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PROCEEDI NGS
(9:02 a.m)
DR. ANAND: We're delighted to wel conme you to
our sixth all-day symposium | see many faces that have
cone to all of our synposia. W appreciate your help.
We al so appreciate your e-nmails conplinenting these

efforts. | also want to acknow edge the people who have

wat ched us on the web site because these have been

webcast .

| may not get this chance again. So | want to
pay tribute to two nost decent human beings that | had a
great privilege to work with. | don't renenmber anyone in

recent history, any sector of agriculture, who has taken
nore interest in nutrition and nutrition prograns as
Secretary Gickman has. He is the inspiration, and he is
the force behind these synposi a.

(Appl ause)

DR. ANAND: When we announced the synposi um on
Great Nutrition Debate, believe nme, we got |ots of
criticismwhy we are doing it. But it was Secretary
G ickman who said if we don't do it, who will do it? It
was a great success, and we got |ots of conplinments after
that. It has been a really great privilege to work under
his | eadership to promote good nutrition for all

Ameri cans.



The second person is ny boss. She has never
ceased to amaze nme with her energy, enthusiasm and
commtnment to her work and to pronote good nutrition for
all Anmericans. She has nade a personal comm tnent of
feeding famlies and fighting hunger. She is the one
whose idea it was to have these synposia open to al

peopl e, and she has steadfastly supported these efforts

all the time. | really appreciate her work very mnuch.
(Appl ause)
DR. ANAND: Thank you. | want to bring her and

present to you the undersecretary of Agriculture for
Food, Nutrition and Consumer Services, Shirley Watkins.

(Appl ause)

MS. WATKINS: Thank you so nmuch, Dr. Anand. And
| want to thank all of you for getting here this norning
in the cold norning that we have in Washington. It feels
like winter tine. We didn't have nuch of a summer, but
we sure are getting ready to have a winter. So thank you
for being here, and thank goodness you didn't have to
stand outside in the cold to get inside. So |I hope you
didn't anyway.

| want to welcone all of you to our synposium on
diet and gene interactions. And | want to especially
t hank Dr. Anand and his staff for all of the hard work.

And | deeply appreciate themin putting together the



synposi a that have provided a great deal of insight into
sone issues that are perhaps uncomon to be di scussed at
t he Departnment of Agriculture.

The great Anerican poet Ral ph Wal do Enmerson once
said it is superstition to insist on a special diet; all
is made at the |last of the same chemical atonms. Science
has told us that we are all nade out of pretty nmuch the
same basic material, but what we eat conbined with who
our parents are or our grandparents were can contribute,
or who our grandparents are can contribute to enduring
guestions about the real nature of our conposition.

We have | ong believed that diet and genes are
conpeting forces with the genes having an effect on a
person's life quite independent of an individual diet.
Traditionally, it has been a debate on ‘nature versus
nurture,’ and which of these two seem ngly contradictory
or conpeting elenments has a large role in determning the
aspects of life.

Today, our understanding is nmuch nore conpl ex,
and we know that in some cases genes trunp diets, and in
ot her cases diet trunps genes. | guess you think I play
poker or bridge or something, and perhaps that m ght be
right. W are in fact products of both our genes and our
envi ronment .

For exanmple, we are aware that sone racial



groups are lactose intolerant, particularly peopl e of
color, African Americans, Asians, Native Anmericans. Yet
in Central Africa, the people of the Masai tribe herd
cattle and drink mlk with no ill effects. Wy aren't
they lactose intolerant? Wre they ever | actose
intolerant? Well, if so, how many generations did it
take for themto develop a gene which allows themto
drink m |k without any disconfort?

Well, to me that is pretty fascinating, and it
is one of the questions that we probably will hear raised
today. We'll probably hear a | ot of things discussed,
and we'l|l probably get a |ot of answers, and we may | eave
here today still with no answers. W still may have lots
and lots of questions. And | think that is the purpose
of these synposia and why we think it is so critical that
we open the dial ogue, start the questions and ask a | ot
of questions. And whether we get the answers or not, at
least it brings all of us together to start talking
together to see if we can find sonme answers.

| want to especially thank Dr. Sinmopoul os, who
has been very helpful in helping us to pull this
synposi um together. She is the president and founder of
The Center for Genetics, Nutrition and Health. And it is
the first time we have had someone to cosponsor these

synposia. And we're delighted that she agreed to work



with us in cosponsoring this, and we want to thank her
for joining us and producing this insightful, thought-
provoki ng synposium And |I'm sure we are going to call it
sone nore adjectives before this day is over. As a matter
of fact, the |ast synmposiumthat was sponsored -- | guess
this is the last one, Raj, that will be sponsored by the
Clinton-Gore adm nistration. And I couldn't close ny
remar ks without paying tribute to the people who have
made t hese groundbreaki ng events possi ble over the past
three years. Dr. Anand and his staff at the Center for
Nutrition Policy and Pronmotion (CNPP) have just done an
out standi ng job. And as he indicated, sonetines we
didn't always neet eye to eye on sone of the synposia
that we held, the first one being that one on chil dhood
obesity prevention. And people asked, of all places, the
Departnment of Agriculture would talk about child obesity
and chil dhood obesity preventi on.

Wel |, we broke that ground and deci ded, well,
why not, and just do a bunch nore. And that is exactly
what we have done. So they advanced the scientific
research, and it has raised the public consciousness in
sone very, very significant ways. W had the dietary
behavi or, the breakfast and | earning, the nutrition and
agi ng, and all of them have been covered by CNPP, and

each one has been enthusiastically received. And as Raj



said, sone of the faces | see out here today are faces
that | have seen at each one of the synposia, and we're
del i ghted that you have found these to be hel pful.

The other one that the secretary wanted us to do
and chall enged us to get done, and that was the G eat
Nutrition Debate, and that was one of the npbst popul ar
events ever held in this auditoriumand at USDA, wth
bot h national and international press covering the
session. And the secretary said, ‘Il have never seen so
much press in all ny life as we had at that one.’” And
many of you were here sitting on the front row and
standi ng outside waiting to get in when the departnent
opened, and let us know that that is sonmething that we
need to talk about. And we still have nore discussions
that will continue in the future on that issue.

These coul d not have been possible had it not
been for the comm tnment of the staff. And | want to
t hank them again and again and again. In ny office, we
are all accustonmed to hearing Raj to say to me and to al
of us that he has no noney to do any of these. But
i nvariably, he has been able to produce a first class,
wel | -organi zed, and a tinely event.

| remenber the first one. He came and said,
Shirley, we are going to need a |lot of people to do this,

and we are going to need a |lot of nobney, and it is going



to cost lots and lots of noney. And | said, what is |ots
and lots of noney? And he said $100-, 150,000. | said,
Raj, get out of ny office. You know that | don't have
$150, 000, and neither do you. W ended up doing it for
about $25, 000, and then the next one got cheaper and
cheaper and cheaper. And now you see people cone without
any noney because they are so delighted to be here. And
to our speakers, | want to thank you because you
understand we don't have any noney. You are just
delighted to be here.

(Laught er)

MS. WATKINS: We certainly appreciate all of
you. You may know that Raj canme to the United States from
India in the "60s to do his graduate studies. And 100
years earlier, India was known as the crown jewel of the
British Enpire. And today, Raj and the center, for us at
FNCS, are the crown jewels of the Food, Nutrition and
Consuner Service. Thank you for a job well done.

(Appl ause)

MS. WATKINS: Well, today you are going to hear
national and international speakers that are
extraordinarily organi zed and recogni zed for their great
work. And they are going to discuss all of these issues
in greater depth on diet and gene interactions. But as

Raj said earlier, none of this could have been possible



for us to attain had we not had strong support and

| eadership fromthis adm nistration. And we're extrenely
fortunate to have a secretary of Agriculture who could
not only tal k about roads and cotton and soybeans and
organi c food and food safety and nutrition, but he is

al so able to articulate what it nmeans to tal k about
production agriculture and nutrition in the sanme voice.

He has been extrenely supportive of all of the
nutrition issues. It is not uncommon for us to go to
subcabi net and have a nmessage on nutrition passed out by
the secretary of Agriculture, the |latest research on
bl ueberries, or the |atest research on diet and cancer.
And | think his being able to connect all of the dots at
t he Departnment of Agriculture has been nore than just
hel pful for us in |ooking at health risk, nutrition,
hunger, food safety issues. He has had a very bal anced
approach on all of the issues in this departnment. And it
is my honor to introduce our beloved secretary of
Agriculture and ny friend, Dan dickman

(Appl ause)

SEC. GLI CKMAN: Thank you. That's the first and
last tinme | amgoing to be called ‘beloved,’” probably,
but fromShirley it is an honor, you know. Wen you are
about ready to |leave, they call you a |ot of good things.

(Laught er)
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SEC. GLI CKMAN:  Anyway, this is a delight for ne
to be here, and | want to thank Shirley and Raj both for
doi ng outstandi ng work. And Raj, of course, Shirley
tal ked about in terns of his | eadership on nutrition and
diet issues. Shirley, of course, has a rather |arge
portfolio. A majority of spending of the Departnment of
Agriculture is in her mssion area. Most people think of
us as the cotton or soybeans or wheat or corn departnent,
and we do a |l ot of that.

But a majority of the noney that we spend are in
federal nutrition programs. The Food Stanp program-- we
buy about a third to 40 percent of all the food that is
served in over 100,000 schools every day in the United
States of America. We run the Wnen, Infants, and
Children program We run a breakfast program W buy a
t remendous amount of food for the nation's food banks.
And we are really the hunger agency as well as the
nutrition agency. So this is a very large portfolio, and
it is a very inportant portfolio. And I think that
Shirl ey and her team have el evated this portfolio.

For years and years, this departnent dealt
al nost exclusively with traditional production
agriculture and rel ated conservation issues. And then in
the early and m d-1960s, people began to realize that the

consum ng side of the picture was critical, not only in
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ternms of how Anericans were fed, but also to strengthen
the political base for the farmside of the picture,
where only about 1-1/2 percent to 2 percent of Anericans
live on farnms any nore, and you had to have sone
political base to do that.

So a coupl e of very fanmous gentl emen, none ot her
t han George McGovern and Hubert Hunmphrey and Bob Dol e,
and others, were responsible to kind of bringing together
a coalition of menmbers of Congress together that worked
to deal with both issues, nutrition issues, hunger
i ssues, and farmissues. And that coalition is largely
still intact today. And it was perhaps one of the great
bi parti san coalitions of the nodern era to allow us to
keep our eyes focused on both the production agriculture
i ssues, but at the same tinme deal with the serious issues
of hunger in Anerica as well.

So anyway, | thank Shirley for the great work
t hat she has done. | thank all of our speakers. | see
that all of themare doing this for nothing, right out of
t he goodness of their heart. | have to think about this
because after January the 20th, | am |l ooking for things
to do, and it worries ne that you are all doing this for
nothing. But | guess | could do that as well.

Dr. Sinopoul os is nmy neighbor. She rem nded me

she has seen ne wal k ny dog in the neighborhood. | hope
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' ma good neighbor is all | can say.

I n any event, nmy daughter works for a conpany
t hat manufacturers and sells jeans. And | said |'m doing
this conference on diet and genes, and she says, Dad, you
can't fit into yours or anything else any nore. And I
couldn't help but -- | mean, that is obviously sonething
sonebody was going to say today, |'m sure.

But the fact is that these subjects are very
inportant. And | just want to repeat, what we have done
here in the departnent is try to get a focus on sone of
the diet and nutrition issues. You know, when Benjani n
Franklin said you are what you eat, it is probably the
greatest input into what makes up a human bei ng and how
he or she lives, how healthfully he or she lives, and how
|l ong he or she lives, is what they eat. It is the one
thing we can really control in our lives. So we have
taken that seriously here. And we have tried to do
several things.

We have had a conference on chil dhood obesity,
which | think hel ped focus the attention of the
scientific conmunity on perhaps the greatest public
health issue of our tinme, the issue of obesity and how
that relates to diseases |ike diabetes and cancer and
heart di sease, and how -- well, there are other public

health i ssues of very great significance in ternms of
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snmoki ng and AIDS and other issues. Clearly, obesity was
not an issue that was elevated in the public debate. And
| think we have done a great job of getting that up into
folk’s attention.

We hel d a breakfast and | earning synposi um
which led to a school breakfast pilot programthat is up
and running in six school districts around the country,
and there is recent data to indicate that there is a
prof ound i nmpact on kids’ learning ability, absenteeism
and disciplinary activities when they have breakfast.
When you consider that a mpjority of kids of all incone
cl asses go between dinner and |unch the next day wi thout
any food, you begin to see how significant that is in
terns of people's patterns.

As Shirley nmentioned, we are in the mddle of an
i nportant followup on |ast February's Great Nutrition
Debate, which featured Dr. Atkins, Dr. Ornish, and other
doctors who many of you know because they sell a |ot of
books. And they are also very nmuch involved in pronoting
a certain kind of diet which they think is healthy for
Ameri cans.

Today | am announcing that on January 11th,
USDA' s research, education, and economcs armw ||l host a
public neeting on health and nutrition effects of popul ar

diets. So this is another foll owup issue. And the
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reason for this is because a great deal of Americans,

mllions and mllions of Americans, are desperate for
information on diets and what to eat. Now npbst people
are looking for the quick fix. | understand that.

That's human nature. Not a lot of hard work. People are
thinking that this is an easy road to go down.

But still, I think we need to get input on how
we shoul d approach our research in these popul ar diets.
At that tine, we will also release a white paper
sunmari zi ng the existing popular diet research. Diet
books represent a nultibillion industry, so | think they
shoul d al so be subjected to the highest |evels of
scientific scrutiny as well. So these synposia, in which
Raj has taken the | eadership on, are inportant because
t hey denonstrate the breadth of USDA s mandate and
constituency, and they also reinforce the role of food
content, quality, safety issues, and research that nake
up a big part of health issues and |ifestyle issues in
this country.

As | have said before, too often we are
pi geonhol ed as the departnment of farms. That is a
critical part of our constituency. W have an abundant
food supply. We produce about two times as nuch food in
this country as we consunme donmestically. W sell a |ot

and give a lot of it overseas. And we have, in ny
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judgnment, the safest food in the world. But it is nore
accurate to say that we are the departnent of food, and
that includes food production as well as food
consunption. W are also involved in the whole issue of
food safety.

In addition, what we have tried to do with our
prograns over the years, particularly our school neals
prograns, is to try to ensure that they neet sonme basic
nutrition standards wi thout the governnent becom ng a
national nanny and telling everybody exactly what to eat,
because any of you who have kids know that you tell a kid
to eat A that kid will eat B. And you have to use
reverse psychology and really tell the kid to eat B when
you want that kid to eat Ain order to get that kid to
eat A, And that is sonmetinmes a very tricky proposition.

But what we have tried to do in our school neals
programis to launch a program called Team Nutrition that
hel ps educators teach children the basics of healthy
eating. And in many cases, they will bring that
educati onal experience hone with them We have al so
desi gned a new food guide pyram d tailored specifically
to the needs of young children. Last spring, in
conjunction with the Departnment of Health and Human
Services, we released the 2000 version of the dietary

gui delines for Anmericans. W have a new interactive
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heal t hy eating index, which you can find both on the web
as well as information directly fromus, which is an
online tool that hel ps Anericans assess the quality of
our diets.

We have al so begun a new behavioral nutrition
initiative, which will use USDA's research capacity to
expl ore the reasons behind the food choices that we nake.

And one of the reasons certainly food choices have to do
with genetic conposition. Thanks in |arge part to the
Human
Genome @ apOEAE X@péa @ UEEaae AUEOUI @l @ EUEE O/zedbAass@DUAREA=
EE@5apUEUe OAZIZb @UG EAEUe @ EAd @8 UE@GAe @ PE@AUE@ OUEX@
péa@ UEEAa AUEQUI @l @ EUEe O&EUl OUEEAOUT @PAsQB EACEE@APED
@ aEAe @ PeEUe OADX@\é e GAZer @ aEAe @PUAEAU@PE e @ PEAE@GDU@DE
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00 @A EGAEAPUE@DE@JPae Ghasdhé ZREE@JEUAEA@  aEaOEEUe @ @
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EE@\e@E. But then perhaps the first thing that ever
happened to ne was when | was in Rone. | led the U S

del egation to the World Food Summit in 1995. And

i medi ately after a group of speeches, including Pope
John Paul 11 and Fidel Castro and others, the U.S.

del egati on had a news conference in a room about this
size filled with about as many reporters as are here.

And several people in the roomwho | thought were
denonstrators took off all of their clothes, stripped

naked, and proceeded to throw ungenetically nodified

seeds at the people on the panel. And witten on their
bodies -- of course, | didn't |look, but I was |ater
told --

(Laught er)

SEC. GLICKMAN: -- were words |ike "the naked
truth" and "no gene beans.” And it struck nme after that
-- and then, plus, we have been through a | ot of other
t hings, that the whole i ssue of genetics and food is a
very tricky issue, for a lot of different reasons. The
science is new, and it is interesting, and sonetines

difficult to understand or accept. There are
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preconcei ved views of the world, cultural views, historic
vi ews, geographical views that are sonetimes inconsistent
with what we m ght think the best science is.

The regul atory schenes are different around the

world. OQurs is, |I think, the best in the world, but ours
is developing. It is not perfect. W are changing it as
time goes forward. |In other parts of the world, their

views of food are different than our views of food. Sone
pl aces, for exanple, in central and western Europe, there
is alnmost a spiritual or a religious view of food, of the
meal, of the diet, which often we in America | don't
think share, particularly as our eating patterns have
changed. And so here we have a great opportunity to dea
with the issue of genetics in food, to understand, of
course, what makes our bodies tick.

But then the next step is what do we do about
it. And if it is just changing our behavior, that is one
thing. But if it is changing the nature of the food
itself, which I think is a very likely proposition and
one that we should clearly explore, particularly if we
can make this food nore nutritious, better for you, use
| ess pesticides, |ess herbicides, keep our environnent
cleaner, it is something clearly that is a road we need
to go down.

So the issue of food and genes and diet relate



20

both to the understandi ng of the human body, and then the
decision is what do we do about it once we understand the
human body, and what should our role be in nodifying
t hose foods in order to make us thinner, happier, live
| onger, healthier, or all of the other things that are
there. And then what is the role of ethics and public
policy, and just pure politics in all of this kind of
effort?

| say this because if you | ooked at the norning
paper this norning, the Europeans are going to destroy
about 1.1 billion animals, cows nostly, beef cattle
because of fear of Mad Cow Di sease. |'mnot going to
prejudge whether that is a legitimate thing they are
doing or not a legitimate thing they are doing. There is
such a disease. There is such a problem It hasn't
affected us in the United States, and it is not an
extensive problem But they have made that decision for
a | ot of reasons, whether it is fear or politics or
science that is governing that decision

Wel |, com ng back to what we're talking about
today is that we have an opportunity to really explore
the i ssues of science as they relate to the genetic
makeup of people, what their predisposition is towards
di sease, how food interrelates to that, howit affects

our diets, and then we can make sone changes and
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recommendations there. And then on the other hand, we
can also look is there sonething we can do to the foods
t henmsel ves to make them better.

