need the brain stem
need the psychol ogi cal effect of the patient, and that al
affects, they affect significantly the autonom c nervous
system and i ncrease the rel ease of norepinephrine
spill over everywhere in the body.

Then, when we finish these two tests, we all owed
rest for at |least 20 nminutes between each one, and then we
gi ve them systenic infusion of tyramine in order to
peri pherally rel ease the norepi nephrine fromthe end of
synapses wi thout central nervous system effect.

(Slide.)

DR. JACOB: Then we find our results showed that
the sane two groups, they required the sanme dose of NITP
They decreased the bl ood pressure simlarly by 19, 20
millimeters of nercury. The CPT was, the patients tended
to be nore sensitive, but it wasn't significantly
different. The tyram ne dose, as we saw before, the
pati ent required higher doses of tyramine in order to

i ncrease the blood pressure by 20 millinmeters of nercury.
(Slide.)
DR. JACOB: Then just -- | don't want to bore

you with a lot of data, just, we see that here is the
venous norepi nephrine in the legs only, and the fenora
vein, we see just a baseline before each stinmulus. W see

175 again 244. It was also surprisingly lower in the
femoral vein than in the controls in the veins, the
femoral veins in the controls. That is suggesting that
the rel ease of norepinephrine locally nmay be conprom sed,
but wi th norepi nephrine we cannot deduce these concl usi ons
because we know what is the kinetic problens of this data.

(Slide.)

DR. JACOB: Then we saw the arms and the
spillover baseline here. W also found the spillover in
the arns was |lower in patients before a CPT, before the
NBT, before tyrami ne. That neans baseline, before the
stimulus, it was significantly lower in three sanpling
monments, significantly in these three sanplings in
patients as conpared to the control

(Slide.)

DR. JACOB: Also, in the |egs the norepinephrine
spillover here was nore pronounced a baseline before each
stimulus, also that the norepinephrine spillover was | ower
in the legs of patients as conpared to the control

(Slide.)

DR. JACOB: We perceive the arns clearance,



baseline cl earance was pretty normal as the control. They
cl ear norepinephrine in the arnms normally, that they have
some preserved function as the controls of clearing that
nor epi nephri ne.

(Slide.)

DR. JACOB: Then we see that the clearance in
the legs is not preserved as in the arns. That is, sone
functional defect occurred in the | egs of these patients
as conpared to the control, that the clearance of
nor epi nephrine in the | egs was conpromn sed, again, like it
was t he norepinephrine spillover, but when we are doing
the stimulus of the cold pressor chest NPT and tyram ne
the normal spillover in the arns was again not
significantly different between the controls and the
patients. That neans the arns still preserve sone
functionality of the autonom c nervous system Meanwhil e,
the legs --

(Slide.)

DR. JACOB: -- and here we were very surprised
that the increnent of the spillover during the stinuli,
they don't increase at all norepinephrine. That means the
baseline was |ow, and also it was maybe the high
nor epi nephrine that the legs can release, and by that it's
very inpressive that norepi nephrine was not able to cone
out fromthese nerves if they existed.

(Slide.)

DR. JACOB: Let me summarize that the baseline
NSO is decreased in both extrenmities, legs and arms. The
baseline clearance is decreased only in legs. The |egs

failed to increase the NSO to the various stinuli.
Meanwhile, in the arnms it is still preserved, and we have
this again, that the patients required higher doses of
tyram ne to increase their bl ood pressure.

(Slide.)

DR. JACOB: W have to conclude that neuropathic
NPTS, the name cones fromthis conclusion, that the
presence of al pha AR hypersensitivity, resistance to
tyram ne, and reduced | ocal norepinephrine release in |egs
nore pronounced than in arms, strongly suggests that
partial disautononia does exist, and we call it partia
di saut ononi a, and neuropathi c postural tachycardia
syndrone, as we wi sh, and realize the physiol ogy of
i di opathic orthostatic intolerance in sone of our
pati ents.

Thank you.

(Appl ause.)

DR. ROBERTSON: W have one nore presentation
before the break, and then a presentation by Dr. O Connor
aft erwards.

Dr. Jens Jordan directs the Cinical Research
Center at the Franz Vol hard Institute in Berlin, and he
and Dr. O Connor will both describe simlar and
conpl ementary techni ques whereby there is di scovery of
genes involved in cardi ovascul ar regul ation
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GENETI C FACTORS | N BLOOD PRESSURE REGULATI ON
JENS JORDAN, M D., CLIN CAL RESEARCH CENTER
FRANZ VOLHARD KLI NI K, BERLI N, GERMANY

DR. JORDAN: First of all I would like to thank
the organizers for inviting me. | take care of patients
wi t h dysaut onom as, but personally | have never seen a
patient with fam lial dysautonom a, so this neeting was
really very instructive for ne and very interesting, and
think a good opportunity to get some new i deas.

As Dr. Robertson already indicated, | changed
the title of the talk and the focus of the talk a little
bit so it is not on genetics of blood pressure
regul ation -- blood pressure is regulated by many
di fferent mechanisns -- but rather on the genetics of
barorefl ex function in humans, so one inportant nechani sm
to control short-term bl ood pressure and one nmechani sm
that | believe is very inportant if you would like to
under st and genetic autonom c di sorders.

So the purpose of the baroreflex is very sinple.
The barorefl ex buffers bl ood pressure changes, and serves
two, has two inportant functions. One function is
mai nt enance of organ perfusion, so the baroreflex prevents
drops in blood pressure so organs, vital organs can be
perfused properly. Another function is protection from
excessive bl ood pressure increases, another inportant

function, and so how does the baroreflex do that?

(Slide.)

DR. JORDAN: This is a very sinple illustration
of the baroreflex in the neck and in the large arteries in
the neck. They are stretch-sensitive receptors. Wen
bl ood pressure changes, the stretch of these receptors is
al so changed, and the change is transmitted to the brain
via epherin nerve fibers, so the brain stem
cardi ovascul ar controls in the brain stemare inforned
that bl ood pressure is changing, and this information is
integrated with other information from higher areas in the
brain and | eads to adjustnment of the synpathetic activity
and parasynpathetic activity to the heart, to the
vascul ature.

So as bl ood pressure drops synpathetic activity
is increased, so heart increases, vascul ature increases,
and parasynpathetic activity is w thdrawn, which also
tends to increase heart rate, so the decrease in bl ood
pressure is buffered, and the opposite happens when bl ood
pressure increases. Wen bl ood pressure increases,
synmpat hetic activity is w thdrawn, parasynpathetic
activity increases, and we can neasure the activity,
al t hough we can neasure the regul ati on of the baroreflex
in humans, and this is illustrated in this slide.

(Slide.)

DR. JORDAN: So this slide shows our -- this is
related to heart rate and the activity of the synpathetic
nervous system when you change the bl ood pressure, so when
we i nfuse an agent that increases bl ood pressure, our
heart rate decreases. Wen we decrease bl ood pressure,
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the heart rate increases, so the interval shortens.
Simlarly, when we increase blood pressure, the
synpat heti c nerves are shut off, and when we decrease
bl ood pressure the synpathetic nerves are activated.

And | would like to point out that when we | ook
at this curve, which is signoidal, there are different
properties that we can describe. One property is how
steep is this curve, and this is often referred to as
barorefl ex sensitivity, and al so where's the subject that
we are |looking at right now, which is the so-called
operating point.

So the heart rate and bl ood pressure in the
resting stage, in the stage when we do this test, and al so
what is the range of heart rates and the range of
synpathetic activity that can be regulated, and if you
| ook at npbst studies we don't really get all this
information. All we know is how steep is this curve.

(Slide.)
DR. JORDAN: Now, why should we even bother to
t hi nk about the genetics of the baroreflex? | think as a

doctor | would say it should be clinically relevant, so
this reflex should be inportant enough that it nmakes sense
to understand it better, and | think the inportance of
this reflex is illustrated by patients, so there are

di fferent kinds of patients who have a very severe

i mpai rment and barorefl ex function.

(Slide.)

DR. JORDAN: One group of patients are
baroreflex failure patients, and these patients have
either lost their baro receptors through trauma or
degeneration, or they have |ost the epherin nerves that
transnmt the information frombaro receptors to the brain
stem so in these patients the brain does not know what
the bl ood pressure is, and so the bl ood pressure cannot be
adj usted. They cannot counterregul ate. \When these
patients are excited, or when they undergo physical stress
or psychol ogi cal stress the synpathetic nervous system
activity is increased, and so they have a huge increase in
bl ood pressure.

When they are addressed, synpathetic activity is
| ower, parasynpathetic activity is higher, so blood
pressure is low, and the heart rate may be so | ow that
t hey have brachycardia or even a systole.

(Slide.)

DR. JORDAN:. This is just one of these patients,

one of our baroreflex patients. That's the resting bl ood
pressure recording, so that's beat by beat bl ood pressure
recording and heart rate in the resting stage, so this
patient was just lying there doing nothing, and in healthy
subj ects bl ood pressure doesn't change nuch, but in this
patient, blood pressure really changes dramatically even

t hough the patient didn't do anything, so when you | ose
the epherin function of your baroreflex, this is
associated with great ability in blood pressure, blood
pressure surges, and severe synptons.



(Slide.)

