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PROCEEDI NGS
[8:34 a.m]

M5. SCHALK: 1'd like to nake some
announcenents, just sonme logistics. W are not
provi ding any refreshments, so if you do need
coffee, tea, whatever, there's a | obby bar that
serves | attes, cappuci nos, coffee, tea, that sort
of thing. You can pick that up there. There is a
restaurant list in your folder

And each of you shoul d have picked up a
nane tag and a folder. And in the folder is the
agenda, the list of speakers, list of preregistered
attendees, and there is a one-page fact sheet which
lists the purpose of this neeting. And the purpose
of the neeting is to hear sone new research from
the invited scientists, and we will be trying to
keep on tine.

Just alittle on the format: each speaker
has been allotted 30 m nutes or 45 mnutes. W're
going to try to allow for a few qui ck questions
after each presentation, but if they go over, which

we hope they won't, there is a Q and A session



after each norning and afternoon session, so we
will have tine to address any of your questions.

And additionally, on Friday afternoon, we
are going to have a one-hour panel discussion
anongst the speakers, but also, we'll be able to
entertain questions fromthe audi ence.

And at this tinme, | would like to
introduce Peter Preuss, the Director of the
Nati onal Center for Environnmental Assessnent at
EPA, who will be maki ng wel comng remarks. Peter?

DR PREUSS: Good norning, |adies and
gentlenmen. | amvery happy to wel cone you all
here. The programis quite interesting and vari ed.
We are very fortunate to have a truly internationa
group of speakers here with us. W have scientists
from Denmar k, Taiwan, Germany, the United Ki ngdom
so hopefully, we will get a broad perspective of
some of the science that is underway now.

Just so that you understand what the
synmposiumis about and what we are trying to do
here today and tonorrow, we are in the process of

revising a risk assessnment for TCEE W did one a



few years ago. W brought it to the Science
Advi sory Board. W got a lot of comments from
them and we decided that we would need to do a
significant revision

And of course during that tine, since this
area is a very active one for research, we had a
| arge nunber of papers dealing with the kinds of
i ssues that we were trying to deal with. So
basi cal ly, what has happened is that we have
invited a | arge nunber of fol ks, and you can see
fromthe programjust how many ther e are, who have
publ i shed i nportant papers in recent tines.

Again, this is not neant to be a
conpr ehensi ve | ayout of all of the science that has
been going on. That woul d take weeks, if not nore,
to acconplish that. But it is basically nmeant to
invite some of the fol ks who have really published
work that we think will be very inportant to us in
the com ng year as we develop this revised risk
assessnent .

So what that neans is that the purpose

here today is to hear presentations about science,



to understand what the scientists did, what their
concl usi ons were and how t hey went about doing
their research. The purpose is not, and
enphasi ze not, to discuss the inplications of that
research in ternms of risk or to come to any
consensus about what things nean.

VWhat we are again trying to do is focus on
the science so that we can understand what has been
done. And as Kate has said, the way that we have
set this up is that we have tried to give the
speaker s the maxi num anount of time possible, so
there is only a 5-mnute period of time at the end
for sone clarifying questions. And I'd like to
enphasi ze that. The questions during that 5-mnute
period are really nmeant for clarification: you
showed such on slide 1 and such on slide 3, and |
don't understand how they rel ate.

It is not meant to be what do you think of
the work I have just recently conpleted and let ne
tell you about it for five minutes. So | hope we
will all be able to followthat. W' Il have those

clarifying questions after each speaker, and then,



as Kate has said at the end of each session,

morni ng and afternoon, we will have a half -hour
peri od where questions can be asked and a sonewhat
br oader - rangi ng di scussi on can be held. And
hopefully, that will do the trick for us.

Now, what wi |l happen with the results of
this nmeeting? Essentially, we will take these as
grist for our mll. As we continue to work on this
ri sk assessnent, we will incorporate what we hav e
| earned here today, and so, for us here at EPA,
this is a very inportant synposiumfor us to really
|l earn, and there are many people here from EPA,
fromthe National Center for Environnental
Assessnent, and from ot her parts of EPA.

So in addition to wel com ng the speakers
and wel coming the folks fromEPA, there is a third
group that | would like to welcone. Probably all
of you know or nost of you know that TCE is a
subject that is of a great deal of concern to many
agencies, not just EPA. There are contami nated
sites around the country that have significant

| evel s of TCE, and of course, many of the Federal



agencies are involved in cleanup issues.

But others also have an interest as well.
And so, we have set aside space for the other
Federal agencies here. | think al nost every
Federal agency that touches on the tox issues or
the EPI issues is represented here today, and I'd
like to wel cone those as well.

And with that, | would like to then go on
to begin the synposium and introduce our first
speaker. Now this is tough, because | have been
practicing overnight, and I amnot sure | have it
yet, but our first speaker is Dr. Johnni e Hansen
fromthe Dani sh Cancer Society, or as we say around
NCEA, the Dansk Kraeftens Bekaenpl el se. d ose?

[ Appl ause. ]

DR PREUSS: So | introduce Dr. Hansen,
who wi |l tal k about cohort studies of cancer risk

DR HANSEN. First of all, thanks to the
organi zers of this interesting synposium | am
very pleased to get the invitation to be here and
to present the results fromour two relatively

recent cohort studies.
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First, however, | amgoing to give you a
general view about our opportunities to nmake
epi demi ol ogi cal studies in Denmark which is to sone
extent very different fromyour opportunities here
in the United States.

It has been said that we in Denmark are a
| arge cohort, kind of a working cohort. The
reasons that we have the good opportunities to
conduct epi dem ol ogi cal studies, not only in
Denmark but in the entire Nordic countries, are at
| east three. W have relatively small popul ations.
Each of the populations in the four Nordic
countries is about 5 mllion persons. It is very
wel | - organi zed, and the nost inportant issue, |
think, in this relation is that we have a central
person register.

In Denmark, it was started in 1968, and it
is nationwi de, and it was, of course, made for
adm ni strative purposes. It covers all persons
born in Denmark from 1968 and onwards and, of
course, all people living in Denmark at that tine.

When you are born in Denmark, you recei ve the sane



day your nunber. For instance, | have a daughter
three years ago. W have, at ny institute, online
access to this register. The day after she was
born, | checked if she was in the register, and she
was al ready, although she hadn't got a name, but
she had got her nunber.

[ Laught er.]

DR. HANSEN: So what is in this register
is the 10-digit CPR nunber, the nane, the address,
your job title, your place of birth, vital status,
marital status, information about your spouse, your
parents and your children, and it is updated as in
my exanple on a day-to-day basis.

And the other inportant issue in
epi dem ol ogy and cancer epideniology is that we
have nationwi de cancer registries in the Nordic
countries. |In Denmark, this national register was
founded already in 1942, and in fact, it is the
ol dest nati onwi de cancer registry in the world.

I need to present this man. It's taken 10
or 15 years ago. He is the founder of the Danish

Cancer Register, Dr. Johannes d enmesen; well,
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nowadays, he's al nost 100 years. Qur cancer

regi stries have been used as a nodel for severa
cancer registers in the world, and I won't go into
further detail, because they are built alnost in
the sane way, and it has been estimated that the
cancer registry in Denmark is al nost conplete. At
| east 95 percent of all cancers are regi stered.
The 5 percent that are not registered is mainly in
the group of non-nel anoma skin cancers.

Anot her inportant thing when you are doing
occupati onal cancer studies is that we in Denmark
have a National Pension Fund register. It was
founded in 1964. And that is unique for Denmark
They don't have such a register in the other Nordic
countries. The purpose of this register is that it
works |ike a kind of bank account. All enployees
in Denmark are conpul sory nenbers of this system
Quarterly, the enployer pays a snmall anount of
money to this registry, and the information that is
gi ven when they pay the noney is the conpany where
the person is enployed, the start of the

enpl oynent, the end of the enployment and the

12



i ndustry code given by the Danish Statistics and,
of course, the CPR nunber.

So in this way, when we have a person, we
have the opportunity to go to this register for
research purposes and reconstruct the entire
history of work on a conpany | evel back dati ng to
1964. Since we have this CPR nunber, we are able
to conbine informati on from several Danish
registries nade either for research or, for
i nstance, for admnistrative purposes.

I will concentrate on the use of these
three in the next mnutes. This is, of course, our
pensi on fund, our cancer register, and we al so have
the access to sone occupati onal measurenents that
have been perfornmed in Denmark since 1947 . Taking
all of this, the entire systemtogether where we
have the | abor inspection archives, the central
person register, the pension fund register and the
cancer register, you can see, because they all use
the CPR nunber, it's possible to conbine all of
this information.

The weakest part of this is the | abor

13



i nspection archive files. The nmeasurements have
been perforned since 1947. That neans it was al so
performed before we had a CPR nunber. \Wen they
did the neasurenents, they try to wite down on a
formthe nane and the sex and the birthday of the
person that was neasured, but that has not been
performed really good in the beginning. But
anyway, these are the data we are going to use.

I need shortly to present the
col  aborators of these studies. It's sone
col | eagues from the Dani sh Cancer Society, sone
col l eagues fromthe National Institute of
Qccupational Health and one fromthe Departnent of
Qccupational Medi ci ne, Aarhus Kommunehospital in
Denmark, who did a study on the dry-cl eaning
workers in the 1980s and finally people fromthe
International Epidemology Institute here in the
sur roundi ngs of Washi ngt on

The first paper here was published about
two years ago, and it is a relatively small cohort
study. The hypothesis before we did the studies

were in 1995, the International Agency on Research



of Cancer eval uated the epidem ological literature,
and they put the nost enphasis on the results found
in two other Scandi navian studies on |iver and
biliary tract cancer and non-Hodgki ns | ynmphonas,
but after that, also, some CGernman studies have cone
up on kidney cancer. They were our primary

hypot heses.

From t he ani mal assays, we know that |ung
cancer and testicul ar cancer have been found
increased in animals, and also fromthe Finnish
occupati onal study, there was an increased risk of
cervical cancer, so it was also included in our
hypot heses.

It is a cohort study, and the cohort is
defined by TCE neasurenents. The TCE measurenents
were found in the archives of the Cccupationa
Institute, where they have, for routine purposes,
been trying to control the exposure |evels of TCE
in Denmark, and they have nade sonme i ndivi dua
measurenments to people on the nmetabolite of the
urine and in the breathing zone. And altogether

we identified 803 workers that have been invol ved



in these routine neasurenments, and | need to point
out that these neasurenents are not nade for
research purposes but for control purposes, so they

have not been nade in a systematic way.

But we have these individual neasurenents.

We know for sure that each of these 803 persons
have been exposed to TCE. Fromthe neasurenent
files, however, we didn't know how |l ong tinme people
had been exposed, but fromthe Pension Fund dat a,
we were able to reconstruct their duration of

enpl oynment within the same conpany where there have
been neasured.

So we were able to calculate the duration
of enployment within this conpany, although we
didn't know if they had been exposed the entire
time they had been enployed. W followed up these
peopl e, the people in this cohort from1l Apri
1968, which was the day the CPR number system was
initiated, and we foll owed up people in the norna
way until they have died; the end of the study in
1996 and so on. And as a reference group, we used

the standardi zed general popul ation
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Alittle bit about the measurenent files,
whi ch were not conputerized when we used them but
stored in the basenent of the National Institute of
Cccupational Health in old yell ow papers. They had
some i nformati on about the worker, the working
conditions, the neasurenent and the conpany, but in
general, they were not very conpl ete.

So we had, in total, alnost 2,400
measurenments of the urine in this period from 275
conpani es. As a nean, about two measurenents were
performed for each person, and the breathing zone
measurenments were performed from 1974 to 1988, and
we have 422.

However, for nost people fromthis group
we were not able to identify uniquely the person
so in general, it's nostly persons that have this
measurenments from 1960 and onwards, although it
goes back to 1947.

Alittle bit about these nmeasurenents. As
you see, both the nedian and the nmean are
decreasing by progressing tine, and the

concentrations in the 1980s are nmuch lower than in



the begi nning of this period. And we see the sane
tendency here, although based on relatively few
measurenments. Gaphically, it |looks like this.
Recogni ze that this scale is logarithmc
And now, to the results of this snal

cohort of 803 Dani sh workers exposed to TCE during
this period. Based on small nunbers, but both the
liver and biliary tract cancers increase, although

not significantly, and the non-Hodgkins | ynphonas,

whi ch have been found in the other Nordic epidem ol ogi ca

studi es, have also increased relatively nuch.

Then, we found an increased risk of
cervical cancer; the risk of lung cancer was
surprisingly not increased. And when | say
surprisingly, that's because this is a cohort of
bl ue collar workers, and in Denmark and ot her

pl aces, it's so that particularly the blue collar

18



wor kers are snokers, and normally, in such kind of
cohorts, we found an increased risk of |ung cancer
due to tobacco snoking, but that was not the reason
her e.

It was only one testicular cancer, and
then, we found an increased risk of esophagus
cancer, which was outside our hypotheses. CQur
first thought was that it nmay be due to a random
effect found i n the study. W went into sone nore
details about this cancer. W divided it into
squanous cell carci nomas and adenocar ci nonas and
others. W took all of these esophagus cancers
di agnosed in the sane period from1980 to 1996 from
men born in the same period as in our study, and we
found that the normal distribution in Denmark is
that the squanous cell constitutes about hal f of
t he esophagus cancers and the adenocarci nomas about
30 percent. But what we found in this study was
exactly the opposite. There was a major increase
in the adenocar ci nonas.

Wll, this is a part of the paper. W

tried to stratify people during two different

19



i ndi cators of exposure, but | think | regret that

we put this table into the paper. | think we were

pushed to do it by the reviewer of the paper. As you see
here, we have only eight persons w th non-Hodgki ns

| ynphomas and si x persons wi th esophagus cancer.

But what we found is that there is sonme
tendency of an increased risk with increased
duration of enploynment but don't put too nuch
enphasis on this.

So the conclusions of our first smal
study was that there was no support that TCE
exposure increases the risk of |lung cancer
testicul ar cancer and ki dney cancers. W found
i ncreased risk of non-Hodgki ns | ynphoma and
cervical cancer, and we found this surprisingly
hi gh ri sk of esophagus cancer that had not been
found in other studies before.

There are no nmaj or confounders for non-Hodgkins

| ynphomas. It is so

20
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in Denmark and ot her places that the increase of
non- Hodgki ns | ynphomas is particularly increased in
upper -cl ass people, but this is a study of |ower -class
peopl e, so we should, in fact, expect a |ower
ri sk of non-Hodgkins |ynphoma. And then, it is so
that tobacco is normally associated with
adenocar ci nonas.

W didn't find any dose-response
relationship, but this is a very small study, so
maybe you shoul dn't expect it at all

Vell, we are focusing on one particul ar
chem cal, TCE exposures, but these people had been
exposed to several other chemcals within their
enpl oynent, particularly in the netal and iron
i ndustry. But we don't know anythi ng about ot her
chem cal s, and we do not know anyt hi ng about

lifestyle habits, such as tobacco snoking, al coho



drinking and so on.

So it's a very small study, and we need
results froma larger study. That was our
conclusion. And that, we did.

So this is a paper published just before
Christmas |last year, so it is very recent. The
hypot heses were al mbst the sane as in the first
study, but we al so included esophagus
adenocarci nonas, in order to see if we could
reconstruct the results found in the first study.

The design of this study is very different
fromthe first one. In this study, we didn't have
i ndi vi dual neasurenents. |nstead, we had
i nformati on about the conpani es where they have
used TCE and, we identified 347
conmpanies with historical use of TCE. and based on
t he conmpany nunber for these 347 conpanies, we were
able to reconstruct the enpl oyees at these
conpani es.

W al so know, of course, that all of the
enpl oyees in these conpani es have not, all of them

been exposed to TCE, but we had no data on who had
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been exposed and who had not been exposed. So
we set up sone criteria. W said that they should
have been exposed for at |east three nonths in
these conpani es; they shoul d have been a bl ue
collar worker; and the conpanies should enploy I|ess
than 200 people, and I'Il conme back to this later

They were foll owed up from 1989 or from
the first date of enploynment that we found with the
Pensi on Fund data. And the relative risk was
calculated in the same way. So the sources of
exposure informati on was froma nationwi de product
regi ster survey in 1984, where conpani es where they
used TCE were identified. There was the dry
cl eani ng survey from 1987; the same measurenent
files where we now didn't use the information about
a specific person, but we knew that these conpanies
have used TCEs, and it was neasured there.

And then, we got sone information fromthe
maj or supplier of TCE in Denmark, who hel ped us
with identifying sone conpanies with a nmajor use of
TCE. However, we excluded those conmpanies with

more than 200 persons, so we got 347. And the



reason for excluding those conpanies with a high
nunber of enpl oyees was based on this figure, where
you see that the proportion of workers exposed to
an organic solvent is related to the nunber of

enpl oyees in the conpany. The fewer nunber of

enpl oyees, the higher proportion of workers, in
general , exposed.

And so, we set the limt to about 200. So
in our final cohort, we had these 347 conpani es,
and al together, nore than 150, 000 peopl e had been
exposed in our period from 1964 up to 1969.

W excl uded the white collar people, based
on their job title fromthe CPR register. And it
was about 40,000 people. 56,000 people which we
could not divide into white or blue collar were
excluded also. And then, finally, we excluded
those short-termworkers. And so, finally, we had
this cohort of about 40,000 potentially exposed
wor kers.

And the results here, now, it's based on
2,620 observed cancers versus 2,400, and the

relative risk is now significantly increased



although it's relatively low. And to sone extent,
we in fact see the sane pattern as in the snal
study, which is at |least partly independent,
because the cancer cases in comon in the two
studi es are about 10 percent or sonething |ike

t hat.

But the relative risk in these studies,
and none of these are significantly increased, are,
to some degree, lower than in the first study. But
on the other hand, an unknown proportion of these
peopl e have in fact not been exposed.

W tried again to focus on the
adenocar ci nomas, and also, in this study, we found
an increased risk of alnobst 2.0. And in this
study, we also found an increased risk of |ung
cancer, as we al so woul d have expected in the first
study, because this is a cohort of blue collar
wor kers conpared with the general popul ation. And
the only other significant result fromthis study
was a decreased risk of skin nelanomas, which is
al so normally found in blue collar workers in

Denmar K.
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I forgot to say those we presented before
were men. Now, we have the fermales. They were
conbined in the first study in order to bring
power. Here, we found a relatively high increased
risk of liver and biliary tract cancer. W also
found an increased risk of renal cell carcinonas,
al t hough not being statistically significant. And
we found the sane pattern for non-Hodgkins
| ynphomas. The nunber of esophagus cancers anong
femal es were very low. | won't go int o details
with that.

And then, we again find an increased risk
of cervical cancer and |ung cancer anong the wonen.
But both of these cancers are related to tobacco
snoki ng, and we know for sure that this group of
femal e bl ue collar workers snmoke lots nmore than the

general population. And we also find this expected

26

result that they have a decreased risk of non-nel anoma skin

cancer.
W tried to stratify according to
di fferent exposure indicators: lag tine, duration

of enploynent, year of first enploynent, because we
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know that from--I have shown you before that the
| evel s of exposure were nmuch higher before the
1970s than later. And we tried to stratify it
according to the nunbers of enpl oyees.

And | am not going to take you through all
of the increased sites, but particularly in this,
the NHL, it seens to be npbst consistent. And when
we included lag tine, we saw a tendency anong the
men and wonen to an increased risk. W found an
i ncreased tendency of increased risk when we had a
| onger duration of enploynent conpared to a shorter
duration of enploynment, and the major part of the
ri sk was concentrated about people who had been
exposed in 1970 or before.

And finally, we didn't find results that
supported that if there is a causal relationship
it should be found particularly anmong the smal
conpani es, because a higher proportion is exposed,
and hi gher | evels have al so been found here. But
that was not seen

This is renal cell carcinonas, and we see

al nrost the sane pictures as for non-Hodgki ns



| ynphomas shown before. There's sone effect of |ag
time; the duration of enploynent seens to play a
role, and the highest risk is found of those in the
begi nning of the period, but nothing meani ngf ul
here.

So the conclusion of the second part of
the study is that there seemed to be support for
the associ ati on between past |evels, at |east, of
TCE exposure and non- Hodgki ns | ynphomas. \Weéll,
it's difficult to discuss confounders, because
there are al nost no confounders related to non - Hodgkins
| ynphoma, although we have as | told
before the fact that it seens |ike the upper class
peopl e have the highest risk, but this is |owclass
people, so this mght tend to decrease a truly
i ncreased ri sk of non-Hodgki ns | ynphona.

The associ ati on between TCE exposure and
renal carcinomas: tobacco snoking may be a
conf ounder here; maybe al so other exposures. W
didn't find any dose-response indication of
increased risk of female liver and biliary tract

cancers; in fact, we found that increased risk for
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t hese cancers were concentrated anmong short -term
workers. And again, we confirmed our increased
ri sk of esophageal adenocarci nomas, and of course,
our mantra, as epidemni ol ogi sts, we need further
results to further confirmthis.

But this is not the end of our research
within this field. W, as | told you before, there
are sonme other Nordic studies, and these are the
results for non-Hodgki ns | ynphomas and livery
cancer. And as you see, the results are very
simlar, in a way. So we are going to update the
cohort studies fromall of these countries, and
that will give us alnost 70,000 new person-years,
and that will double the size and the statistica
power of our study.

Thank you very nuch for your attention
during these 35 slides. Thank you

[ Appl ause. ]

DR PREUSS: W have tinme for one question
i f anybody has sonething particularly urgent. |
can't pick out the face, but the name is famliar

As you cone up, could you please identify yourself?
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We are taping this session, so we'd like to know
who is speaking.

QUESTI ON: Law ence Ronberg from G ay Deep
Cor por ati on.

In the two studies, was there an overlap
in the people? Did the people in the first study
reappear in the second study?

DR HANSEN: No, in fact, not. In the
first study, where we had neasurenents for the
i ndi vidual s, they were--nost of themwere from
| arger compani es that were excluded fromthe other
study. | think it was, in general, less than 10
percent of the people who participated in both
studies. So the answer is no.

DR PREUSS: Thank you.

I have to ask, is Dr. Pesch here in the
r oonf?

[ No response.]

DR PREUSS: No. In that case, we wll
move ahead, and we will ask her to speak when she
arrives.

The one other thing that | forgot to



mention this nmorning in the introductory remarks is
that as you know often, there are people f romthe
press, the nedia, who come to these neetings. And
| believe we may have sonebody from Peopl e Magazi ne
here today, so that all of you sit up and smle and
try to take the best picture you can. You never
know i f you are going to be on the cover

Qur next paper will be by John Cherrie,
and he will tal k about TCE exposure estinmates. Dr.
Cherrie will tal k about TCE exposure estimates to
det erm ne ki dney cancer risk

Dr. Cherrie?

DR. CHERRI E: Thank you very much

I amvery pleased to be here today to
speak to you all. And | would like to acknow edge
the contribution of nmy collabor ators in the work
that 1| amgoing to describe. These are Hans
Kromhart fromthe University of Urecht in the
Net her | ands and Shawn Sanple fromthe University of
Aberdeen in Scotl and.

I guess that t he last time EPA went around

and | ooked at the scientific evidence to do with
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TCE, there was a view of the epidem ol ogy, and as
part of this, the authors highlighted the
i mportance of good quality exposure information in
com ng to a robust conclusion about the differences
between studies. And we would agree very much with
t hi s.

And | suppose our experience is quite
different fromthat in Denmark in that in nost
ot her European countries, there isn't the sane
infrastructure for obtaining detailed information
about individuals in cohort studies, and
particularly in the UK and Gernmany and France,
there is, in nost epidem ol ogi cal studies, a dearth
of information about exposure.

In fact, in many studies, the only
information that's avail able are anecdota
recol l ections of the kinds of conditions that would
have existed in the past, perhaps going back 30 or
40 years in the past. So really, it can be very
difficult to understand whether one study is in a
conparabl e situation to another

| suppose that the inportance of this



conmparability is drawn out nost clearly in relation
to the information from ki dney cancer which was
summarized in that review of the epidemology. And
the information, | have extracted a few of the
information fromthe tables in that paper. The two
studies that are highlighted here, one by Blair and
col | eagues and the ot her by Henschler, show the
contrasting informati on about the risks that

appear .

In the American studies by Blair, these
are aircraft workers using TCE, anongst ot her
solvents, to clean the netal parts. And sonme of
this is done by cold-clearing, where the parts are
wi ped with cold TCE and others in a degreasing
envi ronnent.

The study from Henschler is a very
different situation. This is workers in a German
cardboard factory, who were periodically cleaning
the machi nes using TCE. The pattern of exposure is
quite different; the mx of solvents is quite
different, and the German authors argue that the

situation that they were dealing with was likely to
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have given rise to very high | evel s of exposure.
And clearly, there are very elevated risks amongst
the workers in this plant. So | guess we are going
to hear a little bit nore |ater about the German
st udi es.

Fol  owi ng on fromthe work that Henschler
publ i shed, the sane group carried out a popul ation
case control study involving 58 subjects with rena
cell cancer. And in this study, the controls were
drawn from hospitals where the cases al so
originated. To assess the exposure for these cases
and controls, the authors used self -reported
prenarcotic synptons as the basis for their
exposure assessnent, although they also had quite
recently detailed informati on about the types of
work that wer e undertaken and also the pattern of
work in ternms of the duration of enploynent.

And again, clearly, in these studies,
there is a very high odds ratio for those who were
exposed or judged to be exposed to TCE, with sone
suggestion that those with the |ower |evel of

exposure in the single grade on the scale that the



aut hors produced having slightly | ower odds ratios.

But these results are quite in contrast
with the other studies, for exanple, those that
Johnni e Hansen has described. And really, we are
interested to understand whether or not there was a
real difference in the exposure |evels between the
German studi es and the other work.