That is nore controversial. That road is going
to be a rockier road to go down. But it is one that we
shoul d not shirk fromat |east |ooking at. As human
bei ngs, we should wel cone new science in |ooking at these
ki nds of issues as well.

Now Shirley talked about I1"'ma little bit of --
| would say | have great respect for science, but I'm
al so one of these people that reads a lot. Sone of what
| read is nontraditional. So I did cone in one day, and
| gave people a |l ecture on blueberries. | said, do you
know t hat these are sonme of the foods highest in
anti oxi dants that you can find, and we ought to eat them
three days a week? Then | came in one day with sone
recommrendat i ons on anot her food group. And one of our
research scientists said with all due respect for M.
Secretary, stick with soybeans, you know. You're not an
expert in this; stay out of this kind of stuff.

But the fact is that people are vitally
interested in food and what they eat. This is an issue
that 250 mllion Americans are experts on. And we can't
just say that sone people are stupid just because they

have a different perspective on a |lot of this stuff. So
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this is also, in addition to the science battle, this is
al so an i ssue of understanding human nature and dealing
with the public in ternms of how they perceive food.

| remenber growi ng up, food was the npst
inportant thing in the |ife of my nother. | nean, our
life revolved around food. | nean, to her it was a
glorious time when she would make food. It was |love. It
was famly. It was everything else. And as | | ook back,
"' mnot sure that the content of that food was exactly
what perhaps Dr. Sinopoul os and others are recomendi ng
that we eat today. And so the other thing | think we
have | earned is people's attitudes do change and shoul d
change as we | earn nore information

For exanmple, we have recomended daily
al |l owmances. Do those nean anything? Are they relevant to
everybody? We do an average there. Are nore people
outside the normthan they are inside the norn? And then
you ask the questions |ike, you know, there are certain
ki nd of foods that are | ess good for you than others, and
shoul d we use genetics in a way to either change the food
to nake taste better, find out what people really liKke,
and then play around with it, and then cone up with
sonet hing, that brussel sprouts is the best thing since
sliced bread. You know, is that a right thing to do or

not? Should we be doing that kind of thing?
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So, you know, just getting a better
understanding in the relationship between diet and
genetics, | think, will allow us to nove forward to help
control chronic health conditions |ike coronary heart
di sease, |like hypertension, |like diabetes, obesity, and
cancer with specific food products. But | will have to
tell you out there, the public is crying for information
out there, good solid informati on. People care about
this subject very nuch.

When we had this debate on diet and nutrition
debate, it was a little bit of theater between Dr. Atkins
and Dr. Onish and a few of the other doctors there. But
-- and they both have very strongly held positions on the
i ssues -- we had nore caneras here where these three
caneras are than ever in the history of the Departnment of
Agriculture, and we have been around -- | was going to
say since 1862. Back then they didn't have too many
caneras. But we had nore public interest on that than
anything el se we have ever done.

Just think about that. Think about how people
care about these things in their life. So what you al
do -- | know that there are a | ot of folks here from
various parts of the scientific comunity and the nmedi cal
community that this is an extrenely inportant subject.

And let me just close with one final point.
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Over the years, | think the medical community
was extrenely slow in junping onboard and under st andi ng
the relationship between diet and health. That is
changing, but it is not changing fast enough. And I
think there is not enough of perhaps an information fl ow
into the traditional providers of nedicine as to what
we're doing here, or maybe it is not exotic enough for
themto think that it often has a mjor inpact on
people's lives.

So those of you involved in the nedical
community, and those of you who are in collateral
professions, | think we need to do nuch nore in terns of
the training of health care providers, from doctors,
nurses, physician's assistants, you nanme it, everybody
t hroughout the system to |let them know t he val ue of the
wor k that we are doing.

So anyway, | have talked too long. But | do
want to thank you for being here. This is an extrenely
i nportant conference. And | know that the next
adm nistration will continue the work that Shirley and
Raj started here. Thank you all very nuch.

(Appl ause)

DR. ANAND: Thank you, Secretary Gickman. W
are going to start the program now. And before |

i ntroduce Dr. Sinmopoulos, | want to acknow edge once
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agai n her cooperation and the cooperation of our center
staff. Wthout their help we could not have put together
this synmposium So it is ny pleasure to introduce now --
we are not going to have very long introductions because
all of the background is given in your program

Dr. Si nopoul os received her M D. from Boston
Uni versity School of Medicine. She is a physician and
endocri nol ogi st whose research was originally on the
genetic aspect of endocrine disorders in children.

Dr. Sinopoul os actually has witten |lots of papers and

| ots of books, and she is really an expert on this area
of genetics and diet and gene-nutrient interactions. So
pl ease join ne in welcomng Dr. Artem s Sinopoul os.

(Appl ause)

DR. SI MOPOULOS: Thank you, Dr. Anand. Good
nmorni ng, |adies and gentlenen. It is indeed a pleasure
for me to be here to speak on genetic variation and
nutrition and try to give an overview of this very
i nportant subject, which you m ght be surprised to know
it is not really new It is just using the nethods of
nol ecul ar bi ol ogy we have been able, in essence, to
verify what was postulated in the fifth century B.C. by
Hi ppocrates under the concept of positive health.

At that tine, the physicians were vitally

interested in disease prevention. But because prevention
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has negative connotations in Greek, they called it
positive health. They enphasi zed that:

‘Positive health depends on nman's constitution, what

i ndeed today we call genetics, and of the powers of

various foods, those that are natural, and those that

are actually nade by people (today’'s processed foods).

But eating alone is not enough for health. There

must al so be exercise, of which the effects nust

i kewi se be known. The conbination of these two

t hi ngs makes regi men. \When proper attention is given

to the season of the year, the changes of the w nds,

t he age of the individual, and the situation of his

home. |If there is deficiency in food or exercise, the

body will fall sick.’

In essence, what determ nes our health is the
interaction of genotype and the environnent on the
phenot ype t hroughout devel opnent. In other words, what
we beconme, and the way we | ook, is the result of the
interaction between the genetic and environnent al
factors. It is not a question of nature or nurture. It
is the interaction of the two that determ nes overal
heal t h.
Now we are all very much aware that mgjor

changes have taken place in the food supply over 3 to 4

mllion years of evolution, and definitely in terns of
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physi cal activity. Today we |lead a rather sedentary
life. So these changes in the environnment in essence
create a situation where the genes need either to adapt
or they interfere with health.

So if we were to review the main steps in human
cultural evolution, we note that the very first attenpt
on the part of humans was to devel op stone tools about 2
to 3 mllion years ago. And then a mllion and a half
years later, they were able to nake fire. And then
speech devel oped just 100, 000 years ago, followed by
clothing and art. But food production as we know it
today did not begin until about 10,000 years ago, which
in terns of evolution is a very short period of tine.
About 99.9 percent of our time on earth was in an
envi ronnent where the people did not cultivate the food
but they ate what was available in their environnment,
namely, |lean neat and fish, wild berries, honey, fruit,
and wild green |leafy vegetables. That diet is, in
essence, quite different fromthe diet that we have
today. Yet the genes that we have are Stone Age genes,
because the spontaneous nmutation rate for nuclear DNA is
estimated at 0.5 percent per mllion years. So for the
past 10, 000 years, since the agricultural revol ution,
there has been tinme for very little change in our genes,

per haps 0.005 percent. And this is a very inportant
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concept to keep in m nd

So if we were to |l ook at the three phases
t hr oughout evol ution, the period of hunter-gatherers,
whi ch started about 4 mllion years ago (Phase 1), and
then | ook at the agricultural revolution (Phase I1) that
led to the donestication of animals and cultivation of
pl ants about 10,000 years ago. During that very |ong
period there were very slight changes in the food intake,
but maj or changes have taken place the |ast 150 years or
so (Phase I11). For exanple, both vitamn E and vitamn
C were nmuch higher in the food supply prior to the
i ndustrial revolution. And there was a bal ance between
t he omega-6 and onega-3 essential fatty acid intake.
Trans fatty acid intake was m ni mal because in nature
| ess than 2 percent of energy comes fromtrans fatty
acids. But then over the last 150 years, major changes
have taken place that are characterized by a decrease in
vitamin E and vitamin C, an increase in trans fatty acids
and onega-6 fatty acids, and a decrease in onmega-3s, wth
an overall increase in total fat and saturated fat.

Consi dering then that the genes we have are
St one Age genes, they now need to adapt in an environnent
for which for themis in essence foreign, and sone people
have the ability to adapt better than others. And in

many situations, because of the interaction between genes
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and various environnental factors, we may have the

devel opnent of a disease. For exanple, people who are
sensitive to gluten, and they eat wheat and rye, they
devel op enteropathy, because genetically speaking they
have not been able to adapt to total digestion of gluten.

During the Pal eolithic period, when we were
actually eating wild plants, we had a nuch hi gher anpunt
of all the vitamns, and a rmuch hi gher intake of the
antioxidant vitamns, than is in the current U S. food
supply, because cultivated plants contain less vitamn E
vitam n C, and beta-carotene than wild plants.

So let nme focus a bit on genetics, having shown
that there are major changes fromthe dietary standpoint
t hat have taken place. Genetics -- nost biologists today
| think would agree that the definition of a gene is a
DNA sequence that determnes primary structure of a
protein, that then provides for a particular structural
or catalytic function in devel opnment.

When we began to | ook for genetic variation, it
becanme obvi ous that humans, as well as other aninmals, are
st orehouses of genetic variability. W have a |arge
nunber of gene variants. A gene variant, or an allele,
or polynorphismis what nakes all of us different. And
it is these polynorphisns or variant genes, that actually

have mai ntai ned genetic diversity. So it is perfectly
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fine to have alleles and to have gene variants. The
definition of an allele or a gene variant is the presence
of one or nore alleles at a frequency of about 1 percent
or nore in the popul ation. And when studies are carried
out, it has becone evident that 30 percent of our genes
contain variants, that is, are polynorphic. 1In other
words, at the sanme |ocus in the chronosonme, there is nore
t han one form of a gene.

So what does this nmean? |t nmeans not that the
rest of the 70 percent of the genes actually do not have
any variance, but 30 percent of the genes are allelic and
are present in nore than one form and account for
genetic diversity, and account for the fact that the
human speci es has remmi ned robust, and we have not al
di sappeared because of being terribly honpbgeneous.

Furthernmore, each one of us is a heterozygote
for 10% of the genes. Again, it is very inportant to
understand that this genetic variation in 30 percent of
the genes being allelic forms, and 10% heterozygotes, is
sonething that is very good, and has nornmal physiol ogic
functions. It is just that when sonme of these alleles
find thenselves in environnments that are not consistent
with their normal netabolism then we begin to manifest
di sease, or we begin to show differences in how we absorb

a certain nutrient or how we netabolize a certain
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nutrient, or how we handle a certain nutrient.

The fact that there are differences in the
genes, or genetic variability in the popul ati on has been
known for many years. For exanple, 30-40 years ago, when
we woul d test a population for a certain enzynme, we knew
that there was enornous variation in the quantity of the
enzymes. There was enornous variation for sonme of the
proteins. Blood groups are the best exanple of genetic
variation. Sonme people are type A, others type B, others
AB, and others type O And then when we | ook at the HLA
system the human | ynmphocyte antigen, we know that there
is genetic variation. And certain types of the HLA are
associated with a higher incidence, for exanple, of type
1 diabetes or arthritis.

It is easy to measure genetic variability, and
it can be shown by doing (1) genetic |inkage anal ysis.
And that was one of the very early nethods that was used.

Or one could do other famly studies. (2) And then

| ater on, as nethods becane avail able, somatic cel
genetic hybridization studies were used to denonstrate
genetic variability. (3) And of course today we have
nmol ecul ar genetic studies, so that if you |look at the

| evel of the protein or enzynes, you see variation. (4)
If you look at the | evel of DNA and single nucleotide

pol ynor phi sms, SNPs, you see a nmuch greater degree of
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vari ation.

CGenetic variability has been shown to exist for
many, many years. And it is now a well-established
concept both in genetics and in nedicine. So because of
genetic variability, not all of us are susceptible to
di sease to the sane degree or have the sane biocheni cal
| evel s of a nutrient.

For example, the serum chol esterol level is
genetically determned to a certain extent. Studies show
that 50 percent of the |level of serum chol esterol is
genetically determ ned. Blood pressure, anywhere from 30
to 60 percent is genetically determ ned. Fibrinogen,
which is again a risk factor for heart disease shows
genetic variation. In sone populations, 15 percent is
genetically determ ned, and in other populations it is 50
percent. Bone density is mainly genetically determ ned,
about 75 percent. All of these very inportant factors
have a strong genetic variance. And this needs to be
taken into consideration whenever we plan any formal
dietary studies or give dietary advice.

The i nmportance of genetic variation and
nutrition and the interaction of nature and nurture
beconmes very inportant in many of the chronic diseases,
such as coronary heart disease, diabetes nellitus,

epi | epsy, hypertensi on, nmani c-depressive psychosis,
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because all of them we know that they run in famlies,
and we al so know that they carry a nuch higher risk in
first degree relatives. This was known | ong before we
had done any studi es on the human genone.

And if we were to review what are sone of the
causes of coronary heart disease, we know that it is not
really limted to a high serum chol esterol |evel, but it
i nvol ves the coagul ati on system the cellular elenments of
the arterial wall, inflamatory conponents, thronbosis,
and injury. All of these are genetically determned to a
great extent. There are a nunber of studies that show
genetic variation, for exanple, in ternms of factor VII in
coagul ation or genetic variation in ternms of interleukin-
1 that leads to inflammation, as well as having genetic
variation in terns of the control of serum chol esterol
l evel .

There are many genetic and environmental factors
that are associated with coronary heart disease. The
maj or risk factor for coronary heart disease is famly
hi story at an early age. And then the LDL chol esterol
| evel, and HDL chol esterol and other |ipoproteins that
are associated with cholesterol, lipoprotein(a) [Lp(a)],
LDL receptor activity, thronbosis coagul ati on paraneters,
triglycerides, RFLPs, other DNA markers, bl ood pressure,

di abetes, obesity, insulin level, insulin resistance, and
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honocyst ei ne.

It is evident that there are many genetic
factors that contribute to heart disease and that we need
to be able to understand and di ssect themin order to
make proper di agnoses and plan effective treatnent. The
nost i nportant environnmental risk factors for coronary
heart di sease are snoking and sedentary life style.

About 100 years ago, 30 percent of physical activity and
energy expenditure came from nuscul ar work, whereas today
|l ess than 1 percent conmes from nmuscul ar work because of

t he mechani cal devices, autonobiles, and nmachi nes that do
the work. So a sedentary |ifestyle and snoking, both of
which are very newin ternms of our evolution, are
detrinmental factors to our health. And, of course, diet,
excess energy intake being the nost serious one, foll owed
by high saturated fat, high onega-6 fatty acid intake,
high trans fatty acid intake, |ow onega-3 fatty acids,
and psychosoci al factors, type A personality and soci al

cl ass.

Next, I'mgoing to briefly give you an exanpl e
of a genetic variation and serum chol esterol |evels. The
genes that have been associated with |lipid nmetabolismare
t he genes that have been studi ed npost extensively. And
ApoE, the ApoE gene, is the one that has been studied

nore, both in the U. S. and other parts of the world. The
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ApoE gene is polynmorphic and has three alleles. One
allele is called 2, the other 3, and the other one e4.
So these three alleles produce one, two, three, four,
five, six genotypes, three of which are honozygotes (2/2,
3/3, 4/4) and three of which are heterozygotes (4/2, 3/2,
4/ 3). Individuals that have the e2 allele with the 2/2
genotype have the | owest plasma chol esterol |evel,

wher eas i ndividuals that have the 4/4 genotype have the
hi ghest chol esterol level. In the normal popul ation, you
are going to have individuals that because of the genetic
variation, because of the polynorphism because of the
all eles of the ApoE gene, they will have enornous

di fferences of serum chol esterol level, up to 16% hi gher

l evel if they have the e4 allele.

There is enornous difference in plasm

chol esterol |evel between the nean and the individual

that has the 2/2 genotype versus the one that has the
4/4. It is very inportant to keep in m nd because the
frequency of the alleles varies in different popul ations.
The frequency of e3 is the nost common one (60 percent),

whereas the e4 accounts for about 9 percent of the

popul ati on, and the g2 accounts for about 4 percent of
the population in the U S. But in sone populations, the

e4 allele has a very high frequency, alnost 23 percent in
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the Finns. The Finnish population also has the highest
frequency of heart disease.

Very extensive studies have been carried out
trying to see why individuals with the ¢4 allele have
hi gher chol esterol |evels, nmuch higher than those with
the e2 allele. 1In a study consisting of two groups of
patients, the 2/2, 3/2, and the 4/4, 4/3 under nor nal
dietary conditions, that is, at their regular dietary
i ntake, the 4/4, 4/3 group had nmuch hi gher total
chol esterol and LDL chol esterol than the 2/2, 3/2 group.

And when they were put on a low fat, | ow chol estero
diet, both groups |owered their total cholesterol and LDL
chol esterol. But the drop was nmuch higher in those with
the 4/ 4, 4/3 genotype. And when chol esterol was added
back into the diets, so we continue the |ow fat but we
add high chol esterol, the only people who raised their
chol esterol were those with the 4/4, 4/ 3 genotype.

So this is a very good exanple why you should
not give the sanme advice to everybody in the popul ation,
particul arly when you are dealing with popul ati ons where
the 4/ 4 frequency is very high. The pol ynorphi smof the
ApoE gene | ocus woul d have inportant consequences for the
plasma |ipid profile since it will account for up to
7 percent of the genetic variance and 16 percent of total

serum chol esterol in the normal popul ati on.



37

The e2 and e4 all el es have chol esterol | owering
and chol esterol raising effects respectively conpared to
e3. For this reason, the distribution of the ¢4 allele in
t he general popul ati on has been studied in several
countries. And what we see is that the distribution of
ed4 varies enormously. It is the highest in people in New
Gui nea (35 percent of the population) followed by the
popul ati on of Nigeria (30 percent). Whites in general,
have a frequency of about 15 percent (Europe, average).
But when you conpare northern Europe to southern Europe,
Fi nl and has a nuch hi gher frequency than Italy, 23
percent and 9 percent respectively. And Sweden (20
percent) has a nuch higher frequency than Italy. And
when you | ook at Europe, coronary heart disease is nuch
hi gher in the north than in the south. ¢4 allele, of
course, is only one of the genes that will account for
it.

If you are going to conpare the coronary heart
di sease nortality in three popul ati ons, Japan, M nnesota,
and Finland, you'll notice that they have a nmuch | ower
i ncidence of coronary heart disease in Japan, and there
is the highest incidence of coronary heart disease in
Finland, with a nortality rate being the |owest in Japan,

the highest in Finland, and in M nnesota sonewhere in
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bet ween.

Now i f you were to do a survey and neasure the
mean plasma chol esterol of these three popul ations, you
will notice that again the cholesterol is |owest in the
Japanese and highest in the Finns. |If you were to
measure the percent of saturated fat in their diet, the
hi gher the saturated fat, the higher the plasna
chol esterol. And when you conpare the percent of
saturated fat in Japan it is only 2.9 percent whereas in
Finland it is 23.7 percent.