DR. JORDAN: So another group of patients has a
| oss of epherin function, so the brain knows, perhaps,

t hat bl ood pressure is changing but the brain can't do
anyt hi ng about it because the connection through the
periphery is lost, which may be due to neurodegeneration
in the brain stem naybe a | oss of peripheral nerves or
as Dr. Robertson indicated, just an inability to produce
or release neurotransmitters.

(Slide.)

DR. JORDAN: So these patients have conpletely
different synptons but al so very, very severe synptons.
This is one of these patients, a patient with pure
autonomic failure, a |oss of peripheral autonom c nerves
in this patient.

This is again a blood pressure recording, the
beat by beat bl ood pressure recording and heart rate, and
t he supine position in this patient, the blood pressure is
actual ly higher, but when she stood up the bl ood pressure
decreased dramatically to very low |l evels and she was not
able to stand for nore than a few m nutes, and ot her
stimuli also caused a great drop in blood pressure, for
exanpl e, food intake, exercise, so the |oss of epherin
function of the baroreflex also has a major inpact on
health and on quality of life, so | could conclude it
makes sense to | ook at this, so conplete interruption of
the barorefl ex arc causes very dramatic changes in bl ood
pressure and heart rate regulation. Even very subtle
changes in baroreflex function produced by genes perhaps
may have a substantial effect.

(Slide.)

DR. JORDAN: So it mmkes sense to | ook at the
genes that influence baroreflex function, but are there
any genes? Do we have any evidence to suggest that the
genetic effect on baroreflex function is strong?

One approach to look at this is doing twin
studi es, so when you conpare nonozygotic and di zygotic
twins you can get an idea how strong a certain neasure is
i nfl uenced by genes. Monozygotic twi ns share 100 percent
of their genes, so when a certain nmeasure, in this case

the baroreflex, is influenced by genes, you woul d expect
that they are very simlar. Dizygotic twins share only 50
percent of their genes, so you would expect that they are
simlar, but not as simlar as nbnozygotic twins. That's
what we did.

(Slide.)

DR. JORDAN:. That is a pretty conplicated table,
but it shows the results of one of our twin studies, and
these are nonozygotic twi ns and dizygotic twins, and as
i ndi cated on here, several noninvasive neasurements to
determ ne the baroreflex control of heart rate, and that
is just the baroreflex slope, so just one of these many
nmeasures that deterni ne how your baroreflex works.

Over here, that's the correlation coefficient
bet ween siblings, so basically the higher this value the



nore simlar are the twins, and the |lower this value, the
less simlar they are, and very obviously, the nonozygotic
twi ns have nuch higher values for these baroreflex
sensitivity neasures than the dizygotic tw ns.

You can use, and you can cal cul ate sonething
that is called heritability, which gives you an idea how
much of the variability in this neasure is influenced by
genes, and it's a very strong effect, so the baroreflex
sensitivity is strongly influenced by genes, even though
we don't know the genes at this point, and when we adj ust

for other things that influence baroreflex function |ike
body wei ght, bl ood pressure, age, physical activity, this
effect remnins strong, so there are genes that influence
baroreflex function in humans, and the effect is strong
enough that it nmakes sense to ook at it.

(Slide.)

DR. JORDAN:. There are some other data fromthe
twin studies fromother groups, and unfortunately we don't
know whet her or not the regul ation of the synpathetic
nervous systemis also strongly influenced by genes, but
there is sone evidence. W know, for exanple, that
resting venous norepi nephrine and resting venous
epi nephrine levels are strong influenced by genes. W
al so know that resting synpathetic nerve traffic
deternmi ned by m cronography is also influenced by genes,
so the set point of the baroreflex is strongly influenced
by genes. CObviously, we would like to know nore about
this.

(Slide.)

DR. JORDAN: Now, if it is influenced by genes,
what are the genes, and we have different types of studies
that give us sone very raw i deas. W have data from
nonogeni ¢ di seases, and we have data from |l arger healthy
popul ati ons, so-called association studies.

(Slide.)

DR. JORDAN: And first | would like to point out
that there is really a huge nunber of genes that has sone
potential to influence baroreflex function that has the
potential to cause dysautonom c synptons. For exanpl e,
connective tissue, changes in connective tissue, genes
m ght change how the baro receptors are stretched, or how
the bl ood vessel reacts to the synpathetic nervous system

lon channels are extremely inmportant in the
excitation of nerves and the excitation of bl ood
vessel s. and the regul ation of neurotransmitters really
is -- of course, neurotransmtters could be changed as
i ndi cated by Dr. Robertson, neuronodul ators, so many
subst ances nodul ate how the baroreflex is operating,
receptors, transporters, and so on, so there are nany
potential candi date genes that m ght influence baroreflex
function.

(Slide.)

DR. JORDAN: Now, one disorder that we were very
interested in is a disorder in which affected fanily
menbers have hi gh bl ood pressure, and bl ood pressure



i ncrease dramatically as they get older, and they al so
have brachydactyly, and so short fingers, and we found
this famly in Northeastern Turkey, and the fam |y menbers
died at a very early age, so one of our interests was, why
do they have hi gh bl ood pressure, and so these patients,

Tank and others studied these patients in Northeastern
Turkey in a genetic field study, and one interesting
finding was that when we determ ne baroreflex
sensitivities, how the baroreflex was able to contro
heart rate.

We found at a very young age they had a
reduction in their ability to control heart rate properly,
and so the affected fam |y nenbers had | ower baroreflex
sensitivities than the nonaffected fanm |y nenbers, and
whereas at an earlier age it would be dimnished, so it
really is very inportant not to just | ook at genes, but
al so | ook at other factors that night nodul ate how t he
genes were operating.

(Slide.)

DR. JORDAN: Now, in a laboratory study in a
smal | group of these patients we neasured nonogenic
hypertensi on, and unfortunately we didn't determ ne the
synpathetic sensitivity at this tinme, but we observed, so
these bursts are bursts of synpathetic activity in the
bl ood vessels. The synpathetic activity was not increased
conpared with nornotensive controls, or hypertensive
control subjects, but blood pressure was increased, so the
set point of the synpathetic nervous system or the
synpat hetic refl ex had changed.

(Slide.)

DR. JORDAN: And well, of all of these changes,
you woul d expect the buffering function of the baroreflex
shoul d al so be different, and that's a pretty conplicated
met hod to | ook at the buffering function of the
barorefl ex, but what we basically did is, we determ ned
how sensitive the hypertensive patients and the contro
subj ects were to a vasoconstricting agent, how high is the
dose that you need to increase bl ood pressure by 12.5
mllinmeters of mercury, and in the hypertensive subjects
at baseline we did need nmuch | ower doses to obtain the
same increase in blood pressure.

And then we got rid of the baroreflex, so we
i nfused again a blocker to interrupt the baroreflex and
sai d, how sensitive are they when the baroreflex is gone,
and then they were rather sinmilar, so the baroreflex had a
much greater inpact on how sensitive normal subjects are
t han how sensitive these hypertensive subjects are, so
really all these changes are associated with a |oss of
barorefl ex function, of baroreflex buffering function, so
the gene that caused this syndrome influences baroreflex
function.

(Slide.)

DR. JORDAN: Now, there are sone other things
t hat have been shown to influence the baroreflex function
and that is, there is one disorder that is called the



WIllianms Syndronme, which is caused by an elastin nutation
and so nutation that is likely to influence the nechanica
properties of blood vessels in the neck, and Grard and
col | eagues | ooked at the sensitivity control subjects
using di fferent nethods, and these affected patients, and
they found a reduction in the baroreflex sensitivity, so
there seens to be another gene that is inportant for
barorefl ex regul ation.

(Slide.)

DR. JORDAN: O course, these are data from
Hilz, and he was so kind to provide ne with this data
yesterday. O course, famlial dysautonomia it is another
di sorder that is associated with baroreflex control of
heart rate, so when the LF, which is basically a neasure
for the heart variability caused by autonom c innovation
of the heart is lower, it increases the control subjects
conpared with the FD patients. It increases dramatically
in healthy subjects when you stinulate the neck using a
neck suction device, but it does not increase in the FD
patients, so that's another inportant gene that influences
barorefl ex function in humans.

So these are rare disorders, but we have | earned
that very often the genes that cause rare disorders al so
are found in the general population.

(Slide.)

DR. JORDAN: | think, for exanple, |ooking at
het erozygotes woul d be very inmportant. Perhaps that m ght
al so have an inpact on bl ood pressure and heart
regul ation.

There are al so sone studies | ooking at |arger
heal t hy popul ati ons, and one gene that has been found to
i nfl uence baroreflex control of heart rate is the
al dost erone synthase gene. | don't know, | have no idea
how this gene influences it, but it seems to do it, and so
when you have two copies of the TTLE you have nuch hi gher
you have higher baroreflex sensitivity than when you are
het erozygous, or when you have two copies of the CCLE, so
that's one part in a gene that influences baroreflex
sensitivity in the general popul ation.

We found anot her gene, and | have to say we
didn't really expect that baroreflex function was
i nfluenced by it. The main reason we were interested in
this gene, which is the beta subconmponent of a keratin-
activated potassium channels, that we thought that it
m ght be very inportant in the regulation of vascular tone
and bl ood pressure regul ation.