But as | have suggested, it is very
difficult in these situations to deal with the
rather sparse information that is avail able. And
we have been devel oping techniques to try to
estimate exposure in situations just like this,
where there is only descriptive information
avail abl e for the subjects' work activities, and we
have devel oped a very sinple theoretical nodel
which I'mgoing to describe in the next few slides,
which tries to obtain estinmates of inhalation
exposure for epidem ol ogi cal studies.

The basis of the nmodel is a si nple
theoretical structure, where we have information
obt ai ned about the intrinsic om ssion, for exanple,

the volatility of the materials being handl ed, the
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way that the materials are handl ed, the types of
control nmeasures that exist, and the pattern of the
exposure in terns of the tinme activities that are
goi ng on.

And the work itself is based around a
series of mathematical fornulations which, for
exanple, in ternms of em ssion, deal with the first
three of those paraneters. The nodels are
multiplicative nmodels, so each of these paraneters
is multiplied together to produce an estinmate of
the em ssion for this particular situation

Now, the mathematical formul ati on perhaps
hides what is, in fact, a subjective process. The
schene that we have here provides a framework but
does not provide direct calculations of the
exposure estimates. So it still relies on the
assessor maki ng judgnments about the |level of the
intrinsic em ssion, for exanmple, the type of
handl i ng that was going on and so on. So the
subjectivity is not conpletely renoved

And that is really because we are dealing

with a very tenuous set of information, descriptive
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i nformati on about the situation. Well, | don't
propose to go through each of these equations in
detail, but really, just to show you that there are
consi derations not only of the direct work that the
subj ects are carrying out but also other work that
is carried out within the environment, and these
are all wapped together in some sort of

mat hemati cal formul ati on.

Now, to be sure that the nethod was
reliable, and we have been using this nethod in
ot her epi demi ol ogi cal studies, we have carried out
some validation studies. And these have invol ved
descriptive information about what situations that
were collected in parallel with measurenents that
wer e made.

These are not for TCE but for other
materials, vapors, solids and fibrous materials.
The graph itself shows al ong the horizontal axis
the nmeasured concentration on sone relative scale
and then the vertical, the assessed results from
the individual assessors. The data are for three

i ndi vi dual assessors in each of the three col ors
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here.

So, for exanple, these three points down
here correspond to nmeasurenents that were nade of a
concentration of exposure level, | should say, of
about 0.01, and you see the three assessors produce
slightly differing estimates of their exposure but
reasonably well -clustered. What we found in the
val i dation studies that we've carried out is that
the nmethod tends to produce estinmates which are
wel |l -correlated with nmeasurenents that are nade and
that there is a tendency for the assessors to
produce slightly positively biased estimates of
exposure.

Vell, it's not a perfect technique, but
then, it's a technique that's applied in a
situation where there really is no clear objective
measurenment i nformation available. So it provides
us with a nmethod of providing sone estimat e of the
quantitative exposure.

So what we have done is we have applied
these techniques to the two studies that |

hi ghli ghted at the beginning of the talk, the
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studies by Blair in the US. aircraft industry and
those of Henschler in the German cardboard factory.
Now, the real purpose of what we are trying to do
in this work was to | ook and see what were the
di fferences, slight differences, in the exposure
| evel .

We have not set out to critique the
studies by Henschler in ternms of their
epi demi ol ogi cal nethodol ogy or any ot her aspects of
the studies that are relevant, purely to try to
understand here, are there real differences in the
exposure between the two sets of studies that m ght
provi de an expl anation for the observed differences
in risk.

Vel |, we nmade our estimates using the
met hodol ogy, but then, we were able to go back to
two other studies that were carried out in the
1950s involving trichloroethylene and to carry out
the sane techniques with these studies and then to
use the neasurenments that were available fromthem
to adjust the earlier work, so that our estimates

for the Henschler and the Blair studies are
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adjusted to take account of what we know in terns
of the neasured exposure in the other studies.

One of these studies was carried out by a
col l eague that I worked with many years ago, David
Hecki sh, fromthe UK, where he had neasured TCE
concentrations and vapor degreasing environment in
the m d-1950s, just about the tinme | was born, in
fact.

And t hese neasurements provided a very
useful reference point for the adjustnment of the
estimated exposures. W also estinmated the
exposure levels for the Henschler study using a
simpl e cal cul ati on mass bal ance nodel that woul d
allow us to estimate the concentration in the room
environnent. This was because Henschler had quite
detailed informati on about the quantities of
trichloroethylene used in the processes. And in
fact, these were very high; renenber, this is a
small, relatively small cardboard manufacturing
pl ant, where, at its peak, used in excess of 28,000
liters of trichloroethyl ene each year. So on the

face of it, it seens a very extrene situation.
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We also attenpted to use these nethods in
the study by Vanvakas, and renenber, this is a
popul ati on-based case control study, so there is
| ess informati on about each of the work situations
where the cases and controls were enpl oyed, so that
of necessity, the nmethodology is much sinpler in
terns of its application. But neverthel ess, we
have tried to do that as well

As | say, there was a very high
concentration of trichloroethylene used in the peak
periods for cleaning the machines. And we estimate
that the | ong-term average concentration to TCE
woul d be about 225 parts per mllion. O course,
the work wasn't carried out continuously using TCE
in that the cleaning was only done once every two
weeks and | asted between four and five hours on
each occasi on.

So this long-term average is nmade up of
very high concentrations over those shorter periods
of time. W estimate that the concentration during
the cl eani ng coul d have been as high as 2,000 to

4,000 parts per mllion of trichloroethyl ene.
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The minimumfigure there of 70 parts per
mllion refers to the decline--the usage of
trichl oroet hyl ene declined over the years, and this
figure would correspond to the | owest anount of
trichl oroet hyl ene used in the cl eani ng process.

Now t here were other activities described
by Henschler in the cohort. The | ocksmths and
el ectricians were basically doi ng vapor degreasing
activities, and we estimated their exposure to be
about 100 parts per mllion. 1It's a much nmore even
exposure regularly, day in and day out, that is
descri bed here, and the other activities are
correspondingly lower still.

The studies by Blair and col | eagues in the
U S aircraft industry, well, basically these
peopl e were doing two types of work. They were
either using trichloroethylene as a type of cleaner
in the cold environment, wiping it onto netal parts
or were using it in vapor degreasing.

The assessed exposures here, long-term
aver age exposures, between about 50 and 140 parts

per million. The 140 parts per mllion corresponds



to vapor degreasing where there was very little
effect of controls existing. And in situations
more recently, where effective controls were
installed, we would assess that the exposures were
likely to have been nuch | ower, around about 10
parts per mllion

The information from Vanvakas, we were
able to try to estimate cunul ati ve exposure agai nst
the three categories that the authors described, so
that this is one pluses, two pluses, three pluses
on their exposure scale. And on the vertical axis,
we' ve estimated cumul ati ve exposure in parts per
mllion hours.

So, as | mentioned, there is a great dea
more uncertainty about these data, but | guess our
best estimate would be that there is very little
difference in the assessed exposure using this
met hodol ogy in terns of cunul ative exposure than
one m ght have expected. 1In other words, the three
exposure categories are much nore simlar t han
woul d be suggested fromthe assessnents from

prenarcotic synptons.
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And t he range of average exposure |evels
for each of these three categories does increase
from65 to 150 parts per million. These are the
exposure levels during the work activities. And in
fact, this ranges over, | think the | owest average
assessed exposure was around about 1 parts per
mllion, and the highest was about 450 parts per
mllion.

Now, we have sone criticismof the
techni ques that were used by Vanvakas which | think
are pertinent to highlight here. The first is that
the interviewers who carried out the work,
collected the informati on about exposure, were not
blinded to the case control status of the subjects.
And so, there is a possibility of interviewer bias
in the collection of this infornmation

We are critical of the use of synmptons for
assessing exposure, and | think the work that we've
done here tends to underline that fact. Using
symptons is likely to give rise to recall bias; in
other words, the cases were likely to recall

synmptons than the controls.
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And finally, we noted in the paper by
Vanvakas that the younger cases were nore likely to
have been judged to be exposed than the ol der
cases. This seens sonmewhat counterintuitive,
because the younger cases, one woul d expect, have
been exposed nore recently. And yet, the exposure
levels will have declined in industry over tine.
There are a nunber of studies which have | ooked at
year -on-year trends of exposure in industry, and
t hi nk Johnni e Hansen's data illustrates what is a
fairly general trend that as tine goes on, exposure
levels tend to go down year -on-year in a fairly
conti nuous way.

So the fact that the younger cases who
were likely to have been exposed nore recently had
the hi gher assessed exposure suggests to us that
there was sone potential there for recall bias in
t hese assessnents.

So to sumup, then, we have | ooked at
three studies, two of the CGerman studies that have
been published and one of the American cohort

studies. And we have tried to see whether there



are simlarities and differences i n the exposures
that these individuals may have experienced

I think that, in our opinion, there is a
great deal of simlarity in the long-term average
exposures for all three of these studies. In the
Henschl er study, the long-term averages are
somewher e between about 15 parts per million and
225 parts per mllion and the Blair studi es between
10 and 140 parts per mllion and in Vanvakas
per haps between 1 and 400 parts per mllion

That is not to say that the pattern of
exposure is the same. In fact, what we have seen
is that the pattern is quite different between the
studi es; that in the Henschler studies, there were
shorter periods of activity which gave rise to
these | ong-term average exposures, and the peaks
there may have been up to 200 parts per mllion for
up to four or five hours on a regular but
i nfrequent basis throughout the period.

These peaks woul d have declined as tine
went on, and perhaps later in the production

history of the plant, they woul d have perhaps been
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as high as 200 parts per mllion rather than the
2,000. The peaks in the Blair study fromthe
information that they provided in the paper were
perhaps as high as 600 parts per nmillion, and in
Vanvakas, they could have been up as high as 800
parts per mllion, in our opinion

In fact, when we conpared the studies, we
felt that there was considerable simlarity in the
pattern of exposure and the type of activities in
the studies by Blair and those by Vanvakas. Both
i nvol ved m xtures of solvents; both invol ved use of
the trichloroethylene in cold cleaning and also in
vapor degreasing situations. And we think that the
simlarities there are nuch greater than perhaps
with the Henschl er data.

Wl |, thank you very much.

[ Appl ause. ]

DR PREUSS: Thank you, Dr. Cherrie

Are there any questions? Again, please
identify yourself.

QUESTI ON:  Jonat han Borak, Yale

University. Sir, a couple of points I'd | ove
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clarification. | may have msheard. One, it's ny
understanding that in the Vanvakas study, the
controls were actually notor vehicle accident
victinms taken froma different hospital, not taken
fromthe sanme hospital. And | believe that the
description both in Henschler and in the foll owp
of the Bruening and Bolt review indicates, anong
ot her things, one, that the workers often could not
wor k through an entire eight -hour day as a
consequence of solvent effects, and | believe that
Bruening and Bolt say that they could not
reconstruct the actual exposure scenario because in
a contenporary workplace, it could not be done, the
exposures had been so high

G ven those statenents, |'msurprised by
your findings.

DR. CHERRIE: | would say | think you're
exactly correct in terns of the controls for the
Vanvakas study. Yes, | agree with you

I think we are seeing that the exposure
| evels were very high in the Henschl er study but

only for the periods of time that the work was



goi ng on and that the cleaning activities were not
a continuous activity but were intermttent. And
so, there woul d have been periods of very high, up
to 4,000 parts per million, we think it could be at
its maxi num but that on a long-term average, the
exposures woul d have been nuch | ower, because they
woul d have been conpensated for by periods when TCE
was not being used as a cl eani ng agent.

QUESTION. Bill Brock, Environnent
I nternational

I"'ma little confused with your conparison
between the Blair and Henschl er study, particularly
as it applies to vapor degreasing.

DR CHERRIE: Sorry, | can't hear you very

clearly.

QUESTI ON:  Pardon ne?

DR CHERRIE: | can't hear you very
clearly.

QUESTION:  well, then, 1"l yell

I"'ma little confused with your Blair and
Henschl er conparison as it applies to vapor

degreasing. In the Blair results, you suggested
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that the higher levels were 140 ppmwith little or
no control, | think you said.

DR CHERRIE: Yes, with very little
control on vapor degreasers.

QUESTION:  Sorry, | didn't hear you

DR CHERRIE: Wth very little contr ol

QUESTI ON: Ckay; thanks.

Yet, in the Henschler study, |I'mnot sure
I heard whether there were controls for those
| evel s. You can answer that one. Secondly, do you
know, since a |lot of your calcul ati ons have a | ot
of subjective nmeasurenents, you suggest that maybe
the vapor degreasing operations were quite
different in terns of whether they were closed-top,
open top. Can you comment on that?

DR CHERRIE: Well, the situation in the
Henschl er studies was that there were no controls
used when the nmaterial was used to clean the
machi nes down. These were, as | understand,
cardboard manufacturing nmachi nes which were
periodically cleaned by the operators so the that

TCE was used there to w pe down the machines. And
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the description suggests that t here was perhaps two
to three liters of TCE being used each mnute
during this cleaning operation, so that there were
very large quantities of TCE being used in a
relatively small plant.

DR PREUSS: Any other questions?

Ckay; | ast one, then.

QUESTI ON: Paul Deergard from Hal ogenat ed
Sol vents Industry Alliance.

It's probably worthwhile pointing out that
the Henschl er cases were not all workers exposed
during the cleaning of the machines. 1In fact, |
don't have the nunbers in ny mnd, but | believe it
was a mnority of the cases who were actually
involved in the very high peak |evel exposures,
that the majority of the cases actually were the
i nstrument nakers exposed in a pattern you woul d
expect to be nuch nore like the Blair type.

DR PREUSS: Thank you

And we will nove on to our third paper of
the norning, introducing Dr. Beate Pesch fromthe

Institute of Ruhr Universitaet, Bochum and she
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will talk about the results of the German studies,
particularly renal cell cancer risk and
occupati onal exposure to TCE

DR PESCH. Good norning. | have to
apol ogi ze for ny delay, because | suffer fromflu

and | shall report about the German studies

conducted on the renal cell cancer risk of exposure

to TCE.

I"'mfroman institute of occupationa
medi ci ne in Bochum and in Germany, we classified
TCE ot her than other countries already as
carci nogeni ¢ to humans based on effects on the
tubul ar system of the human ki dney, whereas, the
International Agency for Research in Cancer only
classifies TCE as probably carci nogenic to humans.

In Germany, there were several studies
conducted on TCE-rel ated renal cell cancer risk,
three studies in the Arnsberg region, nmore or |ess,
one group of scientists, and another group of
CGerman epi dem ol ogi sts conducted the so-called
multicenter urothelial and renal cell cancer study

in five regions of Germany, and further but not
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shown here, CGermany contributed to the
international renal cell cancer study. And a few
cases fromthe Berlin region were inplenmented in
this international renal cell cancer study.

So |l would like to quote fromthe | ARC
summary eval uation: a study of German workers
exposed to trichl oroethyl ene reveal ed five cases of
renal cancer, whereas no case was found in an
unexposed conpari son group. The study may,
however, have been initiated af ter the observation
of a cluster.

So in total, three studies were conducted
in the Arnsberg region, which is a district in
Nort h Rhein-Wstphalia, nore a rural district, not as
highly industrialized, as nmentioned in the paper
It is a skiing area, like Wnterberg. And this
region is not elevated in kidney cancer nortality.
It is German average in nortality for kidney
cancer.

And these three studies are different by
study design. The first study of Henschler was a

cohort, I would say a ‘make-believe cohort’in a
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cluster, because a true cohort study woul d have
reported all cases of cancer, not only renal cel
cancers or kidney cancers. It was initiated after
the observation of a conpany doctor, likely after
i ntroduci ng sonography in the conpany because of
three out of five cases' year of diagnosis was around
1990, so maybe it was a lead tinme bias, since cases
were detected earlier, due to the sonograns.

And so, Vanvakas' study was not a
popul ati on-based; it was a hospital -based case
control study with only 58 renal cell cancer cases;
84 controls, conpletely unmatched, with an 11 -year
age difference in average between cases and
controls. As already nentioned, fromdifferent
hospitals, the controls were recruited from
different hospitals but not fromthe hospital where
the cases cane from

So the next study, the Bruening study,
sel ected 134 cases and nore controls, 401 controls,
al so hospital -based, but to recruit elderly
controls, nursing homes were used. It was also not

popul ati on based, and therefore, this has to be
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consi dered as a net hodol ogi cal short coni ng.
Exposure assessnent was al ready nenti oned.
In the Vanvakas and Brueni ng studies, a
questionnaire was used where the cases and controls
were asked for exposure, TCE exposure, so it was a
sel f -assessed exposure assessnent. In the Vamvakas study,
experts were included to use al so conpensation reports of cases
about details of the work activities, and so, they
reconstructed exposure scenari 0s.
In the Bruening study, in addition, the
job titles of the cases and controls were used for
enploying a British job-exposure matrix. They al so used
a dat abase conpiled by the Finnish Institute of
Cccupational Health, which very roughly estinmates the
probability of being exposed to TCE by industries. The risk
estimates in all three studies are nuch higher than
reported in the literature.
The Henschler study resulted in a
standardi zed i ncidence ratio (SIR) of 8 based on these
five cases where expected cases were cal cul at ed

fromthe Dani sh Cancer Registry. And based on the
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local nortality of the federal state, so the
mortality was not significantly increased based on
two deaths fromrenal cancer, but the nortality was
not based on death certificates but just on
hospital records

In the Vanvakas study, the risk for overexposure to
TCE based on sel f -assessed exposure was around 9,
whi ch is nmuch higher than in the literature, and for
| ong-term exposure, but I could not find in the
article what neans | ong-term exposure, and al so, |
could not find a table which shows the exposed
cases and controls, was reported with around 11

In the Bruening study, ever TCE exposur e
al so sel f-assessed was 2.5, and for nore than 20
years' exposure, it was around 2.7, not
significantly el evated but based on the snal
nunbers. For the Bruening study, these two
addi ti onal exposure assessment nethods were
appl i ed.

So, in the job exposure matrix of Pannett,
this British matrix, there was a rating for

degreasing agents. And this was applied to the job
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titles of the cases and controls. Exposure to
degreasi ng agents was not shown to be a significant
factor. And on the other hand, if we used this
very rough estimate for any working in i ndustries
with potential exposure to TCE or PER, we cane to
an odds ratio of 1.8, but if you |look at the
nunbers of exposed cases and controls, you see that
a large faction of cases and controls woul d be
consi dered as being potentially exposed.

In addition to the epidem ol ogi cal data, a
subgroup of cases fromthe Vanvakas study with TCE
exposure and without TCE exposure was sequenced for
mutations in the VHL gene, and several of the cases,

9 out of 17 with TCE exposure, have been

shown to be carriers of a so-called hot spot

mut ati on, whereas anong non exposed cases, not such
a nutation could be shown.

The other study was a so-called multi-center
urothelial and renal cell cancer study, and
this study was conducted in the early 1990s in
regi ons of West Germany, which was Berlin, Bremen

and Leverkusen and in East Germany in Halle and
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Jena; in total, 935 cases were enrolled and
nmore than 4,000 popul ation controls.

For exposure assessment, we used job
titles and job tasks, respectively job activities. For
assessnent of TCE exposure, duration of working in
special job titles or special job tasks like nmeta
degreasing was used. In addition, we applied al so
this Pannett job exposure matrix and another German
job exposure matrix. And for the job activities,
we devel oped a job task exposure matrix. And based
on these instrunents or exposure assessnent
met hods, we cal culated TCE-rel ated risk estimat es,
and the exposure index was used to define medi um hi gh
and substantial exposure, with cutoffs based on
percentiles of the distribution of this index anong
exposed control s.

And you see that the risk estimates for
TCE exposure with these nethods were just around
1.0, 1.1, 1.2, and there was no dose-response
relation and not a clearly-shown increase in risk
We also used the job activity ‘netal degreasing in

men for an estimate if TCE exposure coul d be



associ ated with a renal cell cancer risk. 1In the
Brueni ng study, ever working in the job activity,
whi ch was netal degreasing, was associated with a
significant increase of risk, and in the |arger
mul ti-center urothelial and renal cell cancer
study, even very long exposure in such a job
activity was not associated wi th an increase of
risk.

So, the conclusions fromthe German

studies are that the Arnsberg studies show hi gh

ri sk estimates, but the methodol ogi cal shortcom ngs

have to be considered, and the other | arger study,

the MJURC study, could not show cl ear evidence for a

TCE-rel ated renal cell cancer risk.
Thank you.
[ Appl ause. ]
DR PREUSS: Any questions?
[ No response.]

DR PREUSS: kay; thank you very much

Why don't we take our norning break, then

and why don't we ask everybody to conme back--it's

now 5 to 10: 00. Wy don't we ask everybody to come
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back at 10 after, take a 15 minute break, and then
we'll be able to start pronptly with our next
sessi on.

Thank you very nuch

[ Recess. ]

DR PREUSS: |If everyone could take their
seats, | would like to introduce the next speaker
We are changing directions slightly with these next
three papers, and the first one will be presented
by Dr. James Lacey of the National Cancer
Institute, and he is going to be tal ki ng about
scl eroderma and sol vent exposure in wonen.

DR LACEY: Thank you. Good nor ning,
everyone. The title slide is correct. | amat the
National Cancer Institute, but this norning, | wll
tal ki ng about scl eroderma and r heumat ol ogy.

I"ve been at NCI since 1998, but these
data are based on work that was conpleted before
then, when | was at the University of M chigan

To begin, systemic sclerosis is one of the
connective tissue diseases that's considered

aut oi mune. It's characterized by thick and
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ti ghteni ng skin, especially on the fingers,
forearns and torso. You see anal ogous changes in
internal organs, particularly the lungs and the
esophagus.

The maj or pat hogenic events involved in
system c sclerosis are scl eroderma, vascul ar
changes, changes in the endothelia
cytoarchitecture, disregulated i nmune system
function and especially increased coll agen
synt hesi s and deposition. That accounts for the
ti ghteni ng and thi ckeni ng skin.

Etiology is essentially unknown. It is

recogni zed as extraordinarily conplex, and so far,

none of the hypotheses i s considered unifying or to

singularly capture all aspects. It's clear
t hough, based on those clinical features that I
menti oned sonme key cell types are invol ved,
particularly fiberblasts, endothelial cells and
obvi ously the immune system

The epi demi ol ogy of this disease clearly
indicates that it is a rare condition. 1In the

U S., the annual incidence rate is 20 per mllion
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per year. U S. prevalence, at any time in the
States, there are about 240 cases per mllion
persons. Those two statistics conbi ne men and
wonren. Both are higher in wonmen than in men; in
fact, the incidence is about 39 per mllion per
year in wonen and about 9 per year per million in
U S. nen.

Because of its rarity, representative
studies of this condition are considered difficult.
Case definition, as I'll show you, is an issue. As
aresult, the literature includes nmany case reports
and hospital -based series. There are few what we
woul d call rigorous popul ation-based
epi demi ol ogi cal st udi es.

It was agai nst that backdrop that the
Uni versity of M chigan decided to conduct one of
those studies, a case-control study in the two
states of Mchigan and Chio. The objective was to
get systematic investigation of potential risk
factors for scleroderma, including environmenta
factors, nedical conditions and sone other factors,

usi ng a popul ati on-based case control design. One
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of the notivations for the study was the potentia
associ ati on between scl eroderma and silicone breast
i mpl ant s.

Cases for the study were wonmen at | east
age 18 at the tinme of diagnosis, and diagnosis
covered 12 years, 1980 through the end of 1991. |In
Chio, the ascertai nment period was extended by one
year.

We identified cases fromfour potentially
over | apping sources: first, because
coi nvestigators were on staff at the University of
M chi gan and Wayne State Universities, a search of
those affiliated hospitals identified incident
cases of systemic sclerosis. W also used a
nati onal hospital discharge code database, Health
Care Industry Anal ysts, based in Ann Arbor
M chi gan, which could identify all discharge codes
for scl eroderma.

W also mailed letters to all M chigan and
Chi o rheumat ol ogi sts, asking themto identify their
patients and wel come themto participate. |ncluded

in that mailing were other relevant specialists,



i ke dermatol ogi sts who woul d have been likely to
treat patients with scleroderma. And at the tinme,
the Scl eroderma Foundation was known as the United
Scl eroderma Foundation. |It's a support group for
patients' famlies, and we used mailings of the
Sout heast M chi gan chapter of that organization to
help identify potential patients. It's estimated
that in the two states, we identified between 75
percent and 80 percent of all eligible wonen.

Here's how we defined cases: based on
medi cal record review, we use a 1980 Anerican
Col | ege of Rheumatol ogy classification criteria,
where any patient with a major criterion, proxinal
scleroderma, or two or nore mnor criteria,
sclerodactyly, pitting scars or pul monary fibrosis.

W al so considered a case group of what we
call ed probabl e scl eroderma. These were patients
who had signs and synptons characteristic of
scleroderma, and this is usually referred to in the
rheumat ol ogy literature as CREST, as a conbi nation
of these features. As | said, especially in

M chi gan, where we had a little better estinmates
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due to the affiliation of those hospitals, we think
we identified 80 percent of all incident cases.

Controls were selected through random
digit dialing, frequency matched within state on
age and race. Response was a little bit higher in
M chi gan than in Chio but good in both states, and
the control to case ratio was about 3 to 1

The tel ephone interviews were conducted by
the University of Mchigan's Institute for Socia
Research between 1992 and February 1996. It |asted
approximately 30 m nutes and covered a range of
exposures: denographics, famly history of
di seases, occupations and hobbies, which I'll show
you a | ot nore about, reproductive history and
ot her health factors.

The exposure assessnent was, | think, one
of the strengths of this study. W used two
approaches to try to get solvent exposure. One was
to ask about occupati ons and hobbi es that have a
hi gh probability of exposure to solvents. W
consi dered exposure to be at work for at |east once

a week for three nonths or nore, and we asked about
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ever work with solvents within those occupations
and hobbi es.

W al so asked the cases and controls about
work with the individual solvents, again using a
baseline of at |east once a week for three nonths
or nore to be considered exposed.