If you were to stop here and didn't do any
further studies, and you didn't | ook at the genetic
variation, you would draw the conclusion that the people
in Finland have a nuch hi gher incidence of heart disease,
have a nmuch hi gher death rate of heart di sease, have a
much hi gher serum plasma chol esterol |evel, and have a
hi gher saturated fat intake. And you would draw that
conclusion that it is the saturated fat that caused the
coronary heart disease. But, if you were to continue the
study and do the genetics of the population, you woul d
see that in Japan the frequency of the e4 allele is 11
percent, where in Finland it is 23 percent.

So this is a very good exanpl e where the
presence of genes in an environnment that is high in

saturated fat is associated with a much higher risk for
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heart di sease. And therefore, the advice that you wl|

recommend, it will be tailored nore towards the

i ndi vi dual s that have the e4 and nuch | ess towards the

individuals with the 2. This way, you don't have to
have people suffer to change the diet when it is not
really necessary.

Agai n, continuing with the information about the
ApoE gene, we know that wonen have hi gher HDL chol ester ol
than men. So coming up with a recommendati on to increase
the P: S (polyunsaturates:saturates) ratio for the whole
popul ation, in wonen it is not the appropriate
recomrendati on because by increasing the P.S ratio you
are going to | ower the HDL, which is exactly what they
need nore of. And in the studies that have been done,
the wonmen with the 3/2 genotype, benefited the |east from
a high P.Sratio. But the nmen who had the 4/3 genotype,
benefited the nost, because these are the peopl e that
woul d absorb nore chol esterol because of the ¢4 allele,
whereas the women woul d have | ost their protective
factor, which was the HDL, would benefit the |east.

And then you know there have been many studies
wi th oat bran, sone studies showing that there is
definitely a benefit from oat bran and ot her studies
showi ng that there is no benefit fromoat bran. Wen you

| ook and see who are the people who benefited the nost
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from oat bran, these are the ones who have the ApoE3/3
genotype (which is the normal Apolipoprotein E gene) were
t hose who benefited from oat bran (oat bran decreases the
chol esterol in the individuals with ApoE3/3 genotype).
Where those who had the ApoE4/4, the oat bran had no
effect, because the effect of ApoE4/4 in absorbing
chol esterol is so strong that having oat bran and fi ber
di d not make such a difference.

In closing, | want to enphasize that in
determ ning nutritional health, we need to take into
consi deration not only the food supply (the environnent al
factors), but we ought to understand a |lot nore the
genetics in terms of proteins, receptors, carriers,
enzymes, and hornones that influence genetically the
di gestion or food absorption, distribution,
transformati on, storage, and excretion. And in |ooking
at individuals that have many of the so-called diseases
of civilization, we ought to understand that it is the
interaction of the genotype and the environnment, such as
diet, calories, lipids, physical activity, stress, and
drugs that determ ne the phenotype.

I n many of these conditions, physiologically
speaki ng, we have abnormalities in insulin action so that
here we have many genes that are involved in these

chronic diseases, such as obesity, hypertension,
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di abetes, that inplicate insulin secretion, glucose

i ntol erance, body weight, and all of them are influenced
by the environnmental factors for the manifestation of

di sease.

Until now, nedicine has been in a situation
where the individual who is sick goes to the doctor, and
t he doctor makes a diagnosis and prescribes treatnment.
And what we're going to be seeing in the 21st century is
that we're changing the paradigm W are going to have a
DNA based di agnostic test followed by netabolic
monitoring, and then will prescribe treatment to prevent
an illness. W are at the beginning of the nol ecul ar
era, and | think we are very fortunate to be in a country
where a ot of the research in the human genonme has been
given top priority so that between now and 2010, we
believe that we are going to have predictive tests for at
| east 10 to 12 conditi ons.

Thank you very nuch.

(Appl ause)

DR. SI MOPOULCS: It is now ny pleasure to
introduce to you the next speaker, Dr. Ronald Krauss, who
is senior scientist and head of the departnment of
nol ecul ar medi cine at the Law ence Berkel ey Nati onal
Laboratory, and adjunct professor in the departnment of

nutritional sciences, University of California at
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Ber kel ey, who is going to speak on genetic variation and
dietary response, its inplications for cardiovascul ar
di sease. Ron.

DR. KRAUSS: Thank you very nuch, Dr.
Si nopoul os. And | would like to particularly thank you
and Dr. Anand for organizing this inportant neeting. A
nunmber of us have been involved in this area and have
been convinced of the inportance of diet-gene
interactions for a nunber of years. And it is really very
gratifying to see the attendance here today, which
testifies to the growing interest in this topic.

Now as Dr. Sinopoul os has indicated already,
cardi ovascul ar di sease and prevention of cardi ovascul ar
di sease involves a nunber of very inportant interactions
bet ween genes and diet that can affect heart disease risk
and have a profound effect on risk. However, despite
advances in our ability to identify risk factors for
heart di sease and understand sonme of the factors that
control risk factors, we have not succeeded in
controlling the heart disease epidem c, although we have
made significant inprovenents. Coronary heart disease
remai ns the | eading cause of death in this country.

Now t he paradi gm that we have been tal ki ng about
and will be tal king about today is illustrated in another

version of the diagramthat Dr. Sinmopoul os showed a
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nmoment ago. And that is that genes and diet interact to
i nfluence disease risk through effects on traits. And in
the case of coronary heart di sease, we have call ed these
traits risk factors. W understand a great deal about
risk factors. We know many of them Dr. Sinopoul os
reviewed. Anong these, chol esterol ranks as perhaps the
nost i nportant.

However, again, we are understanding the
mechani sms by which genes influence chol esterol, and how
diet influences cholesterol. But we are failing to
appreciate the fact that genes have a very inportant
effect on dietary response. And also, as we'll be
hearing, fromsonme of the work I'I|l be describing as wel
as from ot her speakers, diet can have a very inportant
effect on the expression of genes.

So there is really a bidirectional connection
where genes and diet interact very closely in affecting
di sease risks. And today, in the next few m nutes, |
will give you a case study of how this paradigmcan be
used to inprove our understanding of heart disease risk,
identifying those individuals nost |ikely to benefit from
specific dietary interventions. And one of the main
nmessages is that in addition to our exploding know edge
about genetics and different gene types that we are

hearing about, it is extrenely inportant to understand
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what it is that we are neasuring, the phenotype or the
trait.

And in the case of cholesterol, as well as nmany
ot her bi ol ogical variables, we are learning that it is
extrenmely inmportant to define in as precise a way as
possi ble, in nolecular ternms preferably, the trait itself
because genes operate through nol ecules. Mol ecules
affect a disease. The closer we cone to understandi ng
the effect of genes on these nolecules, the nore likely
we'll be to decipher sonme of these inportant
i nteractions.

Now in the case of cholesterol, as we have
already heard, it is not cholesterol that causes heart
di sease. It is lipoproteins. Cholesterol is transported
in the blood in a series of |ipoprotein particles, of
which LDL, is the principal one that winds up in the
artery wall. However, LDL is formed through a netabolic
pat hway that originates in the liver with the production
of VLDL that actually carry triglycerides as well as
chol esterol. And triglycerides are gradually broken down
and used by the body for energy. And in the process,

t hese VLDL get converted to remmant particles, partially
degraded VLDL, ultimately to a particle called IDL, and
then, only then, do we get the LDL.

LDLs are taken up by receptors, largely in the
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liver, and that is how we control our blood chol esterol

| evel . However, if there is too nuch LDL in the bl ood,

it cannot be taken up by the liver, it can wind up in the
artery wall, and it can oxidize and initiate inflammtory
and thronbotic events that eventually lead to a heart
attack. Now acting to antagonize this mechanismto a

| arge extent is another |ipoprotein, the HDL, high
density |ipoprotein, which as a protein, Apo-1, that can
bl ock some of the damaging effects of LDL in the artery
wal | .

So we have already, nmoving cholesterol to this
system an understanding of an interplay of factors that
regul ate not just cholesterol but a profile of various
| i poproteins that overall dictate disease risk. Now how
does diet inmpact on this systen? |'mgoing to focus on
the LDL because that is the principal target of our
current dietary guidelines for heart disease risk
reduction. In those guidelines, we enphasize restriction
of saturated fat in particular, oftentimes in the context
of low fat, high carbohydrate diets. However, oftentinmes
in the context of |ow fat, high carbohydrate diets, there
is a second effect which paradoxically operates to
ant agoni ze this benefit, and that is increased production
of VLDL and triglyceride by |low fat, high carbohydrate

diets that can actually feed nore LDL into the system
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So we see that in addition to the heterogeneity, the
different players we have in the |ipoprotein pathway, we
al so have heterogeneous effects of diet. And this nakes
this area extrenely challenging to deci pher these various
contributions to the net effect that we're looking for in
terms of heart disease risk reduction.

There is a subset of the candi date genes that
Dr. Sinopoul os reviewed that are inportant in regulating
this pathway. And you'll see ApoE is here, as was
menti oned. There are many ot hers of which there are many
variants in the population. And you can see that there
are rather extraordinary opportunities for variance in
t hese genes to influence the efficacy of this pathway.

However, there is even another dinension to this
story. And again, this is going to be the case study I
will describe for you in the next few m nutes because
there is also heterogeneity in the types of |ipoproteins
that are involved in this pathway, and in particular LDL
consists of a series of particles that are rather various
in their distribution. | amgoing to describe those in a
moment. And the net result is that when you put people
on a low fat, high carbohydrate diet, you see a
trenmendous variation in the LDL chol esterol response.

The total LDL cholesterol in a diet such as

shown here, in which we studied 105 individuals feeding
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rather | ow versus a high fat diet for six weeks each in a
random zed crossover design, we got results that are very
typical for other studies in the literature, nanely, an
average chol esterol reduction, LDL chol esterol reduction,
of about 15 percent. But you see that there is a
trenmendous range of LDL chol esterol response around this
mean. And we really tend to think when we read articles
and read reports that a diet has a given effect on LDL.
This is an average. And we often fail to consider the
variation around that average in this variable as well as
many others. This variation is enormus. And there are
peopl e whose LDL actually goes up on such supposedly

t herapeutic diets.

Now as | nentioned, there are several factors
contributing to this heterogeneity of response: genes,
nutritional factors. But also, heterogeneity within the
LDL itself. And here is shown a sinplified diagramof a
scheme that can separate LDL into several conponents
based on their size, fromlarger particles which overlap
with the IDL to a large LDL and a small LDL. Now this
het erogeneity is not yet something that has been
appreciated in the clinical arena to any great extent.
However, as we understand the nol ecul ar basis of this
het erogeneity, we're beginning to see that this has

trenmendous potential clinical inportance, which I'll be
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descri bing shortly.

One of the things that we have | earned is that
if we neasure the size of the LDL, |arger and smaller LDL
particles, we can | earn some other inmportant netabolic
facts that can influence heart disease risk. LDL
particle size, which we can neasure in the research
| aboratory very carefully and precisely in angstrons in
ranging from 230 to 280 angstronms, varies very
significantly as a function of the blood triglyceride
| evel, so that as triglyceride |levels go up, you can see
that the LDL particle size gets snmaller.

This is a group of 317 individuals, in which
this relationship is quite strong. But you also see that
there is a clustering, that there is a subgroup of
i ndi vi dual s who have | ower triglycerides and | arger LDL
particles, and anot her subgroup that has higher
triglyceride and smaller LDL. And if we | ook at the
di stribution of LDL dianmeters in this and other
popul ati ons, we can see that this clustering represents a
bi nodal distribution of LDL size, such that the mpjority
of healthy individuals have a predom nance of |arger LDL
particles. We call this the A group. But a significant
subset of the popul ation, anywhere from 20 to 30 percent,
have a predom nance of the smaller LDL. And again, this

bi nodal distribution speaks very strongly to an inportant
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genetic determ nant of this, which we do have evi dence
for, as 1'll show you in a m nute.

From t he standpoi nt of coronary disease ri sk,
the relationship of LDL size to triglyceride has opened
up anot her dinension to this understandi ng of netabolism
and that is that small LDL, the pattern B LDL, is
associated with higher triglyceride, but also | ower LDL,
hi gher |l evels of remants in IDL, which are highly
at herogenic. And al so, there has been a great deal of
attention given to the relationship of this lipid trait,
particularly high triglyceride and | ow HDL, to insulin
resi stance, which is a netabolic disturbance that can be
a precursor of type-2 diabetes, adult onset diabetes.

So we have noved from chol esterol to
under st andi ng the nol ecul ar basis of LDL to a subtype of
chol esterol that is associated with an extrenely
i nportant metabolic syndrome in the population that is
becom ng an increasing concern not just for heart disease
but for di abetes and obesity and other related di seases.

And we have now a handle on this, a discreet marker that
we can identify in individuals that tells us about this
constellation of factors which are indeed coronary risk
factors and for which we have evidence from nechanistic
studies that the small LDL is indeed a nore potent actor

in the artery wall and has nore pathol ogic effects on
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at heroscl erosis than the normal form of LDL.

And | won't have time to go into all of the
studi es that have supported this. But we now know t hat
there is roughly a threefold higher risk of heart disease
in patients with small LDL than with large LDL. W have
called this now the atherogenic |ipoprotein phenotype.
The small LDL can get into the artery. It actually tends
to hang around in the blood |onger because it interacts
less well with the LDL receptor. So it has nore tine to
find its way to the artery. And once in the artery, it
bi nds nore tightly to the artery wall and it gets nore
oxi di zed than normal LDL. And it can lead to nore
clinical events, heart attacks, as a result.

So we have refined our understandi ng of
chol esterol nmetabolismin this direction to identify a
conmmon trait in the popul ation associated with a
threefold higher risk of heart disease, which is not
reveal ed by the chol esterol neasurenent. These
i ndi vi dual s, many of them have nornmal bl ood chol esterol
levels. But it is the type of chol esterol rather than
t he amount that can cause the problem

Now | nentioned that there is evidence for
genetic susceptibility. The binmodal distribution of the
LDL size profile is an indication of that. But we now

have nore formal evidence fromfam |y studies that about
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40 to 50 percent of the variation in LDL particle size is
genetically influenced. W have evidence both using what
are call ed segregati on nodels, where we | ook for the
transm ssion of the trait in famlies, so-called
Mendel i an nodel. But we al so have evidence from nore
formal genetic |inkage studies in which we have
identified five candi date genes in the pathway affecting
LDL metabolismin which variance of those genes have been
statistically linked to variation in the small LDL
profile.

One of those genes, which I'Il come back to in a
moment, is in fact the LDL receptor gene. A variation
around the LDL receptor gene has been |inked for
variation in the small LDL profile. So this is putting
sonme real statistics and sone real nolecular definition
behind a genetic trait affecting heart disease risk.

But here we are tal king about gene/di et
interactions. And this system I|ike many of those that
we' Il be tal king about today, is one where genetics is
only part of the story. As | say, only 40 to 50 percent
of the variability is genetic. The reminder is
i nfluenced by other factors. And anong these are gender,
age -- this is not comonly expressed in childhood -- and
menopause. It is also influenced by adiposity,

particularly around the mddle. And here, for the



52

pur poses of today's discussion, we need to ask, well, how
does diet affect this trait. |Is diet an inportant
determ nant of this syndronme, and do individuals who have
differing LDL profiles respond differently to the kinds
of diets that we prescribe?

So we enbarked a few years ago on a series of
experinmental diet studies in humans. |In healthy
subj ects, when we stratified based on their LDL profiles
and fed a series of diets in which there was variation in
both total fat intake and in particular saturated and
pol yunsaturated fat, where we reduced both of these in
parall el, substituting carbohydrate, trying to mnim ze
variation in the other conponents, the carbohydrate was a
m xture between sinple and conpl ex carbohydrates. And |
shoul d enphasize this is not necessarily a therapeutic
diet in any way because we are really trying to keep many
of the variables in the diet constant.

Ordinarily, in recommendi ng a nore heal t hf ul
diet, we would try to put nore fiber and perhaps nore
pol yunsaturated fat. But this was an attenpt to isolate
a response to fat and carbohydrate mani pul ation in the
diet and determ ne what effect this may have on these LDL
subt ypes.

Now when you | ook at the standard lipid

measur enents, LDL chol esterol, HDL chol esterol, and
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triglyceride, we were quite pleasantly surprised to find
that those with the high risk small LDL trait, pattern B
i ndi viduals, 18 of these 105 nen showed a significantly

greater LDL chol esterol reduction than unaffected

i ndividuals. The majority of men with a pattern Atrait
had | ess than half of the LDL | owering.

We were initially concerned that the genetic
basis for the pattern B trait mght limt the dietary
response. These people m ght be nore resistant to diet.

But as we heard from Dr. Sinopoul os, sonetinmes it is the
hi gher risk gene that shows the great response, as was
the case with the ApoE4, which we al so denpnstrated in
t hese subjects. Very gratifyingly, those individuals at
hi ghest risk are the ones that showed the nost benefici al
response.

Now bot h groups showed some reduction in HDL
chol esterol, pattern A perhaps |less than the pattern B.
And this is a fairly comon response to |low fat, high
carbohydrate diet, as is the increase in triglyceride,
whi ch was somewhat spi ked here by the sugar content of
these diets. But overall, we did not see a significant
difference between the pattern A and pattern B. There is
a great deal of variation in the triglyceride response,
whi ch we think has other genetic factors underlying that.

But the LDL was the one that really we need to
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focus on for heart disease risk. And we can break the
LDL down, as | nentioned, into large and small LDL. When
we do that, we see sonething rather surprising. And that
is that when you | ook at the pattern A subjects, nost of
their LDL is large, and the diet that we feed reduces
that large LDL. That is to be expected. But what is
surprising, that if we measure the small LDL in these
subj ects, it actually goes up. So these individuals have
a reduction in large LDL but an increase in small LDL.
And we can actually nmeasure the particle nunber, the
nunber of LDL particles in these subjects, and there is
really no change. What we are seeing is a shift from

| arger to smaller LDL, whereas in the pattern B subjects,
the higher risk individuals, we see a reduction in their
main LDL form the small LDL, and a sonewhat |esser
reduction in large LDL. Overall, a nmuch nore benefici al
response, particularly in the small LDL. So there is a
significant difference between pattern A and pattern B in
their response to diet when you |look at small LDL
particles.

So what this leads to is an appreciation that
there are two fundanentally different mechani sns
operating to | ower cholesterol in the population. |In the
hi gher risk pattern B subjects, we see the expected

reduction in the number of atherogenic small particles
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that these individuals have, whereas in the pattern A

subj ects, there is a small reduction in cholesterol. But
it represents primarily a shift fromthe | arger

chol esterol rich LDL to the smaller chol esterol poor LDL
So there is actually a reduction in cholesterol, but not

a reduction in the nunmber of LDL particles. And in fact

the LDL that are formed on |ower fat diets resenbles

quite closely the LDL that we find in pattern B

i ndi vidual s on their usual diets.