And what we found was that polynmers in this gene
did not influence bl ood pressure nmuch, but they influenced
baroreflex sensitivity, and these are different neasures,
so that the baroreflex sensitivity is determ ned by the

so-cal |l ed sequence nethod, and they both show that
different alleles are associated with different
sensitivities, and the interesting part of this is that it
only involves very rapid changes in heart rate, so smaller
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changes in heart rate elicited by the baroreflex were not
i nfluenced by this gene, so it's really a selective effect
on very rapid changes in heart rate.

(Slide.)

DR. JORDAN: So | would Iike to conclude that
genes influence clearly baroreflex bl ood pressuring
buffering, genes influence baroreflex heart rate control
and there's al so some evidence to suggest that baroreflex
control of synpathetic vasonotor tone is influenced by
genes, but we don't have very good data on that yet.

This genetic effect can be selective, as shown
inthe lab. It may just involve one aspect of baroreflex
function and, for exanple, this Turkish famly, the |oss
of baroreflex buffering function was nuch greater than we
woul d have expected fromjust |ooking at the heart rate
control by the baroreflex.

So certain genes may just influence a certain
aspect of baroreflex regulation, and there are severa
human barorefl ex genes, but there are probably many, many
nore. One of these genes is the elastin gene, one of them
is the gene that causes fanilial dysautononmia, one of them

is the beta subunit of the potassium channel and the

al dost erone synthase, and the hypertension and
brachydactyly gene, which hasn't been identified yet, is
also a gene that is likely that it influences baroreflex
function, and all the genes that influence baroreflex
function may also be inportant in famlial dysautonom c

syndr ones.
Thank you very mnuch.
(Appl ause.)
DR. ROBERTSON. Thanks very nuch, Dr. Jordan
W will in just one second take a 10-minute break. Before

we do break, let ne ask those of you who have noderated
the sessions yesterday and today to be thinking about
summary statenments or key things that mght be a part of
t he di scussion of Dr. Guttrmacher in an hour or so from
now, so let me let you go ahead and take your 10-m nute
break and then conme back for Dr. O Connor's presentation

(Recess.)

DR. ROBERTSON. It's a pleasure to introduce the
| ast speaker, Dr. Daniel O Connor, who is always a little
ahead of the curve. He noved fromthe clinical end of
things into nol ecul ar biology and he has noved into
genetics now, so we know that's an inportant area to go
i nto.

It's a pleasure to introduce Dr. Danie

O Connor, professor of nedicine and pharnmacol ogy at the
University of California at San Di ego. Dan
GENETI C DETERM NANTS OF AUTONOM C BLOOD PRESSURE CONTROL
DANI EL O CONNOR, J.D., UNIVERSITY OF CALI FORNI A,
SAN DI EGO, SAN DI EGO, CALI FORNI A

DR. O CONNOR: | think I al nost know how to use
al nrost all of the gadgets, and I'mthe fossil with the
sl i des.

(Slide.)
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DR. O CONNOR: So anyhow, it's kind of neat for
me to be invited to a neeting like this, because | spend
nost of ny tine on the high end of the blood pressure, and
I run a hypertension programat USCSD and the VA in San
Di ego, and don't spend as nuch tinme as | shoul d thinking
about the other end of the bell curve, |ow bl ood pressure,
or dysautonom a, and so as not to overlap what Dr. Jordan
tal ked about in the last lecture |I've changed the focus a
little bit to talk about some of our studies in
cat echol am ne storage vessels and, in particular, the
genom ¢ basis of some alterations we've noticed in
cat echol am ne storage vessels that seemto have
inmplications for patients with high bl ood pressure and
thus mght well have inplications for patients with | ow
bl ood pressure.

So |I've been interested in blood pressure for a

long tine, and | took a pretty strange route to high bl ood
pressure, in particular, catechol am nes.

(Slide.)

DR. O CONNOR: | got hooked on the study of
cat echol am ne storage vessels a nunber of years ago, and
this is a transm ssion electron mcrograph obtained froma
tumor of a patient with a catechol am ne di sorder
pheochr onocyt onme, a neopl asm of the adrenal nmedulla, which
results in excessive secretion of catechol am nes and
therefore high blood pressure, and these are typically
beni gn tunors of the adrenal nedulla which can be
resected, resection of which basically cures the patient,
and | got interested in these vesicles basically in two
di mensi ons.

There are these nenbrane-delimted particles
whi ch | ook |ike disks, their electron dense core. In
t hree di nensions, of course, they would be spherical, and
fromtunors such as this, or fromnormal sources such as
brain or synpathetic nerve or adrenal nedulla we devise
met hods for purifying catechol am ne storage vesicl es using
density gradients, isopycnic density gradients, and these
are isol ated catechol am ne storage vesicles.

The trivial nane that they pick up in the
adrenal nedulla is chromaffin granules, so naned because
of their norphol ogi c appearance, the granule, and their

staining. They basically, with chromumsalts they wll
stain brown on light mcroscopic sections.

And if you | ook at these, we got kind of curious
about what might be inside these vesicles so as to give
this el ectron dense core appearance, and if you suspend
cat echol am ne storage vessels in distilled water they're
pretty good osnoneters. They explode. Put themin the
ultracentrifuge and spin out the nenbranes, you're |eft
with a soluble core, and the proteins that you find in the

sol ubl e core were pretty ill-described up until about 20
years ago

One of them Dave Robertson has tal ked about
pretty extensively. I1t's the enzyne dopam ne

bet ahydr oxyl ase, which results in the betahydroxyl ation of



dopami ne to formthe neurotransnitter norepi nephrine, and
that process takes place right inside the catechol ani ne
storage vesicle, that very |last step in norepinephrine

bi osynthesis, but what |'ve done here is to take the
proteins in the core of the vesicle and fractionate them
first by charge and then by size, and then Kounmasy bl ue
stain them and | think you see the major proteins in the
vessel core, not DBH, but this group of proteins that have
been call ed the chronogranin, so named because they were
initially described in chromaffin granules, the
gquantitatively major one being chronogranin A, another one

of higher nolecular mass being chronogranin B

Well, we spent a long tinme plucking and
sequenci ng CDNA's for these proteins, and we found that
they are pro-proteins, and in particular there is a region
wi thin chrompbgranin A which is highly honol ogous across
speci es, which is bounded by paired basic residues, which
are the usual cleavage sites, recognition sites for
prohormone processing proteases, which liberate a peptide
whi ch has an interesting biological activity, probably
rather interesting for this audi ence.

It's a fairly powerful inhibitor of synpathetic
outflow and, in particular, of catechol am ne release from
chromaffin cells and post ganglionic synpathetic nerves,
and what we've done is to |ook at the activity of this
region in vitro, and what |'ve done here is to take
chromaffin cells, which are sinply highly nodified post
gangl i oni c synpathetic nerves, as one way of | ooking at
them | load themw th norepinephrine, in particular
tritiated norepi nephrine to | abel their vesicular stores.

And then | trigger the rel ease of
nor epi nephrine, and the neurotransmitter | use to trigger
the release is typically acetyl choline, because if you
t hi nk about a chromaffin cell or a post ganglionic nerve
sitting in apposition to the spinal cord, it's innovated
by the preganglionic nerves which emerge fromthe cord

which utilizes their main neurotransmtter, acetylcholine,
whi ch diffuses across the cleft and then interacts with
nicotinic cholinergic receptors of the neuronal variety,
whi ch are basically extracellular elongated cation
channel s.

So | trigger release with nicotine as anal ogue
of acetylcholine, the natural neurotransmtter, and then
when | include this peptide in the incubation | can pretty
conpletely inhibit catechol anmine release fromchromaffin
cells with an I C-50 of around 200 nananore, and we began
to call this peptide catestatin because of its ability to
i nhibit catechol am ne rel ease fromchromaffin cells and
synpat heti ¢ nerves, and through a variety of agonist and
ant agoni st studi es, teasing out signal transduction within
chromaffin cells or synpathetic nerves, we've cone to the
conclusion that the site of action of this peptide
catestatin is on the nicotinic cholinergic receptor
itself, which is, of course, the initial trigger towards
cat echol am ne secretion fromchromaffin cells or



synpat heti c nerves by virtue of responding to the
preganglionic nerve transmtter acetylcholine, one of the
maj or transmitters in the preganglionic nerve. Now --
(Slide.)
DR. O CONNOR: So the conclusion we've cone to
is that perhaps the catestatin mechani smcould be an

autocrine negative feedback break on catechol am ne

rel ease, thereby nodul ating neurotransnmitter release into
synaptic clefts so as not to oversecrete and overload the
cleft in the presence of previously secreted
neurotransmtter, and in terns of this Larson cartoon
maybe the chromaffin cell and the post ganglionic

synpat hetic nerve have finally acquired the brain whereby
they can nodul ate their secretion as appropriate, and what
he's saying here is alnost off-scale stinulus response,

stimulus response, don't you ever think. WelIl, now maybe
we' ve di scovered a nechani sm whereby the cell can think.
(Slide.)