Here are a list of those 16 jobs or
hobbies. | do want to go through those in a little
detail: dry cleaning, chem cal or dye
manuf acturing, petroleumrefining, vinyl chloride
manuf acturing, plastics industry, rubber product
manuf acturing, painting or paint manufacturing,
furniture refinishing, hair dressing, work in a
medi cal or diagnostic or pathol ogy | aboratory,
pr of essi onal cl eaning or maintenance, film
devel opi ng or publishing, perfune, cosnetic or drug
manuf acturing, fiberglass industry, |eather tanning
or shoe manufacturing, and arts or crafts.
Qoviously, TCE isn't necessarily inplicated in all
of these, but we were interested in sone other
exposures as well.

So any woman who reported that they had
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wor ked in any of those jobs or hobbies for the
requisite time was then asked open-ended questions
about the years in which she worked, her job title,
the specific tasks, the name of the place at which
she worked and the type of main industry or
busi ness.

In addition, each wonman was asked w thin
those jobs or hobbi es whether she ever worked with
ni ne individual solvents or categories of solvents.
And wonen who reported sol vent use within those
jobs or hobbies were then asked the years in which
they first and | ast used the sol vents, whether they
worked directly or near the use of the solvents,
and whet her they wore protective clothing during
t hat wor k.

Here's the Iist of the nine on the left,
again, TCEis up at the top. W also asked
about - -we asked whether there were any other
solvents that were used during those jobs or
hobbi es, and then, for all wonen, including the
ones who reported no job or hobby exposure, we

asked whether they had worked individually with



t hese sol vents.

So, expert review was used to review each
of the reported exposures. Dr. David Gerbrandt and
| sat and revi ewed each of those open-ended
responses. W reviewed themblind to case contro
status, and before review ng them we assenbl ed
reference materials to look at the typica
processes used in these activities, the types of
sol vents used in those tasks. W were able to
assenbl e sone data on exposure | evels associ at ed
with individual tasks and inportantly to get some
document ati on of the historical time periods at
whi ch those solvents were used.

W consi dered exposures to be confirmed
when the solvent was commercially or industrially
avai |l abl e, when it was reported used, and there was
some docunentation that the reported sol vent was
likely to be used in the reported task or hobby.

Al so, exposure had to be of nontrivial frequency,
intensity or duration. And when we saw a report
that we considered inplausible or trivial level, we

consi dered that not confirned.
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Statistical analysis was pretty standard
for case control studies, except we did adjust for
year of birth and attained age to address both
cohort effects and opportunity for exposure. And
we consi dered the solvent exposures only if they
occurred before the case's age of diagnosis.

So controls were conpared to wonen born in
the sane year of the same age, and if a control had

been exposed to a solvent after the year in which

the index case was di agnosed, that wasn't used in the

estimating of risk associations.

Here's sone denographi cs about the study
popul ation: 660 cases, over 2,000 controls. At
interview, cases were a little bit older than
controls by about 5 years, and there was an average
of about 7 years between diagnosis and interview
for the cases. Mst of the participants were
white. Current snoking was | ess comon in cases.
We think this is probably as a result of the onset
of disease. Qbviously, wth pul nobnary conditi ons,
wornen di agnosed are much less likely to smoke. And

SES was generally high in this group
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Here are the data on TCE: a total of 8
cases and 15 controls reported any exposure to TCE
The odds ratio for that exposure was 2.0, and
here's the 95 percent confidence interval. In both
cases and controls, we considered only half of the
reported exposures to be confirnmed. And when we
anal yzed just the confirmed, expert -revi ened
exposures in 4 cases and 8 controls, the odds ratio was about the
same but just slightly lower, 1.9, with a w de
confi dence interval

Here are data for TCA exposure,
trichloroethane. Simlar nunbers, simlar |evels
of confirmation, although the odds ratios are
closer to unity, again, with wide confidence
intervals. Data for perc essentially tell the same
story, with odds ratios right around the m ddle.

O that long list of jobs and hobbi es,
these are the three that we thought were nost
likely to involve potential exposure to TCE
pr of essi onal cl eani ng or mai ntenance was much nore
commonly reported, an odds ratio of 1.8 with a

confidence interval that excluded 1. Wrk in the
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pl astics industry or rubber product manufacturing
was | ess conmmon, and odds ratios were | ower.

I do want to note, though, we did not set
out to expert review the jobs and hobbies per se.
Instead, the expert review was focused on sol vent
exposure within those jobs and hobbi es.

So, summary: TCE exposure was positively
but not statistically significantly associated with
scl eroderma. There was a | ow frequency of exposure
in both cases and controls, and half of those
reported sol vent exposures were not confirmed.
However, when we limted analysis to just the
confirmed exposures, t hat positive but
nonsi gni fi cant associ ati on renmai ned. And so, we
t hought that overreporting alone didn't appear to
account solely for that el evated odds ratio.

| do want to address the anti -scl-70
anti bodies. A case-control study fromPaul Nitert
down at the University of South Carolina reported
that there was a positive association between TCE
and scleroderma in nen who tested positive for this

particul ar autoanti body. They hypothesi ze that
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solvents m ght bind topoi somerase and trigger an
aut oi nmune response.

Based on those nedical records that we
reviewed for all cases, we did extract some
clinical and chart information; anti -scl-70
anti body status was known for 250 of the 660
scl eroderma cases. But none of those eight cases
who reported exposure to TCE had docunentation of
positive antibodies for anti -scl-70.

Wthin the study, we included a separate
case group of what's called undifferentiated
connective tissue disease or UCID. This was
motivated by the fact that a |l ot of
rheurat ol ogi cal conditions take many years to
devel op, and nmany patients present with signs and
synmptons that suggest a rheumatol ogi c di sease but
that don't neet diagnostic criteria.

So we assenbl ed a case group of patients
with signs and synptons but who didn't neet current
classification criteria. It was a smaller group
205 total cases. Using the sanme approach with the

same control group, TCE exposure was only reported



by one UCTD case. Interestingly, that exposure was
confirmed but the odds ratio essentially showed no

associ ation, although any estimate of risk based on
one exposed case i s tenuous.

So, strengths of this study: | think the
| arge study popul ation fromthose two states is a
real strength of this study. It was a very
reasonable attenpt to get alnost all cases within
those two areas. Participation was high
especially for popul ati on-based case contro
studies. W collected extensive data on not only
t hese exposures but on other risk factors, and
think the expert review aspect of our study was
certainly a strength.

Some of the limtations: there was | ow
frequency of reported exposure. Sone of this,
obviously, is a function of the source popul ation
W were | ooking only at women. And as | nentioned,
our expert review was only applied to reported
exposure. W had no information and didn't attenpt
to infer any information about exposures that

weren't reported.
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Sel ection and informati on bi ases are a
function of or are a potential concern in any case
control study. | think our high |evels of
participation and our standardized interview did as
much as we could to mtigate those potenti al
bi ases, and as | said, these results are based on
worren only.

So a conclusion: | think these data
provi de some suggestive evidence of an associ ation
bet ween TCE exposure and scleroderma in wonen. But
I woul d not consider these data conclusive at this
point. | think our study rem nds us that exposure
assessnent is critical, and to identify and verify
speci fic exposures in populations that are | arge
enough to get valid risk assessnents is a rea
chall enge. And as we heard in some of the earlier
tal ks this nmorning, we didn't address bystander
exposures, but those are obviously an inportant
component of potential TCE exposure.

I do want to recogni ze the research team
Dr. David Schottenfeld was the study PI. Dr. David

Garabrant was the first author of the scl eroderm
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paper, which appeared |last year. This is the paper
on undifferentiated connective tissue disease.
This is a list of coinvestigators.

Qur funding cane froma conbination of NIH
grants and primarily support fromthe Dow Corning
Corporation. Dr. Garabrant al so received funding
fromthe Hal ogenated Sol vents Industry Alliance
during the latter half of the study and during sone
data analysis. So | present that to you for
purposes of full disclosure.

And again, this was worked on all at the
Uni versity of M chigan, not when | was at the
Nati onal Cancer Institute.

So, | would wel cone any questions.

[ Appl ause. ]

DR PREUSS: Yes, sir.

QUESTION: Jay Pandhi from the Medi cal
Uni versity in Charl eston.

Most of the patients were diffused or
limted?

DR LACEY: Most were diffuse.

QUESTION: What was the percentage?
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DR LACEY: | don't recall off hand. 1've
got the paper --

QUESTI ON:  Second question: what nethod
did you use to neasure the anti -topo 1, and did you
have a chance to | ook at any other scleroderma-specific
aut oanti bodi es?

DR LACEY: W based those data entirely
on information that was docunented within the
retrieved nedical records. Cbviously, that would
be one area that a future study would want to | ook
at, to get systematic collection of all those data.

QUESTION:. H, Henry Shure fromthe USEPA.

I was just wondering i f you could clarify
whet her or not the controls who are in this study
were possi bly subject to other exposures to the
same agent that may not have been consi dered part
of the workplace, for exanple, environnental
exposure, water, vapors, that kind of thing.

DR LACEY: I'mnot sure | fully
under st and the question

QUESTION: | was just hoping to ask you if

you coul d make a standard in regards to whether or
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not the controls, that is, the cases that occurred
within the control popul ati on, may have al so been
exposed to this agent under consideration here,
TCE, from an exposure which was not part of your

i nvestigation.

DR LACEY: Two aspects: one, to clarify,
no cases occurred anong the control popul ation

QUESTION: | see.

DR LACEY: So those were separate
popul ati ons.

If there's sonme confusion about the
analysis | presented, | could go into that if you
like. But the other aspect of TCE exposure through
other unreported events, it's possible. W
obviously set out to nmake that list of jobs and
hobbi es and ask about solvents to be as inclusive
as possible. There is the potential that we m ssed
exposures, although we tended to see in | ooking at
those details of reported use that nost
partici pants were eager to report what they thought
was any potential exposure.

And by asking al so about other solvents or
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did you work with these solvents in any ot her
setting, | think we did as well as we could have to
capture those, but we can't rule out the
possibility.

QUESTION: Thank you

DR PREUSS: Thank you very nuch.

We now have two papers dealing with
exposure through water. The first of these will be
presented by Dr. Wang of the National Taiwan
Uni versity, and he's going to tal k about increased
mortality odds ratio of male |liver cancer in a
communi ty contam nated by chl ori nated hydrocarbons
i n groundwat er .

Dr. Wang?

DR WANG First, | wuld Iike to express

my appreciation to the organizing committee and

al so to ny col |l eagues, because this study was a team work.

Actually--we tried to conduct neasurenents on the
underground water. W neasured about 49 wells. So
it is a trenendous work to my team and it is not
purely out of several persons, several people's

wor K.
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Today, | amgoing to share with you that
we have found increased nortality odds ratio of
mal e liver cancer in a comunity contam nated by
chl ori nated hydrocarbons in groundwater. This
plant is--1 call it “R factory. Actually, it is
originally owed by an American but |ater purchased
by other conpanies. And this one is a very fanous
one, RCA. | believe that all of you have heard
this nanme. This former electronics factory was in
operation from 1970 to 1992.

In 1994, because of sone anecdot al
reports, the Taiwan EPA conducted a study and found
that there was hazardous waste dunped in the back yard
of this factory, and there was soi | and groundwat er
contam nation. And this is the picture of factory--if we fromthe
entrance just take a look it will be something |ike
t hi s.

And in 1970s and 1980s, chlorinated
solvents were used very commonly as degreasers. In
Taiwan, TCE traditionally was used very frequently
until 1974, when it was banned because of an

out break of hepatotoxicity anong wonen wor kers who
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used it to clean their benches. Later on, the
tetrachl oroet hyl ene replaced it and also the 1-1-1
trichl oroethane, and all of them are dense, non-aqueous
phase |iquids.

Actually, | took this chart fromone of the EPA
documents, which indicates that under anaerobic reductive
dechl orination reaction under the ground, PCE can
produce TCE, et cetera, and all of them can produce
vinyl chloride, a cercinogen. And therefore, when we conducted
our measurenents, we tried to evaluate 19 different
chem cal s, including all of them

Because of the docunmentation and the | egal
probl ems, the RCA factory was purchased by GE (CGeneral Electric) and
| ater purchased by Thonpson. And they tried for half
a year spending quite a nunber of --quite a big
anount of noney trying to dig a pit and trying to
wash the soil, underground soil and the water. The
area that covered this pit was about 1,000 square
meters wide. The depth was about 8 to 10 neters and
reached the first aquifer

And I'mjust trying to show you from

different angles. Right now, it's all covered up
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This is a historical picture. Qur study was to
i nvestigate the association between if there is any
i ncreased cancer nortality risk after exposure to chlorinated
hydrocarbons in groundwater. And we tried to
conmpare the downstream comunity with the upstream
conmuni ty.

Qur study design is using a case control
study design or nortality odds ratio design. W
collected death certificates fromtwo adjacent
villages. Probably, | should say that upstream
vill ages up here, and they have already had the
intact water supply, but we still could identify
three wells. So we have three wells identified.
And t hese downstream vill ages, before 1994, they
still used well water. So we could identify a | ot
of wells.

And froma door-to-door survey, we tried
to take sanples fromall of these wells. 1In total
69 sanples were taken. And there are three wells
over here, and this is the groundwater flow
direction. It was estimated that the groundwater

flow, the flowrate was about 0.24 neters per day
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to the north and northeast, this direction. And
these were the PCE | evel s that we neasured.

In fact, out of these 19 chemicals that we
suspected, we could identify vinyl chloride,
tetrachl oroet hyl ene and trichl oroet hyl ene, and you
will see that the nedi an was about 28 m crograns
per liter and about two-thirds of them above the
maxi mum concentration level. And we also
identified TCA and al so sone ot hers.

The well water on the upstreamvill ages
that we can identify, there were only two wells,
and all of themwere within safe levels. So we
tried to classify the exposed people who |ived on
t he downstream and unexposed people who lived in
upstreamvillages. And then, we tried to use death
certificate data plus the national cancer registry
to identify all of the cancers.

Ckay; these are TCE, and this is--the
picture was taken fromthe air, so you can see that
this is the provincial route nunber one, and there
is atertiary health care center over here. And

here is the upstream here is the downstream So
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there woul d be a good conparability for health
service accessibility.

But as you can see, the red spots,
actually, the pit was dug just adjacent to these
red spots. The red spots were wells outside of the
factory, and the pits that | just showed you were
inside the factory. So very high concentration
over here. And the direction of the water is
approximately on this side. And these are TCE
basically the sane.

Qur study design was a nortali ty odds
ratio. Briefly, it is--actually, we took every
ki nd of cancer as the disease of interest. And
then, we tried to deliberately take controls or
control diseases or reference diseases. From case
control study design concepts, control should be
chosen unrel ated to the exposure, which neans
that if it is a disease, then, the incidence rate
or the nortality rate of the reference di sease
anong exposed and non-exposed were the sane
(based on this assunption).

So we tried and think that probably,



cardi ovascul ar and cerebrovascul ar di sease may be
the nost suitable one, because they are unrel ated
to exposure to chlorinated hydrocarbons, other than
arrhythm a-rel ated deaths. So we excl uded
arrhythm a-rel ated deaths and tried, in order to
see, or to determne if this C over Dis stable, we
used all noncancer diseases as an alternative
choice for controls and Cto D odds ratio, whether
these odds ratios are stable or not.
Then, nortality odds ratio for various
ki nds of cancers were stratified, were estimted
and after stratified by age, gender and cal endar
period. And conceptually, we used the first period
as a self conparison as al so the nonexposed peri od,
all owi ng for about 10 years as the induction tine.
And then, we tried to conpare exposed and non - exposed
and tried to conmpare this period with the baseline period,
and then, we tested for trends, okay, for three peri ods.
This period is used as a baseline, and
age, there were four strata. And then, we conputed
the Mant el - Haenszel summary odds ratio and used a

multiple | ogistic regression nodel
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The first period, actually, was stable.
The first period did not show any increase of odds
ratio for the exposed and nonexposed. And then, it
increased for liver cancer, further increased a
little bit for two consecutive tinme periods. Wen
we used all noncancer diseases as the reference
causes or the controls, they still showed the same
t hi ng.

Femal e residents did not show the sane
trend, except that there is non-significant, but
there is sonme increase over here. Wen we conpare
with the--okay, we adjusted the nortality ratio for
cancer in nen by residential area and tinme period,
whi ch neans that we used the period 1966 to 1979.
Later on, we decided that full operation is from
1970 to 1979. Full operation began in 1970, and
they consuned approxi mately 3,000 gal |l ons of

per chl or oet hyl ene per year

So we tried to use this as a baseline, and

we found that all cancer increased and also liver
cancer increased and al so for both periods. There

was al so an increase in lung cancer, but there is
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no such trend | ater on

So, we found a significant period effect
in the downstreamvillage, and the nei ghboring
al ternatives comunities with the same, with
simlar socioeconom c characteristics also show, if
we use that as a nonexposed group, also showed the
same thing. This upstream community, actually,
they were less white collar workers; the exposed
wor kers, they have a higher percentage, a little
bit hi gher percentage of education, so it seens to
me that potential exposure of these residents to
ot her hepat ocar ci nogens or occupati onal
hepat ocar ci nogens were unlikely.

However, we have a limtation, because we
did not measure individual exposure levels. W
only used sonething |ike an ecol ogi cal study, an
ecol ogi cal assessnent of the exposure dose. And
not all potential confounders could be controlled,
because we used death certificate data. W have
ot her supporting evidence froma health risk
assessnment. |'mgoing to show you sone of the data

that we found.
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And we have anot her study, which we
conducted a m xture of using ICR mce to be exposed
to this mxture of hal ogenated hydrocarbons, al nost
the sane concentration as we canme across at RCA site; the high
concentration, which is very simlar to the actua
condition, and we found that |iver adenoma or
hepat ocel | ul ar neoplasmin mal es increased, and
manmary adenocarci noma in fermal e nmice increased.
It was al so published.
These are our risk estimates. W tried to
obt ai n cancer slopes fromdifferent databases. |'m
sure that probably a lot of themwere coming from
our audi ence. Ckay; and then we got the cancer
risk. And these are risk estimtes com ng from PCE
or TCE to about 10 to the -4. And we al so have, as
| said, that we found that vinyl chloride in
underground water. But the cancer risk order was 10 to the -6.
About the possible nechanisns, we think
that chem cal hepatocarci nogens may cause a
synergistic effect on hepatitis B carriers,
especially if people were exposed to al cohol or

aflatoxins. And that's the reason | try to explain



why we only found increased risk anong the nal es
i nstead of both nmen and wonen.

There is another possibility, that the
m xture of chlorinated hydrocarbons, exposure to
m xtures mght increase the risk, but we are not so sure.
We hope that in the future, that we should
proactively prevent any persistent DNAPL pol | ution

So nmy conclusions were as follows: we
found a significant association between residence
at a groundwat er contam nated conmunity and mal e
Iiver cancer. But because we do not have any
i ndi vi dual exposure data on groundwater exposure,
it still cannot be generalized too nuch. W do try
to collect additional information on potenti al
confounders such as the preval ence rate of
hepatitis Bin these tw different villages, and
they could not explain such an association

There was no arsenic in the underground
wat er over here, and the average consunption in the
1970s of al cohol and cigarettes per capita, in
other words, | am al so using ecol ogical data, were

very simlar in the upstreamand the downstream
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area. And we found that biologically, they are
pl ausi bl e from ot her evi dence.

Thank you for your attention.

[ Appl ause. ]

DR PREUSS: Questions? Please? Don't
forget to identify yourself.

QUESTION. My nane is Dick Bull from MBull
Consul ti ng.

| am curious about how the water is
distributed in those conmunities, because you have
very spotty contam nation of the downstreamwells.
And is it brought into a municipal systemor do
i ndi vidual s draw water fromthose wells?

DR. WANG  According to our understandi ng,
they dunp directly all these DNAPLs into the
ground. This was originally. Dd | answer your
guestion?

QUESTION:. How is the water distributed to
the people in the community?

DR WANG Ckay.

QUESTI ON: Because you have very

het er ogeneous contam nation of the wells. Are they
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brought into a municipal system and then
distributed, or do individuals get their water from
i ndi vi dual wel | s?

DR WANG Thank you. Before 1994,
everybody just, you know, they dug their wells, and
they used water fromtheir wells on the downstream
area. The upstream area where already we have tap
water already. After 1994, tap water or clean
wat er was sent over here, and now, tap water was
i nstal |l ed.

QUESTION. Bill Scott, Dow Chemcal. You
ment i oned--can you clarify, you nentioned sonething
about hepatitis B being a potential synergistic
confounder. But in relationship to just nales?
was a little confused by that.

DR WANG Al right; hepatitis B, we have
a very high preval ence rate of hepatitis B in
Tai wan, approxi mately 15 percent. Beginning in
1984, 1985, all newborns in Taiwan were inmuni zed,
or were conducted vaccination. So it will no |onger
be a problemin the future. But currently, our

preval ence rate was about 15 percent and not so
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much different between nales and femal es.

However, the hepatocellul ar carcinoma, the
i nci dence rate of hepatocellular carci noma was
about two to four times in nmen as conpared with
wonren. This is sonething that we have been
conducting our study and tried to explain.

QUESTION:  Art hur Chai nwood, Exxon Mbbi l
Do you have any inf ormation as to how nany peopl e
in the community worked at the factory?

DR WANG W have excl uded peopl e
who--actually only three cancers, okay? Three
cancers. In total, we have about --let nme take a
| ook. | cannot renenber all of the actual words.
266 cancer deaths, but only 3 occupational cancers were fromthe
| ocal conmmunity, |ocal residents.

During the 1970s and the 1980s, usually,
these factories, they hire a bus to transport workers, and
al so, they built their owmn dormtory inside the
factory. So nost of themwere from outside.
Actual ly, in our study, we excluded these people
who were workers inside this factory.

DR PREUSS: Thank you very mnuch, Dr.
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Wang.

Qur final speaker of this norning is Dr.
Janmes Burch from Col orado State University, and he
will tal k about neurobehavioral effects of exposure
to TCE t hrough a munici pal water supply.

DR. BURCH: Good norning, everyone, and
thank you for inviting me here today.

I"mgoing to be tal king about a series of
studi es and our nost recent analysis that involves a
contam nated site in Colorado. | put the citation up
for this just to rem nd you that we have published this recently.
| did bring a couple of reprints for any of you who
are interested in reading the details of this
study. Please see ne afterwards, and |I'd be happy
to give you a copy of that.

I'd also li ke to acknowl edge the co-authors of
this investigation. Dr. John Reif is an
epi dem ol ogi st in the Departnment of Environnental
and Radi ol ogi cal Health Sciences at Colorado State
Uni versity. He's the senior author on this paper.

Dr. Jay Nuckols has a joi nt appointnment in our



departnent and at the National Cancer Institute
here. He has expertise in geographic information
systens and exposure assessment for epidemniol ogic
i nvestigations. Linda Metzger is an
epi dem ol ogi st at the state health departnent in
Col orado hel ped collect a lot of the data. David
Ellington, who is a water resources engi neer, hel ped
with the nodeling effort, and Dr. Kent
Anger is a neurobehavioral specialist at the Oregon
Heal t h Sci ences University.

I'd also li ke to acknow edge ATSDR, the
Agency for Toxi c Substances and D sease Registry,
who provided the funding for this investigation

As a little bit of background to introduce
this, we have already heard that TCE
is used widely as a solvent in industria
processes, as a degreasing agent; approximtely
close to half a mllion workers in the U S. are
thought to be exposed to TCE. And as a result of
these industrial uses, TCE is al so considered the
nmost ubi qui t ous contam nant found at nationa

priority list hazardous waste sites throughout the
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United States.
There is an extensive literature on
neurotoxicity associated with TCE and ot her
solvents, as | amsure many of you are aware. And
so, neurobehavioral abnormalities can be predicted
fromlaboratory animal investigations as well as
the limted human studies of acute and chronic
exposures that have been perf orned.
As a little bit of background for this
i nvestigation, trichloroethylene was rel eased from
hazardous waste sites in northeast Denver, and
cont am nated groundwater was identified through
multiple plumes in this area. The water district
in this area of northeast Denver detected contam nation
n source wells used by the water district was detected n 1981
The water district in this area obtained
approxi mately 85 percent of its groundwater from
seven alluvial wells in this area. Contam nated water
was punped into the distribution system and it was

distributed in a relatively conplex pattern



Different TCE concentrations fromdifferent source wells
contributed to different portions of the system
Concentrations of trichloroethyl ene peaked
in nmost of the district wells between 1985 and
1986, and treatnent to remove organi c chemcals from
the water distribution systemwas initiated in
February of 1986. So there was about at least a 5-year
peri od where contam nated groundwater was
punped t hrough the runici pal water supply.
This map shows a diagram of this area
n northeast Denver, Colorado. The outline
here depicts the boundaries of the
muni ci pal water district. To the right of the
slide is the Rocky Mountain Arsenal, which is
a Superfund hazardous waste site, a |location at
whi ch pesticides, chemi cal weapons, and a variety
of other chem cal s, dibronochl oropropane, were
manuf act ured over a nunber of years.
The industrial waste was dunped into
unl i ned evaporation ponds, contam nants | eached
into the groundwater, and the groundwater was

transported off site. This i s another Superfund
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hazardous waste site. There are about five
hazardous waste sites in this area, in about a
five-mle radius, three of which are Superf und
sites.

The Chemical Sal es Corporation site is another
Superfund site in close proximty to the study area.
TCE was used extensively as a degreasing
agent at this site as well, and the use of that
agent resulted in groundwater contam nation. Right
al ong the northwest boundary of the water district
s the South Platte River, and it runs in a
northeasterly direction. The groundwater flow
inthis areais to the north and slightly to
t he nort hwest.

This slide shows TCE contami nation that
was detected in sonme of the nunicipal source wells.
over a period of several years. You can see that
it peaked in different wells at different tines,
and it just gives you a sense of what the various
concentrations were over tine.