Now this shift fromlarger to smaller LDL and
pattern A subjects is al so denonstrated when one | ooks at
the distribution of LDL size on the high and | ow fat
diets. This is the particle size distribution. Here we
see the pattern A and pattern B nodes, nostly pattern A
on the high fat diet. But the shift to smaller LDL
results in a qualitative quantum shift to pattern B in 36
of the pattern A men. So we can actually induce the
expression of pattern B in a subset of healthy
i ndi vidual s on these low fat, high carbohydrate diets.

And now we have three groups of individuals. W
have those that remain pattern A, those who remain
pattern B on the low fat diet, and a group that switch
frompattern Ato pattern B. And we'll see that the only
significant benefit in the ratio of LDL to HDL, which is

a standard marker for heart disease risk, was found in
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the pattern B individuals. So these individuals have a
beneficial response in ternms of reducing their nore
at herogenic small LDL and their LDL to HDL ratio. And we
don't see the sanme benefit in the other groups. In fact,
we even have to wonder about potentially adverse effects
on risk, particularly in those individuals who induce
pattern B.

So carrying out these and other studies on a
| arger nunber of individuals using various conbinations
of fat and carbohydrate, we have observed a rather
striking relationship between reduction in fat,
substituting carbohydrate, and the preval ence of pattern
B. In nearly 600 nen that we studied, as you go to |ower
and | ower fat and hi gher carbohydrate intakes, you get a
hi gher percentage of the popul ati on expressing pattern B

We have hypot hesi zed based on the genetic
evidence for the effects on LDL particular size for
certain genes that perhaps individuals as we | ower their
fat intake and increase carbohydrate are beginning to
turn on one or another gene that they may be harboring in
response to this diet that produces the pattern B
phenotype. So this would be a gene induction and an
exanpl e potentially of diet on gene expression.

So in our recent studies, we have carried out

studies to test this hypothesis again using famlies to
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show whet her or not there is a genetic influence on this
dietary response. W have carried out several studies in
fam lies. One just published earlier this year was
carried out in children in whomthe pattern B or
phenotype B is inconpletely expressed. It only shows up
in adulthood in genetically predi sposed individuals. But
we hypothesize that if we | ooked at the parents of these
children, those children with a pattern B or phenotype B
parent would be nore likely to carry a predi sposing gene
to pattern B, that offspring of B by B parents woul d be
much nore likely to have the gene than offspring of A by
A parents. And therefore, genetic influences underlying
t hese phenotypes m ght be detected in these children as a
function of their parental |ipoprotein patterns.

And so we put a group of children, 50 children,
on an extrene low fat diet as a test diet, and | ooked at
these children as a function of their parents. Nineteen
of the children had two pattern A parents. Thirty-one
children had either one or two pattern B parents. And we
| ooked at the percentage of people converting from
pattern A to pattern B. W found that six out of these
50 children did indeed show conversion to pattern B. And
all of these children were offspring of B by B parents,
indicating very strongly a genetic influence on this

response.
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I n addition, offspring of B by B matings, had a
significant reduction in their LDL size on the |ow fat,
hi gh carbohydrate diet, whereas there was no significant
change in offspring of A by A parents. So this supports
rather strongly a genetic influence on the induction of
this phenotype in individuals as a function of their
geneti c predisposition.

And the final step that we take in this process
is to actually determ ne which genes m ght be involved in
medi ating this dietary response so we can counse
i ndi vidual s by genetic testing as to whether or not this
diet, a |low fat, high carbohydrate diet would or woul d
not be beneficial. And for these studies, we involved
| arger nunbers of famlies using what is called a subpair
approach, where we take famlies with at | east two
brothers. W are now doing studies in wonen as well, of
whi ch nost of them were two, but several three, four, and
five siblings, healthy m ddl e-aged nen that we then feed
a diet series high and then a |ow fat diet, |ooking at
the lipid response, but measuring genetic variance in
both the sibs and their parents to determ ne whether or
not specific genes were associated with a diet response.

In these group of sibs, we showed, as we have
seen previously, that a significant percentage convert

frompattern Ato pattern B. In this case, about 25
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percent of nmen in the low fat diet shifted fromthe Ato
the B pattern. When we | ooked at genetic nmarkers to see
if we could identify whether one or another gene
predicted this response, we focused on the LDL receptor
gene |l ocus that was one of our candi date genes for
determ ning small LDL profiles. And in fact, P val ues
showed the linkage with the LDL receptor |ocus and
various LDL traits that we can neasure indicating size or
density of the particles.

The one | want you to focus on is the conversion
frompattern Ato pattern B, the A to B conversion. The
change on reduce-type low fat diet was significantly
linked to the LDL receptor locus, indicating that indeed
at | east one of the genes responsible for a
predi sposition to this atherogenic formof LDL can be
i nduced or the expression of this can be induced by a | ow
fat diet.

So to sunmarize, | have given you a case study
of a particular system | think an inportant one, rel ated
to cardi ovascul ar disease risk in which gene/diet
i nteractions operate such that we can determ ne which
i ndividuals are nost likely to benefit fromdiets that we
commonly reconmmend to reduce heart disease risk, and
showi ng that heritable factors contribute to differences

in LDL subcl ass response to |ow fat diets. Individuals
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with a high risk trait associated with small LDL seemto

derive the greatest cardiovascular risk benefit from

diets that we commonly recomrend for heart disease risk
But this is a mnority of the popul ation.

Again, it is a simlar observation to that
i nvol ving ApoE4. A relatively mnor variant accounts for
a significant percentage of the benefit of such diets.
And so therefore, we could focus sonme of our energy on
these individuals. It is hard to get people to change
their diets. These would be the individuals nost |ikely
to benefit fromthese nore extrene diets. And what
solidifies that approach perhaps even stronger is the
subgroups of healthy individuals may be genetically
predi sposed to adverse bl ood protein changes with such
diets. And this has been shown for the first time to be
related to genetic predisposition.

So we nust consider both a positive and
potentially negative effects of nore extrenme dietary
mani pul ations as we direct our attention to reducing
heart di sease risk by diet in the population. And, of
course, the gene/diet interactions involving chol esterol
and |ipoproteins are just a nodel for many other systens
that you will be hearing about a little bit nore today,
both with regard to heart di sease and ot her disease

conditions. And just keep in mnd we're still at the
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very early stages of this. W're just beginning to
uncover the specific genes involved and how t hey worKk.
But there really are many, nmany opportunities for putting
this informati on together in a way that can help pronpote
positive health.

And as again you'll be hearing nore about today,
the new tools that are emerging in genom cs and genom C
technol ogy will enable panels of genetic markers to
identify individuals nmost likely to respond either
favorably or unfavorably to given dietary manipul ati ons.

Finally, | just want to nmention and acknow edge
the contribution of ny coll eagues in the | aboratory at
Ber kel ey, where we have been fortunate enough to be
supported both by the National Institutes of Health and
al so by the National Dairy Council for a nunmber of years
carrying out these studies, and to nake a plea for
supporting research in this area because studies
i nvol ving genetic influences on heart disease and ot her
fornms of diet responsive phenotypes in humans is very
| aborious, requires a great deal of effort, and we hope
that nmore research support will be forthcomng in this
next century.

Thank you very nuch.

(Appl ause)

DR. ANAND: Thank you, Dr. Krauss. We're going
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to take a break, so stretch yourselves, use biol ogical
break, or have sone coffee in the cafeteria. So be back
here at 10: 45.

(Recess)

DR. ANAND: Qur next speaker is Dr. Steven C.
Hunt, who is a professor in the cardiol ogy division of
the University of Uah in Salt Lake City. He received
his PhD fromthe departnent of medical biophysics and
conputing, specializing in genetic epiden ol ogy and
bi ostati stics, University of Utah, in 1980. He has
aut hored over 115 peer reviewed manuscripts, 22 invited
interviews, and 15 book chapters. M gosh. So Dr. Steve
Hunt. Dr. Hunt.

(Appl ause)

DR. HUNT: | amgoing to spend a few ni nutes
reviewi ng sone of the genes that have been involved in
hypertensi on and how they may interact with certain
dietary factors. Obviously, one of the problens with
hypertension, before you can identify sone of these
dietary factors that interact, you have to find the genes
that are involved in high blood pressure. And this has
proven to be a nmuch nore difficult task than originally
t hought five years ago, mminly because the effects we're
trying to detect are nmuch smaller than we thought they

woul d be. But the effect of these genes are really at
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the limt of detection for some of our statistical
nmet hods that we are | ooking at.

One of the reasons for this is that once you get
up to the endpoint of hypertension here, you have a | ot
of different genes that are involved that form
i ntermedi ate phenotypes. And every step along the way,
there is potential for confounding and interactions that
can renove or mask the signals so that even if the gene
tends to have a fairly noderate effect on any one of its
proteins that it is making, it can be easily nmasked by
the time it gets out to hypertension. And so one of the
strategies has been to try to study the internmedi ate
phenot ypes.

But, even if you do that, suppose there is a
gene that increases sonme |evel of sone protein or
decreases it? Well, they are all part of a system They
are not isolated events. And as soon as there is sone
perturbation of that system sonme other factor is going
to come along and try and conpensate for that. And it is
t hese conpensating factors that can actually bring the
abnormality al nost back to normal. And it is only going
to be if there is multiple -- either nultiple factors or
a long time period where eventually the body fails to be
able to conpensate any nore that you are going to devel op

sone di sease due to these mld genes. And | think, that
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in a classic case of high blood pressure, we see that it
takes 40 to 60 years to develop this high blood pressure
trait because the body can conpensate for nany years
before finally the control is |ost.

There is continuous distribution of blood
pressure and there may be specific genes, such as
angi ot ensi nogen (AGI) and kallikrein (KAL). And there
are many ot her possible genes that have been proposed to
be responsible for the shift of blood pressure in the
di stribution.

Now, unfortunately, if you take an exanpl e of
t he angi ot ensi nogen gene, you woul d expect that that gene
shoul d have a very sizable effect upon the
angi ot ensi nogen | evel, which you can nmeasure in plasnsg,
when in actual fact, if you do that -- | nmean, here are
the significant differences. You can see between the
three genotypes -- here is one polynmorphismin this gene.
And you can see that there is a significant effect in
t he angi ot ensi nogen | evel anong the three genotypes. It
was significant in three studies. It wasn't significant
i n anot her study, although this study did find a |Iinkage
of this trait to high blood pressure.

Nevert hel ess, this particular pol ynorphism
expl ai ns at nost 20 percent of the angi ot ensi nogen

|l evels. And in sone studies, it has been 10 percent, so
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that a gene that makes a specific protein is only
explaining a small proportion of that protein's |evel.
And so there are obviously other things that are
confoundi ng that. And obviously one of those is a
negati ve feedback | oop in the renin angiotensin system
t hat once angi otensi nogen is el evated and angi ot ensin-2
is forned, the negative feedback | oop is activated and
| owers the renin level and tries to normalize

angi ot ensi nogen.

This is another interesting interaction show ng
that there are a lot of inportant interactions going on
there. This is actually with the interaction of
hypertension and |lipids. This was a study published by
Sel by back in '"91. And it shows that in twins after 16
year followup for CHD death, those that have both
dysl i pidem a and hypertension, so that |ipids and bl ood
pressure are interacting, leading to increased nortality.

And so gene/ gene and gene/ environnent
interactions are really the rule. | would say they are
not the exception. In a nmultigenic condition they cannot
be ot herw se because physiologic systemintegrate. They
don't separate conponents as specific systems. And even
if two genes are additive, it is likely that a
conpensating nechanismw || be invoked that in turn w |l

turn this additivity into some type of interaction,
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making it statistically very difficult to identify.

And | think some of the varying results that you
see in the literature for two genes comonly studi ed,
al pha adduci n and angi ot ensi nogen, are due to this very
fact that you get different populations with different
frequencies of these interacting factors. And sonetines
these factors mark the effect and sonetinmes they don’t.
And so you need physiol ogical studies to go and confirm
t hese associations and |inkage studies that are being
publ i shed.

So let ne review three of the nost inportant
genes or the best studied genes that seemto be invol ved
with sodiumsensitivity, and also with diet, and with the
devel opnent of bl ood pressure. And the first one | am
going to talk about is kallikrein, which is a
vasodilator. This is tissue kallikrein. It is decreased
in hypertension. There are decreased levels in those
with a positive famly history of hypertension. It has
been shown to inversely correlate with bl ood pressure.

If you give a person extra sodiumin their diet, you can
decrease kallikrein. If you give themextra potassiumin
their diet, kallikrein will increase and thus supposedly
protect you, |ower your blood pressure. And there are
fam lial correlations of this trait at all ages, show ng

that it is expressed early in childhood and that these
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correlations remain fairly constant over different age
groups.

Well, if you |look at a pedi gree study, where you
again fit a segregation nodel, which is a statistical
method to try to separate genotypes, this is the nodel
that results if you | ook at the effect of urinary
potassiumon this axis and urinary kallikrein on this
axis. So this is representative of the dietary potassium
that they're taking in. And here are the three genotypes
that this nodel predicts. It predicts there are those
who are honozygotes for high kallikrein and a honobzygous
group for low kallikrein. The urinary kallikrein |eve
was i ndependent of wurinary potassium So these two
sl opes are fairly flat.

But if you |look at this m ddle group, the
het erozygotes, which is 50 percent of the population in
this study, they can be anywhere along this curve here.
And so that if they have a | ow potassiumdiet, this nodel
woul d infer that they | ook very nmuch |like the |ow
honobzygotes, at risk for hypertension. \Wereas if they
have high potassiumdiets, they |ook very much |ike the
hi gh genotype. And so there is a strong interaction here
of a dietary variable with this supposed nmaj or gene.

Now we are trying very hard to find the

pol ynmor phi sns that are explaining this major gene in
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kallikrein. W think we have a couple now. And we're
beginning to test these particul ar pol ynorphisns to see
if this model may fit. But in the neantinme, the

phi |l osophy woul d be that those that have the high -- you
can't read that very well. It says high honpbzygotes. So
this is the low risk for hypertension, and these are the
people at high risk for hypertension. And then these
peopl e woul d be the suscepti bl e people that depend upon
their diet.

Now | et me go back to the angi ot ensi nogen gene
for a mnute. Here is the M235T pol ynorphism which is
tight disequilibriumw th what appears to be a nore
functional polynorphismin the promoter. | said we had
to go back to physiology. So this is a study | ooking at
the renal effects, the renal artery effects when you
i nfuse angiotensin-I1 into a person.

So if you put themon a high salt diet, which
makes the reactivity of the renal blood flow very much
hi gher -- it activates this, so you can tell very easily
what the person is like -- and you divide it by genotype,
you see that these subjects that are the TTs that are at
risk for hypertension -- this is the allele at risk for
hypertension -- have nmuch | ower response to angi otensin-
Il in the renal plasma flow. They can't react as well.

We call them nonnodul ators. They have a bl unted
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response. It is abnormal, and they can't respond to the
salt load. And so -- and these other two genotypes
respond nornally.

Well, let ne just pause for a mnute. This TT
genotype seens to be the at risk allele, and yet in nmany
popul ations it is the nost conmon allele. Back to the
other two tal ks you have al ready heard, this appears to
be the ancestral allele if you |look at any of the
primates or the nouse or the rat or a few ot her species.

This is the allele that is always there. Assum ng that
back in the ancient tinmes when they needed to preserve
salt, this allele helped themto preserve it. And in our
current environnment, where we have too nmuch salt, this
all el e now beconmes del eterious and we devel op hi gh bl ood
pressure.

These are the correlates of that renal vascul ar
response. So if you | ook at the baseline renal blood
flow or plasma flow, you'll see that is highly
significant. BM has a very significant negative
correlation so that the nore overwei ght you are, the |ess
response you have. HDL is correlated, insulin,
triglycerides, and gender. So you have a |ot of things
t hat can confound the supposedly genetic trait that we're
| ooking for, whereas if you were to | ook at another

trait, instead of putting themon high salt, if you put



70

themon a low salt diet, it activates the al dosterone
system

And you can | ook at the al dosterone response on
a lowsalt diet to angiotensin-Il infusion. And if you
| ook at the correlates of that, you no | onger see obesity
or lipids or insulin correlating in there. Now you get a
gender difference and a m|ld age difference, but the
others are not correlated. So when you are |ooking for
genes, this is very inportant because you woul d rather
study the al dosterone response and get away fromthe
confoundi ng of obesity and |ipids, although there are
merits for studying the other also.

Now i f you were to try and predict people who
have this blunted response to angiotensin-11, you can
| ook at those that are concordant. So we have the two
criteria. W have the renal plasma flow on high salt and
t he al dosterone response on low salt. And this is very
low salt, 20 mllimls per day. They get all of their
food fed to themfroma clinical research center, and
they come into a hospital overnight. And you classify
them using both criteria, whether they are nonnodul at ors.

It turns out that al nost 70 percent of those
that are TT genotype turn out to be nonnodul at ors,
whereas only about 15 percent of the MM genotype are

nonmodul ators if they are concordant for that
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abnormality. And it turns out that those that are

di scordant between the two classification criteria tend
to be those that are obese so that they | ook |like the
nonnmodul ators because they are obese, and that makes them
di scordant when they shouldn't be.

So this type of classification based on salt,
salt levels in response to A-1l, seens to be fairly
predictive for these people. But what about the genes
that can represent or that can predict salt sensitivity
or responsiveness to A-11? Well, if you |ook at the ACE
pol ynmor phism you'll see there is a relative odds (this
is froma logistic regression) of only 1.3, which is not
significant. |If you |look at the al dosterone synthase
pol ynmor phi sm again not significant. And if you | ook at
the additivity or interaction of these two genes, again
it is not significant.

If you | ook at the angi otensi nogen gene al one,
you now have a significant effect. 1 already showed you
that there is a significant effect of this pol ynorphism
on the response, on the adrenal response to A-II
infusion, a relative odds of two. |[If you then add in the
al dosterone synthase gene, which is responsible for the
synt hesi s of al dosterone, you now get up to relative odds
of 2.4. If you add in the ACE gene with AGT, the odds

ratio jumps up to 3.7.
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There is a highly significant interaction
bet ween ACE and AGT. And that can nake sense because now

you have two nmechani sns, ACE whi ch converts angi ot ensin-|

to angiotensin-Il -- if you have increased | evels of
that, you can get increased conversion -- and the
i ncreased production of angiotensinogen itself. So both

of these substances together seemto be increasing the
risk. And if you add a third gene in, aldosterone
synt hase, again the relative risk increases. But now the
sanple size is so small that you hardly believe that
nunber, and we're in the process of trying to double our
sanple size here to see if we can actually replicate
this. But you can see one of the difficulties, as you
start studying gene/gene interactions, you need huge
sanpl e si zes.

Now there is evidence that there are dietary
interventions or manipulations that will also affect
angi ot ensi nogen production. And this is a study in rats
where they took control rats, measured the |evel of
angi ot ensi nogen, and then fasted them and the
angi ot ensi nogen decreased. They refed them and there was
a rebound so that it went up to 187 percent of the
control value. And this is now becom ng known that the
adi pocytes, the fat tissue, produces angi otensinogen. It

is about the third nost prevalent tissue that expresses
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this, so that the nore wei ght you gain, the nore

angi ot ensi nogen you can produce. And this again can
confound that genetic effect to any gene, but it also al
by itself can mmc that genetic effect and produce
hypertension. W know that obesity is one of the
strongest risk factors for hypertension.