DR. O CONNOR: We spent a lot of time on the
structure and function of this peptide, and by both
honol ogy nodel ing and by enpirically derived structure,
the nucl ear magnetic resonance structure, it would appear
to have a | ooped strand structure, and at the tip of the
| oop are position 3 argonines with their very cationic
si de chains, which seemto be an inportant part of the
action of this peptide. |If you nutate any one of these
three argonines the activity of the peptide as a
cat echol am ne rel ease inhibitor declines substantially.
(Slide.)
DR. O CONNOR: The peptide seens to be active in
vivo. These are sone studies in instrunented rodents done

at Mke Siegler's |lab at USCSD Medi cal Center in which he
triggers graded increnents of epherin synpathetic outflow
by central synpathetic stinmulation, with consequent rises

in blood pressure. In the presence of catestatin these
bl ood pressure rises are blunted.
(Slide.)

DR. O CONNOR: These are sonme experiments that
we did in our own lab. We're looking at the in situ in
vivo perfused adrenal gland in a rodent, in a rat, and one
can trigger increments of norepinephrine or epinephrine
rel ease fromthe adrenal gland in this intact noving
rodent using varieties of preganglionic stinulation
i ncluding electrical stinmulation of the preganglionic
nerve, or the usual transmtter, acetylcholine, or its
anal ogue, nore specific to the nicotinic receptor. In
each case we get triggering of catecholanine relief. In
each case in the presence of catestatin there's blunting,
so the peptide does seemto be active in vivo.

Now, | work on a hereditary disease. The
hereditary disease | work on is high blood pressure, and
in my clinic about 70 percent of our patients give us
positive fam |y histories in a first degree relative, nom
or dad, or brothers and sisters. There's a clear fanilia
conpl ement. However, it's not quite so sinple as nmany



hereditary diseases in terns of its pattern of

transm ssion. |It's not a sinmple Mendelian single |ocus
di sease. It's not |ike Huntington's disease, or cystic
fibrosis. 1It's not an autosomal dom nant or recessive,

and in fact it's quite conplicated, and likely to be
pol ygeni c.

So we wondered if we might begin to explore the
catestatin nechanismin patients with high bl ood pressure,
so we neasured catestatin by regi on-specific radi oi muno
assay in people with high blood pressure and in people
wi th normal bl ood pressure, and we also stratified them by
their genetic risk of hypertension, or famly history of
hypertension. That is, the hypertensives in this group
all had positive famly histories of hypertension. The
nor not ensi ves had negative famly histories, and you can
see that there's a substantial difference in the plasm
concentration of catestatin, and since the job of this
pepti de seens to be inhibition of catechol am ne rel ease,
then the deficiency of this peptide would be a plausible
pr ot ohypertensi ve mechani sm

But | o and behol d, when we | ooked at the stil
nor not ensi ve of fspring of patients with high bl ood
pressure, that is, normal bl ood pressure but positive
famly history, already these individuals displayed
evi dence of deficiency in catestatin, suggesting that this
m ght not be a very late response in people with high

bl ood pressure, but mght be a very early or even
prehypertensi ve event in the | ong-term pathogenesis of
their trait or disorder.

(Slide.)

DR. O CONNOR: To gather evidence that this
deficiency mght, in fact, be physiological, or mght, in
fact, have sone inportance in human beings in vivo, we
| ooked at the adrenal medulla secretion of epinephrine and
we chose the urine as basically the scavenger that handl es
epi nephrine once secreted into the bl oodstream because we
could |l ook at |onger term changes in epinephrine secretion
and integrate them over a period of several hours, and
when we | ook at the urinary excretion of epinephrine in
patients with high blood pressure, it's elevated as
conpared to their nornotensive counterparts.

And this then once again is a protohypertensive
mechani sm but interestingly enough, those nornotensive
of fspring of the patients with high blood pressure, as
long as they have a positive famly history, even though
their bl ood pressure currently -- and these are typically
people in their twenties or thirties -- is quite nornal
al ready they displayed this elevation in epinephrine
secretion, and this then | think goes hand-in-glove with
the catestatin nmechani sm and suggests that perhaps
catestatin might be acting in vivo, as an autocrine

suppressor of epinephrine release fromchromaffin cells in
t he adrenal nedul | a.
(Slide.)



DR. O CONNOR: To further explore the
significance, the possible significance of this nechanism
in vivo, we wanted to see if we could link it with sone
physi ol ogi c, as opposed to sinply biochem cal changes, and
there's the hypothesis that has been floating around in
the hypertension world for a couple of decades that
per haps people with high blood pressure initially are
nor not ensi ve, but they're predisposed to interact with the
environnent in adverse ways, such that with typica
envi ronnental stressors, whether those be psychol ogi ca
stressors or physical stressors or dietary stressors or
ot her ki nds of maneuvers that perhaps you and | woul d kind
of brush off and not respond to terribly adversely, that
these individuals predi sposed to devel op hypertension
m ght have inordinate pressor responses to daily life
situations that would over the long termtransliate into
sust ai ned pressor or high blood pressure responses.

In order to nminic these kids of responses, we
decided to artificially induce an adrenalin rush, if you

will, in human beings, and we did this by basically taking
a hand --

(Slide.)

DR. O CONNOR: -- the nondom nant hand and

putting it into a tank of ice water for a nmnute, and

| ooking to see to what extent bl ood pressure rose after

i mersion of the hand in ice water, and this is the
baseline, and these are the increases you see, and it
became apparent that when we profiled people prior to the
study on the basis of their catestatin concentration, that
t hose who had the very | owest catestatins tended to have
the greatest rises in blood pressure during the synpatho-
adrenal stressor in the cold pressor test, and the R val ue
was in the range of about .2, and the P was fairly highly
significant.

For those of you who do human research, this is
not a bad correlation, so | think we have perhaps begun to
integrate catestatin into physiol ogical nechanisns of
bl ood pressure control

(Slide.)

DR. O CONNOR: | have no idea as to how this
m ght integrate into pathophysiol ogi cal nechanisns of | ow
bl ood pressure. That would be interesting to study.

To further understand how heredity m ght contro
the catastatic mechani sm or other nmechani sms of autononic
dysfunction we, like Dr. Jordan, have turned to relative
pairs, and we've | ooked at both twi ns, identical tw ns
bei ng a wonderful experinment of nature in which two

genetically identical people energe froma single
fertilization, as opposed to dizygotic twins, which are
basically siblings that sinply happen to be born at the
same time, or pedigrees, as a way of probing hereditary
mechani sms, and using twins or pedigrees --

(Slide.)

DR. O CONNOR: -- you can basically scale traits
and begin to understand how nuch of the variability of a



trait is the result of gene action, and genetic
variability divided by total variability of a trait is a
fraction, therefore scaled fromzero to one we call this
fraction heritability, and it's a nifty way of getting a
fix on to what extent genes determ ne any trait.

It doesn't tell you how nmany genes determ ne
that trait, but it tells you that genes are inportant and
are involved, and so we've nmeasured a nunmber of the
fragnments of a variety of the three mgjor nmenbers of the
chronograni n secretogranin famly, chronmogranin A
chronogranin B, and secretogranin 2, in plasm of tw ns
and also in plasm of extended pedigrees, and | think you
can see that catestatin, which is human chronogranin A --
in this assay we've utilized an epitope ranging from
i munoacids 361 to 372 -- is rather heritable. On a scale
of zero to 1 it cones out in the range of about .47, and
it's highly significant.

In our book this is pretty interesting, because
when we do simlar studies on the heritability of blood
pressure, we find that the heritability of blood pressure
per se is down around .3, so blood pressure is a heritable
trait, but this trait is nore heritable, and we sonetines
refer to this as an internedi ate phenotype in the
pat hogenesi s of high blood pressure. That is, it is a
treat which is pathogenic, but has earlier penetrants and
hi gher heritability than the ultinmate di sease trait, once
agai n speaking fromthe perspective of high bl ood
pressure, and we've | ooked at a nunber of other peptides,
and towards the end of the talk 1'Il tell you about
anot her fragment called chronogranin B, 312 through 331
whi ch al so displays substantial heritability.

(Slide.)
DR. O CONNOR: Now, how many genes m ght affect
the plasm concentration of catestatin? Well, one way to

get a fix on this, as with any other quantitative trait,
is to sinmply look at its frequency histogram and | ook for
evi dence of bionpdality, bionpdality being at |east one
hal | mark of a mmjor gene effect or a Mendelian effect upon
atrait, and so we | ogged and transforned the data to
conpress outliers, which would just by sinple skewness
perhaps just give the artifactual appearance of

bi nodal ity.

And even after we do that conpression, here is
what the distribution ought to ook at if it is uninodal,
but here's what the distribution actually |ooks Iike, and
in fact when we formally test the alternative hypotheses
that the distributions are binopdal versus uninodal, we can
reject the hypothesis of uninodality in fairly high
confidence, and then it turns out that in this binpdal
distribution in this | ower node, every |ast one of these
guys, nmen and wonen is at genetic risk of devel opi ng high
bl ood pressure.

(Slide.)

DR. O CONNOR: So there may be a mmj or gene
effect. \What might that gene be? Well, even before we



had any |linkage results we went right to the locus itself,
which is chronogranin A on chronpsome 14Q32, and one of
our approaches is to understand how allelic diversity
m ght intervene in determning a trait that is conmon in
the population is to resequence the living daylights out
of that gene in normal individuals.