Ckay; we have conducted, over the period

of nore than a decade, several investigations of
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health conditions of the popul ations that are in
direct vicinity of the Rocky Mountain Arsenal. In
1991, we neasured neurobehavi oral performance in
204 adults fromthis area who lived in close
proximty to the Rocky Muntain Arsenal for at
| east two years

This area is densely settled, so it would
have been inpractical and prohibitively costly to
study every individual in this area. So for this
cross-sectional study design, we randomy sel ected
housi ng bl ocks al ong the densely settl ed boundaries
to the northwest and west of the Rocky Mbountain
Arsenal. W conducted a door-to-door census of
each individual in those randomy sel ected bl ocks.

Fromthis, we generated an age and gender
stratified sanple franme of eligible individuals for
the study, and fromthere, we randomy selected
i ndividuals for recruitnent and participation in
the study. Qur participation rate in this phase of
the investigation was 78 percent.

Fromthis frame of individuals in which

neur obehavi oral testing was perforned, in 1991



there were 184 persons who resided within the water
di strict who had undergone the neurobehaviora
testing. So 184 individuals were served by the
muni ci pal water supply that we wanted to eval uate.

I mentioned earlier that the renediation
in the municipal water supply began in 1985, so
i ndi vi dual s who noved into the area between 1985
and 1991 were excluded fromthis analysis. The
final sanple, then, resulted in 143 indivi dual s who
had resided in the water district since 1985 at the
time that they were tested in 1991

To investigate neurotoxicity, we used the
neur obehavi oral core test battery. It is a battery
of tests that was devel oped by consensus anpng
neur ol ogi sts and neur ot oxi col ogi sts who worked in
this area at a neeting that was held by the Wrld
Health Organization. It has since been extensively
val i dat ed

The battery consists of six
neur obehavioral tests that neasure different
aspects of neurobehavi oral performance, psychonotor

function, nmenory, and conbi nations of those various
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skills. They are considered very sensitive to the
ef fects of neurotoxins, including solvents, such as
trichl oroet hyl ene, solvents and sol vent m xtures

as well as other neurotoxins such as netals and
pesti ci des.

So all of these tests were selected a
priori for their potential relationship with the
neur ot oxi ns that were known to be present at these
sites.

Si x of these tests neasure neurobehaviora
performance. This is a measure of visual acuity or
vi sual perception, and the other tests include the

profile of nood states which is a marker associ ated
wi th depression.

I want to also nention that we used a
standardi zed protocol that had al ready been
devel oped by the Wrld Health O ganization and
ATSDR for delivery of these tests. Each of them
we had three interviewers. Each
interviewer was extensively trained. They used

the sane protocol. W offered the tests in Spanish



to those who were nore confortable with Spanish as
their native | anguage.

I forgot to nention that the study
popul ation, the source popul ation, has very | ow
educational attainnent. Approximtely 80 percent
of the popul ati on had an education | ess than 12
years; approximately 40 percent of the popul ation
had a famly inconme | ess than $20,000 per year, and
approximately 20 percent of the popul ati on was
Hi spani c.

This slide shows you the six different
categories in the profile of nmbod states
questionnaire. There are six outcones that are
generated as scores, tension, anxiety, depression
dejection, vigor, anger, hostility, fatigue and
confusion. Each one of the tests that | showed you
on the previous slide and this slide generate a
nunerical score, and so, each of those outcones can
be anal yzed as a continuous vari abl e.

Ckay; to eval uate exposure in this study,
we used a geographic information system It was

used in conjunction with a hydraulic simnulation
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model known as EPANET devel oped by the USEPA. W
used these G S and EPANET nodels to reconstruct
hydraulic and water quality conditions within the
wat er district.

1985 val ues of trichloroethylene in the
source wells and the hydraulic paraneters of the
wat er distribution systemin 1985 were used in our
nmodel i ng. These val ues were chosen because t hey
were representative of the entire tine period
during which we believe the bulk of the exposure
occurred.

To do this, a digitized map of the pipe
segnments and junctions, valves and storage tanks
was created in the GS, and then, a simulation of
the 48-hour hydraulic performance was used to
cal cul ate coefficients for each of 48 nodes w thin

the water distribution system and then, water

demand was estimated at each of the nodes to define

t he geographi ¢ boundaries of the water demand
within the system
And then, finally, TCE concentrations

that were present in the source wells at that tine
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were assigned to individuals in the water district
based on residence wthin polygons that were then nmapped
to census bl ocks.

And again, this slide is just another depiction
of the water distribution system the |ocation of
the source wells are here, and the yell ow
represents a skel etoni zed map of the water
distribution system and here's the Rocky Mountain
Arsenal boundari es.

And then, here are the results of the
wat er distribution simulation and the assi gnnment of
exposure categories within the water distribution
system The white polygons represent TCE exposures
|l ess than 5 parts per billion. The yell ow pol ygons
represent TCE exposures between 5 and 10 ppb. The
orange pol ygons represent exposures between 10 and 15 parts
per billion, and the red pol ygon represents the
hi gh exposure category of greater than 15
m crograns per liter of TCE

Ckay; so, to performthe statistical
anal yses, we first screened 38 questionnaire itens

that were obtained at the same tine that the
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neur obehavi oral testing was perfornmed. W asked
i ndi vi dual s questions concerning factors that may
i nfl uence their neurobehavi oral performance,
i ncl udi ng educational attai nment, occupationa
hi story, hobbies. Al the questions that we
screened were basically selected a priori to be
associ ated with neurobehavi oral outcones due to
exposure to pesticides, solvents or heavy netals.

VW screened each one of the itens
i ndividually, then, to determ ne whether or not
they were associated with TCE exposure. Potentia

confounding itenms if they were associated with the
exposure categories univariately at a p less than 0.10 | evel of
statistical significance.

Then, to test hypotheses concerning the
rel ati onship between potential TCE exposures and
neur obehavi oral outconmes, we used generalized
I i near nodels to cal cul ate adj usted neans, | east
squares neans, for each neurobehavi oral test across
categories of TCE exposure, and we conpared the

hi gh and the | ow exposure categories statistically.
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Least squares nmeans were used to adjust for the
ef fects of education, snoking, alcohol and seafood
consunption. These are four potentially
confounding factors that we identified here in our
screening stage of the analysis. And finally, we
repeated this analysis with stratification by
al cohol consunption to | ook for effect
nodi fi cation

This slide represents sone denographic
i nformati on about the study popul ation. There were
about 20 percent of the popul ation had esti mated
TCE exposures below 5 parts per billion; 23 and 43
percent of the popul ation had internediate
exposures; and then, about 14 percent of the
popul ati on had estinmated exposures above 15 parts
per billion. This results in estimtes of about 80
percent of the entire study popul ati on havi ng
exposures through their water supply greater than
the Safe Drinking Water Act maxi mum contam nation
limt of 5 parts per billion.

The distribution of age increased somewhat across the four

Exposure categories. Educationa
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attai nment decreased slightly across categories of
exposure, and duration of residence increased
slightly across exposure categories. And finally
note that al cohol consunption slightly decreased as
we went fromlow |l evels of estinated sol vent
exposure to high levels of exposure.

Ckay; this next slide shows the results of
t he neurobehavi oral test battery that were
performed. Again, this first colum of nunbers
represents the percent difference between the | ow
and hi gh exposure group, and the p val ue
associated with the conparison of |ow and high
exposure groups. These are--the conparisons again
were adjusted for education, snoking, seafood and
al cohol consunption

And these results show about a 10 to 20
percent difference in scores, a decrement in these
neur obehavi oral scor es across the various tests
that were perfornmed and a slight increase in
reaction tine. The change in direction across exposure

categories is what one would expect to see if
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there were neurotoxicity associated with expsoure. An increase in
reaction tine is also the direction that you woul d
expect to see if there was neurotoxicity, although
you can see that none of these tests attain
statistical significance, although three of the
tests, contrast sensitivity C, contrast sensitivity
D and the digit synbol test, were of marginal
statistical significance.

This slide shows the results for the
profile of nobod state scores for TCE exposures, and
it's organi zed in the same manner as the previous
slide. As you can see, there were no statistically
significant increased scores for changes in nood,
al t hough depression with an 83 percent difference
between the high and | ow exposure groups was
suggest ed agai n.

The next slide shows the analysis as it
was performed with stratification by al cohol
consunption. So to do this analysis, we divided
the entire population into groups of individuals
who consuned al cohol and those who did not consune

al cohol. There were 55 individuals who reported no
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al cohol consunpti on what soever and anot her 84
i ndi vidual s who did report sone al cohol
consunption; four individuals did not respond to
that questi on.

As you can see, there were absolutely no
TCE-rel ated effects in individuals who did not
consune al cohol, whereas, anong individuals who
reported al cohol consunption, there were
statistically significant differences between the
| ow and hi gh TCE exposure groups, and those
occurred for the Benton visual retention test, the
digit synmbol, digit span, digit span forward, and
sinmple reaction tinme. and the digit span backward
al so showed a 24 percent difference between high
and | ow exposure, although it was not statistically
significant.

This slide shows the results, now, of --o0h,
I should nention in the previous that we saw in the
overall analysis with contrast sensitivity C and D,
we saw a suggestion of an effect associated with
exposure. W did not see any statistically

signi ficant change in contrast sensitivity Cor D
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when we stratified by al cohol consunption, so those
results are not presented here.

This slide shows the profile of mbod state
scores stratified by al cohol consunption; again,
anong i ndividuals who did not report any al coho
consunption, we saw no increase in affect and no
statistically significant differences associated
with sol vent exposures, whereas, in the al cohol
consunption group, we saw highly statistically
signi ficant changes in confusion and depression
scores as well as increased tension and increased
anger scores anmong those who consuned al cohol

So the uncertainties associated with our
results: first of all, the exposure, there are
uncertainties that surround the exposure estimation
certainly. W did attenpt to validate our
sinul ation of distribution of sol vents, of TCE
t hrough the nmunicipal water supply. W used 1984
data on TCE val ues that were present in the source
wells and the sane simulation to | ook at exposures
as they mght have occurred in 1984.

And what we saw is we saw changes in TCE



concentrations that were estimted using the 1984
data, but the relative ranking of the various

pol ygons in the high and nmedi um and | ow exposure
categories did not change substantively during that
period. So this gave us sone confidence that our
simul ati on nodel was indeed predicting exposures

t hroughout the duration of exposure that we were
interested in.

Anot her uncertainty that is certainly that
there are other contami nates present in these
source wells. TCE was not the only contamn nant,
although it was present at sone of the highest
concentrations in nost of the wells that were
tested. Oher chemcals included
tetrachl or oet hyl ene, di chl oroet hyl ene,
trichl oroet hane anong ot hers.

Qur cumul ative exposures were not
estimated in this study, and so, it is not known
what the effect mght have been if we had been able
to evaluate that. Latency assunptions are
uncertain in terns of how | ong soneone woul d have

to consune water at these levels to be able to
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det ect neurol ogi cal changes.

The use of bottled water, showering and
bat hi ng and ot her sources of exposure to TCE were
not evaluated. W sinply |ooked at exposure
through tap water sources through presumably direct
consunption. The low SES in this region sort of
argues agai nst bottled water as being a significant
conf oundi ng factor

There is always the chance for residua
confoundi ng in any epidem ol ogi cs investigation
and this is no exception. The reporting of street
drugs is a sensitive question, and for this to have
been an effect, the distribution of the use of
illicit drugs would have had to have been
distributed in the sanme manner as the pattern of
exposure occurred throughout the municipa
distribution system so we feel that this is
probably unlikely to have occurred.

Information bias is also possible for
questions such as al cohol consunption. People nmay
be nmore sensitive to that and not willing to report

that accurately, and that is a possibility,
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al t hough we did consistently observe using severa
different al cohol related questions that there were
55 individuals who did not report any al coho
consunption. So those are certainly things to take
under consi deration

So in conclusion, the findings add to
evi dence that | ow-dose exposure to TCE can reduce
neur obehavi oral performance. Qur results are
conpatible with other studies. The estimated
exposures in this study are | ower than what has
typically been reported for other investigations.
The nood state abnor malities are considered an
early sign of neurotoxicity. The interaction with
al cohol is inportant for residential as well as
occupati onal exposures. The mechani sm whereby this
m ght happen is fairly conplex. 1t coul d involve
al tered netabolismor increased concentrations or
i ncreased bl ood concentrations of trichloroethyl ene
through altering metabolic processes.

There is sonme evidence that TCE may act
competitively with, given in an acute bol us dose,

wher eas decreased cl earance rates may al so
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be--there's evidence for decreased cl earance as
anot her mechani sm for increasing TCE exposures.

Finally, | think our results denonstrate
the utility of using G S-based nodeling, spatia
distribution of contam nation through a municipa
water system It's one of the few exampl es of this
ever to ny know edge. W used in a previous
anal ysis where we | ooked at potential exposures
based on proximty to the waste site, we found no
neur obehavi oral decrenments in the popul ati ons
living in the vicinity of these waste sites, and
that is probably due to nondifferential
m scl assi fication, which can bias effects estimates
toward the null.

So, with that, | conclude ny presentation
and thank you for your attention

[ Appl ause. ]

DR PREUSS: Questions?

QUESTION: | need to understand your
design a little better. Your making your
measurenments sonme years after the exposure is over

with. Is that correct?
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DR. BURCH: No, no, the exposures
occurred--the TCE was detected in the source wells
in 1981, starting in 1981. 1In 1985, they initiated
a renediation filtration systemto take the
chlorinated solvents out of their water. So the
exposures occurred at |east between 1981 and 1985.
The testing occurred in 1991.

QUESTION:  So sone years after the
exposure.

DR BURCH:. Yes.

QUESTION: So these are residual effects,
and I"'mtrying to grasp your argunent about effects
on netabolism and so on and so forth, on
sonmet hing--1 don't think anybody's showi ng a hal f
life of TCE or any of its netabolites that woul d be
six or seven years long. And | don't know--and
another thing | bring up is | don't know any
precedent in the animal literature that woul d
suggest you have residual effects even from high
exposures to trichl oroethyl ene i n neurobehavi or al
So |l ama little confused about what all this

means, | guess.
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DR. BURCH. There are a coupl e of
references in our paper about residual effects of
solvents that are present up to a decade after
exposure. And so you can--

QUESTION: At 15 parts per billion

DR. BURCH: Not at 15 parts per billion

QUESTI ON: Excuse ne Jonat han Borak, Yale.
I think it is very praiseworthy in the effort to
enhance the distributional nodels. Mst of the
hi storical, ecological studies on TCE have actually
br oken down once the true distribution of the water
has been better studied. And so, | think your
effort is very prai seworthy.

| raise a different concern, however,
which is that you have a huge nunber of conparisons
that you' ve nmade, and you have liberally used the
concept of statistical significance, and | think
one shoul d be cautious. There really needs to be
an adjustnment were nmade, those comparisons, this
does not speak to a pattern of effects, but those
concl usi ons whi ch you describe as statistically

significant, nost would in fact not be. And I



think that the pattern is interesting, but | think
the conclusions are overly aggressive.

DR BURCH. Well one can argue about the
need for adjustment based on the nunber of
statistical tests that were performed. Certainly,
we selected all of the neurobehavioral tests a
priori, and if you wanted to back off from the
statistical significance, | think you can just | ook
at the effect estimates, the percent differences,
and see that there's clearly a trend toward a
decrement in neurotoxicity.

W did not see really significant effects
inthe main analysis. It was only really when we
| ooked at the stratified anal ysis where we | ook for
ef fects anong those who consuned al cohol, and so,
think it's clear evidence for effect nodification
in this case

QUESTION: | mean to suggest that | think
you raise interesting hypotheses, and | think that
the problemis that having raised themin this kind
of a context, it begs replication before one can

actually draw i nferences of any certainty, and
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particularly, the interaction with the ethano
rai ses anot her new set of considerations. And
think that this is very informative and it's
illumnating, but I think it's not concl usive.

And | would just raise the caution, given
the structure and design of the study and the |arge
nunber of conparisons that the use of the concept
of statistical significance in this context is
per haps too aggressive.

DR BURCH: Well, | certainly agree that
there is a need to study this further, and
appreci ate your comment.

DR PREUSS: Dr. Lipsconb?

QUESTION: | was wondering if you m ght
provi de sonme context. A lot of the information you
col l ected and anal yzed and you interpreted as being
marginally significant. | believe there were three
effects noted on one slide. Could you rmaybe inform
us as to the magnitude of the difference?

DR. BURCH: I'mnot sure what you're
getting at.

QUESTI ON: What exactly did you neasure?
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Your slide used acronyns that | don't understand,
and | don't know the types of measurenents that you
were making. The contrast in the digit; thank you

DR BURCH  You have to
di stinguish--there's a pattern of nunbers enbedded
in another pattern. You have to distinguish the
nunber that's enbedded in the pattern. Perhaps you
have seen this. This is what the tests neasure.
The digit synbol is you're given a series of
synbol s, nunbers, and basically, the synbols are
presented, and then, you have to renmenber what
synbol corresponds to what nunber, and you have to
generate the nunbers. The digit span is a test
where you are given a series of nunbers to nenorize
in a certain anount of time to neasure them You
start with two or three digits, and it goes up to
i ncreasing nunbers of digits. You have a certain
anount of time to menorize them and then, you have
to repeat what the order is in which the nunbers
appeared. And you j ust do these tests until you
fail. The Santa Ana test is a test of psychonotor

dexterity where you have to take a peg out of a



hole and you turn it around, and you have to put it
back in the hole fast as you can within a certain
period of time. Reaction tinme is sinply alight is
presented, and you have to push a button as soon as
you see the light. So it is a neasure of neura
processing. The Benton is a visual retention test.
And because of the popul ation we were dealing wth,
we didn't use a conputer for nost of this. W'd
gi ve people a paper and pencil and place a dot in
the center of a circle on a piece of paper. Al of
t hese were done because of the educationa

attai nment of the population. W used pen and
paper and using other types of devices. Does that
hel p?

QUESTION: It does.

QUESTION: Bill Scott, Dow Chem Two
questions, really. Did you consider evaluation of
other nontraditional factors in this study such as
drug use and gang activity? Wth drug use, gang
activity, sonme of the boundaries are fairly
defined; so are gang boundaries. |[|'m/looking at

Dr. Benson here; the potential exposure from vapor
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intrusion into basenments, things like that. I'm
not exactly--

DR BURCH \Well to answer the first
question, we did not |ook at gang activity or drug
use. The questions were screened in the same
manner that all of the other confounding variables
could fall into a residual confounding category.
The preval ence of gang menbers, |I'mnot sure about.
As far as exposure through the inhalation pathway
through the groundwater in this area, that's a
difficult one to ascertain. | nean, it would have
been volatilization; it could have been through the
tap water, so showering woul d have been a mgjor
source of exposure. There was a change in the
wat er distribution systemin 1985. There were al so
a series of groundwater extraction wells within the
boundary over a nunber of years ago. So the
groundwat er source is also being captured, the
source of groundwater contam nation was bei ng
captured as well. So the w ndow of opportunity to
study individuals their TCE | evel s and the airborne

TCE levels in their basenents, | think, may have
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al ready passed.

DR. PREUSS: Another question?

QUESTI ON:  Yes.

DR PREUSS: Pl ease.

QUESTION: M chael, along the Iines of Dr.
Borak's questions, with a lot of these tests, if we
have better information on specificity, would it
not be better to use these rather than using
epi dem ol ogi cal studies that you would rely on
certain tests nore than others rather than having
ones that we can trust nore than others?

DR. BURCH. They were all sel ected based
on their validation in previous studies. It
requires a nunber of different psychol ogi cal and
neurol ogical facilities to be intact.

QUESTI ON:  The education | evel of these
peopl e was generally low Is it possible that this
has affected the results?

DR. BURCH: Certainly, education is an
i nportant factor to consider, absolutely.

QUESTION: This is Dick Bull again with

MoBull. | noticed | think in the previous slide



that the respondents in the |ast group on your
graph, were they not about five years older? O
did I just make that up?

DR BURCH. Excuse ne?

QUESTION:  The age distribution of the
peopl e in the highest group was 55, and |I'm | ooki ng
at the tests that came up closest to being
significant as involving visual acuity, and it was
a long time ago when | was 55, but | do renenber
that there were sone things that were going on with
my eyes. Have any of these been normalized with
age?

DR BURCH: W perforned a conpletely
separate analysis where we adjusted for a priori
confoundi ng factors, and we obtai ned essentially
the sane results

DR PREUSS: Dr. Wang?

DR WANG Simply, just by looking at this
figure, we understand that the nunber of people who
are above 15 parts per billion and less than 5
parts per billion were relatively small. So |

don't know whet her when you adj ust so many
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potential confounders, is it--1 have two questions
One is that is still stable; the other is why not
just try to test for trend and conpare?

DR BURCH. That is a very good
suggestion. In fact, we did test for trend. The
tests for trend essentially cone out the sane as
the high | ow conparisons; they' re basically the
same as what you see there.

DR PREUSS: Well, let nme thank you very
much. We had extra tinme at the end; are there any
of you who didn't have a chance to ask on any of
the ot her papers? W have the opportunity now. |If
not, all of you are certainly welcone to speak with
one another. So let's see if there are sone. |
see that there's at |east one. So could you again
identify yoursel f?

QUESTION: This is for Dr. Hansen. W
nane is Perry Cohen fromthe New Jersey Depart nment
of Health. |'m wondering about people who have
been empl oyed under about three nonths or so, and
the question is do you have in the Scandi navi an

countries like we've noticed in the U S. that
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oftentines, people are asked to do very dirty
tasks, and they are short -term enpl oyees, and they
recei ve the highest exposures, so that in fact,
dose-response may be a little bit confused?

DR HANSEN: Yes; | think it's the sane
overall in the Scandinavian countries may have the
pi ctures of the people who are newly enployed in a
conmpany may have the hardest work tasks, | think,
but I don't think we can set the limt to only
three nonths or six nonths or one year. But there
is a tendency that if you are long-term enpl oyees,
you get a better type of work when you have been
there for a | ong period.

DR PREUSS: Can't nove around here
wi t hout being m ked up. So are there any other
questions?

[ No response.]

DR PREUSS: |If not, we are ahead of
schedul e. The schedule calls for us to start again
at 1:30. | suggest we take an hour and 15 m nutes
for lunch. And so, we will see you all back here

at 1: 00, then.
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[ Wher eupon, at 11:46 a.m, the neeti ng
recessed for lunch, to reconvene at 1: 00 p.m,

this sanme day. ]
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AFTERNOON SESSI ON
[1:07 p.m]
DR BUSSARD: M name is David Bussard.
I"mthe director of the Washi ngton division of
NCEA. Peter and | are going to do tag teama
little bit this afternoon. He has anot her
commitnent to juggle this afternoon
Thank you for com ng back after |unch
It's always a struggle whether you reward the
peopl e who cane back on tine or whether you give
everybody sone slack. So we' Il start just a couple
mnutes | ate.
W'd like to introduce Dr. Shiao fromthe
National Cancer Institute. He's going to talk
about VHL alterations in renal tunorigenesis, and
it's all yours. Thank you.
DR. SH AG  Thank you.
Thanks for the organizers inviting me to
give a talk. Personally, | haven't done any
project on the trichloroethylene, but since this is
some evidence of link of trichloroethylene |inked to kidney

tunmor and al so other types of tunmors, and al so VHL
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has been exam ned in kidney tunors and
associated with trichloroethyl ene exposure, so |
will try to bring those data together along with ny
personal findings fromother VHL studies. And, and I'II| try
to give you an overview of the VHL in the rena
tunori genesi s.

The VHL, the nanme cane fromthe von
H ppel -Li ndau di sease. |It's a hereditary human
Di sease linked to VHL nmutations, and the patient tend to devel op vari ous
kinds of a tunors, including renal cell carcinonas.
And ,VHL nutations al so occur very frequently in the
sporadic renal cell carcinomas, especially the clear
cell type. The type of mutations include
oss of heterozygosity, it's a type of technique,
you use a marker to differentiate the gene | oss at
a specific loci.

And since VHL is located at this chronosone 3P25
region, loss of heterozygosity would be an
i ndication of the VHL gene loss, and it occurs in
more than 90 percent of renal cell carcinonas,

especially the clear cell phenotype. And, nutations
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in the VHL coding regi on occur between 30 to 60 percent dependi ng on
whi ch

studi es; some studies show | ow frequency and sonme show
hi gh frequency.
And hypernethyl ati on al so occurs in the
VHL pronoter region, and this is in up to 19
percent of the cases. And for this famlial VHL
di sease can be classified according to different
tunmor conbinations; for type I, in

yell ow, you can see the fam |y nenbers can devel op either renal cel
carci nonm, centra

nervous hemangi obl ast oma, retinal hemangi obl ast oma
and pancreatic tunor.