Now anot her interesting interaction that has
been published, that goes along with the twins study, is
alipidinteraction. Dyslipidema is known to highly
correlate with blood pressure. This is a study showi ng a
systolic blood pressure change, again when you infuse
angi otensin-11. And what the authors did is they took a
control group of people, showi ng the bl ood pressure
response, 20 mllinmeters of nercury increase at 20
nanograns per kil ogram per m nute infusion. And then
they took a group of subjects who had high chol esterol.
And they had a much greater response to the A-11
i nfusion, a blood pressure response, when they had high
chol esterol. The investigators took these sane people
and gave thema statin. And that statin reduced their
cholesterol a little bit nore than half. And you can see
that it brought them about half way back down to the
normal bl ood pressure response.

So by upregulating the LDL receptor with

statins, they actually were able to show a reduction in
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bl ood pressure. So lipids interact with these bl ood
pressure genes.

We tried to replicate that in our own data. W
found the exact same thing, that if you divided by
tertiles of LDL, both systolic and diastolic pressures
had significant increases. |If you were in the top
tertile of either one for diastolic or systolic, you had
the greater response to A-IIl infusion.

So lipids also interact highly significantly
with these genes and with bl ood pressure. And anot her
clinical trial, a double blind crossover clinical trial,
al so showed that if you take people with high bl ood
pressure and just give thema statin, pravastatin, that
decreased systolic blood pressure, diastolic blood
pressure, the pulse pressure, and the reactivity to a
cold pressor test, so that by just intervening on |ipids,
you have reduced their blood pressure.

This is a large clinical trial, the trial of
hypertensi on prevention had four arns: (1) a usual care
group; (2) sodium and wei ght reduction conbined; (3)
wei ght 1 oss; and (4) sodiumreduction (a decrease of 40
mllinml of sodiumchloride per day). They followed them
for three to four years. The people were borderline
hypertensi ves and they were fairly young. The overal

effect of this trial was to decrease bl ood pressure
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significantly by a fewmllinmeters.

We then went and genotyped these people for the
angi ot ensi nogen genotype. This is a different
pol ynmor phism but it is in conplete disequilibriumwth
the other one | described earlier, so that the AAis the
TT genotype in the earlier study. The people with the AA
genotype, after three years, had a greater incidence of
hypertensi on than the GG group.

Even t hough these persons had a hi gher incidence
of hypertension, they had the greatest decrease after
sodi um reduction, so that the relative odds of devel oping
hypertension was only .57 conpared to the usual care. So
it is just like the other two studies you just heard,
that the ones that were at greatest risk had the greatest
reduction in risk when you renove one of the risk
factors. And you see these sane results for weight |oss.

The at-risk group had relative odds of only .48 after
intervention. So in both of these groups, weight |oss or
sodi um reduction, intervention reduced the risk of that
hi gh at-risk group.

This is a second clinical trial, a Dutch Saga
salt trial, where they again randon zed persons to sodi um
chloride or to Saga salt. Now Saga salt has a | ot of
potassiumin it and a | ot of nmagnesium only 41 percent

sodi um chloride. They also replaced the salt in their
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breads, their cheeses, and a | ot of other prepared foods
and had themeat this for six months. And then these

groups -- these people were untreated hypertensives, and
they were older. So they were about 15, 20 years ol der.

And here are the results of this clinical trial.

Again, if you divide it by AGI genotype, overall --
before dividing it, overall there was a bi gger effect of
this study. And the effect was about 7 mllinmeters of
mercury in this study. And then when you divide by
genotype, you see that nost of the effect is in these two
genotypes, again the TT or the MI for both systolic and a
little bit less for diastolic.

So in two clinical trials nowit is shown that
there is a subgroup of people defined by the
angi ot ensi nogen genotype that appear to be nore salt
sensitive than the other genotype.

And finally, here is another very interesting
clinical trial, the DASH study, which |I'm sure nost of
you are famliar with, where they held sodi um constant,
but they gave thema high fruit and vegetable diet, and
then they gave another group high fruit and vegetable and
| ower fat diet with the dairy foods. And overall, they
found a very significant reduction, with those diets, in
bl ood pressure. And at the | ast hypertensi on neeting,

t hey presented these results, where they subdivided this
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DASH study by AGT genotype again, and they found the sane
thing, that those with this AA at-risk allele had the
greatest reduction in systolic change with the fruit and
vegetable diet, with the full DASH diet, and with
di astolic blood pressure, and al so the change with full
DASH. There is no change in the GG genotype.

So it doesn't have to be sodium It can be
wei ght loss. It can be high potassiumfruit and
veget ables and a |lower fat diet, something that wll
| ower chol esterol, the LDL I evel fromthe previous
studies. So it looks |like you have this congl onerate of
risk factors. And if you were to renmove any one of those
risk factors to a significant degree, it can counteract
that genetic effect that you may be predi sposed for

And the |l ast gene | want to talk about is the
adduci n gene, which is another salt sensitivity gene, and
with both an acute test of salt reduction and a | onger
termchronic test. They subdivided it by the two
genotypes. There are very few Trp-Trp alleles for this
particul ar pol ynorphism But they found about a 7 or 8
mllimeter difference between the Gy-Trp and Ay-Gy
genotypes and salt sensitivity. And this particular gene
affects the sodi um potassi um ATP-ase punp. So it is on
t he opposite side of the cell fromthe epithelial sodium

channel
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So here is another sodium affecting gene that
seens to have a strong interaction with dietary sodium
And it is strongest in certain populations. The odds
ratio on the whol e population is about 1.7, 1.4,
depending on the study. | won't go into this slide, but
this is a way of subdividing groups statistically. And
when you do that, you can predefine what group has the
hi ghest odds ratio. And the group that this particular
gene has the greatest effect in is those with high BM,
ol der age, noderate triglyceride levels. And in that
subgroup, their odds ratio is now 4.2. And if you
calculate attributable risk for that, popul ation versus
the subset, the attributable risk for hypertension in the
popul ation is 17 percent.

And in the subgroup, it is 47 percent. |If we
find out in clinics that patients fit these criteria, it
beconmes even nore inportant to genotype themto see what
pol ynor phi sm t hey nmay have for this adducin gene to see
if they would be responsive, possibly a 7 or 8 mllinmeter
mercury bl ood pressure reduction to this salt reduction.

And so let nme just conclude and say what is our
goal eventually? We would like to predict CVD or
treatment response in individuals. |Is that practical
now? Well, probably not now because the size of the

genetic effects that seemto be present are very small
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And there is a huge overlap in the distribution. So on
an individual level, it becomes very difficult to predict
response. But we should also point out that that is also
true for other things, like BM, blood pressure, |ipids,
gl ucose, snoking. There are huge overlaps in those
distributions. And yet they are still very useful in
predi cting group treatnents.

So our goal for present nmay be to identify those
nost likely to develop CVD or to respond to treatnent.
And if so, then we can go on to genotype them and use
genetic studies and other strategies that we'll have to
really be successful in preventing or treating these
i ndi viduals. Thank you.

(Appl ause)

DR. SI MOPOULOCS: Thank you, Dr. Hunt. There is
going to be a change in the program The next speaker is
going to be Dr. Robert Murray, who is chief of the
di vi sion of medical genetics of the departnment of
pediatrics and child health and professor of pediatrics,
medi ci ne and genetics at Howard University here in
Washi ngton. He is also chairman of the graduate
department of genetics and human genetics in the graduate
school of arts and sciences at Howard University. Dr.
Murray will speak on nethodol ogy, state of the art

present and future. Dr. Mirray.
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DR. MURRAY: Thank you, Dr. Sinopoul os, Dr.
Anand, col |l eagues, and nmenbers of the Departnent of
Agriculture, visiting guests. |'m pleased to be here.
And | nmust say that | am here because Dr. Sinopoulos is a
very persuasive person. Any of you who have dealt with
her know that. We have worked together for many years
goi ng back to 1971, when she persuaded nme to chair a
commttee that | was glad | did finally, but didn't want
to at the time. 1In any event, this is a busy tinme of the
senester at Howard, and |I'm going to have to | eave right
after my talk to go teach.

For many years, researchers in the field of
nutrition and fitness paid little attention to the
i nportance of genetics and genetic variation and
nutrition in their investigations. But recently,
schol ars, again influenced by Dr. Sinopoul os and ot hers,
have recogni zed the necessity of including genetic
considerations in any serious research in nutrition and
exerci se. Even human geneticists scarcely recogni ze just
how critical genetic factors were in nutritional studies
until recently, even though there has been a | arge body
of knowl edge about netabolic errors that are treated by
di etary nodification.

' mgoing to give you a brief overview of the

current state of know edge of human genetics and
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nutrition and its devel opnment, and we'll consider the
current status of the progress of the genonme and
structural genom cs, sonme potential areas in which this
new structural genom cs know edge can be used and will be
used as the basis for the next mjor advances in
genetics, sonmething which is now called functiona
genom cs, and how this mght relate to a proposed plan of
action of research for the 21st century that wll
hopefully lead to reduced human di sease and suffering for
all inhabitants of planet Earth.

The genetic advances do not only include mapping
and sequencing a variety of human and ot her genones, but
i ncl ude devel opi ng techni ques of automated sequenci ng and
DNA based testing. The latter techniques involve the use
of the so-called DNA chip technol ogy, specially designed
wafers of silicon about the size of a postage stanp which
are designed to make it possible to test for tens,
hundreds, but even thousands of genes sinultaneously.

These advances have been considered a
continuation, an expansion, of the new genetics of 1979.

Some of you nay renenber those years in which we were

studyi ng reconbi nant DNA, a nol ecul ar genetic technol ogy
which related to what was cal |l ed genetic engi neeri ng.
And now we m ght deal with what can be called a new, new

genetics that some have nore recently called the genom cs
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Now subareas of genetics have been renaned,
phar macogenonm cs, m crobial genom cs, or environmental
genom cs, because the genones and their conposition can
be investigated directly. The goals, status, and
expected time for conmpleting the conplete sequence of the
genome has undergone consi derabl e nodification over the
years. The original rough draft of the total sequence
was expected to be finished in 2005, was |ater predicted
to be conpleted by the end of 2003, and now the official
conpl etion of the rough draft of the genone was announced
on June 26th of this year, 2000.

Thi ngs nmoved very quickly, especially when noney
was injected. It is a great notivator. This is
consi dered by nost scientists to be the nost remarkabl e
achi evenent of nodern biol ogical science. At the nonent,
all of the chronosome nunber 22 and al nost all of
chromosone 21 have al ready had their sequences conpl eted
by Decenber of '99. And there are 21 specific disease
genes that have been connected with chronpbsome nunmber 21.

When this achi evement was announced, sonme people
suggested it was the conpletion of the first chapter of
t he book of life. And, of course, there would be 23
chapters because there are 23 different chronobsonmes. Now

draft sequences of a nunmber of other chronpbsonmes were
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conpleted in March, and we still have to call this a
draft because the sequencing technol ogy which is used is
not perfect. And there are regions of the DNA which are
ei ther inproperly sequenced or not sequenced at all so

t hat we cannot say that we have a conpl ete sequence of

t he so-call ed human genone.

In addition to the sequence of human genonme, we
are studying the sequences of m crobes, and 11 of those
have been conpleted. Sequencing the genones of several
nonhuman species is al so underway.

This just gives you an idea of the percentage of
conpletion of the 3 billion base pairs which supposedly
constitute the DNA of human beings. And 97.7 percent --
sone people will say 99 percent -- of this is conpleted.

But when you realize that the 1 percent that may not be
conpl eted constitutes as many as 30 mllion base pairs,
that still is a lot of information that is m ssing.
Chronosonmes 5, 16, and 19, those were worked on because
they are thought to have inportant di sease genes encoded
in them and the m crobes. And now the nouse genone is
bei ng given a special attention because of its honol ogy
to the human genone and because there are nmany nouse
di seases that have been created to mmc or sinulate
human di sease.

Sone of you who are famliar know that knockout
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genes are nouse nodel s where genetic defects are
artificially produced in mce to supposedly sinulate
human di sease, and with that to be able to study the
correspondi ng nouse genes and how they function. Realize
t hat having the gene in hand today does not tell you
necessarily what the gene does. W have now identified
many mnut ant genes, cloned them wunderstand their sequence
and structure, but we still don't know what function they
perform even if we may know what organ system or even
what cells they function in. And that is where the idea
of functional genom cs cones in, and what business we
need to focus on now.

Now t he final representational genonme that we
wi |l have at sone point, maybe not until as |ate as 2002
or 2003, we hope will be at |east 99.99 percent conplete
and accurate. Renenber, when you are counting 3 billion
things, it is easy to make a m stake, and m st akes
certainly will be nade. But it will not be made up of
any single individual because on the planet there are
billions of genomes, human genones, and each, except for
those in identical twins -- and | predict that we wl|
find that so-called identical twi ns even have different
genonmes at a nol ecular level -- are different.

So we can't say that any one genome represents

everybody. And then, of course, there are subgroups of
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t he human speci es, hono sapiens, which are different
people in different popul ations of the world. And a
truly representational genome would have to include DNA
fromthe nost popul ous ethnic groups on planet Earth.

And nost of the genom ¢ work has been done in Europeans
so far. And that work for the rest of the planet remains
to be conpl et ed.

We are still adding new genetic nmaterial to the
dat abase. And as nmany as 20 mllion new base pairs are
added to the bank, the gene bank files, central gene bank
files, each night fromdifferent |aboratories. And so it
now hol ds sonething like 8 billion base pairs inits
dat abase. Superconputers have been devel oped whi ch make
conpari sons between genes of known function and new genes
to find out what the simlarities may be and perhaps the
possibility of sim lar function.

So the characteristics of the final human genone

wi |l be accuracy; all lengths will fit into the original
genomc DNA. It will be affordable, that is to say we
will be able to sequence a particul ar genone at
relatively lIow cost, and will be readily accessible. W

want all DNAs to be available for scientific study,
al t hough the issue of privacy now beconmes a huge one. |If
DNA -- people's DNA are stored in central databases, how

do we keep that private fromthose prying eyes who m ght
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m suse the information.

I n keeping with these changes in term nol ogy,
renam ng subareas of genetic study, ecogenom cs for the
study of total
eUi GaPUUEUe @l @DE@pal AUCsIX@DAaUAADT EUPUOAEX@DE@EEE0@
Pl @ EUEe O4@ra @ EUPUOAI A0 Pa@Ui AaOAAZE @ EasaPUsE@ P@ D
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OO U@AUo @B aEX@ DAe @edA@ EaU@ POAD@ @ DOUO@DPe ZEGAE@
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aUoUl X@GAUE@ PaO@ P@AE@EPUEX@ E@ O22@Ibt @GAEI OU@P focus on
nutritional research based on genom c information. And
the specific definition would be the study of the genomc
basis for individuality or individual variability in the
response to specific nutrients or nutrient exposure.

Utimately, the biggest payoff in conpleting the
sequence and thusly conpleting the so-called book of life
woul d be the know edge of the function and control of
expression of the working units of the structural genone.

Now one of the things that the genome work has
enphasi zed and wil|l enphasize even nore so is that there
is nmore variation than we anticipated, and nore |I'm sure
will be found. So genetic variations within popul ations
is much greater than that between populations. |'msure
many of you have heard that before. But people have
tried to explain differences that we observe with respect
to di sease frequency and so forth based upon the
popul ati on differences between popul ati ons. And that may
be true. But for each human gene, there is estimated to
be at |east 1,000 comon vari ants.

We focused on the uncommon ones that cause

di sease. We know about those. But there is |ots of
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variation that is common that does not produce disease
but that may influence reactions to diet.

So how are we to proceed with research prograns
to search for functional genes and gene conpl exes that
i nfluence or significantly affect human nutrition and
related functions? And these are four strategies that
can be used. |I'msure there are many ot hers that we'l
devel op as tine goes on to study genes that cause
nutritional disease or serious malfunction. Look at
genetic variance found in ani mal nodels show ng atypi cal
or deficient function, studying ani mal nodels that show
superior or nore adaptive. We have tended to enphasi ze
in our studies disease and mal adaptation. But it is
clear that there will be exanples where animls nore
efficiently use or humans nore efficiently use food. And
t hat can becone inportant, particularly in devel oping
nations or if we have sone of the catastrophes that are
predicted, and it beconmes inportant to know how to nore
effectively use food. And then finally, by studying
teratogenic effects of selected nutrients in addition to
the chem cal nutrients -- chem cals that we have been
exam ni ng.

Now this is a quick sunmary of sone of the
variation that we see within mammls, sonme human and the

mammal i an DNA sequences. Anpbng nonhozygous tw ns or
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identical twins, we think there is no genetic difference.
Bet ween brothers and sisters in a single famly, the

ratio of variance is 1 per every 4,000 base pairs, so one
di fference based on genetic factors or approxinately
750, 000 base pair differences between a brother and a
sister or brothers, what have you.

Bet ween unrel ated individuals, one per every
1,000 base pairs or 3 mllion differences between any two
people sitting in this audience who are genetically
unrelated. There will be 3 mllion base pair
differences. W are only 1 percent different in our
genetic makeup fromthe chinpanzee, our closest relative,
and there are 30 mllion differences, base pair
differences. And the nouse, which we are using as our
nodel , has a difference of 1 in every 30 base pairs or
100 mllion base pair differences. And, of course, where
those differences exist and what factors they effect wll
make a difference in how those differences are expressed.

One of some of ny coll eagues that suggested we
don't need to study people for different ethnic groups
because we are so nmuch all alike. But the fact is that
al t hough we are very nmuch ali ke, we are also different,
and we need to understand those differences.

There are already well known categories of

nutrition disease dysfunction caused by single nendelian
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genes avail able for study, inborn errors, for exanple,
cystic fibrosis of the pancreas, hereditary
henmochromat osi s, and a variety of other conditions |
could nmention. But nmore inportant and revealing woul d be
the study of conditions that are the result of
guantitative rather than qualitative effects, those you
have been hearing about with respect to cardi ovascul ar
di sease and hypertension, where nultiple genes
interacting with the environnent produce a broad range of
expressi on, much broader than the variable expressivity
seen in Mendelian traits or single gene traits, and are
far better able to provide for the organisnis
adaptability.

Attenpts to assign a particular nutritional
recomendation in these conditions fails to provide
uni form preventive response, probably because of nmultiple
genetic differences, both qualitative and quantitative.

Now, of course, we are all famliar with the
attenmpt to establish dietary standards. And those have
focused primarily on disease initially, mniml dietary
standards or mnimal daily requirenents to prevent
di sease or function. But they have focused on what n ght
be consi dered optinml standards, that is, what is the
best diet for the optinmal physical and nental health

according to popul ation, the popul ati on average, or age.
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And so what we would do is look at the optimal diet in
relationship to the specific genotype of the individual.
And you m ght say, well, how can we do that? Well, the
i nprovenent in the technology will sonme day enable us to
sequence the genome froma single individual and identify
the variability within a single individual. And there is
a filmcalled Gattaca sone of you may have seen in which

t hat supposedly technol ogy had been devel oped in the
future so everybody could be identified in a matter of
m nutes using such technol ogy.