So what we did, and this was done by Bruce
Ham | ton and Gun Wen in a group, and they resequenced al
of the exons, the intron exon borders, and the pronmoter in
80 individuals, so this is an eight-exon gene spread out
over about, with about 2 kil obases of coding regions
spread out over about 12 kil obases, and we sel ected about

80 individuals corresponding to the ethnic diversity we
see in Southern California, people of European ancestry,
sub- Saharan African ancestry, Mexican-Anericans, and
peopl e of East Asian ancestry.

Hal f of them had high bl ood pressure, half of
t hem had normal bl ood pressure, and in those 80
i ndi viduals, in those 160 autosomes and chronosones we
found an enornous anount of allelic diversity, with 37
new y di scovered SNIPS, or single nucleotide
pol ynor phoses. By the way, alnopst all the diversity we
di scovered is in the formof SNIPS. W discovered one
mcrosatellite, but SNIPS are really where the action is,
and basically here are the eight exons in the dark.

I'"ve indicated the open rating frame, starting
with the ATG and terminating with the term nation codon,
and of the SNIPS there were a variety in the pronoter,
there were a variety scattered across all the exons, there
were sonme in the introns although none right at the
i ntron-exon borders, and indeed there were two SN PS t hat
we identified within catestatin, including a gly 364
serapol ynor phi sm and a pro 370 | oop pol ynorphi sm

Thi s guy caught our eye because on the basis of
previ ous studies we have determ ned that this is a crucia
residue in the biologic activity of catestatin, and
previously | showed you a honol ogy nodel. Now |I'm show ng

you an enpirically derived NVR structure of human
catestatin obtained in DMSO, and there's a fault here that
seens to be crucial for the action of this peptide to
inhibit nicotinic cholinergic receptors, and in recent
studi es where we've threaded this new sequence over this
tenplate it |looks like this fault is warped by severa
angstrons as a result of this amno acid substitution

(Slide.)

DR. O CONNOR: We previously have scrolled
through the entire catestatin region using a technique
that we call al anine scanning idiogenesis, and what we do
there is, we systematically take the catestatin nolecul e
and replace every residue by alanine. You m ght say, why
al anine? Well, alanine is the snmallest, nobst generic
residue that retains chirality. Actually, glycine would
be smaller, but with glycine you lose chirality. Al anine
i s methylglycine.

So we replace every single residue and | ook at



the ability of those resulting nutant peptides to inhibit
cat echol am ne rel ease in response to nicotinic
stinmulation, or another interesting feature of the
nicotinic receptor is that it desensitizes in response to
prol onged stinmulation, then repeated stinulation results
in a dimnished response. This is a conformational change
in the nicotinic receptor

Catestatin seens to have the ability of
i nhibiting nicotinic desensitization, and when we go to
that mutation, this glycine, we have not yet reconstructed
the mutati on which occurs in human bei ngs, which would be
a syrene, but in the al anine scan mutagenesis, the
nut agenesi s of that glycine results in a substantia
decrenent in the ability of that peptide to inhibit
cat echol am ne rel ease and a substantial decrenment in the
ability of that peptide to protect against nicotinic
desensitization, so it would appear that we are detecting
conmon nutations, then, in a variety of this peptide that
is likely to influence synpathetic activity.

(Slide.)

DR. O CONNOR: When we | ook at the frequency of
these alterations, these nutations, we find that about 15
out of the 37 are pretty common. They have minor allele
frequencies greater than 5 percent. Basically with SN PS
you' re tal king about biallelic polynorphisns, and the
frequencies in the two alleles have to add up to 100
percent, and if you're tal king about rare SNIPS, you're
tal king about allele frequencies |less than 1 percent.

If you' re tal king about commopn ones you're
tal ki ng about alleles whose frequency is greater than
about 5 percent, such that if | went through this audience
I would find a lot of them-- in fact, | have resequenced

nyself, and | have a few of these things, and they
basically kind of cluster in the pronoter region, the
kil obase or upstream of exon 1, and the rest of them
cluster in exon 6 through 8, the commn ones, and when we
do chi square tests |ooking to see whether particular
all el es are consistently associated with each other from
i ndividual to individual, that is, whether they inhabit
the sane chronpbsone, we're attenpting then to reconstruct
hapl otypes. A haplotype is an array of alleles at
adj acent loci along a single chrombsone. It's alittle
difficult issue to get at human bei ngs, because we are, of
course, diplotypes. We have two copies of each
chronosone, and a priori you really don't know, but
statistically you can reconstitute these things, and when
we | ook for patterns of association which can be referred
to as |linkage disequilibrium there's a cluster in the
promoter, there's a cluster in exon 6 through 8, and
there's a disrupted region between them

So there seemto be two conmon hapl otypes in the
chronograni n A gene, one enconpassing the catestatin
region, the other centered on the promoter, and in the
promoter there are a huge nunber of -- there are eight
conmon SNIPS, some of which pretty clearly disrupt known



transcription factor binding sites.
We've spent a lot of tine bashing the chronogram

pronmoter of the seven hapl otypes, about five of them
actually fairly comon, such that we can readily find in
our resequenced individuals' honpbzygotes, and then we can
take these pronoters and fuse themto reporters, pop them
into chromaffin cells and begin to test whether they
mght, in fact, alter prompter strength, and mght lead to
conmon variations in chronogranin A expressing in human
bei ngs.

(Slide.)

DR. O CONNOR: W' ve been using the techni que of
conparative genom cs, which actually is getting to be
pretty easy, based upon Eddie Rubin's server up in
Ber kel ey, the Berkel ey genome pi peline, and when we | ook
at the span of human chronpbsone 14Q@32 that harbors this
gene, there's exon 1, 2, 3, 4, 5, 6, 7, 8, and when we
| ook across species, the best species to | ook across these
days is the nouse, because the nouse genone is pretty wel
conpleted in ternms of its sequencing.

The exons display substantial honpl ogy between
human and nouse, but there's another region about six
ki | obases upstreamthat's exon 1 that's trenendously
honmol ogous. We've previously overlooked this. Holy
snmoke, this might well be a transcriptional enhancer that
we' ve previously just conpletely stuck our head in the
sand and not paid nuch attention to, so we're now | ooki ng

for polynmorphismin this guy, infusing it to pronoter
reporters to see if it mght, in fact, be functional

(Slide.)

DR. O CONNOR:  You night say, now, wait a
m nute, why are you telling nme all of this about
transcriptional control and the anobunt of chronogranin A?
You've already told ne the active fragnment is catestatin.
Wel |, there may be another inportant action of this
protein that may have a fundamental role in stabilizing
the core of the catechol anine storage vesicle, and in
particul ar catechol am ne storage vesicles are enornously
chock full of catechol ani nes

The concentrations of norepinephrine or
epi nephrine in the vesicles in the adrenal nedulla sinply
approach .5 molar. W're talking about drastic
concentrations here, as opposed to the concentration in
pl asma of norepi nephrine, which is dowm in the range of
about 50 nolar, so we're tal king about 10 to the 15th or
so gradient.

How di d those catechol ami nes get in there?
Well, there are a variety of nmechanisnms resulting in their
accunul ations to these drastic concentrations. One of
them mi ght be osnotic in activation by binding to
catechol ani ne storage vesicle core anions, such as the
chronograni ns, which are, of course, quite anionic, and ny

col | eague, Lee Iden at the NIH down the road in Bethesda
has shown that if you, using antisense technol ogy, knock



down or knock out the expression of the chronogranin A
gene in chromaffin cells, catechol am ne secretary vesicles
virtual ly di sappear.

You can rescue this phenotype with
rei ntroduction of chronobgranin A by transvection, so this
may be an inportant protein, and we hypot hesize then --

(Slide.)

DR. O CONNOR: -- common vari ations of which
m ght result in profound alterations in the ability to
cope with synpathetic stresses.

I have not |ooked at all in people with | ow
bl ood pressure, but that would be certainly an interesting
ext ensi on.

The final point I will make is that we have done
a fair nunber of pedigree studies now, twin studies and
pedi gree studies, and there's a kind of pedigree study
that is fairly useful, involving huge pedigrees, and these
are pedigrees -- of course, in nobile urban Southern
California we don't really have these huge extended
pedi grees, but the people who run the CEPH program in
particular its Utah branch, Mark Leppert and Jean- Marc
Labouet have been ascertaining and reascertaining the CEPH
pedi grees, which basically are the foundation of the human

genetic map, the marker positioning that defines the
structure of the human genone.

They were originally ascertained back in the
ei ghties. They're now being reascertained for the study
of common traits, and Jean-Marc and Mark have been
interested in these pedi grees because they have an
enor mous nunber of sib pairs. |If you think about the
nunber of sib pairs given by a sib ship, it's Ntimes N
mnus 1 divided by 2, such that in this pedigree, even
t hough there are only nine siblings there are 36 sib
pairs, so the Uah CEPH fam |lies are just an incredible
resource for sib pairs, which are a nifty way of doing
genonme scans to position loci really throughout the genone
that mght influence any trait, and these are about the
nost genotyped people on the face of the earth. They've
been genotyped at up to 15,000 pol ynorphi sns, 15,000 | oc
up and down the genone.