And for type Il, that's the nmagenta col or
you can see that there's a couple of other conbinations; I
want to point out that the type | and type Il -B include
the renal cell carcinoma. See both
the yell ow and the blue color. They tend to have
the deletion and franmeshift nmutations in the famlies.
And for the m ssense nutation, it tends to occur in the
famly w th pheochronocytoma, and so, t here is sone
genot ypi ¢ and phenot ypic

correl ation.
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The family tends to have a deletion or
franeshift alteration. They tend to have nore
renal cell carcinoma. So this is an indication
that this is a different type of VHL alteration
Franeshift, that is a type of alteration that is
the result of a truncated protein. So either
deletion or frameshift, they correlate with an
increase in risk of renal cell carcinona but not
the ni ssense type.
And for sporadic renal cell carcinoma
primarily occurs in the clear cell, as | pointed
out in the beginning; nore than 50 percent of nutations are
the deletion or franeshift type of VHL
alteration. The percentage for mssense nutation is relatively | ow
frequency, but it depends on the studies; some report
| ow frequency, some report high frequency and
some ranging from30 percent to 70 percent.
And the other type of renal cell carcinoma
is the papillary, chronmophobic and oncocytic tunors. They
are not very frequent overall; in all kidney
tunors, they don't have a frequent VHL nutation

This is sone percentage, but very low frequency, in the
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papill ary or chronophobic tumors, and they can range from
O percent to 5, or 6 percent of the VHL alteration
And with that in mnd, VHL nutation is so

Frequent in the conmon type of renal tunors. W may nmake the assunption
see that

VHL may play a role in the tunorigenesis, either in
the initiation or in the progression. |If that is
the case, then we would associate that VHL
alteration will associate with the tunor pathol ogy,
but on the contrary, there is no consistent data to
show associ ation of VHL gene alteration with associated with the tunor
stage, nucl ear grade or metastasis.
And to our surprise, the nutation, the
gene, including the deletion, frameshift and m ssense nutations,
tend to associate with a better cancer -free or cancer-specific
survival. W are tal king about the renal cancer -
free or renal cancer-specific survival. So that is
contradictory to our assunption that VHL nutation
plays a role in the tunorigenesis, how cone it
associ ates with a better survival?
And there's a simlar phenonmenon that also

occurs in the other type of gene alteration called
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mcrosatellite instability. It's a type of DNA sequences,
ei ther dinucl eotide, such as CACACA or GIGIGI repeats,
trinucotide or tetranucotide; we would classi fy
that as a microsatellite sequence present in the
human genone. Very frequently, they tend to show a
changi ng of the nunber of the repeat, and the
mcosatellite is also detected in very early tunor
stage in many different kinds of tunors, including colon
cancer and renal cancer, but the mcocetalide
instability is also associated with the better
survi val

So it may be that VHL nutation is an indication that naybe VHL
plays a role in--maybe VHL is an indication of
tunor devel opnent but does not necessarily play a
role in the tunor initiation process. And in
addition to the gene alteration, we also | ook for
the protein expression change. And there is
| arge evidence of the VHL nutation only occurring
in the clear cell phenotype, protein change had not been exam ned.

In our earlier study, we also exam ned the
VHL protein in the non-clear cell type tunor in the

rat kidney. And we observed the down-regul ati on of
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the VHL protein in the rat non-clear cell kidney
tunors, so we expanded that study to the human
popul ati on.
Consistently, we observed the down -
regulation of the VHL in the tunor area. This is
the tunor area, and this is the nonneopl astic area,
showi ng i ntense brown signal. In nonneoplastic area
adj acent to the tunor, you can see the tubules were
stai ned positively but the glomeruli were negative. And
some of the tumpbrs staining positively, we observed a different
different pattern of expression
Sone tunors express the protein on the
menbrane area. Some express in the cytosolic area.
And this is an indication of a different types of
VHL alterations may have a distinct functions, and
then, some of the altered proteins may shift, some of the
altered proteins may migrate to the nmenbrane
area; some may stay in the cytoplasm area
And when we correlate the VHL protein

expression profile to the tunor pathol ogy and al so
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the genotype, we observe the significant
associ ati on of the nenbrane staining to the
m ssense type of alteration. And here, the nuclear
grade is not associated with the nmenbrane staining,
but you can see there is a trend toward higher
grade tend to have a | ow percentage of menbrane
stai ning and a high percentage of either cytoplasm
staining or no staining at all.

And t he nmenbrane staining is al so
associated with the tunor stage; especially
menbrane staining occurs at the early tunor stage.
And in other studies for the VHL protein, other
groups using a different antibody, they use a
pol ycl onal anti body, they identify that VHL present in
the nuclei and/or in the cytoplasm And they
categorize staining into two different groups: either the
nucl ear and/or cytopl asm c staining or
no staining, and the positive staining is associated with
the I ower nuclear grade and the | ower |ower tunor stage consistent
wi th our finding.

And al so, they also show the nuclide

cytopl asm staining--the patient has a better nucl ei
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cytopl asm staining, a better survival. So, from
the data up to this point, we can tell that the VHL
gene is not consistent --gene alteration is not
consi stently associated with the tunor pathol ogy,
but the protein is consistently associated with
tunor pathol ogy, indicating the protein expression
may be a better marker than the gene alteration to
predict not only the tunor pathol ogy and al so the
patient's survival

There is still some question about the
initiation, and we know VHL gene alteration is very
frequent, and the protein down-regulation or
protein expression difference also very frequently
occur in the kidney tunors, but that does not nmean VHL
alteration contributes to the tunor devel opnent.

Fromthe earliest data, we know it is
associated with the tunor stage, so that is the

main indication that sone VHL alterations are associated with
pr ogr essi on,

but it is still not clear whether a VHL nutation
eventually leads to tunor or not, especially from
the VHL disease is a famlial disease; even those

famlies they have a VHL nutation, but not all of
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t hem devel op the ki dney tunor, and al so, not 100
percent of those patients devel op any kind of tunor
at all. 1t's 90 percent of penetrance when the VHL
patients reach the age of 65, so this neans there
is sone interaction of the gene and the
environnent, and the environment pronotes the tunor
devel opnent .

And with the presence of the VHL
alteration, the environnment played a very inportant
role to lead to the tunor devel opment. And al so
there is sonme diversity of the VHL alteration, and
they may have a different tunorigenic function

And to answer whether VHL plays a role in
the initiation or not, this is some evidence from
the in vitro and in vivo studies. And this is a
very conplicated slide. But 1'd like you to focus
on the red color areas. The VHL has been shown
i nvolving the cell cycle regul ation, down-regul ated
the cyclin D-1; this will inhibit the retinobl astoma
gene and lead to the increase of gene expression
and cell proliferation, and VHL cannot up-regulate P-27; it's a

cyclin-dependent ki nase inhibitor.



This yp-regulation inhibits cyclin-dependent
ki nase 2 (CDK2) and cycline E. And also, VHL can
inhibit the TGF-al pha through the signalling
pat hway can either lead to the increase of HF-1
and H F-2 al pha; this hypoxia-inducible factors had
been a linked to many tunmor phenotypes, including
t he angi ogenesis and tunor acidity.

Those cell proliferation or angiogenesis
or acidity, they all play a very inportant role in
the tunor progression or tunor devel opment. And we
reported a coupl e years ago, we introduced mnutated
VHL into the cell, into the rat nontransfornmed
line. W also see the mtochondrial abnormality.

I will cone back to this later

And the other evidence of the tunor
devel opnent is involving the tunmor progression is
angi ogenesis. VHL regul ates the degradation of the
hypoxi a-i nduci bl e for factor al pha. And increase of
hypoxi a-i nduci bl e for factor alpha will lead to
expressi on of vascul ar endothelial growh factor or
erythropoietin. Those factors, they are all

i nvolved in the angiogenesis. And then, also, this
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is sone H F-independent paths will lead to an
i ncrease of VEGF, vascul ar endot helial growh
factor and | ead to an angi ogeni c phenot ype.

So VHL is involved in the angi ogenesi s.
You can get sone idea fromthis pathway how it is
i nvol ved i n angi ogenesis. And fromthe aninal
study, peoples tried to denonstrate that VHL is invol ved
in the tunmor developnent. And so this is not --A
coupl e of VHL-knockout animals have been devel oped.
The honozygous VHL-knockout mice die at the gestation
stage of 10.5 to 12.5 days, so it is enbryonically
Il ethal. And heterozygous mice are susceptible to
devel op vascul ar lesion, especially in the liver
but not in the kidney in two or three knockout
ani mal studi es.

And this vascular lesion is basically just
the proliferation is consistent with the angi ogenic
phenotype or observed in the famlial VHL di sease,
but none of themare linked to this either rena
cell carcinoma or pheochronobcytoma or
hemangi obl astoma. Those tunors arise fromthe

parenchymal cells.
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So because of the honozygous knockout
animal is enbryonically lethal, so sone groups have
devel oped a conditional knockout. The conditiona
knockout mce carry VHL allele with the lox-p--the
gene is flanked by the | ox-p sequences. This |ox reconbination
can be initiated by the creoreconbi nates through thi s
reconbi nation process, the result of a deletion of
this allele, so the VHL will be deleted in a
specific or selected organ rather than deleted in
the very early stages of enbryonic devel opnent.
So, there is no enbryonic lethality problem here, so
you can denonstrate whether the VHL loss in the target
organ will lead to the tunor devel opnent or not.
Consistent with the heterozygous knockout mce, an
i ncrease of vascular lesion is also observed,
primarily in the liver and a small percentage of
vascul ar | esions al so occur in the heart, kidney
and pancreas. But | have to enphasize this
vascular lesion is just the proliferation; there's
not any type of tumor associated with a famly of
VHL di sease

So, still cone back to VHL alteration is
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play a role in the tunor initiation or just the
progression? And fromthe data so far, it |ooks
like VHL plays a very inportant role in the
progression. And this is a finding we probably
shoul d have covered years ago to link VHL franshift nutation to tunor
initiation.

W introduced the altered VHL into the
nontransforned rat kidney cell and tried to see with
the presence of the altered VHL what kind of a
phenotype occurs in this cell so that will give us
some indication what the early change during the
tunor devel opnent.

And when we transfect a cell with VHL, you
can see that the VHL was | ocalized to the mitochondria
by i mmunogol d el ectron m croscopy; you can see the dots
i ndicating the goal particles present in the mtochondria only, not in
the nuclei or the other regions of the cytoplasm
and this is the other view of the cell transfected
with the wild-type VHL. But when we transfect with the
mut ant VHL, you can see there's a | arge change of
the mitochondria phenotype, and the arrow points to
the crostaes. Amindication of the mtochondria, and you al so

can see sone small mtochondria present adjacent to



this area.

And those snall mitochondria, also, this
type of a phenotype is al so observed in the hunman
renal cell carcinoma, especially the clear cel
renal cell carcinonm; it tends to have a | ow nunber
of the mitochondria and also small mtochondria.
This is just the control w thout transfection, an
i ndication of a | ow expressi on of endogenous VHL

So this is sonme indication that VHL may
play arole in the initiation, but I need to point
out that fromthe famlial VHL disease, we know
only the deletion and franeshift are associated
with renal cell carcinoma devel opnent. And from
this study, we introduced the mutant VHL; al so, the
franmeshift type of alteration, and we also try one
transfection with just the m ssense nutation. W
didn't see small mitochondria phenotype.

So there is sone indication that VHL
alterations can be classified into different
categories, either franeshift, deletion, mssense
mut ati on, and sone m ssense mnutations nmay have a

different tunorigenic potential and the same thing
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for deletion and frameshift. They also have a

different potenti al
And besi des, the VHL has been used to

determne the role of the renal cell carcinom

devel opnent, and the VHL nutation spectrum can al so

be used as an indication of exposure. There's a

summary of the different type of nutation spectra, which I conpiled

several years ago. The GC to AT, either Gto Aor Cto T type of

mut ati ons are the npbst common type of nutations in human neopl asns can

result fromthe deamnination or

al kyl ati on, and sone oxi dated damage can al so cause

this type of nutation spectrum And you can al so

see a different type of nmutation spectrumlinked to

a different type of exposure, oxidative exposure or

depurini zati on and sone repair associated with the

nmut at i on.
And there is one major study on the VHL

mut ati on spectrumlinked to the TCE exposure. And

this group, they linked high exposure of TCE to the

hot spot mutation at the nucleotide 454 site and also link to

hi gher percentage of a nutation, and al so, the

nunber of mnutations increased in the high exposure

group. And for the GC to AT nutation, the



percentage is also very high conpared to the
overall. This is fromnutation database, VHL

mut ati on dat abase published in 2000, a relative GC
to AT nutation higher in the TCE exposure gr oup and
al so percentage of m ssense al so increased.

And so, the conclusion is there is still
no direct evidence VHL alteration initiated the
renal tunorigenesis, but there is evidence
i nvol ving the tunor progression

And the different type of alteration has a
different tunorigenic potential, and the conparison
of a mutation spectrumhas the potential to
identify a specific base change, but nore study
needs to be done to have sufficient statistica
power. And al so, of course, coexposure to things
such as snoki ng, hypertension, obesity, chronic
renal disease, they are all known risk factors for
renal cells. They need to al so be exam ned al ong
with the TCE

Thanks for your attention.

[ Appl ause. ]

DR BUSSARD: Thank you. W have tine if
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there are a few questions.

[ No response.]

DR BUSSARD: (kay; |ooks like there
aren't any. Thank you very nuch.

W would like to nove on, then, and invite
Dr. Larry Lash to tal k about metabolism and
mechani sns of renal cellular injury.

DR LASH  Ckay; well, | want to thank the
EPA for inviting me, organizing the neeting. And
was sort of given a very broad charge. | was asked
to sort of provide informati on on nine of our
papers fromthe last three years covering the areas
of netabolismand the nechani smof action of DCVC
So what I"'mgoing to try to touch on since it's
hard to really cover all this in nmuch detail in 35
mnutes is just to give sone exanples, and
certainly, if there is tine for questions
af t er war ds.

But I'Il discuss, as far as netabolism a
little bit about differences in the roles of P450
versus GST, glutathione S-transferase, the species

di fferences and tissue differences, in terns of
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ki dney nmetabolism a little bit about differences

in the role of beta-lyase-dependent activation

versus FMO, which is S-oxidase activity, and al so

sort of the outlier in terns of organs and topics

but relevant to netabolismis sone recent studies

that were published in 2002 and 2003 that were a

col l aboration with Dr. Poh-Gek Forkert at Queens

Uni versity | ooking at nmetabolismand toxicity in

the mal e reproductive systemin the nouse, and we

have sonme human data and some non-human primate

data as well.

And then, the bulk of the talk will dea

with nore recent data, and | guess it's all sort of

new since publication of the Envi ronmental Health

Per specti ves suppl ement in 2000 | ooki ng at DCVC,

the cystei ne conjugate nmetabolite, how it induces rena
toxicity, alittle data in rat, mouse and human, and then
most of it, actually, 1'Il focus on nore recent studies in
primary cul tures of human proxinmal tubular cells

and assessing differences in the role of FMO and

beta-lyase in bioactivation and then finally a
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l[ittle bit about a study of in vivo evidence for
function of the GST pat hway.

This slide just gives an overall schematic
of the netabolism And of course, here's TCE or
tri, as | have often abbreviated it, and
essentially, there are two general pathways, the P-450 or
the gl utathione S-transferase pat hway, and
some of the key netabolites that are generated by
P-450 include initially chloral hydrate, which has
been associated with effects in the lung in the
nouse; al so, trichloracetic acid
and di chl oroacetic acid, which you will hear nore
about fromDbDick Bull and Mke Pereira |ater this
af t er noon.

The ki dney pat hway, or | should say the
GST pat hway, which can be initiated in either
the liver or the kidney is what is presuned and
evi dence indicates is associated with all of the
toxic effects associated with the kidney. And this
i ncl udes gl ut at hi one conjugation to formthe
gl ut at hi one conjugate. It's processed to the

cystei ne conjugate, which functions as a branch
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poi nt where you can either have formation of the
mer capt urate down here, although this is reversible
by deacetylation and either the beta-|yase or FMO
to generate the reactive species.

So the first study I want to talk a bit
about is one that we published in 2001 where we
were |l ooking at trying to define any potential role
for P450 in the kidney in the rat. And what this
shows is the P450 reaction, the epoxide,

di chl oroacyl chloride or chloral, and in the Iiver
the primary players in the rat that are believed to
be involved are CYP2E1l, 2B12, 2Cl1 and to a

| esser extent 1A1/2, and there was really nothing
known about the ki dney.

We do know from studi es that we published
inthe md-nineties that many of the P450-derived
met abol ites, when kidney cells in vitro are exposed
to these, there's essentially no effect. But an
i mportant point regarding netabolismis how P450
met abol i sm m ght influence gl utathi one - dependent
met abolism since that is a species believed to be

i mportant in generating the nephrotoxicant.
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So, CYP2El has al ways been consi dered
the main player, and in rats, rat kidney, it is
readily detectable, and I will showa little data
on that. |It's the major P450 in proximal tubul ar
cells for TCE. The kidney al so has a hi gh anount
of P450s in the 4A famly, 4A11 in humans, 4A2
inrats that are involved in arachidonic acid
met abolism for exanple, but the levels in rat
ki dneys are much lower than in the liver

In humans, it's kind of unclear what the
inplications are, but there's no detectabl e P450
2E1 by either an activity assay or Western Bl ot,
and there's virtually no--we were not able to
detect, except in one sanple out of about a dozen
any P-450-dependent netabolism of
trichloroethylene. So likely, it's not going to be
i nportant in humans but may--and, in fact, we have
some unpublished data that it may influence
di sposition in the rat.

This is just a couple of slides to
illustrate some of the tissue and species

differences. For instance, pyridine is a well -known inducer
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of CYP2EL. And this shows a
Western Blot for rat liver, and you see a nice
about fivefold induction in amount of protein, and in
kidney, it's, of course, nmuch less; it's present,
but you al so get about a twofold induction in
ki dney m crosones.

Here, looking at clofibrate as an inducer
whi ch interestingly does not induce the |iver 2E1 but
does induce about two and a half fold in
the ki dney, and 2Cl1, which is probably, in the
rat kidney, the secondary P450 enzyne invol ved;
again, clofibrate had no effect in the liver but
produced about a twofold induction in protein
content in the kidney m crosones.

Now, to sort of shift gears a bit to talk
about the netabolismin the nmale reproductive tract
and sort of --although it's still consistent, sort
of, with the general focus on extrahepatic
metabolism this is a study that was a col |l aboration
with Dr. Poh-Gek Forkert at Queens University, and this is
| ooki ng at CYP2E1l expression by Wstern Bl ot

analysis. The first three | anes are in nmouse



testes; 10, 25, 50-, microgranms of protein; then, in
epididym s, where it's found at apparently a much
hi gher concentration, 5, 10 and 25; and then, for
comparison, when 2 mcrograns of liver protein was
| oaded, we actually had the | argest response.

So it's present there; and this is an
i mmunof | uorescent staining in the

epi di dymis. You can see positive staining in the

epithelial cells and in the testes in the leydig cells.

So the protein is there, and in--this is again in
mouse. Wen we | ook at quantifying netabolism the
P-450-derived nmetabolite chloral is forned in a
time and NADPH dependent manner in the testes and
in the epididyms, and consistent with the protein
expression, the anmount of netabolite fornmed in the
epididym s is about two and a hal f fold, threefold
higher than that in the testes, and this
corresponds w th para-nitrophenol hydroxyl ase
activity.

So it has inplications, then, for
potential questions of infertility in

mal es exposed to trichloroethylene, and this is
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again fromthe nouse study, just illustrating mce
wer e exposed; and again, these are very high

| evels; 1,000 parts per mllion TCE by inhalation
si x hours per day, five days a week for four weeks,
and you can see here's control and then significant
mor phol ogi cal danmage to the epididyms.

Now, in another study, and this was
published in 2003 in Drug Metabolismand Disposition
Dr. Forkert, again, at Queens University in
Ontario, obtained access to sem nal fluid sanples
fromworkers exposed to very high levels. And the
point, | think, that's very interesting here is the
huge variation. There are eight subjects, and this
i s showi ng the parent compound, and you can see it
varies in semnal fluid;, it varies froma |ow of 20
in one individual all the way up to over 5, 000
pi cogranms per sanple.

And then, as far as the netabolites,
again, there is a huge degree of variation. And
believe that the time from exposure was pretty nuch
the same for all the individuals, so it's not a

difference of the time of exposure. And the type
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of work that each did was the sane as well, so it's
t hought that the exposure levels were simlar, but
again, if you look at chloral hydrate |evels, they
vary over alnost 150 fold froma | ow of about 60 to
70; one individual at 1,700 picograns per extract.
Simlarly, trichloroethanol |evels varied over
tenfold, and TCA was only detectable in one

i ndi vidual where it was very high, but it was bel ow
the limt of detection in the other seven. And
simlarly, DCA was detected in two individuals at
very high levels and not detected in six others.

So, obviously, an inportant issue,
particularly if you re | ooking at devel opnent of a
bi omarker, for example, for exposure is it's going
to have different inplications for different
i ndi vi dual s depending on their genetics. And we
don't have know edge yet about what determ nes the
levels. And this is just a small study that was
conduct ed.

Now, 2El is also present in the human
testes and epididyms. And shown here in the

testes, the arrows indicate that it's found in the
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Leydig cells, and in the epididyms, it's found in

the epithelium so simlar to the nouse. And this

i s i munof | uorescent staining from nonkey

epi di dym s, showi ng 2E1 presence, so a non-hunman

primate, so there's consistency anong the species.
So some of the conclusions fromthis work

is that CYP2El, which is the major P-450 enzyne

that netabolizes TCE, is present in testes of

mouse, a non-human primate and humans. The

activity and expression are highest in the

epi didym s; histopathology is observed in

epi didym s of mice exposed to albeit a very high

| evel of TCE, but humans exposed occupationally to

relatively high levels exhibit both TCE and sone of

its metabolites in semnal fluid, although there is

again a great deal of interindividual variation

And so, the data are consistent with a role

for 2E1 in both experinental animals, non-hunman
pri mates and humans in bioactivation of TCE
leading to testicular toxicity, but again,

everyt hing nmust be put into the proper context of

dose. And so, again, | think additional studies
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are needed to establish that.

So, next, sort of to nove on back
to the kidney and to the GST pat hway, this was a table
| published just summarizing rounded-off genera
rates of metabolism conparing rat and human for
overall dealing with a high level of TCE, about 1
mllinolar and conparing rates of metabolism and
you can see for rats versus humans that there's not
a large difference between P450 or GST. Gamma- gl utanyl
transferase is nuch higher in the rat.

The big difference would appear to be in
beta-lyase. So it's possible that one of the
reasons why male rats exhibit a higher
susceptibility to kidney toxicity is due to the
hi gher levels relative to humans of this enzyne,
but | think there's alot nore to it than that.

One of the things we | ooked at recently
was expressi on levels of different GST isofornms in
rat kidney and proximal tubular cells in humans. 1In the
rat, the only isoformexpressed is GST al pha, and
this Western Blot shows--this is a positive control of

purified al pha 2-2, then cortical cells, proxim
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tubular cells and distal cells. M and pi are not
expressed in the rat kidney.

In the human kidney, interestingly,
there's a much nore diverse expression. Both GST-al pha, pi
and theta are expressed. And what's
i nteresting, though, and, of course, this is a
limted sanple size; we obtain fresh ki dneys.

These are kidneys that are not--determ ned not to
be usable for transplant, and we obtain them
usual ly within 24 hours of com ng fromthe donor
and we' ve used themas freshly-isolated cells to
study netabolismor do expression studies |ike
this, and we've put theminto primary culture and
studi ed nore nechani snms of injury and netabolism

So in these limted nunber of sanples,
what we see is for GST al pha, there was a nodest
degree of interindividual variation. Each of these
is a different donor, different sanple. For GST pi
in these 7 or 8 sanples, the interesting thing is
that one individual had no detectable GST pi; one
had extremely | ow, and then, conparing the | ow one

to the high one, there's over 100-fold variation
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So there's potentially a pol ynorphismthere. And
GST theta expression levels were pretty consi stent
in the samples, and we' ve done sonme additiona
sanmples as well that exhibit simlar types of data.

So what the inplications are for TCE
however, is not clear, since we don't really know
any differences between the ability of each of
these isoforns to netabolize TCE or what
inplications that may have. But | think it very
potentially can, since we know, for example, that
GST pi or rather the GST mu null variant that is
present in about 40 percent of individuals leads to
a markedly different susceptibility to colon
carci nogenesi s, for exanple, and bl adder cancer
fromdifferent carcinogens, so it's possible that
this may influence TCE metabol i smand bioactivati on.

So then, in this slide, | wanted to sunmarize a
little data froma paper we published in 2001
conmparing acute toxicity in male and female Fischer
rats. And these were conparing in rat kidney cells
and hepatocytes. W use release of a cytosolic

enzyne | actate dehydrogenase as a neasure of acute
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necrosis.

And these are fairly high levels, so
they' re obviously not going to be relevant for the
human exposures, but our later studies that we' ve
done in culture are nore relevant levels, but it
gi ves you sone idea of potential differences. W
exposed to either the parent conpound, the
gl ut at hi one conj ugate or the cysteine conjugate,
and fairly consistently, the cells fromthe male
rats exhibited a higher degree of acute toxicity
than those fromthe female rats.

And the kidney cells--nowin the
hepat ocytes, | sort of show this to make the point
that actually, DCVC, the sort of penultimte
nephrotoxic netabolite, is just as cytotoxic to
hepat ocytes as to kidney cells. However, in vivo,
you never see any liver injury. So that's sinply
an in vitro type of response. But again, the nales
seemto exhibit nore injury. So there are gender - dependent
differences, even in the rats.

So nost of the rest of the tine, | want to

tal k about nore recent work on | ooki ng at what
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m ght be called environnentally rel evant exposures
of primary cultures of human kidney cells to DCVC
and to trichloroethylene, and this just lists the
medi um that we use for culture, and it's a fairly
standard procedure, DME-M F12 nedium And then, you
add a variety of supplenents that we use, so-called
serum free, hornonally-defined conditions, and this
provi des optimzation of differentiation of the
cells and maintains their characteristic phenotype.

This is a picture of human proxi mal
tubular cells treated with either --here's contro
cells, and this is at 24 hours, and generally cells
are cuboidal. There are a few vesicles. But when
you treat with either stauerosporin, which we use as a
positive control for inducing apoptosis, or DCVC,
and this is at 100, 200 and 500 micronol ar, we see
a marked increase in the nunber of intracellular
vesi cl es, a change in the shape of the cells
particularly at the higher concentrations and so-called
apoptotic bodies. And we've even seen sone
changes at | ower concentrations of DCVC as well.

So first, we compared just acute toxicity
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or necrosis, | should say, |ooking over time
courses of up to 48 hours in the primary cul tures,
and these were cells fromnal es versus femal es, and
in general, though, it's not a large difference,
but there does appear to be a sonewhat greater
degree of acute toxicity fromDCVC in cells from
mal es than in females, which would be consi stent
with the rodent data.