But be that as it may, if we begin there, we can
then focus on some of the specifics that you have heard
about already and that sone of those that we will |earn
about as we continue our studies on functional genonics.

And what we can use is a nodel and develop in

phar macogeneti cs, well advanced beyond where we are in
nutrition, |1 believe, where nultiple polynorphic variants
have been related to the response of different
individuals to therapy with particular jobs. And a study
of these are called single nucleotide pol ynorphisns,
singl e base pairs, which are called SNPs as the acronym
for that single nucleotide polynorphisnms. And people are
now working on trying to tailor drugs to the specific
genotype, say, within the enzyne function or the

nmet abol i ¢ pat hway t hrough which a drug nay be netabolized
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or excreted or detoxified.

And we know that there is individual difference
because many people -- there are always outliers who have
a problem taking innocent -- what we m ght consi der
i nnocent drugs such as aspirin, for exanple. And I think
this is a kind of nodel we m ght want to adapt in
nutri genom cs. So now we
woul d devel op designer diets rather than designer drugs.

And so we woul d have people cone in for their profile.
And we woul dn't just take what their cultural background
is, which we consider nowadays, or what they |ike to eat
or their various kind of nutritional history that
dieticians traditionally take nowadays. But as a part of
t hat background, we would get their genetic or genom c or
nutrigenom c profile. And we would now factor that in in
devel oping a diet for a particular person, and woul dn't
necessarily have to wait until they had di abetes or
hypertension. But we would take into account the
predictive character of this information, nanmely, who are
at risk and nodifying their diet so they could avoid the
conplications.

So we would try to use this detail ed know edge
of genotypic variation in relationship to genetic
determ nant or influence health consequences to devel op

t hese di ets. So no nore one size fits all diets.
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Now what are some of the means we have used to
study assessing various factors in a genone? Biomarkers
have been particularly useful. The study of so-called
DNA adducts, which are chemicals or toxins that bind to
DNA, or protein adducts, which can inactivate or harm
them are associated with -- or that nmay be associ ated
with an increased frequency of chronosomal breaks or
anomal i es. Sonme harnful effects may include DNA strand
br eakage, activation of oncogenes from proto-oncogenes,
which lead to the production of organ system dysfunction
and/ or cancer or malignancy.

| dentifying di sease susceptibility and its
relati onship to DNA pol ynorphi sms nay al so reveal useful
mar kers. A widely use biomarker involves the assessnment
of oxidative DNA danage or protection by nycotoxins,

di etary polycyclic hydrocarbons, et cetera, et cetera, et
cetera. And none of these studies, however, that have
been reported in the literature -- and there are nunerous
ones of these -- refer to the genotypes of the subjects.
And now it is very clear that any study of these
factors, these responses, nust include sone genotypic
anal ysi s.

A nunber of studies have been nmade on the
i nfluence of diet on the expression of the P53 gene and

its nutations, which nutations are related to the
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causation of cancer in a nunber of organ systens. These
assessnents al so include the effectiveness of DNA repair
mechani sms. Additi onal studies designed to evaluate the
effectiveness of influencing this biomarker need to be
perfor nmed.

Now t here are, as | say, a nunmber of oxidative
studi es that have been used addi ng such factors as
tomatoes, vitamn C, red wine, and so forth, all of which
are thought to reduce the risk of a variety of comon
di sorders. But | would like to call your attention to
the comments of a coll eague, geneticist Dr. Bruce Anes,
who is a well-known geneticist and toxicol ogist. And he
suggested that we should focus on sone things which we
could still influence without knowing a | ot about our
specific genotypes, suggesting that there are many
m cronutrients that we don't pay nmuch attention to but he
thinks are inportant dietary parameters that may set us
up for susceptibility to malignancy or other chronic
di seases.

He thinks that these mmc radiation effects
that we see in animals. And this is a preventabl e source
of DNA damage. He also points out sonething which some
of us would |like not to hear about, nanely, that there
are a variety of naturally occurring carcinogens, and

that this exposure to themis nmuch greater, in his view,
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than the artificial or chem cal ones.

One of this is aflatoxin, found in peanuts. And
those of us like nyself who |ike peanut butter, and who
| ove peanuts, don't like to think that every tinme you
throw a handful in your nmouth, you are taking in sone
potentially carcinogenic agent. Nevertheless, Dr. Anmes'
wor k has not been proven in humans, but he has got ani nal
studies to support his contention.

So one might add to Dr. Anes' observation the
requi renent that of equal or greater inportance is a
specific genotype of the individual who is exposed to
t hose agents. And none of his work takes that into
account. And that would definitely affect the
genetically controll ed protections and the genom c repair
mechani sns.

And finally, in the genom c age that is upon us,
we can |look forward to the devel opnment of systens of
nutritional treatnent as well as prevention that will be
devel oped as a consequence of the hoped for advances that
can be expected in the new and exciting field of
nutri genom cs. Thank you.

(Appl ause)

DR. ANAND: We're going to spend the next 25
m nutes to give you the opportunity to coment or ask

guestions. There are two m crophones on both sides.
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Pl ease keep your comments as brief as possible so the
speakers can answer.

Dr. Krauss, would you come up here? Dr. Hunt
and Dr. Murray. And in the nmeantinme, | would like to
really acknow edge the tremendous work done by the Center
for Nutrition Policy and Pronmotion. | would like to
acknow edge sone of the staff nenmbers who are here, Dr.
John Webster -- John, could you raise your hand?

(Appl ause)

DR. ANAND: Andy Fitzgerald, Nancy Gaston.
Woul d you stand? Kim Thigpen. Wuld you all stand, all
the staff who is from Center of Nutrition Policy and
Pronmoti on? Wbuld you stand? Cone on, stand, Peter.
Peter, Carole, Carole Davis, Peter Basiotis.

(Appl ause)

DR. ANAND: Thank you very nmuch. They have done
tremendous work and I'mreally proud to have a staff so
good as this staff. So now cone on, please. Could you
have the lights on, please? Thank you. So please conme
forward and ask any question or comrent on the
presentation that you heard this norning, please.
| nt roduce yourself.

MS. TALLMADGE: Okay. |'m Katherine Tall madge,
a consultant nutritionist in Washington. | have a

guestion about the types of fats and how they nmay affect
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various genonmes. | understand that cutting saturated fat
across the board for nost genones is inportant for

| owering LDL. But it also may -- cutting total fat may
have a harnful effect. Could you talk about specifically
whet her you get a beneficial effect from nono- or

pol yunsaturated fats or onega-3s? What are the nost
beneficial fats, and who needs to have those types of
fats in their diet in terns of genotypes?

DR. SI MOPOULOCS: Well, that is a very good
guestion. And let's start first with total fat. From
t he evol utionary standpoint, we need to noderate the
ampunt of total fat in the diet. However, many studies,
particularly the seven country study, showed very clearly
that the people in Crete who had the | owest rate of heart
di sease and lived the | ongest, they had a diet where the
total fat intake was about 37 to 38 percent of energy.
That study and ot her studi es have shown that what appears
to matter is the saturated content of the diet. And this
beconmes inportant for people who overeat, who are obese,
and who are inactive.

There are mnimal data for people who are not
obese and who are active that there is no need for them
to | ower the saturated fat intake because the physical
activity takes care of the nmetabolic changes that are

beneficial, such as lowering LDL and increasing HDL
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When it cones to the essential fatty acids, the onega-6
and onega-3, it is inportant to try to keep themin

bal ance. By that we mean that the ratio of onega-6 to
onega-3 shouldn't be nore than four to one. And the
reason | say that four to one is because this is what was
shown both in ternms of the diet of Crete as well as the
Lyon heart study, where two groups were studied. One
group was put on Anerican Heart Association diet, step
one, and the other group was put on a nodified diet of
Crete with a ratio of four to one of the onega-6 to
onega-3. And the death rate from heart di sease and t ot al
nortality decreased by 70 percent in those on the diet of
Crete.

So the ratio of the essential fatty acids is
very inmportant. The onmega-3 fatty acids should be
included in everybody's diet because they have
antithronbotic, anti-inflammtory properties, and they
al so lower triglycerides without affecting HDL so that if
| were to summari ze everything | have said, the ratio of
the essential acids beconmes very inportant, four to one
or less, eating fish two or three tines a week, or take
fish oils if you do not like fish. |If you are a
vegetarian, using oils that are high in onmega-3 fatty
aci ds such as canola or using flax seed or flax seed oil

to inprove the onmega-3 content of the diet is another
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factor.

Who should be on this type of diet? | would say
this is the type of fatty acid content that is consistent
with evolution. So in essence, | would say this is the
type and anmount of fat that everybody should include in
their diet. And those who are predi sposed to di sease
conditions, they are to nake appropriate nodifications
depending on their condition or disease.

DR. ANAND: Dr. Krauss?

DR. KRAUSS: Yes, thank you. Considering that
this is a session on diet-gene interactions, | think it
is inmportant to point out and anticipate | think what Dr.
Jump will be talking about a little bit later this
afternoon, and that is that the unsaturated fatty acids,
t he omega-3 and onega-6, are potent regul ators of gene
expression. And this could have enornous consequences
for individual variability in both beneficial and perhaps
adverse effects of high consunptions of either of these
fatty aci ds.

Now | et me just nention one other issue brought
up by Dr. Sinopoulos in regards to the popul ati on-w de
effects of such diets. First of all, having witten the
American Heart Association's recent dietary guidelines, |
woul d hasten to point out two things; first, that the

Lyon study actually didn't study the step one diet,
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al though it claimed to. There was actually a high
saturated fat intake on the control diet. However, the
benefits of supplenenting the diet with foods contai ning
onega-3 fatty acids, |I think, are clear not only from
that study, fromothers. And the prior population
probably woul d benefit. And in fact, in our recent

di etary guidelines, the Anerican Heart Associ ation has
now advocated the inclusion of fish at |east tw ce per
week in the diet.

However, com ng back to the gene issue, there
are sonme reservations. W know that particularly the
onega-3 fatty acids can have beneficial effects reducing
heart di sease risks and perhaps ot her beneficial anti-
inflammatory actions. But they may al so affect the
coagul ati on system And there are some concerns about
how much onmega-3 fatty acids, for exanple, are safe to
take in the population. And | think the kinds of
recomrendati ons that Dr. Sinmopoulos put forward are
certainly consistent with overall health. But they
shoul dn't be taken to an extreme where sone individuals
m ght be predi sposed perhaps genetically to possible
coagul ati on problens with such diets.

So we still are on the edge of |earning where we
shoul d nmake mmj or changes to take advantage of sone of

t he biol ogical benefits of these particular fatty acids,
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where some of the risks mght be. And this is, | think,
where the era of nutritional genom cs, particularly
understanding fatty acids effects on gene expression,

m ght be very, very val uable.

DR. SIMOPOULCS: | think I ought to continue the
di scussion. The onega-3 fatty acids have been used,
particularly EPA and DHA, in the formof fish oil for the
past 15 years. And in nmany situations, it involved
following patients for at |east three and a half years.
But during the tine period, there has never been a single
case of clinical bleeding, nunber one. Nunber two, what
they do is people who are obese, people with diabetes,
hypertensi on, heart disease, and the elderly, they have a
decrease in bleeding tinme, which the onmega-3 fatty acids
in the diet bring it within the upper Ilimt of the nornal
range so that the increase in bleeding time is not an
abnormal tine.

Thirdly, there have been a lot of patients that
have been given onega-3 fatty acids two to three weeks
prior to angioplasty or even quadruple bypass, and these
peopl e have not bled. So | think it is very inportant to
understand the difference. There is no evidence of
clinical bleeding with onega-3 fatty acids. The dosages
t hat have been used by physicians -- and these are people

foll owed by physicians -- have been between 3 and 5 grans
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of omega-3 fatty acids per day.

In the G SSI study, where they followed the
patients for three and a half years on a Mediterranean
diet, they used close to 1 gram basically 850 mlligrans
of a ratio of EPA to DHA of two to one. These patients
did not manifest any abnormalities whatsoever.

So | don't think you should worry about that.
The safety, | would say up to 3 grans per day of onega-3
fatty acids, has certainly been shown. |In patients who
are foll owed by psychiatrists, they use higher |evels,
but these are followed very closely by physicians.

So what is the adequate intake of onega-3 fatty
aci ds? When we had the neeting of a workshop a year and
a half ago at the NIH, we recomended an adequate i ntake
of about 650 mlligrans per day. This is considered safe
for anyone.

DR. ANAND: Dr. Krauss?

DR. KRAUSS: Yes. | think it is inportant to
keep those nunbers in nmnd. One of the concerns, |
think, in talking to the general public, and our
experience in heart disease | think exenplifies this, is
if you pick a particular nutrient and you responsibly
give guidelines for certain levels of intake, there is a
tendency for people to say, well, if so nmuch is good then

a lot nore would be better. W' re dealing with a
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tremendous problemin this country of people focusing on
one particular magic bullet for disease prevention. And
when we identify something inportant |ike onega-3, for
exanpl e, and we give responsi bl e recomendati ons, we nust
reinforce the nessage that that doesn't nean that people
can then multiply that by a factor of two or three and
reduce their risk even further. And that is, | think,
one of the messages that we want to convey in terns of
responsi ble nutrition.

And if we ever hear that there may be sone
geneti c subgroups that m ght benefit from nmegadoses of a
particul ar nutrient, that should not be taken to indicate
that the entire popul ati on would benefit from very high
doses. And | don't think we need to discuss what that
should be. | think the data that Dr. Sinopoul os
described certainly holds up well. But sone people don't
consi der those nunmbers. They just think about the foods.
And we really have to be careful that this is a
guantitative science.

DR. ANAND: Next question, please. Go ahead.

DR. FERRARI: Hi. Serge Ferrari at Harvard, and
| work in the osteoporosis field, which is another common
di sorder, of course, with a big inplication in public
health and has many rel ated issues to the disorders we

are tal ki ng today.
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So | want to go back to the gene and
particularly to that question of how good predictors
t hose pol ynorphic genes we are all finding in our
specific disorders are going to be. The parallel between
ost eoporosi s and cardi ovascul ar di sease, that in both
cases we have an endpoint. For us, it is the fracture;
for you, it is the myocardial infarction. And in both
cases, we have pretty good predictors or risk factors
that you call hyperchol esterol em a or high bl ood
pressure, and we call | ow bone density.

So the question is, knowi ng what we are know ng
now, which is that all those disorders are going to be
determ ned by tens, dozens of genes with pol ynorphic
variance that is going to count for maybe | ess than
5 percent of the variance of those traits, what is really
our hope or what are the thoughts that underlie our hopes
that those variants are going to be a better predictor
than the sinple measurenent of what we already have, bone
density for fracture or bl ood pressure for cardi ovascul ar
di sease? How nuch of a progress can really do at the
i ndi vidual level with those alleles versus sinple
measurenents that we can already nake?

DR. ANAND: Dr. Krauss?

DR. KRAUSS: Yes. That is sonmething that I

think we have all thought about quite a bit. And it is
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certainly true for some of the traits we have di scussed
this morning: |ipids, cholesterol, blood pressure, that
one can readily determ ne whet her and how much one
responds to a given diet in a rather short period of tinme
by sinmply trying that diet and nmeasuring the response.
And | would actually endorse that approach in trying to
optim ze diets for many individuals.

However, it is a little bit of a scatter shot
type of thing. And what we're | ooking towards in the
future with nore advanced technol ogy and a | ot nore data
is being able to use nmultigene profiles that consider,
for exanple, the inportant issue of gene-gene
interactions to be able to add up sonme of the variances
that may be individually rather small and come up with a
conposite risk

Now that is a futuristic view that is based on
genom cs and genom ¢ technology and |ots of data that we
hope woul d be forthcom ng. But the current application
of what we are tal king about clearly does translate to
| ooking at the genetically influenced traits thensel ves
as endpoints for sonme of our dietary experinmentation, so
to speak. Each individual represents an experinent wth
an end of one. How is that individual going to respond
to diet? If we nmeasure the right things, we can

certainly tell that individual a lot. W hope that one
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of the nessages of this whole programis that the public
can understand that there are such differences and that
there are genetic factors, even though we are not yet
ready to put the fornmulas together to put that into
practi ce.

DR. ANAND: Dr. Miurray?

DR. MURRAY: |'d like to just expand a little
bit on Dr. Krauss's comment about the genetic profile.
For sone years, we have known that if you -- you can take
a dom nant disorder, a gene, and let us say we use
sonething li ke the nouse because we can't do appropriate
genetic mani pul ation in humans, and that that gene wl|
express itself to varying degrees from absolutely no
expression to very severe expression based upon what we
call genetic background of the nouse.

Of course, we now know that that is the
conposite of genes contained in the genone of the npuse
of a particular strain, and that one genetic background
| eads to severe expression. The other nodifies the
expression so that it is barely expressed at all.

To sone extent, we have that exhibited in sickle
cell anem a. We have now identified some genotypes that
are related to something called restriction fragment
| engt h pol ynor phism profiles, and so that we can predict,

based upon a particular profile whether a patient wll
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have a very severe form of disease within sone
paranmeters, of course, or whether they'|ll have very mld
di sease, or whether they'll have hardly very little
expression of the disease until very late in life.

So people fromdifferent parts of the world may
have the same SS genotype, but in one case they hardly
are sick at all, or they may get sick only occasionally,
and others are sick fromthe tinme they are a few nonths
of age, so that that kind of information suggests very
strongly that having a profile of genetic markers, not
any single one, not any one SNP, for exanple, but a
series of these will give us a stronger predictive power.

And as a statistician, you speak |ike one, you know t hat
any prediction you nake is subject to limts based upon
how strong your data are.

And the nmore such variance we have, the
stronger, the nore reliable our predictors will be. And
when we can take into background the whole of the genetic

background of the particular individual we're | ooking at,

then we'll be in a much better position to say, yes, you
will get the disease if you live |ong enough; or, no,
don't worry, you'll be okay.

DR. ANAND: Next question or comrent, please.
DR. TOBIN:. Brian Tobin, representing Mercy

Uni versity School of Medicine, and al so the 21 academ c
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institutions involved in the nutrition academ c award
program Secretary Gickman hit on two comrents that |
think is probably very near and dear to nobst of us, and
that is, one, that the public is really crying for good
information on nutrition; and second, that the bionedical
communi ty has been very slow to react to advances
certainly in nutrition, and also advances in diet-gene

i nteractions.

The good news is that there are 21 nedica
schools currently involved in putting together a unified
curricul um docunment for the training of nutrition to
physi ci ans, and that curricul um document will include
some 20 different areas where nutrition needs to be
incorporated in the academ ¢ community of physician
training.

It has recently been decided that diet-gene
interactions need to be incorporated into the docunent.
And | would like to ask Dr. Krauss and Dr. Hunt,

Si nopoul os, and Murray what their perspective would be on
effective ways to incorporate the information that you
have into the training of our student physicians because
it is my opinion that it is sorely needed.

DR. ANAND: Okay. Go ahead, Dr. Krauss.