And | will just give you a quick peek at one of
the things we've been | ooking at. One of the proteins
we've | ooked at is a fam |y nmenber of chronogranin A
cal l ed chronpogranin B, which also sits in the
catechol ani ne storage vesicle and is subject to exocytotic
corel ease with catechol am nes and chronogranin A, and
we're interested in this guy because he is incredibly
responsive to synpathetic stinmnulation.

That is, in a chromaffin cell, if we mnic
epheric preganglionic stimulation conm ng out of the spina
cord either through the neurotransnitter acetylcholine
acting in a nicotinic cholinergic receptor, or through the
cotransmitters, which in the case of preganglionic nerves
in mmmal s are PACAP and VIP, this protein junps |ike
crazy in ternms of its transcription as judged by these



bl ocks. It junps about twofold in response to nicotinic
stimulation, it junps about fivefold in response to PACAP
stimul ation, another preganglionic transmtter. It junps
fourfold in response to VIP stinmulation. W think this is
an exanple of what's been called stinulus transcription
coupling, or stinmulus secretion synthesis coupling. It
makes sense in that, wouldn't it be nice if the
neurotransmitter that provoked rel ease also talked to the
nucl eus and pronoted resynthesis of that transmtter

(Slide.)

DR. O CONNOR: W have taken the pronoter region
of chronogranin B and fused it to |ociferase reporters,
made del etions of the pronoter region, popped these guys
by transvection back into chromaffin cells and | ooked at
their ability to respond to either nicotine as a surrogate
for acetylcholine, or VIP or PACAP, the other two
preganglionic neurotransmtters.

We get brisk responses in each case. They map

onto the proximl promoter, in particular a cyclogan P
response elenment, and a GC rich region, the cyclogan P
response el enment then having transacting factor CREB, the
GC rich region having the transacting factors SP-1.

What happens if we neasure this guy in plasma in
the CEPH fam |lies?

(Slide.)

DR. O CONNOR: So this is then an extrenely
responsi ve read-out of epherin synpathetic stimnulation
Its plasma concentration is elevated in people with high
bl ood pressure.

In the CEPH fami lies, using basically the CEPH
genotypes and the expertise of Nik Schork, a statistica
geneticist at UCSD, we were able to scroll through the
entire genone, and we found a region right at the tip of
chronmosone 11Q which is strongly linked to transm ssion
of this trait in the CEPH pedigrees -- this is in the
range of about 5.7 to 5.8, dependi ng upon what map we use.
That suggests that the odds ratio in favor of |inkage are
close to a mllion to one.

Li nkage is basically cosegregation of a
chronosonmal segnment and the trait in these famlies, and
what do you suppose is there? Well, it's not chronbgram B
itself, because that's on chronosone 20. It is not any of
the transacting factors. W' ve already torn that pronoter

apart. It is not CREB. It is not AP-2, it is not SP-1
it is not EGR-1. Mght this be a locus, the variability
of which controls variability in human synpathetic
activity? That's our working hypothesis, and we're going
after two loci right beneath that | og peak that we think
are strong candi dat es.

So just to quickly sumarize --

(Slide.)

DR. O CONNOR: -- we work on chromaffin cells.
We work on the transmitters stored and rel eased with
catechol ami nes. We found a biol ogical active peptide,
catestatin, which seems to be a fairly powerful inhibitor



of catecholam ne release. It does so by virtue of
bl ocki ng nicotinic cholinergic receptors.

There are conmon variati ons of catestatin that
are floating around in the population, and it m ght have
something to do with alterations in adrenergic responses
to stress, and there's another fam |y nenber, chronogranin
B, that we think tells us about the fundanmental process of
synpathetic stinulation and synpathetic activity that we
think m ght have led us to sone mgjor loci involved in
deternmining synpathetic activity in people, and we're
ri pping the daylights out of those as we speak
resequencing to see if we can see the allelic variance
that m ght be responsible.

And | don't know anythi ng about | ow bl ood
pressure, but it is fun to hear what you guys are up to.
Thank you.

(Appl ause.)

DR. ROBERTSON: |If we could get the speakers
fromthis nmorning to pick up their name tag and bring it
up here, we will entertain questions and maybe we'l| get
Katrina or Alan Guttrmacher to signal ne when they think it
is time to go to the next phase of our operation and cease
with questions, so |let ne just open up to questions and,
if you would, please identify yourself by nane as you ask
your question.

DR. KOPIN: Irv Kopin. Your presentation was
great. The problemthat -- well, it's not really a
problem | was just wondering, you tal k about the adrena
medul I a, and then you sort of extrapolate to the
synpat heti c nervous system These are sort of different,
the responses are different, and | was just wondering
whet her you conpare sonething |ike hypoglycem a, where you
have a predoninantly adrenal response.

Does the chronogranin constituents go up in
pl asma versus what happens with a cold pressor test, where
you're getting synpathetic activity, but you' re not
getting adrenal nedullary activity, at |least -- or not
exactly the same? It would be nice to know whether or not

you coul d denpnstrate anything conming fromthe synpathetic
nervous system if these proteins go up under those cases
as well, and what sort of cross-interaction there is
bet ween t he two.

DR. O CONNOR: You nmke a very good point. |If
you provoke the sympatho adrenal systemin norna
vol unteers the kinds of outflow are substantially
differentiated dependi ng upon the kind of stressor that
you use, and stressors that are pretty good for the
adrenal nmedulla include ancillary hypoglycem a, to sone
extent. enotional stress associated with public speaking
is another pretty good one for buzzing the adrena
medulla. Fainting is another pretty good one for buzzing
the adrenal nedulla, hard to systemmtically evoke that,
whereas there are other stressors that are pretty specific
for the synpathetic system That is, they elevate
principally norepi nephrine rel ease from synpathetic



nerves. Exercise is a pretty good one. The cold pressor
test is another one.

It remains to be seen whet her single nucleotide
type pol ynorphisnms at the CGA |locus really do predict the
response to cold pressor tests. W actually just finished
resequencing the CGA I ocus within the [ ast, about 2
nont hs, and as soon as we found these pol ynorphi sms we' ve
set them up as single nucleotide pol ynorphismor SN P

assays, and now we're running them on our |arger cohort.

Actually now we work largely with twins. W' ve
got about 140 twin pairs we've studied, and we're busily
testing all these polynorphisns in the twins to see if
they do, in fact, predict the cold stress response.

DR. KOPIN: The other issues is whether or not
the sane proteins are present in the synpathetic nerves as
they are in the adrenal nedulla. Have you done any
hi st ol ogi cal studies to look for this?

DR. O CONNOR: It looks to us as if they're the
same ones, and we have not. W' ve done a little study in
human bei ngs, a good source of post ganglionic synpathetic
nerves in humans is the vas deferens. A good source of
post ganglionic synpathetic nerves in rodents is also the
vas deferens. In a larger aninmal it would be the sperlip
nerve in the cow, and with the nowretired Dick Kl ein, who
spent a lot of tinme purifying so-called |arge dense core
vesi cl es and post ganglionic synpathetic nerves -- post
gangl i onic synmpathetics at the |large core and small core
vesicl es.

The large core vesicles are supplied with
peptides. The small core vesicles are el ectron-dense but
seemto have no peptides, just the catechol am nes. Then
the large core vesicles, it would appear there is
aut hentic chromobgranin A with the same nol ecul ar nass and

the sane i mmunoreactivity as the formfound in the adrena
medul la, so | think the protein is there

DR. KOPIN: Just let nme get clear what you just
said. Did you say that the large granules in the
synpat hetic nerves do not have catechol am nes?

DR. O CONNOR: No, that the |l arge dense core
vesicles are supplying both catechol ami nes and pepti des,
and the catecholanmne to peptide ratio is about the sane
as it is in the adrenal nedullary granules. Peculiarly,
the small dense core vesicles seemnot to have the
pepti des, seemonly to have the catechol am nes.

One school of thought is that these are forned
by menbrane retrieval fromthe | arge dense core vesicles
after exocytosis with subsequent endocytosis. They' ve got
the right transmitters. They've got the right
transporters in ternms of VMAT and the proton translating
ATPA's to really accunul ate catechol amines fromthe situs,
but they've lost their peptides by virtue of exocytosis.

If we go to the | arge dense core vesicles we do
find chrompbgranin A, and interestingly enough there are
nicotinic receptors found all the way up to the term ni of
post ganglionic synpathetic axons, which you could study



either in the bovine splenic nerve, or you could study in
the vas deferens. Exactly what they're doing and exactly
what neurotransmitter they' re responding to and exactly

where that neurotransmitter came fromis kind of an
uni dentified area at this point.

DR. ROBERTSON. O her questions for any nenber
of the panel ?

VO CE: | was struck, David, between what's been
found in the DBH-deficient patients and what's been found
in the FD patients in ternms of the hypothesized
cardi ovascul ar rol e of dopamine. |In your case or in the
DBH patients they have very high DOPA | evels, no DHPG,
exactly the sane sort of neurochem cal pattern that
characterizes all patients with FD. Hi gh DOPA, if
anyt hi ng decreased DHPG.

Both conditions are supposed to be associ ated
wWith receptor, a post synaptic receptor of regulation.
Both are supposed to be associated with either a relative
or absolute deficiency of DBH. Both are associated with
hi gh dopamine | evel, either when a DBH deficient patient
stands up, or when an FD patient has a crisis, and yet the
hypot hesi zed henbdynanm ¢ consequences are exactly
opposite, and | don't understand why.