Then, when we | ook at apoptosis, though
we have a markedly different dose and tine
dependence. | have the conplete tine
course on the next slide. But here, one of the
ways in which we nmeasure apoptosis is by flow
cytonetry and FACS anal ysis, and cells are divided
based on their phase of the cell cycle. W have
resting cells, since this is--our exposures are
typically done with confluent cells to nore better
mmc the in vivo kidney, which is generally
nonproliferating.

So we have generally 70 to 80 percent in
the &/ Gl phase; |ess, usually about 10 percent in

the S phase, and the remainder in the &/M phase,



and usually a fraction of a percent are
subdi pl oi d, and these val ues indicate the fraction
that are subdiploid or apoptotic.

But when we treat with DCVC, for exanple,
and this is 50 mcronolar, so a fairly | ow dose, we
see a large increase at 2 hours, even |arger at 4,
and it tends to drop down at later times. And
don't know how well this slide is going to show,
but particularly in the back, I have to nmake it
| ess conplicated, but if you can follow the colors,
what this shows is plotting out the same data for
2, 4, 8, 24, 48 hours, and the apoptotic cells are
in the yellow bars, and what you see here, control
in each one is a fraction of a percent over 48
hour s.

Even at 10 micronolar DCVC, at 2 hours, we
saw a significant increase fromabout 1 to an
increase to about 5 percent, and this progresses
where you go up to over 20 percent apoptotic cells.
And the optimal response seens to be at about 4
hours and 50 micronmolar. So these are indeed doses

that are potentially relevant to probably high but
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occupational or environnmental exposures. And it
tends to be--the response tends to be a fairly
early, |ow dose response, because as the cells are
exposed to hi gher doses, you get |ess apoptosis and
at later tinmes |ess.

And this is shown in a little different
way, plotting here over tinme; the X axis is DCVC
concentration, and this is percent of tota

apoptotic cells which is the circles, and we see
again maxi num |l evels generally at 50 to 100

m cronol ar, and the | argest response is at 4 hours,
and then, degree of the response tends to decrease.

But the other thing, and this sort of
|l eads us into nore of what we're pursuing now, is
there's an indication that the cells can al so
undergo enhanced proliferation, because if you | ook
at the percentage of S-phase cells, those tend to
increase as well throughout time and also to be
typically a nore | ow-dose, earlier response.

And we corroborated this by measuring DNA
synthesis in the cells with tritiated

deoxyt hym di ne tri phosphate incorporation into DNA
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This is control. You see no change over 48 hours.
Even with 10 m cronolar DCVC, we see a significant
increase, and this goes a little higher at 50
m cronol ar, 100, and then, of course, drops off
because the cells are really |l ess conpetent to be
able to proliferate. So this is suggestive of sone
ability to proliferate.

How am | on tine? | have no idea. Oh,
okay. Thanks.

Ckay; so, let's go back a second. So, and
I"I'l get back to this in a nmonent, but this
suggests that the cells, part of the response at
| ow dose is that there can be enhanced
proliferation, and | have a slide later
on that indicates where we are goi ng on
that topic.

Next, | want to address the point of the
potential role of beta-lyase and S-oxidase in
necrosi s and apoptosis in the human ki dney. And
what this slide summarizes, sone data | ooking at
acute injury and apoptosis. This is--the top pane

is LDH rel ease versus DCVC at either zero, the



control, 200 or 500 micronolar, and the cells are
treated with either just buffer and DCVC, or
they're pretreated with am nooxyacetic acid, which
is an inhibitor of the beta-Iyase or nethi mazol e,
which is a substrate for the FMO and conpet es.

And what is interesting is in the rat, |
didn't show the data; that was published, actually,

back in the eighties and the nineties, but in the

rat, am nooxyacetic acid is very protective and provides

very clear protection. And nethimzole is
moderately effective. In the human ki dney,
however, it seens to be a different story in that
neither are very effective for acute toxicity,

al t hough net hi mazol e produces sone protection; a
little less LDH rel ease at 24 hours and a little
nore effective at 48 hours.

When we | ook at apoptosis, however, and
here, again, note the difference in the tine
courses; when we | ook at necrosis, it's higher
doses and a later time course, but with apoptosis,
typically early times, 2 and 4 hours and 50 and 200

mcronolar. W see here, for exanple, at 200

161



162
m cronol ar that am nooxyacetic acid here is
margi nal ly protective, but nmethinmazole is
significantly protective, and here at 4 hours
am nooxyacetic acid didn't protect at all, whereas
met hi mazol e conpletely protected. So there is a
di fference both in the response, you know,
dependi ng on dose and the process one is |ooking at
and there are species differences.

And the pathway specifically that we're
tal ki ng about again is where trichl oroethyl ene or
TCE or tri either in the liver or the kidney is
conjugated with glutathione to form DCVG the
gl ut at hi one conj ugate, dichl orovinyl gl utat hione.
And then, this all occurs in the kidney. It's
processed by gamma- gl utanyl transferase and
di peptase to formthe cystei ne conjugate, and then
it essentially has three fates: N-acetylation to
formthe nercapturate, N-acetyl DCVC, although this
is--there's a deacetyl ase that can reverse this;
bet a-1yase or the FMO or S-oxidase, and both of
these species are reactive el ectrophiles, and

there's evidence of binding to DNA and to proteins
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and certainly oxidative injury.

So this, again, is the pathway. And the
sulfoxide is interesting in that it's actually a
nmore potent toxicant in sone respects than the
cysteine conjugate. This shows again a picture of
human proxi mal tubular cells treated for --these are
primary cultures treated for 24 hours with DCVC
sul foxi de, and you can--what was interesting here
was that even at 10 micronolar, which is the top
mddle--1 think my red light is going out here, but
the top mddle, you can see changes in terns of
| arge increase in nunber of intracellular vesicles.
Ch, yes. Well, okay, it's back, it seens to be.

You see a large increase in intracellular
vesi cl es and strange changes in the shape of the
cell. And then, this progresses at higher
concentrations here; 50 micromolar, the cells are
very el ongated, |arge vesicles, apoptotic bodies.
And this continues so that you barely have any
recogni zable cells, certainly by 500 m cronvolar, so
just to illustrate what happens norphol ogi cally.

In terns of necrosis and apoptosis, fairly



simlar to DCVC except that it's alittle
different. DCVC produces actually a little higher
anounts of LDH release, and here, we see typically
not until you get above 100 micronol ar and 24 hours
or later, you see the significant increases in what
woul d be consi dered necrosis.

In terns of apoptosis, this is sort of a
time course here, here's 0, 50, 100, 200, 500, and
over tine here, the controls are less than 1
percent. And you can see a progression with tine
and concentration; typically, but it seens to peak
at earlier times and lower levels--1"msorry, later
times, nore like 8 to 24 hours and at about 10 to
50 micronolar. So the pattern i s sonewhat
different.

So, basically it would appear that in the
rat kidney, the beta-lyase is nore inportant. |

didn't show any of that data. It was published
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more than a decade ago. But interestingly, the S-oxidase

appears to be nmore inportant in the human
ki dney, and al though humans seemto be overall |ess

sensitive to DCVC than rats, the sulfoxide is a
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more potent toxic species. And there are
differences in terns of apoptosis and necrosis
bet ween DCVC and the sulfoxide in ternms of which is the
primary response.

So there are interesting, again, species
di fferences and potential differences in the role
of different bioactivating mechanisns.

So, to the last set of data | just wanted
to briefly present was actually froma study that
was supported by the EPA back in the mid to late
nineties. W had a cooperative agreenent. | was
part of SERDP program and this was actually, as
was telling someone earlier, that it was actually a
case where the animal data foll owed up on the human
dat a.

| didn't show this. | should have showed
a summary slide of this, but we published a paper
in 1999 denonstrating detection of dichl orovinyl
glutathione in the blood of human vol unteers
exposed to trichloroethylene by inhalation. So we
wanted to follow this up in experinental aninals,

because there, besides neasuring bl ood and urine,



we coul d al so, of course, neasure tissues.

And so, male and female rats, and
actually, | was telling soneone earlier that now we
mostly work with human ki dneys, so we haven't done
any work with rats in a nunber of years, actually
since this study, but nale and fermale rats were
exposed to 2, 5 or 15 mllinoles per kil ogram of
TCE or tri in corn oil by oral gavage. This was
done to expose themto a |l ow, noderately
toxi c and nore highly toxic dose.

And then, we neasured basically all of the
met abolites: P450 and GST-derived netabolites in
bl ood and urine at 24 and 48 hours and in liver and
ki dney hompbgenates at 2, 4, 8, 24, 48 hours and
found some very interesting patterns, sone of which
I will try to summarize here.

This is showing formation of DCVG in rat
bl ood, and it was found, interestingly, at the | ow
does we actually saw in general nore than at the
hi gher doses over the time course, and the darker
bars are fenale rats, the lighter bars are for male

rats. And the tine courses in general were very
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irregular. W think that, cert ainly, enterohepatic
circulation is comng into play. But what's
interesting is that again, we see the gl utathione
conjugate in rat blood, and at the higher doses, we
actually only saw it at certain tines and in sone
cases only in are species or in one sex.

DCVC, which we could not detect in human
ki dney, we did detect at the highest dose in male
rat blood. And it's shown here; ranges from about
8 to 12 piconol es per mM of blood. And this was
not detected at the | ower doses and was not
detected in female rats.
So it was interesting that we coul d detect
this netabolite as well in the blood, and it would
make sense that it should be in the bl ood, because
alot of it will be fornmed in, for exanple, in the
biliary tract and get back to the liver before
getting back into the circulation
Some ot her sanples of data: in rat liver and tissue,
we coul d detect the glutathione conjugate only in female rats in both

cases, and there seened to be a general peak between 4 and 8



hours, and then, it dropped, it disappeared, and
then, we saw sone again at 48 hours and nuch nore
in the liver than the kidney for nost of the

sanpl es, but we had a couple of sanples that were
at very high levels and not in the male rat Kkidney
or liver.

That was the gl utathione conjugate. For
the cystei ne conjugate, you observe sonme at the
medi um and hi gh dose, but here again, only in
female rats for the medium dose and only in nale
rats for the high dose. And. you know, it's
possi bl e that they woul d have
appeared if we had | ooked at additional times, but
it's interesting that we can determ ne these
internediates, that there are species differences
and gender differences.

And again, here DCVC in rat ki dney was
observed only in female rats, and again, it was
increased from2 to 4 hours then di sappeared, and
then, we saw again, presunmably due to enterophepatic
circulation. And then, in urine, actually, we

recovered a | arge anmount of DCVC in male rat urine
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at all doses at 24 and 48 hours and only about, oh,
Il ess than 5 percent in the fenmale rat urine

Ckay; so, that was fromthat study. Then
this slide which I will guide you through but it is
just to kind of summarize sort of where we're going
based on the data showing that there is enhanced
proliferation. W know, for exanple, DCVC can
cause oxidative stress and DNA damage under certain
conditions. W have recently shown--1 didn't bring
any slides because of, you know, tine limtations,
but we showed, for exanple, in human kidney cells
exposed to DCVC that we see increases in expression
of heat shock protein 27 and p53.

Ot hers have shown such as Grazyna Nowak in
rabbit kidney, and in Europe, Bob van der VWater's
group had al so shown changes in sone of these
signaling nolecules. And these are known--for
exanpl e, Hsp27 is known to alter cellular
cyt oskel eton and be involved in pronoting cel
growm h and repair; also, Gazyna Nowak showed t hat
protein kinase C was activated and again it's very

dose-dependent. At hi gher doses you get nore



toxicity. And additionally, there is evidence that
the MAP ki nase pathway is involved and then, you
get signaling for changes in repair or apoptosis
and growth arrest.

So this is kind of what we are currently
working on in the human proxi mal tubular cells, and
this is the direction we are going to try and | ook
at the nuch nore subtle effects and detail ed
mechani sm of what deternines the different
potential responses in the human ki dney.

So | want to acknow edge some of the
peopl e who worked on this over the years, different
aspects: Brian Cumm ngs was a gr aduate student of

m ne and then did a postdoctoral fellowship with

Ri ck Schnel l mann and is now an Assi stant Professor at the

Uni versity of CGeorgia. Dave Putt is ny
research assistant; Sarah Hueni was a research

assi stant; Poh-Gek Forkert at Queens University,

we' ve wor ked together on sone of the P450 data in the

mal e reproducti ve system Adnan Elfarra at the
Uni versity of Wsconsin, we worked together on the

sul foxi de story; and al so support fromthe Nationa
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Institute of Environmental Health Sciences, grant
support, and al so, because | added at the |ast
mnute, | forgot to nodify the sign, but the data
on the in vivo exposure was supported by a
cooperative agreenent with the EPA from about four

or five years ago

And 1'll be glad to answer any questions.

[ Appl ause. ]

DR BUSSARD: There was a lot of data
there, so let's see what questions we've got. o
ahead.

QUESTI ON: Janardan Pandey from Medi ca
Uni versity in Charleston. Have you or to your
know edge anybody el se has | ooked at whether the
i nterindividual differences that you see in 2E1
| evel s may be because of the allelic variation at
this locus. 1t's very pol ynorphic.

DR LASH I'msorry; could you repeat,
you said the interindividual differences?

QUESTION: I nterindividual differences,
they may be due to the allelic variation at this

locus. It's a very polynorphic |ocus. Have you
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| ooked into that or sonebody el se has | ooked into
that to your know edge?

DR LASH Not that |I know of. | nean, we
haven't | ooked into that. W' ve been, you know,
just nmeasuring in different, you know, sanples. W
had, as | said, some additional sanples that
provide nore data in the sane patterns, but we
haven't | ooked into that, no.

QUESTI ON: John Li psconb, USEPA. There
are a nunber of issues with cytochronme P450
isoform CYP2ELl in specific. It's inportant
that when we renenber pol ynorphisns that we
renmenber the functionality of these pol ynorphisns
and when and where and to what extent they are
expressed in the genone becones very inportant.
There was a paper in Ri sk Analysis in Decenber that
I and sonme of the very wonderful people that | work
wi th exam ned the inpact of cytochronme P450 2E1
di stribution anong a popul ati on on
trichl oroethylene, so | would instruct some readi ng
of that paper for your curiosity.

QUESTION:  Larry, 1've got a |ot of
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questions, but I'"'monly going to ask a coupl e.
How s that?

DR LASH  kay.

QUESTION: The first one that piqued ny
interest was the one with dichloroacetic acid at
very high levels in the testes w thout being at
correspondi ng | evel s or higher levels of TCA. You
got any explanation for that? |It's rem niscent of
some things we saw in blood is the reason |I asked
that question, obviously.

DR. LASH Now you're referring, if I can
get back to it--

QUESTI ON: Way back.

DR LASH Yes, | know.

QUESTION:  That table where you had- -

DR LASH  Yes.

QUESTION:  One case of TCA, but there's no
rel ati onship between TCA and DCA

DR LASH  Ckay; yes.

QUESTION:  And TCA has a much, much | onger
half life. So I'mcurious why you' d have nore.

DR LASH Yes, | nean, certainly in



anal yzi ng the sanples, we were cognizant of past
problems with artifacts and concerns about
accurately measuring it. And it only showed up in
two sanples--interestingly, this one sanple subject
nunber 7 also had a high level of TCA, but subject
nunber 4, which had a high DCA, had no detectable
TCA and had relatively |Iow |l evels of the other
met abol i t es.

QUESTION:  That just doesn't fit with
anything |I've seen before. Ckay; I'Il let it go at

t hat .

DR LASH | think that basically what one

can just conclude fromthis is that, A certainly,
one can neasure--it's another biomarker for
exposure; you know, what it neans and, you know
what the interindividual differences mght nmean is
certainly an issue, but it's another neans
of --denonstrates that the nmetabolismoccurs there
Yes?
DR SHHAOG In your cell culture
experinent, you're tal king about the proxinmal cel

line. Is this a nontransforned or transforned
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l'ine?
LASH: No, these are primary cultures.
SH AC  Primary cul tures?

LASH. Yes.

3 3 3 3

SH AG This is tissue?

DR LASH So, | nean, rats, what we've
done previously for rat proximal tubular cells, and
we just isolate fromthe, you know, fromthe
anest hetized rats, we take the kidneys. But from
the human ki dneys, we purchase, there is a
nonprofit organi zation called Internationa
Bi oresearch Sol utions that they procure kidneys
fromhospitals and transpl ant centers, and
typically, the kidneys are from acci dent
victinms or people who die of cardiac
arrest, if their kidney is not usable, decreed to
be not usable for transplant, and it's usually for
reasons that are not inportant to us such as
there's too nuch arterial plaque or sometinmes a
surgeon, | know in one case, they cut off the rena
artery too close to the tissue, so there would be a

problemin transplant or too nuch--you know,



excesses of glonerular sclerosis, for exanple, it's
not going to influence our ability.

So the tissues are all normal, you know,
pat hol ogically normal, and we usually we get them
within 24 hours of coming fromthe donor, so
they're perfused with Wsconsin nmedi um and kept on
wet ice, and then, they're shipped out on the first
pl ane. And then, you know, we isolate themwthin
usually a few hours, grow themin culture.

So they're prinmaries. W don't passage
t hem

DR. SHI AO And one of your slides showed,
you exposed a different netabolite, TCE netabolite
to the confluency. |'mwondering, this is the
primary tissue, or this is the cell line?

DR. LASH No, everything | showed was
either some data | showed fromfreshly isol ated
cells, but nostly, it was fromprimary culture
For all the human data, it was all primary culture.

DR. SH AO And the FACS assays are using
the cell lines?

DR LASH No the FACS analysis is
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primary cul ture.

DR SH AO Primary culture?

DR LASH  Yes, primary, yes.

W' ve done sone stuff with a rat kidney
cell Iine for a totally different project, because
for that one, we needed to use a stable cell |ine,
because we're doing transfections to change
expression |levels of certain transport proteins.
But in this case, we really want the primaries,
because the problemw th, you know, with epithelial
cells in general and the proximal tubular cells in
particular is that when you have a transformed cell
or when you, say, passage them they often, you
know, they | ose expression of many enzynes,
particularly P450 and often GSTs.

They | ose transporter functions, so their
phenotype really changes. And we're interested in
trying to define sort of the inherent
susceptibility and factors involved, so you really
need primaries. And using the serum-free,
hormonal | y-defined nedia, which we tried to

optimze with the addition of different growth
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factors and hornones that we could maintain
t hroughout the primary culture period, you know,
hi gh expression of mtochondrial enzymes and | ow
expression of glycolytic enzynes, relatively high
expressi on of brush border and P450s and GSTs and
so forth.

So they're all primaries.

DR SH AO Yes, but the reason |I'm asking
is because I"'mwondering if the treatnment of this
TCE netabolite will induce a transformation in
t he- -

DR LASH Well, that's another issue. |
mean, the exposures are--for exanple, the
apoptosis, we see as early as two hours. W have
some data fromone hour, but, you know, | don't
think you' re going to get that, you know, type of
changes in this short time period. But we actually
are planning on | ooking at --because | think that,
based on our experience, | think those type of
responses that are relevant, you know, to | ooking
at transformation are going to occur in a |onger

time frane.
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So the primaries, you need to passage
them And we've done sonme work with--in 2000, we
had published sone data where we passaged t he human
proxi mal tubular cells through six passages, and
some, you know, sone things, you know, P450s are
bye-bye; | mean, they' re gone. But the GSTs were
still--sone of themwere there

Sone of t he other functions, sone
functions were still retained. Morphologically,
they | ooked fine, you know, so, it's sort of a
nmodel that we're trying to develop. But | think
there's a lot of validation, and anything that you
do or any type of conclusions you nmake fromit has
to be tenpered by any changes in differentiation of
the cells that occur as a consequence of --and not
as a consequence of treatnent.

But | think in the short tinme course of
the experinments with the primary cultures, | don't
think that issue cones up. | nean, we certainly
have seen changes in expression of things |ike p53
and Hsp27 which, you know, may--and MAP ki nases

whi ch may later on induce transformation, but



agai n, you know, those are short time courses.

QUESTION: Two qui ck questions; Scott,
Dow. This data here actually, Dr. Forkert
indicated that this is fromthe eight sterile
subj ects that she had.

DR LASH Right.

QUESTI ON: Have you been able to follow up
with any nonsterile sanples fromsubjects in the
sane environnent ?

DR LASH No, obviously, ny role in this
was the sanpl es cane from Canada; we were sent the
sanmpl es to analyze. But, and | know, you know,
obviously, it's not an easy thing to get, you know,
the sanples. So ny understanding is she really
could not get additional. But | think, you know,
even though there is no paired control, we can
still make conclusions about the fact that
met abolites are detected; that there is variation;
and that it is a potential biomarker.

And then, when we correlate that with
showi ng P450 expression in tissue sanples, it, you

know, can fit together to that extent. But
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unfortunately we haven't followed up

QUESTION: (Qbviously, in the end result.

DR LASH. Yes.

QUESTION: And the other thing is in the
| at est experinments that you showed your DCVC
concentration in mce, did | read that correctly?
Were those millinoles, 15 mllinoles per kilo?

DR. LASH They're micronoles. The in
vitro? 1In the cell culture?

QUESTION: No, it looked like you were
dosing animals and | ooking at the--

DR LASH Oh, you're tal king about the--

QUESTI ON:  Yes.

DR LASH The | ast ones. Now, that
was--it was 2, 5 and 15 mllimoles per kilogramis
gavage- -

QUESTI ON:  Several thousand mlligrans per
kil o?

DR LASH I'msorry? Yes, basically, in
deci di ng on those doses, we actually used sone of
Dick's work. That was sort of a | ow noderately--a

|l ow toxic, noderately toxic and hi gher dose. And,
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you know, obviously, to be able to detect some of the netabolites to
you needed hi gher doses.

QUESTION: If it takes fairly high dose to
detect the DCVC netabolite, | presune that's true,
can you conment or do you have any data on whet her
then, the in vitro concentrations observed are
reflective of an in vivo situation, especially in a
human?

DR LASH Well, yes, certainly what we
have tried to do with the studies and the primary
cultures of the human kidney cells is use as | ow doses

as we can and, you know, in the past we and

ot hers have used millinolar concentrations for
short-termresponses, and those, really, are
certainly not relevant, but we've--the doses we
chose, we had 10 micronol ar as our |owest dose.

And even at that dose, | think that --and
again, this would be based on, you know, there's
not a lot of good data to be able to specifically

say that, you know, if you are exposed to, say, you
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know, 100 parts per ml lion, you know, in the
environnent, that you're going to have this dose in
the kidney in this time frame. You know, it is a
very dynam c process, as | think the time course in
the rat showed.

But certainly, | think if you take some of
the estimation fromsone of the nodeling studies,
which I presune we will hear about tonorrow from
Dr. Bruckner and Fisher, that the 10 m cronol ar
doses and even the 50, | think, i s certainly within
the real m of hi gher occupational and hi gher
envi ronnental exposures.

So I think those are relevant. And we do
get subtle changes that seemto be reversible. |
thi nk once you get the higher, like, the 100, 200
m cronol ar, then, you are getting really beyond the
bounds. But, you know, | think the 10 m cronol ar
dose and even the 50 are relevant to the higher
exposure, and if you talk about levels in drinking
water in some of the, you know, instances where
you're tal king about, you know, parts per billion

then, that's, you know, orders of nagnitude bel ow
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t hat .

But | think the 10 mi cronol ar dose
certainly has sone rel evance. You know, we have
tried to get down as far as possible, and in some
of our studies, which I didn't show, we've even
gone down to 1 mcronolar to | ook at and we' ve seen
some small effects on expression of some of the
signaling proteins. So we are attenpting to
address that.

QUESTION:. From Chio State. | have two
questions. First, this one: it's quite
interesting. Do you have the blood profile like
this matched this exactly like this is fromthe
same subject is ny first question

DR. LASH  No.

QUESTI ON: Second question is | noticed
that sonebody published or presented in the SOT
meeting is the ovarian toxicity, so just one, did
you neasure any of that in the animal study?

DR LASH |I'm sorry, what toxicity?

QUESTION:  Ovarian, you know, froma

fermal e system



DR LASH No, I"'mnot aware of that.

DR BUSSARD: Let ne just interrupt one
monent, suggest that this be the | ast question, and
then, we'll take a break, and then we may have tine
later to follow up.

QUESTION:  Jeff Fisher, University of
Ceor gi a.

Larry, | have a question on what your
opi nion is about DCVC pat hway and ki dney tunors.

Si nce the nonograph cane out in 2000, what's your
opi nion? Are there any other plausible hypot heses
about the node of action for kidney tunors that you
think are rel evant?

DR LASH Well, | think likely that one
of the hypot heses that we had proposed was that you
get these repeated exposure changes in, you know,
mut ati ons that cause changes in expression of
certain regulatory proteins that affect cell growth
and proliferation, and so, you get these repeated
cycl es of exposure, sone injury and repair. And
think that's probably the nmost |ikely mechani sm

that really a nongenotoxi c mechani sm because, you
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know, the studies that have been done and that
Mart ha Moore summari zed in the EHP nonograph, you
know, really showed that the evidence is that DCVC
is a genotoxin, but it's not very potent.

So that probably contributes to it, |
think, to sonme extent but | think t he likelihood is
that, you know, sone of the changes that we've
observed, for exanple, you know, changes in p53,
that in and of thenselves, they probably are, you
know, they're reversible changes and they're sort
of a response-regul atory nature.

But | think when you have long-term
exposures and all of these repeated instances of
some injury and repair, that things eventually go
awy as far as regulation of proliferation. |
think that's probably the nost likely. | think as
far as any others, | don't know of any data that
support, you know, any other hypotheses for node of
action.

QUESTI ON: Thank you.

[ Appl ause. ]

DR BUSSARD: | want to thank everybody.
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I think we'll take a 15 minute break, and we'l|
start back here at quarter to 3:00.

[ Recess. ]

DR BUSSARD: W can start back up again
and ask people to take seats. The next speaker is
Ri chard Bull from MoBull Consulting. He's going to
tal k about TCE and liver tunors in mce.