DR. KRAUSS: Well, student physicians will be

practicing nmedicine well into the genonme era. And I
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think the best thing that we can do is prepare themfor
t he aval anche of know edge that is going to be
forthcomng fromthe Genone Project. | think it is
probably premature to give them particular information
about specific genes and how they m ght be used in
clinical practice. But |I think froma training
standpoint, this is the time to get themtuned into how
to use the material that will be com ng al ong.

In the meantime, | think there is an inportant
message, again dealing with the one size doesn't fit all
approach to practicing dietary nedicine, just as we are
applying it to pharmacol ogical nedicine. And I think it
is a conceptual message perhaps rather than right now
burdening themwi th information that is probably enough
in a state of flux to make it obsolete in two weeks sort
of thing.

So | think it is an orientation and it is an
approach to the individual patient that gives an
under st andi ng of bi ochem cal and genetic individuality
and the need to foll ow paraneters that don't assune that
a given diet is going to have a given result on bl ood
pressure or chol esterol, but follow that patient. All
too often, we are seeing ny coll eagues in the nedica
conmmunity prescribing drugs that are supposed to reduce

the risk of heart disease and witing a prescription is
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t hought to be the end of it.

In fact, that is just the beginning because
there has to be followthrough and a determ nation that
the desired effect is forthcomng. And I think that
approach to the practice of medicine for physicians
really ought to carry over into diet as well

DR. ANAND: Dr. Miurray?

DR. MURRAY: | can't say too nuch about diet,
but | can about genetics. The prinmary care -- the Center
for the Education of Primary Care physicians has
establi shed a program of training centers in which they
wi Il provide nodern genetic training for primary care
physicians. This is becom ng a part of their board
requi rements for certification.

But prior to that being introduced, they are
setting up these centers. And | was just part of a |large
commttee that hel ped set up some of the criteria for the
content and which content was included, genetics and
nutrition. But it was only a small part of the whole
picture. So we are not just waiting for nmedical students
to come out, but they are trying to deal with primry
care physicians who have been out in practice and who
will practice for the next 20 or 25 years so that they
can al so provide appropriate informati on and counseling

to their clients, their patients, and so forth.
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I n the Washi ngt on Post on Saturday, sone of you
may have seen an article about disorder al pha-1
antitrypsin deficiency. This is not necessarily a
nutritional deficiency, but has certain inmplications for
nutrition and diet. And I'Il refer you to that for sone
of the things that are being done to try to upgrade the
know edge of the practitioners and other health care
givers in the community.

DR. SI MOPOULOS: Actually, I'minvolved with a
panel that has devel oped a video for primary physicians
enphasi zi ng the i nportance of genetic variation, genes
and chroni c di sease, and of course genes and nutrition.
But, going back to the nedical school setting, | think it
is inmportant to devel op concepts that relate genes to
nutrients the sanme way we have departnments of
phar macol ogy where they have devel oped very good concepts
relative to drugs and genes. And |I'm hoping that this
approach m ght be able to actually elevate of nutrition
education in nedical schools. It seens to nme that you
shoul d grasp at the opportunity to point out the
i nportance of nolecular nutrition and gene nutrient
interactions. | think these concepts are to be included
in medi cal education. And at the sanme time, the primry
physi ci ans and others who are in practice also are to be

educated in this area. | don't think we should continue
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with the universal dietary recommendati ons for the
preventi on and managenment of chronic di seases because
t hey are not appropriate.

DR. ANAND: Dr. Krauss, you had a coment ?

DR. KRAUSS: | was just going to say that this
is entering the medical mainstream this whole area. In
the journal JAMA, read by nost practicing physicians, in
this next week there is going to be a report appearing
about the inportance of famlial factors influencing the
chol esterol | owering response to diet fromsone of ny
coll eagues in Dallas. So | think physicians do need to
be educated as this field advances. And | want to
strongly echo what Dr. Sinopoul os said about using
nmol ecul ar insights to elevate the role of nutrition in
t he nmedi cal community.

| think nutrition has been set aside in general,
in part because the science behind nutrition has never
really seemed to be on a par with many of the other
rapi dly advancing areas in nodern biology and nedi ci ne.
| think that is wong, and | think that marrying
nutrition to nol ecular genetics and biology is a way to
present it in its proper context.

DR. ANAND: We have tine for one nore question
or comment, and then in the afternoon again we have set

aside tinme for discussion and questions. Please go
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ahead.

AUDI ENCE MEMBER: Yes. \Where can peopl e get
tested for these vari ous genotypes, and how?

DR. MURRAY: \here can they be tested?

DR. ANAND: Yes.

DR. MURRAY: You can go through a nedical
genetics center or genetics clinic, which is usually set
up with a conprehensive counseling, as well as access to
such testing. Such centers are listed centrally through
the American Society of Human Genetics, which is actually
based out in Rockville here in the Washi ngton area,

t hrough the March of Dinmes, National Foundation March of
Di mes, and nost nmajor nedical centers now have divisions
and/ or departnents of medical genetics or clinical

geneti cs.

You can al so contact conpanies that do such
testing. Mst of these conpanies are on the Stock
Exchange. So if you see a conpany that has gene or
sonething like that in its nane, it probably does genetic
tests.

What you have to be aware of, however, is the
fact that getting the result of the test is one thing,
but having it interpreted is inmportant, that the
inplications of the test differ according to your

specific famly history, your specific health status, and
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a variety of other factors that need to be taken into
account when you get the test result.

Sone of you know of horror stories of wonmen who
got the BRCA-1 gene test, got a positive result, and then
had their breast anputated, only to find out they were at
low risk, if at risk at all, because they had the gene.
There was no famly history, and therefore they were not
at increased risk. But they were not properly advised
about the significance of the test in their case.

So counseling is an inportant part of any
genetic testing that may go on. Also, be leery -- again,
| refer you to this Washington Post article -- of who is
giving you the counseling. Lots of physicians out there
don't know what they are tal king about. And there is the
story of a wonman who was given bad i nformation about a
particul ar genetic test, and so she is suffering the
consequences of it.

DR. ANAND: Okay. W are going to break here
now, and we'll reconvene at 1:30 this afternoon. Thank
you very nuch

(Wher eupon, at 12:05 p.m, a luncheon recess was
t aken.)

/11
/11
/11
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Il
AFTERNOON SESSI ON

(1:35 p.m)

DR. SI MOPOULOCS: Good afternoon. W are ready
now to begin the post-lunch session. The first speaker
is going to be Dr. Anne Ml loy. Anne is the senior
experimental officer at the departnent of clinical
medicine, Trinity College, Dublin, Ireland. And we are
very pleased that she took tinme to cone and speak at our
meeting. The topic of her presentation is, "The Rol e of
CGenetic Variation in Establishing Nutritional
Requirenments: Folate, a Case in Point."

Anne has contri buted enormously to the
understanding of the role of folate in neural tube
defects. Anne?

DR. MOLLOY: Thank you very nmuch. And first of
all, I would like to say thank you very nmuch to you and
to the USDA for inviting ne here to give this talk on
sonething that nmy group -- I work with Professor John
Scott in Trinity, and a | ot of you nmay have heard of him

And we have done a lot on this topic over the past few
years.

|"d like to start by showing you nore or |ess
t he conventional view, which I think has been said this

norni ng. One woul d have a conventional view of nutrition
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that a good m xed diet provides an adequate supply of al
nutrients, except in certain circunstances such as
pregnancy; and secondly, that while nutrient requirenents
vary for different groups, such as infants and el derly,
that within any groups the requirenments are the sane.

Well, what | would like to do today is to show
you that in the case of folate, at least, that this may
not quite be true. And | want to focus on a variant in a
folate metabolizing enzyme, which is common in the

popul ati on and whi ch has been shown to alter folate

st at us.

Folate is needed for two really big inportant
cycles in the human cell, or in any cell. And the first
cycle has to do with DNA synthesis. It is required to

provi de purines and pyrim dines, and thus it is involved
in cell proliferation. And the second cycle it is
involved in is a cycle of nmethylation, where it
met hyl at es DNA, protein, neurotransmtters -- a w de
variety of nolecules in the body. And in that
circunstance, it is involved in gene expression.

And thirdly, it is required to maintain |ow
| evel s of honocysteine, and that you probably have heard
about honocysteine in the last few years. And I'IIl tell
you a bit nore about it.

So what | wanted to do very sinply here is to
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build up a picture of what folate does in the cell, just
so that you'll see exactly where this enzynme is that |'m
going to tal k about and what its place is in relation to
folate nutrition.

So first of all, dietary folate is absorbed and
enters the bl oodstream as 5-nethyltetrahydrofolate, so it
has a nethyl group attached to it. And to get into cells
and to be retained in cells, it has to go through this
enzyme system nethionine synthase, which is a B-12
dependent enzynme system in fact, which is a little bit
interesting, but I'mnot tal king about it. But it has to
give up this nethyl group to honocysteine. And then it's
in the cell. And as tetrahydrofolate, it can be retained
incells. 1t can't be retained as 5-nethylfol ate.

So the next thing, once it is incells, is it
pi cks up one carbon unit. It is a carrier of one carbon
unit. So you can see these one carbon units as formal
groups or as nethylene groups. And those then are given
up into the synthesis of purines and the synthesis of
pyrim dines. So they are involved in DNA synthesis.

But the other side of the coin is then is where
does that honocysteine cone fron? Well, in fact the
honocysteine comes from nethionine, and it is the other
cycle of folate nmetabolism So if you | ook at the other

cycle, you see that nmethionine is converted to this high
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energy nol ecul e, S-adenosyl net hi oni ne, which gives up
that methyl group to a variety of acceptors, and the
coproduct of these nethyltransferase reactions is S-
adenosyl honocystei ne, which is converted to honocystei ne.

So there is a cycle there that involves honocysteine and
the resynthesis of nethionine via a folate dependent
enzynmne.

So if you look at the overall picture, you can
see that honobcysteine has a key place in this entire
system And you can al so see that when cellular fol ate
is replete and no nore uptake of dietary folate is
required by the cell, these nethyl groups are sequestered
fromthe DNA synthesis side of the picture to renethyl ate
honocysteine, and the enzynme that does this is MIHFR
This enzyne is a very inportant enzyne in folate
met abol i sm because it specifically channels the one
carbon units away from DNA synthesis and up into the
remet hyl ati on of nethi oni ne.

If that enzynme isn't working properly, or if
there isn't enough folate in the diet, or if other
systens go wong within that nmethylation cycle, the |evel
of honobcysteine begins to rise, and then it begins to
spill out into the blood. It can be catabolized via the
cyst at hi oni ne synt hase enzynme. But that only happens in

the liver.
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So you can see here that there is conplex
system which is there to maintain honocysteine at the
correct level, and also to maintain the proper
functioning of folates. |If you have sonethi ng goi ng
wong with the system and if honocysteine | evels do
ri se, they can cause problenms. And we now know t hat
noderately el evated plasma honocysteine i s associ ated
with increased risk of coronary artery disease,
peri pheral artery disease, cardiovascul ar di sease,
conplications of pregnancy, including mscarriage,
pr eecl anpsi a, and ot her adverse pregnancy outcones, renal
di sease, diabetic retinopathy, a variety of other types
of vascul ar problens. And also, nore recently, it has
been shown to be associated with neuropsychiatric
di sorders, cognitive dysfunction, et cetera.

So clearly, anything which pronotes higher than
normal plasma honocysteine | evels may increase risk of
di sease. And so | want to | ook now at the enzyme MIHFR
because this is the enzyme where we have found this
variant. As | said before, it is a very inportant enzyne
in folate metabolism It is cytosolic. It is a
honmodyner. You probably wouldn't be interested in sonme
of this. But in case anybody is, it is localized in
chronosone-1, and in vivo it carries out this

irreversible reaction which commts folate bound, one
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carbon units to nethionine synthesis.

As it turns out, this enzyne is the nost
commonly found inborn error in folate metabolism That
is not to say that it happens very often. But about 50
cases worl dwi de of severe MIHFR deficiency have been
found. And these children who are born with this disease
usual ly have a variety of problens, including
neur ol ogi cal probl enms, devel opnental del ays, and they
al so have cardi ovascul ar di sease.

Very many different nmutations have been found,
and sonme patients have been found to have three or four
nmut ati ons. These are the severe nutations. And
generally, they have |less than 20 percent activity. So
we are not dealing with those because they are a specific
event and a specific problem

What | am going to talk about is this C677T
variant. And this variant was di scovered about five --
in 1995, insofar as it was identified. But it was
postul ated to be present for about ten years prior to
that. It is mssense nutation converting an alanine into
a valine in the enzyme. It is thernolabile in vitro.

And really, that just says that when you analyze it in
the | aboratory and you heat it first, it has |ess
residual activity. And what we would say is it is a

slightly more wobbly enzyme when you look at it in vitro.



122

But when you | ook at people who are TT
honbzygote for this variant, they have m|ld enzyne
deficiency, and they have mldly raised plasm
honocysteines, so that clearly the enzyne is not
functioning as well as the normal or wild type enzyne.
And in fact, it varies widely throughout the world. So,
there would be a small er number of people who would be TT
honbzygotes, and we woul d say that people who are TT
honbzygotes are really the ones who are at risk of these
pr obl ens.

It has a very high incidence in South Anmerica.
You would find TT anong South Anerican Indians to be in
the region of 35, 40 percent. It is very lowin Africa,
and you would find that people would have sonmetinmes -- in
sone popul ati ons, they have found no TTs. But it is very
| ow preval ence all together.

In Europe, it is somewhere between those. In
the Irish popul ation, which we have studied, it is about
10 percent. In the Italian population, it is about 16
percent. So it is even varying within the communities of
the EU. And you can see here and throughout the world it
is in fact quite w dely varying.

A nunber of studi es have | ooked at persons with
mldly el evated honocysteine. This is just one exanple

of a big study where they | ooked at a | arge group, |arge
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popul ati on. These were nen. And there were 280 CCs, 273
CTs, and 72 TTs. And when you | ook at the serum fol ate,
the serumfolate is slightly lower in the TTs than in the
ot her CCs. When you | ook at the honocysteine, the plasm
honocysteine is higher in the TT group than in the CCs.
And what this group has done, which is what a nunber of
groups have done, is they have taken the nedian fol ate

| evel and they have | ooked at the honocysteines bel ow and
above the nedian plasma folate level. And they found
that really this high honmocysteine problem seens to be
all associated with those who happen to have fol ate bel ow
t he nedi an | evel.

So if you are a TT person, and if you are in the
bottom hal f of folate status, then the honocysteine wll
be hi gher, much higher than it should be conpared with
ot her groups who are in the bottomof their fol ate
status, whereas if the folate |level is reasonably high,

t hen appears to be no difference between the TTs and
ot her groups.

So we asked the question, do the 5 to 15 percent
of people who are honmpbzygous for this nmutation have
i nadequate folate status as evidenced by the red cel
folate? And to answer this question, we took two groups
of people originally. W had a group of nonpregnant

wormren, 318, and we had a group of pregnant wonmen, 242,
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who subsequently had normal babies, or babies that were
not affected by NTDs.

And in fact, when we were answering this
gquestion, we had this popul ation already analyzed. W
were | ooking at other aspects of neural tube defects.
And so we just asked the question, well, how does their
folate status ook if we just categorized them by this
genotype? We neasured our folates by m crobiol ogical
assay, which has traditionally been known as the gold
standard nmet hod of analysis. And |ooking at the
genotypes, there was no difference -- there wasn't a
maj or difference in terns of the genotype distribution.
There was a slightly higher difference, but it was not
significant, and there were two nornmal popul ati on groups
anyway of wonen.

So when you look first of all at the plasnma
folate, you find that in the pregnant nothers we found
that the plasma folate was significantly lower in the TT
group, in the wonen with this variant conpared with wld
type. We didn't find this anong our group of nonpregnant
womren, who were all staff of one of the big maternity
hospitals. And that is not -- it is not surprising. It
is something that we often do find is that the plasm
folate may be | ower, may not be lower. It depends on the

person's day to day fol ate status.
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But when we | ooked at the red cell folate
status, we found in fact that when you | ooked at the wld
type, the TT group had a significantly |ower red cel
folate, both in the pregnant and in the nonpregnant
group. And this was highly significant in the pregnant
group. It was significant against the CCs, as well as
agai nst the TTs when you did a post hoc test, a post nova
test.

We showed that the TT group had a |l ower fol ate
cellular status than the other groups, than the CC or the
CT group. When you |look at that by distribution, you
find that the group who have the TT genotype have about
20 percent |lower folate status than the other two groups.

And if you look at that in terns of the popul ation at
the time, about 30 percent of the wonen who were TT had
red cell folate status |ess than 200 m crograns, which
woul d be regarded as a borderline of
sufficiency/insufficiency. So it was draw ng those
peopl e down into quite a |ow fol ate stat us.

Now since then, a ot of work has to be done on
t he MIHFR, and anot her function and the aspects of it.
And | have just put up two studies here, one of which was
done by Quere et al, and the other by Jacob Sel hub's
group in Boston. And what this group here did was they

didn't | ook at the overall red cell folate status. They
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| ooked at the nmethylfolate status in red cells. And red
cells, when they mature, all of their folates tend to be
converted to nethylfolates. 1In normal people, you would
not expect to find anything other than 5-methylfolate in
the red cell of a person or in the plasm, indeed.

And when they analyzed the red cell folate
content of the 5-methyltetrahydrofol ate content of the
red cells, they found that it had dropped to al nost 50
percent in the TT group. And also, they found that this
correlated very strongly with the increase in plasm
honocyst ei ne.

So this was another way of |ooking at the sane
thing that we had seen. And |ater on, Jacob Sel hub's
group had a | ook to see whether there were other types of
folate there. And they showed that normally one finds
only nethylfolates in the red cells. You don't find any
formof folates. But in these TT groups, they found that
t here was about 29 percent of the fol ates present as
formyl folates rather than as nethyl fol ates.

So in other words, there was a shift in the
distribution of folate. Normally you would find in the
plasma and in the red cells all of the folate present as
met hyl f ol ate. \What Bagl ey and Sel hub were finding was
that some of the folate was |left over as the fornyl

folate rather than all being converted to nethyl folates,
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whi ch was just another way of saying the enzyme clearly
isn't functioning as well as it should do.

Very recently, in a paper that canme out this
year, a Norwegi an group | ooked at the riboflavin
i nvol vement. Now why would they want to | ook at that?
Well, MIHFR invol ves FAD. And FAD, there was a very nice
paper |ast year on the structure of MIHFR by Martha
Ludwi g and Rowena Matthews. And they showed that in fact
this amno acid is not near the active site of the
enzyme, but it is in such a position where it involves or
where it affects the binding of the flavin to the
protein, and that in people who have valine instead of
al anine, the FAD is nore | oosely bound and tends to
di ssoci ate nore easily.

So this was a very nice reason for | ooking at
the riboflavin, the possibility that riboflavin status
m ght be involved. And when they | ooked at the
ri boflavin status, they found indeed the higher
honocysteine | evels. They found that fol ate was | ower,
but not significantly so. And indeed, they didn't find
that the riboflavin was significantly |lower. But when
they | ooked at correl ations or associ ati ons between
honocysteine and riboflavin and fol ate, they found that
it was inversely associated with plasm honocystei ne only

in the people who had the T allele, but not in the CC
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subj ect s.