In your case, in DBH-deficient patients' case
dopam ne you think plays a role in the hypotension, and
therefore if you bl ock dopam ne synthesis with
al phanet hyl paratyresi ne the bl ood pressure goes up. In
the FD patients, when they have their crisis and dopam ne

| evel s are high, that's when their bl ood pressure is high
and the hypothesis is that sonehow dopamine is eliciting a
hypertensi ve response.

So I'm confused as to why these conditions,
whi ch are neurochenmically simlar, have apparently
di anetrically opposite henodynam c effects of dopam ne

DR. ROBERTSON. Well, let nme just say that we
only have, to nmy knowl edge, two familial dysautonon a
patients in Tennessee, so | don't have a very |large
experience in that disease. | would say that the
di fferences between the two di seases are nore striking to
me than the simlarities.

| agree that the pathol ogy seens to suggest
there's less DBH relative to tyrosi ne hydroxyl enes. |
agree that DHPG and norepi, they're both reduced in both
di seases, but extraordinarily reduced in DBH deficiency.
DHPG is | ess than 10 picogranms per ml. That's a
hundredfold or nore reduction. That is just amazing.

It is not like -- it is nothing on the order of
magnitude in the FD to nmy know edge, so | guess -- and the
other thing, of course, is that the dopam ne |evels in DBH
deficiency are al ways 200 picograns per mlliliter, even
lying down, so even lying down they start out 24 hours a
day at |east being five to sixfold above normal, and then
when peopl e stand they become tenfol d, naybe, above

normal, so that is not the case in FD, if |'ve read the



data right. Sonetimes the changes are nodest, but
sonmetimes greater.

So I would just say that rather than
simlarities between the two, | see a |lot of differences,
but there still may be some comon nechani sms that have
t herapeutic inplications.

"Il bet Dr. Axelrod has a comrent on that.

DR. AXELROD: | think you're absolutely right,
David. | think that what happens in FD is nore episodic,
and actually there were two papers on DBH | evel s, one by
M na Col dstein, and which showed that the DBH levels in FD
patients actually to be low, they could be md-I|eve
normal, or they may be high, so it may be a nodifier
actually, and maybe these are the patients that are really
nore prone to having crises. W've never really | ooked at
that particular situation.

I know, as my graph showed, the dopam ne |eve

does cone down to normal at tines. |In the ol der
popul ation it starts to stay persistently high
VO CE: | actually wonder if the difference

doesn't really have to do with the source of dopam ne
whi ch peopl e have ignored in |arge measure. Last tine |
read anything about it, the estimte was as nuch as 50
percent of bl ood dopam ne could beconing fromgut, and

people certainly have spent a lot of tinme recently
figuring out the origin of gut dopam ne

If you inmagine that a familial patient, an FD
patient |acks synpathetic nerves in |arge part then the
dopam ne and norepi nephrine in crises can't be com ng from
t hose nerves, and could nore |ikely be com ng from gut
where dopanine is secreted in response to injury.

VO CE: First inrelation to that, if dopam ne
is comng into the bloodstreamfromthe gut, it's going to
be renoved by the liver. |[|f you can inject catechol am nes
into the blood in circulation it will have no effect.

The other question is, the patients that have
DBH deficiency with high plasm dopam ne | evels do have
nausea.

DR. ROBERTSON: | would say that the nausea is
not particularly striking. | think that there have been
ti mes when they have had vomting, but it is not common.

It is not commn in them

VO CE: So again | think one of Mke's points of
where the dopamine is produced is maybe a very inportant
t hi ng.

DR. ROBERTSON: And | don't want to tal k about
people's data who aren't here, but | think that Peter
Hasay and sonme of his coll eagues are reporting a dopam ne
receptor abnornmlity that they are linking to

hypertension. Maybe -- | don't know if anyone fromtheir
group is here.

So even in peopl e whose norepinephrine --

VO CE: | collaborated with that group, and the
short story is that dopanmi ne receptor subtype knock-outs
of ten have hypertension, so the inplication is that
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dopamine if anything is playing sone sort of a depressor
role, and presumably if there is a relationship of
dopami ne to bl ood pressure regul ation overall by way of
t hese receptors, then when dopam ne effects are bl ocked,
that tends to produce an increase in blood pressure.

DR. ROBERTSON. O her questions or comments from
anyone?

(No response.)

DR. ROBERTSON. COkay. Let me turn things over
to Katrina and to Alan Guttmacher and invite our people to
go back to the audi ence.

DR. HARDY: Thanks very much, Dr. Robertson, and
thank you to all the speakers of the | ast session as wel
as all the previous sessions.

Now | would like to turn the stage over to Dr.

Al an Guttmacher, who is Deputy Director of the Genone
Institute here at NIH  We're honored and pl eased to have
him here to noderate the final sumuary session. | would
like to invite himto come to the podiumas well as all of

t he noderators and the chairpeople of each of the
sessions, so Dr. Rubin, Dr. Axelrod, Dr. Goldstein, and
Dr. Robertson, if you could join us and take a seat. Then
we're also going to ask soneone to cone up and actually
we're going to be taking notes on a |aptop that hopefully
wi || be broadcast regardi ng each of the summry
statenents.

DR. GUTTMACHER: While the chairs and noderators
come up, let me make a couple of quick observations. The
first observation, I'"'mvery sorry | wasn't here for the
whol e neeting, because it seenmed fromthe parts that |
could attend that it really was a wonderful neeting, and
certainly hope that it is one that is only the begi nning
of a series of such neetings that will occur over the
com ng years, specifically looking at FD, but also sone
ot her of the issues that have cone up in this neeting.

| can tell you -- what |I did here, a word on ny
background is primarily |I've done sone genom cs research
primarily as a clinician, and as sonebody who first net a
child with FD over 20 years ago in the pediatric ICU, it's
really encouraging to hear about the work that has been
done, and clearly the work that is very close on the
horizon is a very encouragi ng thing.

And then also, as the Deputy Director of the
Genone Institute at NIH, it again is very encouraging to

hear the way that people are using genetics and genom cs
and applying it both to individuals and fanmilies who have
concerns about single gene relatively rare conditions, and
al so to nmore conmon conditions, and al so, of course, often
by applying to the first you apply to both, as we
certainly know, for instance, from Goldstein and Brown's
Nobel prize-winning work in using fanmlia

hyperchol esterolenia, a relatively rare disorder, to
figure out things about high cholesterol in general that
gave birth to statin drugs that now save tens of thousands
of people a year, et cetera, et cetera.



I think we can see sone of these sinilar kinds
of potential output fromthe kind of work we have heard
about in the |ast couple of days that will be not only
i mensely inportant for the dysautonom as but also for
under st andi ng ot her aspects of human health and di sease
such as bl ood pressure, of course, which has ramfications
for not only a few people but for everyone.

So | celebrate the neeting. | think it is
wonderful, but |I'"mgoing to stop tal king, because what we
really want to do nowis to acconplish somewhat of a
summary, but particularly | ooking for, |I would say, what
are the action items com ng out of this? It is nice to
have everyone cone together and to share, and | think
that's been well-acconplished, so what I'mgoing to ask is

both the chairs and noderators up here to give us their
views of sort of how would they summari ze their session in
five or six points, perhaps, but also ask you in the
audi ence to think about those summuaries and action itens,
what should we be doing fromhere, and | use that "we" to
be, where should the research be going? |If you have any
particul ar instructions for where you think the NIH should
be going with this, we are certainly interested in hearing
t hose as wel |

So with that, | think it probably nakes sense
for us to go through this maybe chronologically, and it
| ooks as though maybe you al ready have sonething ready on
Power Point there for us.

DR. AXELROD: No, actually, Dr. Rubin, we
t hought we would start with him because he was a
noder at or for our session

DR. RUBIN: So what |'ve done is, |'ve
hi ghlighted a few points from each of the tal ks which
think bring a very nice story together at the end, and
would Iike to share with you what | see as the highlights
for the various sessions.

The first talk which was given by Felicia
Axelrod provided us with a very nice history of the
syndrone, spoke about the progression that occurs during
the process of aging, and FD patients, and then through

various serious interventions has been able to extend the
life span and the quality, and inprove the quality of FD
patients, and | thought that summarized that talk, and
obviously Dr. Axelrod will be able to hop in and
contribute further on that.

Sue Sl augenhaupt presented sonme very nice work
on the differential expression of the various of the two
forms of IKAP in FD patients in various tissues, and
denpnstrated that both the mutant and the normal form
could be detected in tissues of FD affected individuals.
The |l evel of expression of the wild type versus the nutant
transcript in vitro seemed to be affected by environnenta
conditions, which has pronpted her to begin screening a
panel of drugs to |ook for drugs which can enhance the
expression of the normal |1 CAP transcript in FD patients as
wel | as hopefully eventually lead to the use of these



drugs and conpounds in FD affected individuals.

| actually joined the talk in nmy mind of Dr
Hilz and Dr. Kennedy, because | saw both of them as
| ooki ng at the physiology and the histol ogy of FD affected
i ndividuals, and | think it provides an excell ent baseline
of information that is now available on FD patients.

| think it would be valuable to nake these
observations over a period of tine in the sanme patients.
| think it would be interesting to see whether any of the

changes can be correlated with severity of disease, and
think that provides for a very, very unique base so that
i f and when Dr. Slaugenhaupt identifies conmpounds that can
be used in therapy, one can see whether or not those
conpounds are going to have an effect on the physiol ogy
and the histology, so |I thought that that was a very nice
aspect, and | think it ties the biocheni stry, the
nol ecul ar bi ol ogy and the physi ol ogy and the histol ogy al
t oget her.