DR BULL: Good afternoon. Thanks for the
invitation to participate in this. 1t seens |ike
thi s happens about once or twice a year, and we go
on agai n.

| should add that 1've retired from both
PNL and Washington State University, this |ast
spring fromWshington State. And | didn't do this
work while I was at MoBull Consulting. This is work
that's reflected back to nostly work that was done
at PNL, Pacific Northwest National Lab, ny forner
enpl oyers.

I was asked to review specifically these
two papers, one, the contribution of
di chl oroacetate and trichloracetate to liver tunor

i nduction by trichl oroethyl ene and then sone issues



about dichl oroacetate or dichloroacetic acid, as it
is often called, fromtrichloracetic acid by nouse
in liver mcrosones; it was sonething that was done
with a graduate student some years ago.

I will have to nake sonme reference to
ot her things, because sonme of the things I'll be
tal ki ng about come out of these other papers, and
just thought I would throw themin there, because
even though I may not specifically quote them sone
of the things that I'Il talk about are in these
papers rather than that paper

And finally, there is a paper that we just
got accepted in Toxicology that relates to
interactions and the promoting activity of

di chl oroacetic acid and trichloracetic acid, |

think will illuminate some of the things that we
saw back in the 2002 paper that 1'll try to get to
in the end.

Essentially, the issue | think I was
charged with is | ooking at DCA, the inportance of
DCA to the tumor responses; essentially, the

contribution of trichloracetic acid to the |iver
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tunor response, | think, is goes back a long tinmne,
has been accepted, and the anmount of DCA forned and
how has becone kind of a critical issue.

And nost of what | will concentrate on
will be | ooking at characteristics of the tunor
responses as a way of trying to deci de whet her DCA
is actually making a contribution, and I'lIl go very
lightly over that and very quickly over that,
because there's a lot toit, a lot of other work by
ot her people that should be brought into this as
wel | .

And then | will at least allude to this
issue, if dichloroacetic acid is having a
contribution, it has to be considered a | ow-dose
contribution, not a high-dose contribution when you
are tal king about trichloroethylene, and so you
have to be a little careful in extrapolating the
di chl oroacetic acid stuff directly to
trichloracetic acid.

The inplications of dichloroacetic acid
contribution to liver tunmors produced by

trichloroethylene is, of course, trichloracetic
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acid is a peroxisonme proliferator, and to the
extent people have tried, they have only been able
to produce liver tunors in mce with trichloracetic
acid. That happens to be consistent wth happens
with trichloroethylene, but that may be further
reasons.

You have dichl oroacetic acids nmaking a
contribution; it's clear that other nmechanisns are
involved. And it is, in fact, a multispecies
carci nogen, and for those of us that have done work
with it, it's kind of a nice thing to work wth,
because it will produce a lot of tunors in a fairly
short period of time in a nouse.

I"mnot going to spend any tinme on this.
You' ve already seen the issue in ternms of the
oxi dating netabolismof the oxidative netabolism of
trichl oroethylene, and there's others here that can
tal k about this in nore detail than | wll, but at
issue really is the relative contribution of these
to liver cancer, and the second issue is how do you
get the dichl oroacetic?

I've been asked to basically concentrate
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on one paper that deals with this particular
pat hway, but in fact you'll see that | believe this
to be a fairly small pathway and probably not the
critical pathway as far as dichl oroacetic acid
formati on fromtrichl oroet hyl ene.

This is some work--Hugh Barton is in the
audi ence, so he can attest to how confident he in
this particular data, but one of our big
difficulties with | ooking at dichloroacetic acid
and contribution to tunors in animals treated with
trichloroethylene is it's there in very, very snal
concentrations, but you would predict that you
woul d get this level of blood as an area under the
curve if you did this at 0.5 grans of
di chl oroacetic acid in drinking water. It is
cl early a carcinogeni c dose.

However, the blood | evels you see with the
hi gher doses go up by a factor of nore than 100
with just like a fourfold increase. So that high
dose stuff is really hard to relate to anything
that relates to trichloroethyl ene.

So we can get bl ood | evels from



trichl oroethyl ene roughly in the right area between
80 percent incidence and O percent incidence of
di chl oroaceti c acid-induced tunors.

I"mgoing to talk a little bit about the

one paper and leave this to questions if people

want to ask nore about it, because |'mnot sure how

critical an issue this is; maybe others will. W
were really curious about it, because everybody was
| ooking at trichloracetic acid as the source of the
di chl oroacetic acid. | don't think that fits with
the other data anyway, but let's take a | ook at

t hi s.

My graduate student, Jim U dank, was
trying to look at this and couldn't figure out why
he didn't see a radical formvery clearly from
trichloracetic acid; you get better formation from
some of the other trihal ogenated nmetabolites. And
what he found, essentially, was that with the trap
you formthe adduct, but it cytolizes, so you can't
pick it up wwth ESR And essentially, that's the
nane of the gane. He just did the experinment and

trapped, trapped the radi cal adduct and then
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measured the trapped adduct by DC mass spec, and
i ndeed, he found that it is there, and | don't
think there is nuch question about it.

I think the big, nore inportant question
is how much. One of the other pieces of
information that mght be of interest as far as
this particular proceeding is he did take a | ook at
the production of this dichloroacetated radica
frommce and rats in mcrosones and in fact found
that there was absolutely no difference in the
anounts produced. It's produced by both rat and
nouse m cr osones.

Clearly, that is a problem because we
don't see the responses in the rat, so that is one
i ssue to put aside.

Then, the issue, | think, you have to
recogni ze is you can formthat radical with any of
the other netabolites; in fact, | think the fol ks
at Wight -Patterson showed that this was, by far
the easiest to pick up, the radical that was
produced in trichloroethanol; it was fromeither

chloral hydrate or trichloracetic acid. So there
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was not hi ng peculiar about the TCA being a source
of the radi cal

And the other problemthat we deal with is
regardl ess of which of these radicals is invol ved,
you end up with the sane end products in
met abolism so there is no way of | ooking
downstreamto figure out what's going on. You have
to go back and take a | ook at each of these
pat hways if you' re wanting to find where
di chl oroacetic acid nmight be coming from

Irv Schultz, who published a paper here in
2002, did get sone indirect evidence that you are
seeing dichloroacetic acid formation in the
adm ni stered trichl oroet hyl ene, and that's what
this is showing. In essence, what the gl utathione
S-transferase zeta, for those of that don't know,
is a dual functional enzynme. But it's inhibited
fairly specifically by dichloroacetic acid but not
trichloracetic acid or any of the other metabolites
that we know of.

And so, Irv gave--1've forgotten the dose

of trichloroethyl ene he gave here, | guess this is



here at 0.05. This would be in grans per kil ogram
| believe; didn't note that when | grabbed the
thing out of his paper, but this should be roughly
in that range and | ooked at the |evel of the

gl ut at hi one S-transferase zeta in the liver after
that treatnent; in fact, he did get a fairly
substantial and significant reduction in the
activity of that enzynme, and it doesn't prove the
i ssue that dichloroacetic acid formng--it's
consistent with the idea that dichloroacetic acid
is formed with these trichl oroethyl ene doses that
have been associated with tunorigenesis in the NC
bi oassay, et cetera.

So I think the conclusion that | would
reach based on our experience with it is that TCA
can be converted to dichloroacetic acid, but there
are alternative pathways from di chl oroacetic acid
when you're adm nistering trichloroethylene. To ny
know edge, they haven't been quantified, at |east
not well. | amfairly certain that this does not
account for it. Qhers have shown that

trichloroethanol forns free radicals; it would
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eventually give rise to dichloroacetic acid as
wel | .

I think sone of the work that Neil Punford
has done indicates that the dichloroacetyl chloride
is formed fromtrichloroethyl ene, and that
obviously could give rise to sone dichloroacetic
acid as well, and there may be other sources. |'ve
heard sone postulated. | don't know where that's
gone fromthe DCVC woul d possi bly get
dichl oroacetic acid fornmed, so there's a |lot of
ways for dichloroacetic acid to arise in the
met abol i sm of trichl oroet hyl ene.

I mentioned that you do see the inhibition
of glutathione S-transferase zeta with
trichl oroet hyl ene adm ni stration, and that doesn't
occur with TCA, at |east.

The ot her issue, though, in hand, and this
will be the topic of a second paper that | will
review and sone other things that go beyond that is
that TCA produces a distinct phenotype of tunor.
It's not distinct in the sense that other conpounds

are produced, but other peroxisone proliferators
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will give you this sane phenotype.

And if you saw significant conversion of
TCA to DCA, the tunor phenotype shoul d be observed
with TCA treatnment alone as well, and it is not.
And that is the data | will be show ng you | ater
So that's ny bottomline is that you can formit,
ei ther as an adductor of dehal ogenation. W have
some ot her indications of the other pathways for
trichloracetic acid degr adation that don't go
through DCA, so you can't even use the estinmate of
how much TCA you can't account for to come up with
an idea of an upper bound.

So | hope that answers that question

The other issue that I'Il try to get back
tothisinalittle nore detail, but this is to
illustrate what I'mtal king about. W're trying to
see how much of the liver tunor response that you
m ght attribute to trichl oroethyl ene from
di chl oroacetic acid. You have to really be
quantitative. | mean, it's kind of funny to be
tal ki ng about mechani sns that have, you know,

denonstrated that, say, two grans per liter of
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drinking water, which get very, very high doses;
you notice this is a fourfold increase in dose, and
you are seeing a peak concentration going up by a
factor of 100.

And you only see this at night, and you
only see this in high dose, because you are getting
substrate inhibition of the netabolism its own
metabolism It's a suicide inhibition that's been
wel | denonstrated now

And the levels that you're seeing with
trichl oroet hyl ene we think you can kind of see wll
kind of fall down in this range bel ow what you see
with 0.5, which I've already shown you. So to talk
about any dichloroacetic acid dose above the
equivalent of this in drinking water or that
equivalent in blood is really kind of hard to
rationalize in the context of a contribution to
trichl oroethyl ene tunors

Now, if we get down to this |level, we see
no tunors, but at that level, we're still seeing,
like, an 80 percent tunor incidence in a lifetine.

The other issue that I'll talk to and |'11
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try not to beat this to death because a lot of it
is old data, and I'msure those of you who are
interested have read it, and those who haven't
probably aren't interested, so, if you take a | ook
at the liver of a nouse that's treated with
di chl oroacetic acid and trichloracetic acid,
there's quite lot of difference, and they' re not
subtl e differences.

One is with dichloroacetic acid-induced
treated animals, you see these hepatocytes get very
swol | en, enlarged. They get enlarged with
trichloracetic acid, but there's no comparison
bet ween these two. And what differentiates this
fromthat is, in this case, you see quite a lot of
accunul ation of glycogen. This is, actually, if
you look at it very carefully, you find decreases
in glycogen, but you have to look at it local |y,
because you're getting a whole different
distribution of glycogen, and it basically
decreases gl ycogen.

The other thing that happens at hi gh doses

of dichloroacetic acid, we noted for a long time
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and didn't understand what it was until sone
pat hol ogi st grabbed ne and said what you're seeing
is acid necroses. And you see it at a high dose of
di chl oroacetic acid, and |I'm sayi ng anything 2
grans per liter or higher, you will start seeing
these kinds of |esions show ng up

We actually followed these with NVR and
they cone and go, so you can't even depend on what
you're seeing in the final analysis to tell you
what you actually had. |[|'ve had experinments where
I haven't seen it, but you could actually, wth
NVR, where you follow mce in time, and you can
actually see these things cone and go. The guy who
was doing the NVR imaging for me was trying to
figure out what the heck he was seeing

But you don't really see it, we've never
really seen it consi stently at 0.5; the fact is |I'm
not sure we've ever seen it at 0.5 grans per liter,
and we certainly don't see it at |ower doses. So
it's not necessarily a contributor at all to the
| ow doses, but it could well contri bute to the high

dose effects you' ve seen with dichl oroacetic acid.
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So nmy argunent is that this kind of
pathology is an unlikely contributor to the
trichl oroet hyl ene-induced tunors, and |'ve already
mentioned the | ast point quite often. The paper
that we published in 2002 depended on this
particul ar observation, and that was that if
we--there were other markers that coul d be
used--M ke Pereira is in the audience; he could
talk to this, because he's published extensively on
other markers as well, but we chose to go at this
c-Jun expression that we were neasuring with the
Santa Cruz anti body.
And what you see is within the tunors, and
this is true all the way, is this staining for c-Jun. It
turns out this is not c-Jun in the
nucl eus, this is actually a ubiquinated formof c-Jun that
you can't pick up with all of the
anti bodi es. You have to nake sure you're | ooking
at the antibody to the active site.
But you'll see that distribution there,
and you'll see in the BUDR section that we took of

the sane in contiguous slides that you can see
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where the c-Jun is high. That is where you are
seeing the high levels of replication

Now, this happens to be kind of what |
woul d call a m xed phenotype tunor, where we see in
both hi gh staining and areas of |ow staining. This
is what you see with the trichloracetic acid-induced tunor
and when you | ook at c-Jun, and this
is the tumor over here, and you can get a real good
feel for where it's at because you can see the BUDR
| abel i ng down bel ow. You see no indications of
this accurmul ati on of this ubiquinated c-Jun,
essentially, in the cytosol of the cells.

So that's not uncommon with peroxi sone
proliferator-induced tunors, and that probably is
suggestive that trichloracetic acid is primarily
acting in the mce through that nmechanism The
other thing is an old piece of data that | al so
want to point out that what happens, we did an
experinment, it's basically a stop experinent where
you induce tunors at a high dose and then cane back
and put the animals on varying |evels of

di chl oroacetic acid in the drinking water to get



sonme idea what the cellular dynamics are within the
tunmor and the normal hepatocytes.

And two things are really clear. One is
with chronic treatment, we're seeing really a
substantial decrease in the replication rates
wi t hi n normal hepatocytes, nmaybe even seeing a
little bit at 0.1 but certainly by 0.5 grans per
liter. Now, it comes back up. This may be due to
the acid or necrosis that we were tal ki ng about
that you see at high levels; | don't know. There
are sone, maybe, other mechani sns we're kicking in.

The nore interesting thing was, as you

m ght have suspected fromthat |ast graph, those c-Jun

stai ned areas are, as you get up to high doses,
particularly, it's not significant until you get to
2 grans per liter. You're seeing a fairly
substantial effect of DCA on the replication rates
within the tunors.

And so, you get a little bit; you get this
at alittle bit |lower dose and this at a higher
dose. So there's kind of a conplex interaction

going on with the normal tissue in the tunor in
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response to DCA treatnent.

This just shows you--and | won't spend too
much time on it--but you can actually replicate
this phenotype by treating with dichloroacetic acid
or trichloracetic acid, and cells, hepatocyte
colonies derived fromB-6 E through F-1 mce and
put on soft agar. So you can actually produce the
phenotype in vitro.

And rather than trying to cover this, and
knowi ng that M ke was involved in four of these,
and he's talking after me, 1'Il et himworry about
that, but there are a variety of other differences
that have been docunent ed between dichl oroacetic
acid and trichloracetic acid-induced tunors.

This is nmore or less the data | was asked
to speak to out of this particular paper, and
essentially, what you are seeing is when you treat
with these two doses of trichloracetic acid, you'l
see uniformy what I'Il call the c-Jun negative
phenotype, whereas if you treat with dichl oroacetic
acid, we ended up with about a 50-50 split between

c-Jun positive and c-Jun negative. That's a little
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| ower than we reported earlier, but this was also
done by a different technician and a different
hi stol ogi st, so that m ght have contributed to it.

But clearly, we got a differing
distribution. W got a fair nunber of c-Jun
positive tunors with the dichloroacetic acid.

Then, we did a m xed exposure of trichloracetic
acid with varying doses of dichlor oacetic acid to
see what woul d happen, and what we found in this
particular case is that we ended up with kind of a
m xed phenotype as we increased the dichloroacetic
acid dose. Didn't actually see any real clear -cut
c-Jun positives, and this was kind of one of the
pi eces, open areas in the results.

But when we went up to the higher |evel
we started seeing a fairly high percentage of the
m xed phenotype tunors, close to what we saw with
di chl oroacetic acid al one at both doses, | nean of
the pure c-Jun phenotype, | shoul d say.

And at the bottom we gave 1 gram per
ki | ogram body wei ght of trichloroethyl ene, and we

ended up with a picture that at least is simlar to
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this one if not identical. W did find, in the
case of the trichloroethylene-treated animals, we
did actually end up with a fairly of strictly c-Jun
positive lesions. But still, this bottomline is
that this distribution is not conpatible with the
trichloracetic acid being the sole cause of those
t unors.

| should add that the c-Jun positive
phenotype is seen with al nost every other type of
carci nogen treatnent except for peroxisone
proliferators.

This is the dose-response information that
cane out of that particular, that same paper. It
was a little bit atypical in the sense that what we
ordinarily see with dichl oroacetic acid treatnent
is sonething where we are at kind of a | ow response
at this point in time and then a bigger response
where we're seei ng maybe 50 percent nore tunors at
that tinme point.

We didn't really use these out here as
much except as a control, in essence. But if we

score tunors per nouse, the one thing that we



found, at |east when we started | ooking at the
interactions of the | ow doses of dichloroacetic
acid with high doses of trichloracetic acid, we did
see sonmething that looks like it's additive.

If you look at it, the additivity occurs
here, but it's beginning to disappear already at
that dose. This is--we had the m xed treatnent.
So there is near additivity at |ow doses. |'m not
sure--you'll see it in a mnute, because we' ve done
anot her experinment that involved initiation
promotion trying to get at the issue of how these
two conpounds mght be interacting, partly for the
interest of what mght be going on with
trichl oroet hyl ene.

So we used an initiation pronotion
protocol, where we initiated with vinyl carbamate
at that dose, at 14 days of age, and at 21 days of
age, we started adm ni stering carbon tet,

di chl oroacetic acid, trichloracetic acid al one or
i n conbi nati on begi nning at 21 days. And then, we
sacrificed animals basically at 18, 24, 30 and 36

weeks, and we had 10 animals per time period per
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group, a total of 70 groups of 10 aninals,
considering that. And we had about 8,000 tunors, a
little over 8,000 tunors scored.

We didn't diagnose them as to whet her
they' re adenomas or carci nomas, because it was just
too overwhelmng to do it. W did |ook at a subset
and found that we were identifying fairly
accurately, so that was not a probl em

And the main thing we tried to do was we
sinmply | ooked at tunor nunbers versus tunor size,
and I'Il illustrate what you can see with t his kind
of experinment on this graph, and this happens to be
the experinments with carbon tetrachloride. And we
used carbon tetrachloride because it is nore
recogni zed as a cytotoxic agent that presumably
pronotes by virtue of cytotoxicity in a period of
hyper pl asi a.

The interesting thing that you find when
we | ook at tumor nunber, which would be, in nost
people's mnd, an indication of tunmor initiation in
this kind of experinent, you get kind of a nice

dose-response. And | had a | ower dose and a higher



dose; just left themoff, because it basically
confirms the sane thing, nmesses up the slide.

But if you start at the | ow doses, you
start seeing sone indications of pronotion at about
20 mlligrans per kil ogram per day, and
interestingly, you get up to 50 m |ligranms per
kil ogram you get sonething that |ooks like a
plateau. So it is like you flattened out, you
maxed out the response, and it's pretty nmuch a
tunor the sane nunber of tunors through the rest of
the experinent.

If you go to higher doses, you get this.
And if you get up to 500, it goes way up there.

The tunor multiplicity just goes nuts, inplying, as
you get the higher doses of carbon tet, you're
initiating probably through inflamratory processes,
so it is kind of an interesting thing.

If you |l ook at tunmor volume, you find a
very interesting thing, too, is when you take the
| ow dose, it gives you an increase in size, just
I'ike you woul d hope it would. But then, if you go

to the mddle, the 50 m|ligram per kil ogram dose,
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you get really a nice increase in tunor size with
time.

But if you go to the high dose, tunmor size
drops, so that really is very consistent with the
i dea that doses above 50 m crograns per kil ogram
really are initiating tumors as much or nore than
they are pronoting tunors, which is kind of
interesting, because the NCI bioassay | think if
you recall was 500 and 1,000 mlligrans per
kil ogram for carbon tet, so in this case, the
pronoting effects of carbon tet are much nore
interesting than the initiating events.

If you get to the paper, |I'm show ng you
sonme data here that's not in the paper, because it
just conplicates it, and it's this time thing here.
W basically did nost of our conparisons between
the 24th week of sacrifice and the 36th week of
sacrifice, and here, I'mjust showi ng for the DCA
two granms per liter alone, that's what we saw.

But what we're conparing here is the
growmh rate. This is tunmor nunbers, and this is

the growth rate as calculated. And it turns out



you al ways have to have a couple of things that
screw up your data. Here's one of them and
there's the other one, because you notice that
that's occurring at the | owest dose of TCA, and
don't know if that's true or not.

There seens to be a general trend of
inhibition of the tunor size with increasing doses
of trichloracetic acid superinposed on a background
dose of dichloroacetic acid, but it's noisy data.
But it seens that it seens to be that there may be
some inhibitory effects of trichloracetic acid.

VWhat is really clear is when you put doses
of dichloroacetic acid on the background of a high
trichloracetic acid dose, and here's the sane data
where | plotted it out so you had all the time
points, and what we're really conparing in the
paper are what happens at 24 and 25 weeks. W
actually had that particul ar dose group over tine
as well, which is actually the high dose with TCA
and DCA. It gives a little better idea what the
dynam cs are.

But you'll see that you're comng up to
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the sane tunor nunber when you conbi ne them and no
cases that increase. But what you're really seeing
i s sone changes in tumor nunber, perhaps not really
consistently, that mght reflect this. You're
really inhibiting the growh rate of TCA-pronoted
tunors with dichloroacetic acid. So it's clear
that these things aren't acting in the sane

fashi on, and whatever is giving a selective
advantage to one tunor type is not providing the
same type of selective advantage to the other

I don't know how I'mdoing on tinme. 1've
got 12 m nutes.

CGetting back to this issue of the anounts
of dichloroacetic acid and trichloracetic acid that
are produced and what's realistically thought of in
the context of contributing to the response that
you' ve seen with trichloroethylene, what |'ve done
here is taken from the pharmacokinetic studies, you
know, sone neasure of the approxi mate bl ood
concentration that one m ght expect and then
conpare that to the responses that one sees in a

variety of circunstances. Liver tunors are induced
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in this dose range; you get peroxisone
proliferation in vivo. You get activation of the
al pha receptor in that sane region. You get
hyponet hyl ati on sonewhat in that same region; this
is Mke's stuff. And then, the nuogenesis stuff
comes in at a quite a bit higher dose

Now | will say there is one trick here,
because when people only use one dose, | decided to
just divide the no-el by the low-el, figuring that
what ever happens in liver dose is not established
yet, so that's a little mathematical thing | nmade
to make this visual actually work, so I'Il cauti on
you as you go through the rest of these.

DCA, without going into the details, this
is the tunmorogeni c dose range here in terns of
blood levels, in ternms of mcronolar, and here's
where you see--this will be about 0.5 in there.
These are the variety of in vitro and | think even
in vivo neasures of nutagenic activity, which I
won't go into the details. The kinds of bl ood
| evel s you'd have to see to account in t hose

studies that gave rise to those particul ar
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r esponses.

Sane thing here. This is the liver tunor
range, and with dichloroacetic acid, here's
peroxi sone proliferator. It does cause peroxi sone
proliferation but not in the range that we're
seeing tunors. It does have effects in vitro; it
does activate the peroxisone proliferator receptor
at sone very high level, it's been shown. This is
the work on hyponet hyl ation, and Mke is going to
tal k about this; he may have sone nore doses; |
don't know, this is just out of the literature sone
ti me ago.

And this, | just threw in, because
di chl oroacetic acid is known as an inhibitor of
parv-a dehydrogenase kinase, and that occurs about
inthis range. That's the KI for dichloroacetic
acid. So you're getting into a range of a | ot of
other things going on with interinmune mnetabolism
when you get above those hi gh dose ranges.

This data, there are some ot her things
that have been reported in the literature, and a

lot of this is by others, not by myself, by ny own



| ab, but here's the liver tunmor range. Here is the
range where you are starting to see suppressors of
apoptosis, we see in our data the suppression of
cell division in hepatocytes in approximtely the
sane area

W see stinulation of the cell division
within. The tunors at a somewhat hi gher dose. W
see, if we look at stinulated colony growh at one
set of in vitro experinents, if we use naive
animals, we see it takes quite a |l ot of
di chl oroacetic acid, but if you take the
hepat ocytes froma pretreated ani nal where you have
inhibited the GST zeta, it takes quite a |ot |ower
dose of dichloroacetic acid to produce the effect.

So we are not trying to determ ne the
causes of tunors; if you are looking for t he things
that occur in the liver at doses where you see
tunors, one of the things that we see is increased
glycogen in this range. You get decreases in serum
insulin. You get decreases in the insulin receptor
in the normal hepatocytes, not in the tunmor, and

this is just in there for reference, for
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bi ochem cal effect.

So | conclude fromthis that t he m xed
phenotype of tumors induced by trichl oroethyl ene
indicates that both, to my mnd, that both DCA and
TCA probably contribute to the trichl oroethyl ene
tunors. DCA's contributionis alittle nore
conplicated, | think, than what we m ght have
t hought before, and that is the conbined action
You have this later data says if you start getting
substantial anounts of DCA, you are going to
i nhibit the devel opment of the TCA phenotype. So
it is not only DCA comng in and producing its own
phenotype, it's also inhibiting the devel oprment of
that, and | don't know how you untangl e those.

So but the point is, | think, at |ow doses
achi eved from netabolismof trichloroethyl ene that
this probably, | would guess, and that's not our
data, the suppressed apoptosis may be nore a nore
i mportant mechani smthan the stinulation of cel
di vi si on.