So suddenly there was an interaction here of
vitamins with this enzyme that one normally didn't see in
the wild type enzynme. So the next question that | was
trying to | ook at was do subjects who are honozygous for
the nutation have a different plasm response, plasm
honocyst ei ne response, to supplenmentation with folic acid
t han ot her i ndividuals.

So there is a | ot of work being done on this in
the literature. And really, to sort of sunmarize the
type of work that has been done, and to try and get from
the literature any evidence that it m ght be affecting it
-- and the sunmary that | have put together is that TT
honbzygotes certainly have a hi gher plasnma honpbcystei ne
for a given folate status. So it is not just that they
have | ower folates, but for a given folate status, they
have a hi gher plasma honocystei ne than CC honpbzygot es.

And there is also a stronger relationship
bet ween pl asnma honocystei ne and bl ood folates in the TT
than in the CC honbzygotes. So in the case of this
particul ar genotype, it seens to be strongly explaining
the variation in red cell folate, or the variation in
honocysteine that is due to folate, whereas in other
groups the association is strong enough, but isn't quite

S0 strong.
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Conversely, TT honpbzygotes have a greater
percent reduction in plasm honocysteine in response to
fol ate supplenmentation. Their honmocysteine |evels are
hi gher, and if you give them fol ate suppl ementation, they
drop | ower.

Now | haven't actually teased out whether that
is areal effect of the TT honpbzygotes or whether it is a
fact that people who have hi gher honpbcystei ne anyway
respond nmore to fol ate because that has al so been found.

And then you have this problem of regression to the
mean, whereby if sonmebody has a high |Ievel and you do
sonething, their level will drop |ower -- further anyway.

So that is a tricky one to kind of say, is this
sonething that is happening with respect to the TTs or
whet her it is sonething that woul d happen anyway. But
certainly they do respond very well to fol ate
suppl enment ati on.

So to sunmarize in that part of it, the variant
is a cause of low folate status in the general
popul ati on. And a substantial mnority of the popul ation
may have a higher folate requirenment because of the
specific gene, and current dietary reference val ues do
not reflect this requirenent.

So to ook at the energing, just to back off a

bit and to | ook at the energing view of folate nutrition,
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it is now considered froma |lot of work in the | ast

nunber of years that inadequate folate status -- and | do
not nmean deficient folate status; | mean | ess than
optimal folate status -- has been regarded to be an

i nportant risk factor for a number of chronic diseases,
as well as certain congenital malformations. And these
i ncl ude neural tube defects, cardiovascul ar di sease, sone
cancers, and neuropsychiatric disease.

What does this mean in terns of MIHFR? Well,
t here have been hundreds of papers in the literature in
the | ast few years | ooking at the MIHFR variant in all of
these different problenms. And to summarize it, | think
t he general consensus would be that MIHFR i s not in
itself an independent risk factor for any of these
di seases. But it is a cause of high honocysteine and | ow
folate, which are risk factors. So it is another problem
t hat one m ght have which m ght |ead to higher
honocyst ei nes or | ower folates.

And 1"l just give you the exanple of neural
tube defects very briefly. W know that neural tube
def ects of inconplete closure of the neural tube, that
you can have spina bifida, or other defects, and that it
happens early on in pregnancy. W all know that fol ate
can prevent neural tube defects. And we also know that

nost wonen carrying affected fetuses do not have bl ood
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folates in the deficient range. But they do have | ower
folate and B-12 status, and they have higher plasm
honocystei nes than control mothers. And a |ot of us who
are working in this area are looking to see if congenital
-- if genetic abnormalities in folate related enzynes

m ght account for this.

We have | ooked at a very large study. W have
probably done the | argest study in the world in Irel and
because it is such a preval ence country for NIDs. W
have | ooked at 218 conplete famlies. And we have
confirmed that in the Irish population at |east, the TT
genotype is a risk factor for neural tube defects, and
that the risk is nostly residing in the cases the nothers
and fathers have intermediate risks, which is expected if
they are carriers. It is not a risk factor -- this TT
genotype does not appear to be a risk factor in sone
ot her popul ations, but it certainly is in the Irish
popul ati on.

So the risk factor, accounting for about 13
percent of the population attributable risk, suggests
that the case, rather than maternal genotype, is crucial
in conferring the risk. So we asked the question, could
the MIHFR vari ant be explaining the |ow folate status in
our NTD nothers? So we had a group of NTD not hers where

we | ooked at the cases and control s. There were 82 NTD
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affected nothers. This was early in pregnhancy during an
NTD af fected pregnancy. W had 261 controls. And there
was a slightly increased proportion of TT nothers anong
t he NTD not hers than anong the pregnant controls. But
this is what is expected because we know it is a risk
factor for NTD in our popul ation.

And to summarize that result, we had previously
shown that red cell folate is a risk factor for NTDs and
that there was a graded risk of NID, which is inversely
proportional to the red cell folate status of the nother.

And this is early pregnancy red cell folate. The |ower
a woman's red cell folate was, the higher the risk of
having an NTD affected birth was.

So we re-anal yzed those nothers then having
excl uded our TT genotypes because we didn't have enough
to do the analysis on TT nothers alone. But having
excl uded TT genotypes, we found that really the risk
wasn't changed that much, so that although TT is a cause
of low folate status in the population, although it is a
risk factor for NIDs, it is not contributing that nmuch to
NTDs, and there are other factors presumably out there.

So it is more common in NTD affected nothers,
but it is not a major cause -- and it is a nmmjor cause.
It is not a major cause of |ow folate status in these NTD

not hers. There may be other genetic variants which cause
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NTD risk interacting with the enbryo or the nother's
fol ate status.

And just to show up this work by Mtchell et
al ., which was published in 1997, they | ooked at red cel
fol ate anal ysis on nonozygotic and di zygotic twins. They
had quite a | arge nunmber of pairs of each group of tw ns.

They concluded that virtually all repeatable variation
inred cell folate is attributable to genetic factors.
They found that 46 percent of the variants in red cel
folate was attributable to additive genetic effects.

So really, our nutrient status is under an
enor mous anmount of genetic influence. A |ot of other
peopl e are | ooking at other folate genes, the nethionine
synt hase gene, the nethionine synthase reductors gene,
the CBS gene. They are looking at the effect. These are
t he changes which are known. They are pol ynorphisns
whi ch have now been di scovered. They are | ooking at the
effect which these have on honpcystei ne status, and they
are not finding very nuch, to be quite honest. They are
only a very small effect. And really, at this stage, the
MIHFR one is the only one which is significantly
affecting fol ate status.

So finally, just to say the future, while a good
m xed diet will probably prevent overt signs of folate

deficiency, it may not optimally reduce the risk of
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certain events such as neural tube defects,

cardi ovascul ar di sease, and col orectal cancer. And
altered nutrient status may eventually be shown to be a
common result of genetic variance.

And | would just |like to acknow edge ny
col | aborators. | work with Professor John Scott, who is
an international folate expert. W collaborate with the
Heal th Research Board in Dublin, and we have had a | ong
time collaboration with Dr. JimMIls and the NI CHD and
Dr. Harry Brody in the Human Genone Lab. Thank you very
much.

(Appl ause)

DR. ANAND: Qur next speaker is Dr. Donal d B.
Junp. Dr. Junp is a professor in the departnment of
physi ol ogy and bi ochem stry and nol ecul ar bi ol ogy at the
M chigan State University, East Lansing, Mchigan. Dr.
Junp received his PhD in biochem stry from Geor get own
University in Washington, D.C. Please join ne in
wel com ng Dr. Donald B. Junp, who will speak on nutrients
and gene expression. Dr. Junp.

DR. JUMP: | would like to thank Dr. Sinopoul os
and Dr. Anand for inviting me to present, and also the
USDA for sponsoring this session.

Well, ny job or ny assignnment today was to

basically talk to you about nutrients and gene
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expressi on, and give you an overview of the recent
progress in our understanding of how particular nutrients
i nfl uence gene expression.

What we are dealing with here for the nost part
is nutrients as pronoting adaptation. And for many cell
systens, adaptation is an inportant facet for survival.
And we have known about adaptation as a conponent of
changes i n gene expression of bacteria and yeast for well
over 30 years. And there are a nunber of clear cut
nodel s for them |ac operon being one of those exanples.

But in higher organisns, the nutrient effects on
gene expression are oftentimes obscured by the effects of
hornmones. The recent progress in both nol ecul ar bi ol ogy
and the ability to culture certain cell types in vitro
has enabl ed i nvestigators to sort out the nutrient effect
fromthe hornonal effect. You will see that these
mechani sms are very conpl ex, oftentimes involving changes
in metabolismand changes in gene expression.

What is nmeant by gene expression? Basically, we
have a biol ogical response in the cell. A cell changes
its metabolism its growh, and differentiation. This is
usual Iy brought on by a change in the activity of a
protein or the abundance or both. |If it is an abundance
issue, it is due to a change in the mRNA encodi ng that

protein, and oftentinmes due to a change in transcription.
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That inplies that there is some factor within
the nucleus of a cell that has undergone sone change in
its capacity to either turn on or turn off transcription,
and that is really what |I'm going to focus on today. And
basically, there are two general classes of nutrients
that will do this, mcronutrients -- clearly vitamn A
and vitam n D use nuclear receptors to nediate their
effect -- and the macronutrients, carbohydrate,
chol esterol, and fatty acids.

Today | will talk primarily about chol esterol
and fat, two of our major problems in human heal th, and
their effects on gene expression.

| just want to rem nd you about chol esterol. W
had heard a ot fromDr. Krauss this norning about
chol esterol and its pathogenic effects. | just want to
rem nd you that there are good facets about chol esterol
serving as conponents from nmenbranes, making the
regul atory steroids, as well as bile acids w thout which
we woul d have a hard time absorbing fat fromthe diet.

It gets to be a problem when we have high cholesterol in
the diet, which turns out when it is packaged into
| i poprotein particles is a risk factor for arterial
di sease, atherosclerosis.
And so what | would like to do first is to tell

you a little bit about how chol esterol regulates its own
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met abol i sm

We now have a fairly clear understandi ng of how
chol esterol is regulating its own nmetabolism And this
is basically the work of Brown and Gol dstein. And
essentially, what goes on here is that in situations of
| ow chol esterol, there is a tendency of a cell to
upregul ate its capacity to take cholesterol fromthe
circulation by increasing the capacity or nunmber of LDL
receptors, as well as the capacity to synthesize
chol esterol. And there is a very conplex sequence of
reactions. One of the enzymes is HMG CoA reduct ase.

And we know now that the effect of chol esterol
in low cholesterol is to induce transcription of these
genes, and high cholesterol to repress transcription of
t hose genes, so that inplies that sone place back here in
t he nucl eus, where we have the genes encodi ng t hese
particul ar proteins, there is a gene where there is a
response elenent that is binding a protein. And that
response elenent is identified as a sterol response
el ement (SRE) that binds a protein called the stero
response el enent binding protein (SREBP).

The idea here is that what chol esterol is doing,
it regul ates the nuclear content of SREBP in the nucleus,
and it does so by essentially regulating a proteolytic

cl eavage event that occurs with a precursor that is
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tethered to the endoplasmc reticulumin the golgi. And
there is a protease -- actually, there are two
proteolytic steps that are involved in which chol esterol
is regulating those events, so that with high

chol esterol, this proteolytic event is inhibited, and as
a result you can't make this form of SREBP that nopves to
t he nucl eus and stinulates transcription of genes.

In I ow chol esterol, the protease is activated,
and therefore we can nmake this protein. It nmoves to the
nucl eus, and we turn on transcription.

Now this is a wonderful mechanismthat again
Brown and Gol dstein worked out that provides us with a
novel insight of a nutrient sensing systemfor a cell.
There are probl ems, though, when this system gets nmessed
up in that there is either disregulation of this system
or there are problens with overproduction of HVMG CoA
reduct ase, or a down regulation of the LDL receptor, as
we heard about earlier with saturated fat diets.

| should also rem nd you that this particul ar
enzyme, HMG CoA, which is at the top of a sequence for
maki ng chol esterol in cells, is really the target for the
statin drugs. And this is the nmechanismthat is used
pharmacol ogically to control the production of
chol esterol .

Now | want to turn our attention to dietary fat,
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and this is the area that we spend nost of our time wth.
| just want to remind you of the big three, saturate,
nmono-, and pol yunsaturated fats, and the kinds of fat
that we see in the diet. And when you have a probl em
with dietary fat is an issue of both quantity and type.
When there is too little, particularly of the n-3 and n-6
fatty acids, we have essential fatty acid deficiency.
And when we have too nmuch saturated fat and n-6, which is
t he common problem we have in western societies, we have
t he onset of chronic disease.

The other problemis that in terns of type,
where there is an inbal ance of the saturate, nono-, or
pol yunsat urates, where there is not enough polys in the
diet, and too nuch saturates, that is a contributing
factor in the control of the LDL receptor and plasma
chol esterol .

Wel |, getting to this chronic disease notion of
dietary fat, there are now a nunmber of situations where
dietary fat has been inplicated in the onset of
progression of chronic disease, insulin resistance, which
is involved in the onset of a type-2 diabetes, obesity,
which is a risk factor for a number of diseases,
certainly coronary artery di sease, atherosclerosis,
hypertension, and certain types of cancer, which is

probably the nost controversial area of dietary fat and
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chroni c di sease.

Now | want to start here and just try to rem nd
you of sonme facets of how dietary fats are doing things
to cells. And | want to tell you about the cost of the
producti on because this provides us with the notion of
essential fatty acids, 18:2, linoleic acid and 18: 3,
al pha-1inol enic acid.

Li nol eic acid, 18:2, humans cannot make this
particular fatty acid. W obtain this through our diet
t hrough the ingestion of vegetable oils. And that can be
el ongated and desaturated to a nore conplex fatty acid
cal l ed arachidonic acid. And arachidonic acid, which
goes into nmenbranes, can be rel eased from nmenbranes,
activated, and netabolized by a variety of enzynmes. One
of those is cyclo-oxygenase that gives rise to conmpounds
that are referred to as eicosanoids. Eicosanoids are
oxi di zed fornms of 20-carbon fatty acids. These are
rel eased fromcells and rel eased locally into the
interstitial fluid. And they can react with receptors --
these are G protein |inked receptors on the surface of
cells -- and change second nmessenger levels. And in
doi ng so, they can either turn on or turn off various
cytoci ne cascades that have effects on existing proteins
or nuclear factors, and nuclear transcription factors.

So one of the common events that you see with
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this sequence, particularly if it is involved in
inflammation, is the production of cytokines,
inflammatory factors |i ke TNF-al pha, or changes in

met abol i sm or changes in the production of vascul ar cel
adhesi on nol ecul es.

Anot her interesting facet that is seen here is
particularly with N3 fatty acids. Now we can take al pha-
linolenic acid and el ongate that to ei cosapentaenoic acid
(EPA) through our netabolism or we can obtain EPA
directly in the diet in the formof the fish oils which
were nmentioned earlier

This particular fatty acid is a conpetitive
i nhi bitor of the cyclooxygenase system However, it is
possi bl e to generate eicosanoids of the PGE3 cl ass that
have a potential aneliorating effect, or as we heard
earlier, an anti-inflammatory effect on many processes.

Now | want to also introduce you to another
factor that is in this sequence of events, and that is
cal |l ed PPAR gamma. Now PPAR gamma -- we'll hear a | ot
nore about that in a few mnutes -- is a nuclear receptor
for fatty acids of oxidized type. So there are a nunber
of oxidized fatty acids that can affect binding. Sone of
t he ei cosanoi ds can bind. Sonme of the HETEs can bind.
And in fact, perhaps variants of EPA can bind.

And what is actually rather interesting here is
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t hat binding and activating this particular receptor
| eads to events that also appear to be anti-inflamuatory
inits response.

A coupl e nore issues about PPAR gamma in both
human and rodent physiology is that it is a major player
in adiposite differentiation, and there are a cl ass of
drugs, such as troglitazone, that are used to activate
PPAR gamma. Those particul ar drugs are playing a ngajor
role in dealing with this problem of type-2 diabetes
because it is a so-called insulin sensitizing drug.

The other facet is that this particular receptor
has effects on lipid nmetabolismthrough the induction of
| i poprotein |ipase. This is an enzynme involved in
clearance of fatty acids or triglycerides fromthe
circulation. And there is a notion that it may be
hel pful as a target receptor in dealing with cancer.
Basically, the idea is that PPAR gamm activation | eads
or pushes cells to a differentiated state, which is what
you want to do, and get them away froma growth state.

Next I will talk about n-3 and n-6
pol yunsaturated fatty acids and their effects on hepatic
met abolism The liver plays a central role in whole body
lipid netabolism And basically, as we heard earlier
today, we get fats fromthe diet. They cane in the form

of chylom crons. Fatty acids are in the cells that can
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be incorporated in the conplex lipids that are used
within the cell or sent out in the formof very |ow
density | i poproteins.

It turns out that n-3 and n-6 fatty acids have
uni que effects on hepatic nmetabolism One of those is
that there is an effect on oxidation. So we can take
fatty acids and oxidize them and the n-3 fatty acids are
particularly potent in doing that, nore so than the n-6
fatty aci ds.

The other thing that the |liver can do,
particularly in rodents and not so nuch in humans, but it
can happen in humans as well, is the synthesis of fatty
aci ds de novo. And both n-3 and n-6 fatty acids do that.

The other thing that is pretty clear that is a very
dramatic effect of N3 fatty acids is their suppressive
effect on the production of triglycerides in ternms of the
production of the LDL. And this accounts in |arge part
for the hypolipidemc effect of the |ong chain or 20-
carbon onega-3 fatty acids.

We are dealing with two basic events,
suppression of fatty acid synthesis and induction of
fatty acid oxidation. W' re shifting nmetabolismof fatty
acids. And we're going to use the N3s to keep things
sinple, and we're going to |look at two different

transcription factors here. One is PPAR al pha, and the
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other one is a famly nmenber of that one we were talking
about before, SREBP-1-C. And what is going to happen
here is we are going to either change the activity or the
abundance of a transcription factor in the nucl eus that
can account for these major changes in nmetabolism

Wel |, PPARs are peroxyzonme proliferator
activated receptors, and they are essentially involved in
whol e body |ipid metabolism They are major players in
this process. They are nenbers of the steroid receptor
supergene famly in which there are many, many types of
receptors. But these are basically fatty acid receptors.

And there are three types. There is an al pha, beta, and
ganma. And the al pha type is the one that we are going
to be tal king about now because it is the predom nant
formthat is seen in the liver.

PPAR al pha is a class two nuclear receptor. It
bi nds the DNA in association with another receptor, the
retinoid X receptor (RXR). RXR is a variant of the
vitami n A receptor. PPAR/ RXR heteradi ne bind DNA, at a
response elenent, a so-called DR-1, upstreamfrom a
regul ated gene. Two PPAR-regul ated genes include acyl
CoA oxi dase and Cyp