Dr. Sonenshein gave a very nice overview of the
research that was funded by the Dysautonom a Foundation
I thought her words on collaboration and cooperation were
i mportant, and | conmend her on her efforts in that
regard, and then she provided us with a nice overvi ew of
the JNK signalling pathways and the role they may play in
FD as well as their association with | KAP

Dr. Syejstrup discussed his studies in both
yeast and now in human with regards to the el ongated
conpl ex. He has now been able to characterize the LP-5
and 6. They are interesting new genes, and he nade the
suggestion that | think everybody here is thinking about,
about the possibility that there may be nutations in these
ot her conponents of the elongated conplex that may al so be
playing a role in the FD-like di seases.

And finally Dr. Xu presented a very nice

strategy that he is using to generate NOK in nice, which
wi Il have either of the two nutations that have been shown
to cause FD, and he has suggested the kinds of anal yses
that woul d be done when these mce are avail abl e.

And | think that summari zes those talks. | hope
it does.

DR. AXELROD: | think that is a very
conprehensi ve and excel lent outlining of what was
di scussed in the workshop, and | think it shows how t he
request for collaboration was being fulfilled, at the sane
time the concept of translational research, and the fact
that we did present both clinical material as well as
basic science material within the one workshop so that the
two areas woul d be dial oguing with each other and setting
up efforts that would be coll aborative for the future.

DR. HARDY: In terns of action itens, what could
we identify?

DR. GUTTMACHER: What do we need to accelerate
the field? What do we need to nove these kinds of things
f orwar d?

DR. AXELROD: | think that the fact that we were



able to establish sone background clinical work that has
been done, | think we need to expand on that to continue
to document as baseline assessnent in FD patients what is
actually wong, so that when the tine conmes to give

definitive treatnments we will be able to neasure
ef fecti veness.

At the sanme time, | think we have to go further
with the genetic research and identifying these | KAP
nmut ati ons at el ongator changes -- would you agree with
that, Dr. Rubin? -- and then eventually go forth with
definitive therapies.

DR. RUBIN:. The only thing I would add, which
has al ready been said, which is, is | think the fact that
there can be nodul ation of the efficiency of splicing
requires that we seriously exam ne a panel of drugs as has
been done to see whether there are any conpounds that are
currently FDA-approved which can be used to facilitate the
production of the correct |IKAP in these patients.

DR. GUTTMACHER: Let ne just, in followup to
that, nention one thing particularly in reaction to that
comrent, | think which is a very good one, that | can tel
you there is talk certainly that | see at the NTH and
know at other NIH institutes about seeing whether one of
the things that we mght be able to do in the next few
years that would be useful to nove a | ot of science
forward is to create nore access for academi c researchers
to libraries of small nol ecul es and ot her kinds of
potential targets that would to sone degree expand what's
avail abl e sonetinmes nowin fairly small ways, sometines

only to people who are in industry, and try to nake those
tools nore available to researchers in general in acaden a
and outside of academ a.

W see that as a potential -- and | am seeing
heads nodding -- for the people who nmight use those
t hi ngs, not surprisingly, so that's sonething that we have
on our plate.

Anot her thing that | heard both of you talking
about that made nme think a little bit about is, | know our
institute is |ooking very carefully at the idea of in the
not too distant future creating a new type of K-23 award
that woul d support researchers for 5 years, basically, who
are clinician researchers. This is really research not
just involving human speci nens, that would actually have
to involve human beings, but there would be clinica
researchers who would be trying to apply the tools of
genom cs and genetics to diseases with a genetic
conponent, and | could certainly see sone careers here
perhaps involving fam lial dysautonom a, for instance, as
bei ng very appropriate for that.

So a couple of things that | knowthe NIH is
t hi nki ng about seriously at the nonment that m ght help
nmove this forward. O her thoughts?

VO CE: | applaud the concept. There are
enor nous nunbers of people who would use these. | think



O©CO~NOO U WNPE

the NIH needs to start thinking now about the downstream
product of that effort, which is that in the near term
yeah, you will get research reagents, but currently the
process of regulatory approval of drugs and putting them
into patients is really designed around | arge popul ati ons
affected by disease, and |eaves out these rare disorders
where there just aren't enough patients, even though
they're very severely affected, to overcone the regul atory
hurdl es necessary to test drugs, and sonme kind of a way of
dealing with that is going to have to be done if these
libraries that produce compounds are ever going to produce
a drug.

DR. GUTTMACHER: You're absolutely correct.
There are conversations ongoi ng about this, and you're
absol utely correct.

VOCE: | would also say that we have the aninal
nodel s that are being devel oped, and | think they should
be listed as one of the inportant tools that will be used,

and also | think that other people have discussed possibly
doi ng things such as finding downstreamtargets or ways of
nodul ating the function of the | KAP as another -- not

anot her |evel, but also the function possibly through
phosphoryl ati on of blocking junk, if that's how it
functions, so | think those other things would be
necessary.

DR. GUTTMACHER: Any other thoughts for session
1 before we nove on to session 2? Okay. If you have
ot her thoughts about session 1 we can put themup |ater
That's the nice thing about doing Power Point here. But
let's move on and tal k about session 2, then
Dr. Col dstein.

DR. GOLDSTEIN: Well, | think the structure and
the content, and | think the inplications of the second
session were quite different fromthe first, and one clear
nmessage fromthe second session | believe, and al so the
third, is that dysautonom as are conmon, and | think the
vi ew t hat dysautonom a neans a rare di sease, very rare
di sease that essentially is localized to a particular
ethnic group is actually counterproductive in ternms of the
devel opnent of science and even effective treatnent of FD

And | think the talks in the second session and
the third illustrate how common abnormalities of the
autonom ¢ nervous system are, and that therefore this
points, | think points out an obvi ous di screpancy between
how rmuch support is given for research on autononic
di sorders and how frequent those disorders actually are.

A second point that comes fromall the sessions
I think, and especially fromthe talk of Linda Smith this
norning, is that dysautonom as are real. These are not
psychosomatic disorders. This is not panic, or anxiety,

or sone sort of nedical-legal attenpt at obtaining
di sability conpensation. These are real

And the third nmessage | think is that
dysautononmi a research is hard. It is hard for three
reasons. First -- and | think it is clear fromwhat the
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patients had to say and also fromthe discussions, first,
dysaut onom as are nultidisciplinary. They don't fit wel
within the structure of the usual funding nechanisns,
where you have a study section that deals with
gastrointestinal disorders or neurol ogic disorders or
cardi ovascul ar di sorders or endocrine disorders and so
forth. These are nultidisciplinary, and because they're
nmul tidisciplinary, | think the subject matter suffers.

Second, dysautonomi as are integrative disorders.
I think this was especially made clear by Jens Jordan's
talk. There are abnormalities of systens, the feedback-
regul ated systens, where it's possible that an abnormality
will not be identified in any particular |ocus in that
honmeostatic | oop, but perhaps in nmultiple Ioci, and that
requires thinking in terms of systens, sonething that
again does not fit with the usual NIH nold, which is if
there's a disease, look at the rare one, cone up with a
gene and then work backwards fromthere.

You miss all the inportant conpensatory changes,
adaptati ons and changes in sensitivity and so forth that

really contribute inportantly to the clinica
mani f estati ons and even the treatnment fromthe point of
vi ew of the patient.

And the third conplication that nakes
dysaut ononia research hard is that to a | arge extent they
are m nd- body di seases, m nd-body disorders, and this is
tough because of the Cartesian view that either you have a
psychi atric disorder, that that is your problem or you
have a di sease, a nedical disease, and that is the problem
t hat physicians are trying to deal with, and the fact of
the matter is that this sort of dualismdoesn't work wel
for the research or for the patients. The enotional storm
in FD can be viewed froma psychiatric point of view just

as well as froma medical one, and the idea that, well, a
patient with orthostatic intol erance nust have a panic

di sorder, and a patient with a NET deficiency, well, that
person shoul dn't have a psychiatric problem it just
doesn't jibe. It doesn't work

So as | see it, the problens with dysautonon a
research are, it's nultidisciplinary, it's integrative
and it's mnd-body, and none of those things are really
served by the type of reviews and fundi ng mechani sns that
exi st.

The last thing that | want to nention, that
comes fromthe talks in ny session and also fromthe

session this norning, deals with translation. People, |
think, in N H decisionmaking circles view translation as
by and |l arge unidirectional. In other words, someone
wor ki ng at the |l evel of the bench dealing with sone
nmol ecul ar genetic subject matter conmes up with an idea
whi ch could translate into a clinical trial, and what's
done in the patients is kind of plug-in, does it actually
wor k, but the intellectual process is a