And then, finally, you have to always cone

back and say why was the rat negative for liver
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cancer? Easily explainable in part, because TCA i s
negative, and the rat makes plenty of TCA. But it
may be sinply that not enough dichl oroacetic acid
was fornmed with trichloroethyl ene to i ndependently
i nduce tumors, or perhaps it's DCAif it is forned
is a better inhibitor; I don't know.

W' ve never really seen nuch in the way of
DCA in a rat, so, except back in the days when we
were generating artifacts.

This is to acknowl edge--1 won't go through
these individually, and not all of them nade
contributions directly to what |'mreview ng here,
but this is a list of coinvestigators and postdocs
and graduate students that have been with nme for a
long time. Anja Stauber was really inportant,
though, in the characterization of the phenotype.
JimMerdink is the one who did a |lot of the
met abol i sm wor k.

W were supported by a variety of
agencies, if you will: Departnment of Energy
supported sone of this, Departnent of Defense, the

SERDP program USEPA, and indirectly, ny NI H grant
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contributed to it as wel |.

So with that, I will close and take any
questi ons.

[ Appl ause. ]

QUESTION:. M chael Pereira, Chio State
Uni versity.

D ck, on the vinyl carbamate study, |
assune that was the hybrid nouse or --

DR BULL: Yes, males.

QUESTION: Did you |l ook at the lungs of
t hose m ce?

DR BULL: No, we did not.

QUESTI ON: Because vi nyl carbamate is a
| ung carci nogen and- -

DR BULL: It's a pretty good initiator in
the liver as well.

QUESTION:  Yes, but it's the standard--we
use as the standard i n chenoprevention, car ci nogen
to induce lung tunors in nmice for chenoprevention
studies. It's a very good one. It would be nice
to see if you had the lungs.

DR BULL: Wll, we had all we could do



was count --get the liver tunors out and nake sure
we counted those accurately, so we didn't pay nuch
attention to anything.

I would say, though, we didn't have any
mortality along the way. W only lost a few
ani mal s except for those high carbon tetrachloride
doses. We lost a lot of themearly, but we |ost
very few animals in the DCA/ TCA experiments. So if
there was, it wasn't to the point it was
pat hol ogi c.

QUESTION:  wWell, the lung tunors woul dn't
have killed the mce. | mean, they could get nice
big large carcinomas of the lungs with vinyl
carbamate, and they still survived.

DR BULL: Yes, that would have been
interesting. | don't think we have the |ungs,
though. | would send themto you if we did.

[ Laught er.]

DR BUSSARD: (kay; let's nove on to M ke
Pereira fromOnhio State University on carcinogenic
mechani sns of TCE and its netabolites, DCA and TCA

DNA hyporet hyl ati on.  And then, we'll see what
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questions we've got before we wap up. Thanks.

DR PEREIRA: Thank you, and thank you for
inviting me to speak here. 1'mgoing to talk about
some of our studies that are ongoing mainly wit h
DCA and TCA with respect to induci ng DNA
hyporet hyl ati on

There's two types of alteration, |'msure
most of you know this, but 1'll go very rapidly
through this. There are basically tw types of
alteration of DNA nethyl ation found during
carcinogenesis. One is the hyponethyl ati on of DNA and the
other is the hypernethylation of tunor
suppressor genes. DNA hyponet hyl ation is found
early in all solid tunors; it can be found even in
normal appearing tissues and precancerous | esions,
where there's about a 30 to 60 percent decrease in
the total extent of DNA nethyl ation

DNA met hyl ation is inportant because it
decreases the binding of nethyl DNA bi ndi ng
proteins. This alters the binding and the
recruitment of transcription factors and enzynes

i nvol ved in histone nodification, especially histone
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deacetyl ase, this increases the acetyl ation
of histones, which increases the expression of
genes.

DNA hyporet hyl ati on also results in
chronosomal instability, and ironically, it does
result in the hypernethylation of tunmor suppression
genes. Here's a cartoon | ooking at DNA net hyl ation
in normal tissue. Normally, you have the
met hyl ation sites recruiting nethyl binding
proteins, there's at |least six different nethyl binding
proteins. This recruits HDAC, histone deacetyl ates
that deacetyl ates histones and turns off genes.

In tunors, you see DNA hyponet hyl ati on
a decrease in the binding of the nethyl binding
protein, a decrease in HDAC, and you get
acetyl ation of histones, and this turns on
vari ous genes. Actually, DNA hyponethyl ation

doesn't turn on genes,what it does, it allows the genes to be turned on

by
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transcription factors, et cetera.
Ckay; the other alteration in methylation

is the hypermethyl ati on of tunor suppression genes.

These are nethylation in CPGislands of exon 1 and

the upstream pronoter that are unnethylated in

normal tissue, and they beconme hypernethylated in

tunors. They're usually found in the |later stage

than DNA hyponet hyl ati on, although in certain

tunors, you can actually find hypernethyl ation

of tunor suppressor genes in normal appearing tissues.
And it's a major mechani smfor —down-regul ati ng the nRNA expressi on of
t unor suppressor genes.

Yesterday, | actually gave the opposite

talk to NCI in which I tal ked about cancer

prevention and the reversal of DNA hyponet hyl ati on

and hypernethylation. And this is a cartoon

showing that in the normal tissue, you don't have

met hyl ation in these islands; you have acetyl ati on of histones;

in the tumor you get the nethyl binding protein, HDAC
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recruitment, deacetylation and nmethylation with
hi stones that turn off these genes.

Ckay; |I'mgoing to go over and present
some of our data of the hyponethylation that is
i nduced by DCA, TCA and TCE in normal tissue and in
tunors. Wat we have shown is that DCA, TCA and
TCE i nduce hyponethylation within days in the
I'iver; other nongenotoxic carcinogens, including
the tri hal onet hanes, peroxi some proliferators,
phenobarbi tal, they all induce DNA hyponet hyl ati on
wi t hi n days

I'"mgoing to show sone data that the liver
tunors that are pronoted or induced by DCA and TCA
contai n DNA hyponet hyl ati on; that upon cessation of
exposure, the DNA hyponethylation in DCA-induced
tunors goes away, whereas the DNA hyponet hyl ati on
in TCA-pronmoted tunors is not reversible, and it's
correlated with what we have found and Di ck Bul
and we have found that DCA tunmprs regress upon cessation of
exposure, whereas TCA tunors do not.

We had shown that nethionine prevents, as

well as not only prevents but actually reverses the
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DNA hyporet hyl ati on i nduced by TCA, DCA
trichl oroet hyl ene and peroxi sonme proliferators. W
al so shown that chloroformprevents DCA but not TCA-induced
DNA hyporet hyl ati on and that nethi oni ne and
chl orof orm bot h prevent DCA-induced liver tunors
and foci and that chloroformdoes not prevent TCA-induced liver
tunors; thus, tunor prevention is limted
to the nethionine-chloroform the correlation of
their effect on DNA hyponet hyl ati on

Chl orof orm i ncreases DCA but not TCA-induced DNA
hyporet hyl ati on i n nmouse ki dney and
that chlorof ormincreases DCA but not TCA- pronoted
ki dney tumors. We've al so shown that DNA hyponet hyl ati ons a good
mar ker, for both route of
adm ni stration and for cancer chenoprevention and
that DNA hyponet hyl ati on i nduced by these agents
decreases the extent to which histones are
acetyl at ed.

And 1'll give you sonme of that data. But
before | give the data, let me just go back into
how this fits into the nmechani smof TCA, DCA and

TCE carcinogenic activity. They all induce DNA
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hyporet hyl ation. And this results in a field
cancerization, that is, there is an increased risk
of cancer due to the acconplishnents of one of the
first alterations required for cancer to devel op
that is, DNA hyponethylation is now present; you
don't have to have it

This all ows precancerous cells or whatever
you want to call them or cells at risk, to now
have chrompsone instability occur, to have
hypernet hyl ati on of their tumor suppressor genes
and progress on to cancer. And that's what we're
sayi ng here.

This forward effect allows for an increase
in histone acetylation and binding of transcription
factors that increases the expression of
pr ot ooncogenes. This also results in the
hyper net hyl ati on of tunor suppressor genes. You
have to have the hyponmethylation first before
you're going to have the hypernethylati on of these
tunor suppressor genes unless it is a hereditary
event .

And it al so gives you the chronosone



226
instability or ace breaks, rearrangenents and
exchanges. That all goes on to the progression
towar ds cancer.

The first thing I want to talk about is
the DNA hyponet hyl ati on in DCA and TCA-i nduced
mouse liver tunors. In this situation, let ne go
back one, we nmeasured DNA nethylation in this
case by HPLC

And you can see in the noninvol ved |iver

from DCA-treated animals, the nmethylation is
normal, the sane as in naive mce. 1In the
adenomas, the nethylation is decreased, and if you
renoved the DCA for 21 days, nethylation goes back
up. As | nentioned, that correlates with other
studi es by Dick Bull and myself show ng that these
adenomas that are pronoter or induced by DCA will
regr ess.

When you | ook at the TCA tunors, we did
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not see regression. Again, DNA nethylation in the noninvolved Iiver
froma TCA-treated aninmal is the sanme as the
control; the adenomas are |ower, recovery, for 21 days,
is low carcinomas are a little bit |ower, and
recovery is low. So the TCA-treated
tunors, we did not see the reversal of DNA
hyporet hyl ati on that we did see in the DCA-treated
tunors, which corresponds to the regression in DCA
but not TCA.

Sone of our other studies in the correlation
between the ability of DCA and TCA to i nduce DNA
hyporet hyl ati on and their ability to induce liver
tunors. In this study, what we | ooked at, we had
shown that nethionine both prevents and reverses
DCA and TCA-induced DNA hypomet hyl ati on. So we
wanted to see is that correlated with the
prevention of l|iver tunors.

First, 1'll just give you a little bit of
the data we have, in which we have shown that DCA,

TCA and TCE all induce DNA hyponethylation. In
this situation, we neasured DNA mnet hyl ati on by

| ooking at CCGG sites and the ability of HEPA-2



to cut those sites when they are
not methyl ated. Wen they are nethyl ated, they
are resistant to the restriction enzyne, and it
doesn't cut the DNA, and plus, you don't see any
bands. And that's why you don't see any bands in
the control

And when you have the CCGG sites becone
unnet hyl ated, the restriction enzyme can now cut
it, and you now see bands. And you as you can s ee,
DCA without the nmethionine is zero; TCA and TCE al
cause DNA hyponet hyl ati on of these genes, and
met hi oni ne appeared to prevent the hyponethyl ati on
These are different doses of nethionine: zero, 30,
100 and 300 mlligrans per kil ogram

And we have quite a view, and sone of
those publicati on have nore data about show ng how
the reversal occurs and a little bit nmaybe into
sonme of the mechani sm how the methi oni ne prevents
and reverses DNA hyponet hyl ati on. But based on
t hese studies, we decided to see whether nethionine
woul d now prevent the DCA-induced |iver tunors.

In this study, we gave the
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mce, 3.2 grans per liter of DCA in the drinking
water and 0, 4 and 8 grans per kil ogram of
methionine in the diet. W had two sacrifices, one
to see the effect in nornal liver and the other one
to see whether or not there was an effect on
tunors.

This is the response of foci in adenonas,
and as we see here, nethionine prevented the
adenomas i nduced by DCA quite extensively, and the
foci were prevented at the higher dose but not the
| ower dose, which suggests that nethionine slows
the progression of foci through adenonmas. This is
what we see with nost chenopreventive agents that
prevent cancer, that they actually act by sl ow ng
the progression, and that's probably why we had a
bui | dup al though not statistically significant
increase in foci at the | ower dose.

W | ooked at liver to body weight ratio,
and the nethionine had no effect on the liver to
body weight ratio. The increase in liver weight
was not effected by methionine. Here's DCA |ow

dose, hi gh dose nethionine, TCA | ow dose, high dose
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met hi onine. No effect.

We | ooked at peroxi sone proliferation
Here's the DCA, | ow dose nethionine, high dose
met hi oni ne, no effect of nethionine on peroxi some proliferation
i nduced by DCA.

We | ooked at gl ycogen accumul ation. And
we did see a little bit of an effect of nethionine, although it's
still very high conpared to normal. There appeared
to be a limted effect of methionine on DCA-induced gl ycogen
accunulation. In this study, we |ooked at the DNA
met hyl ati on by using a nonocl onal antibody that's
specific for 5-methocytidine. And all |I'm show ng
here is that 5-nethylcytidine conpetes with the
ant i body showi ng specificity since cytidi ne does
not conpete with the antibody for the DNA, show ng
that the anti body is specific for nethylated
cytidine.

And then, when we | ooked at DNA
hyporet hyl ati on using this procedure, we did see an
increase with nethionine in the nethylation. But
in the liver, DCA caused DNA

hyporet hyl ati on, and met hi oni ne prevented t he
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hyporet hyl ati on

The conclusions fromthis study are
sunmmari zed here, basically, that methionine can
prevent DCA-i nduced DNA hyponet hyl ati on and that it
can prevent DCA-induced liver tunmors. Methionine did not
prevent DCA-induced increase in |liver weight,
peroxi sone proliferation and had only a relatively
limted effect on gl ycogen accunul ati on and t hat
the net hi oni ne appeared to sl ow progression of foci
to adenomas, classical chenopreventive agent.

W al so did anot her study | ooking at
chloroforms effect on the carcinogenic acti vity of
DCA and TCA, because the three of themare found
together in drinking water. Here are sone of the
paraneters we neasured, and |'m going to present
sone of the data that we have

This is the protocol. This is not the
tunor data; actually, this is the study we did
before that, in which we want to see the effect of
chl orof orm on DCA and TCA-i nduced DNA
hyporet hyl ati on. So we put the aninmal in

chl oroformat 0, 400, 800 and 1,600 mlligranms per
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liter, and then at 13, 14, 15, et cetera days, we
gave them DCA and TCA by oral gavage at 500
mlligrans per kil ogram

This shows that chloroform yes, does
i nduce DNA hyponet hyl ati on when given in drinking
water at 800 and 1,600 but not at 400. W have had
a much nore extensive dose-response curve done with
chloroform and it does appear that sonewhere
between 500 to 800 is where you break in the

ability of chloroformto cause DNA hyponet hyl ati on.

And here is the chloroformin the

presence of DCA.
As you can see, chloroform does a good job of
preventing DCA-i nduced DNA hyporet hyl ati on. And
this is a curve showing that, |ooking at the three
di fferent bands, that as you increase chl oroform
t he anmount of DNA hyponet hyl ati on decreases.

VWhen we | ooked at TCA in the presence of

chloroform we saw no effect of chloroformon TCA-induced DNA
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hyporet hyl ati on, and here are the band scan and
averages of the experinent showi ng that there is no
effect of chloroformon TCA-induced DNA
hyporet hyl ati on. This summari zes that.

So, after that study, we decided, then, to
see what chl orof ormwould do on TCA and DCA-i nduced
liver tunors. W gave chloroformin the drinking water, and with
either TCA or DCA, we started at seven weeks, and
sacrificed at 52 weeks, and you see here, there was
no effect, as we saw with the nethionine, there was
no effect of chloroformat either 800 or 1,600
mlligrans per liter on DCA or TCA-induced increase
in liver weight.

However, when we | ooked at the tunors,
chl orof orm does a very good job of
preventi ng DCA-induced foci in female m ce,
You don't see foci induced by TCA
That's one of the differences you see between DCA

and TCA-induced |iver tunbrs. You don't see foci
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with TCA, very hard to find. Wth DCA you do see
alot of foci, just like with DCA, you see a |lot of
adenomas but very few carcinomas. Wth TCA you s ee
carci nomas but not as nany adenonas.

Wien we | ooked at the tunors in the female
m ce, again, DCA was prevented by chloroformw th no
statistically significant effects, on TCA
tunors. At the high
dosage use of chloroform there was a statistically
significant decrease in foci induced by DCA; again, very
few foci with TCA Looking at the tunors, where
DCA, again, chloroformprevented the high dose DCA
tunors but did not affect the TCA tunors.

Ckay; and we al so | ooked at the kidney,
and in this study, we did find kidney tunors
promoted by TCA but not significantly pronoted by
DCA. However, in the presence of chloroform we
did get a significant increase in DCA individua
ki dney tunors with high doses of chloroform There
was no effect of chloroformon TCA induced tunors in the kidneys.

In summary, this study is basical |y that

chl orof orm prevented the carcinogenic activity of
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DCA but not TCA in the liver, and this correl ated
with its prevention of DCA but not TCA i nduced DNA
hyporet hyl ati on. Again, we find a good correl ation
bet ween DNA hyponet hyl ati on and the effect of a
preventive agent on tunor vyield.

Chloroformdid not effect the kidney
tunors pronoted by TCA, while it did enhance the
activity of DCA-pronoted tunors. And in the
kidney, | didn't have the data, but chl oroform
enhanced DCA but not TCA-induced DNA
hyporet hyl ati on. And that also correlated with
enhancenent of DCA but not TCA-pronoted ki dney
tunors. Again, denonstrating a correl ati on between DNA
hyporet hyl ati on and tunor pronotion

This is one study we did, trichloronethane,
basically; just looking at route of admi nistration
and I'Il just sort of give the bottomline of it is
that we gave chl orof orm by gavage, and we al so gave
it inthe drinking water. And when we | ooked at
DNA hyporet hyl ati on, | ooking at band three, which
is just one of the bands, we could have taken any

one of the bands fromthose; they all get the same
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curve, you get a nice curve by giving chlorof orm by
gavage, but you give the sanme dose, the animals
getting the same dose in the drinking water, the
ability to induce DNA hyponethylation is nuch
| ower, corresponding to the decreased carci nogenic
activity of chloroformwhen given in drinking water
relative to its carcinogenic activity by gavage

Ckay; the other thing we | ooked at is the
hyper net hyl ati on of tunmor suppressor genes induced
by DCA and TCA. We | ooked at the estrogen receptor al pha
and pl6. Basically, we chose these two genes because we're
| ooki ng at colon tunors and | ung
tunors in the nouse, and they're very good bi omarkers, the
hypernet hyl ati on of these genes for cancer
prevention in the colon and the | ung.

And in this, what we did is we'd isolate
the DNA. W'd treat the isolated DNA with bisulfate
Unnet hyl ated DNA is converted to uracil, methylated

cytosine are resistant and remain cytosine. You



the bisulfated Dna is cloned and PCR the net hyl at ed
cytosines remain as cytosine; the unmethyl ated
cytosines are copied as thymne so that you' re able
to determ ne which cytosines are nethyl ati ed.

And this is our results with the estrogen
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receptor al pha looking at exon 1 and a little bit upstream

fromit, and you can see in normal liver, very few

met hyl ation sites; the sanme in DCA-treated non-invol ved

liver, but in the DCA-induced liver

tunors, you have quite extensive anount of DNA

met hyl ati on of the estrogen receptor al pha.

And t he same thing, of course, in the

TCA-i nduced liver tunmors. You also get an

increase in the nmethylation of the estrogen

receptor al pha. This is data that was done | don’t
know how many years ago and | kind of forgot about it,
but I put it together, and we haven't actually pursued
this, but we are doing it now W are |ooking at the
expression of the MRNA, since the nethylation

should turn it off.



Hopefully, he will get the nRNA done and maybe

publ i sh the data.

And we al so | ooked at pl6, as | nentioned,
and there's the normal |iver, the noninvol ved,
there is some nmethylation, and there is sone in the
tunors but not a significant increase. And the
same appears to be true with the TCA, although
there mght be a little bit nore, but it doesn't
| ook as impressive as the estrogen receptor al pha

CGoi ng back to one of ny first slides about
t he mechani sm of the DNA hyponet hyl ati on, agai n,
I"d just like to nmention that it's a field
cancerization with the increased risk and the
i ncreased expression of protooncogenes in the DNA
hyporet hyl ati on, chronosone stability, and that
coul d be the nechani sm how DCA and TCA and TCE are
pronoting |iver tunors.

Thank you.

[ Appl ause. ]

QUESTION: H, thank you very much. Larry

Moore fromthe Medical University of South Carolina
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at Charleston. Wth respect to c-nt
hyporet hyl ati on in your studies, is c-nt
hyporet hyl ated to the same extent or in the sane
way in humans, specifically with respect to human
hepatocytes, as it is in the mce that you' ve
| ooked at? There's sonething different going on
bet ween mice and hunmans here.

DR. PEREIRA: You're getting at whether
it's affecting expression, et cetera.

QUESTION:  Right, exactly.

DR PEREIRA: It's only used as a
bi omarker. If you ever wite in a paper, and you
put in the paper the c-nt expression, the paper
wi Il not be published, because it has very little
if anything to do with the expression of c-nt.
We're only using it as a biomarker for DNA
hyporet hyl ati on.  You coul d have picked any gene,

and you're going to find hyponmethyl ation. W' ve
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done insulin-like growmh factor-11; you could even take a

tunor suppressor gene |like the estrogen receptor al pha

and find other areas that are hypomet hyl at ed.

So it has nothing really to do with the
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expression. The only reason we used it is because
the HPLC procedure was not sensitive enough in the
tunors to neasure DNA hyponet hyl ation. | rmean,
I've had numerous papers turned back when they talk
about expression, and when we had the expression
it does correlate, but you can pick any one of
probably 1,000 or 2,000 genes, because if you're
going to have basically a 50 percent decrease in DNA
met hyl ation, it's going to effect all of your

genes.

QUESTION:  Yes, | think I have a foll owp
gquestion to Larry's question; Jeff Fisher. Has
anyone done gene array or protein arrays to |ook at
the rel ati onshi p between hyponet hyl ati on and to get
i deas on what's inportant in terns of
transcri ption?

DR PEREIRA: You have to get --and that's
partly because sone people don't --you have to get
away conpletely fromthe idea. This has nothing at

all to do with expression of these genes. It has
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only with the fact that it allows expression to
occur, because we've done other studies, in which
could give trichloroethylene, and you give it and
give it. In three days; you get DNA
hyporet hyl ati on.  You then give it again, and you
get a peak of expression, and it decreases. You
give it a dose again, it peaks and decreases. It
only allows the expression of the gene. And you

can look at c-nt, jun, h-ras and I1G--2. It does

not initself nean that you' re going to get
expr essi on.

But you see in tunors a whole array of

genes that are increased, these tunors, these protooncogen es.

And that ability to have that occur is related
to the fact that you're getting this hypomethyl ation
that opens up the chromatin, | didn't get the data
with the histone acetylation, because you're getting
acetylation of histones that is required for expression
and that allows, then, transcription factors and other
factors to cone in and allows you to get

expr essi on.
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If you start tal king about --nmy whol e tal k
yesterday for and | actually started at 3: 00 and
ended at about a quarter to 5:00, was on DNA
hyporet hyl ati on, and | didn't once tal k about
expressi on, because it was on prevention. And, |
mean, expression does change, but it's not a direct effect
hyponet hyl ati on.
This is the nost --actually, if you ask ne,
the critical thing about DNA hypernethyl ation,
because you're not going to get hypernethylation of
tunor suppressor genes until you get DNA
hyporet hyl ati on. And the reason is--it all goes
back to ny first slide here. And the people who talk about
the expression really do a disservice. It all goes back to
this slide here
If you change this to a tunor suppressor
gene, and in this situation, and it's nethyl ated
here, near that area, it's going to be conpressed.
You can't get the hypernethylation until you open it up, and
you get this situation, when it becones
hyper net hyl at ed. Because renenber, tunors have an

i ncrease of DNA nethyltransferase. So they have al
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the machinery required to nmethylate the DNA. And once you increase
this, you then get your hypernethyl ation, and that
allows, since it gives the cells an advantage to
grow, to cone out, and that's where you see tunor
suppressor genes hypernethyl ated and not the other
genes.

QUESTI ON:  Thank you

DR PEREIRA: |'msorry.
CGo ahead.
QUESTION: Hi, I'mJennifer Sass wit h the

Nat ural Resources Defense Council here in
Washi ngton. Thanks for the very interesting talk.
I thought it was a nice followp to Dick's talk as
well, and 1'mgoing to ask you a question that
tries to make sense of both of themtogether

As | understand what you're saying, you're
saying that the DNA hyponet hyl ation for
trichl oroet hyl ene and al so TCA and DCA woul d
predict a risk for tunmors in the animal systens
that you have been using, and it would do so in a
way that doesn't involve peroxisonme proliferation

is that right?
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DR PEREIRA: Yes, exactly, has nothing to
do with that.
QUESTION: Which Dick in his talk said
could, I mean, he sort of referenced your com ng
and said that, you know, he was open to that as
well. So | thought that was a nice foll owp.
And what | want to ask second is do you
thi nk that because your work has stuck with the
ani mal nodel s, but obviously, you' re going to the
NCI and presenting cancer prevention type
hypot heses, so you nust be pretty confident that
what you're showing is also relevant to the human
situation; is that right?
DR PEREIRA: R ght; in humans, they | ook
DNA hyporet hyl ati on as a biomarker in chenopreventive studies
And actually, | have those studies
ongoi ng. W have one ongoi ng in China and anot her
ongoing at Chio State University. But to go back to your one
question with the proliferation, we did a study
with the Weth conmpound, and we did partial hepatectony.
The idea was to determine the rel ati onship between cel

Proliferati on and DNA hyponet hyl ati on.
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So we wanted to see if we induced cell

proliferation, maybe that would speed it up the hypomet hyl ation

it doesn't. So that's not really related to cel
proliferation.

QUESTI ON: Thank you.

DR PEREIRA: It's nmore likely related to
the effect of these agents on proteins that bind
DNA and on opening up the chronatin.

DR BUSSARD: Are there any nore
questi ons?

[ No response.]

DR BUSSARD: Ckay; | think we're done.
Thank you very nuch. | want to thank all the
speakers. We'll start at 8:00 tonorrow norning,
and have a good evening and a good di nner, and
we'll see you in the norning. Thanks.

[ Wher eupon, at 3:59 p.m, the neeting
recessed, to reconvene at 8:00 a.m, Friday,

February 27, 2004.]

And



