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Welcome and Introduction Drs. Cindy Davis, Peter Greenwald and John Milner

Dr. Davis, Chair of the workshop, welcomed participants and thanked them for attending. Dr.
Davis explained that the purpose of the workshop was to identify and evauate the strengths and
weeknesses of usng exfoliated cdlls to monitor changesin gene expression, DNA methylation, protein
expression, accumulation of bioactive food components, and/or predicting the anticancer response of
target tissues in response to essentia and nonessentia nutrients. The workshop focused on the use of
cancer cels exfoliated from the lung, colon, and mammary glands because cancers from these organs
account for the mgjority of cancersin the United States each year, and evidence exigts that al three
cancers are modified by dietary components. Workshop participants were encouraged to consider new
and innovative ways to use exfoliated cdlls in sudies of nutrition and cancer prevention, and were
encouraged to create new research collaborations for the future.

Dr. Greenwald, Director of the Divison of Cancer Prevention at the National Cancer Indtitute
(NCI), dso welcomed attendees and thanked them for their participation. Dr. Greenwald described a
need to increase awareness that basic nutritiona science is asimportant a component of cancer research
as epidemiology and behaviora science. There is strong evidence that prevention has two mgor parts:
public health awareness (i.e., do not smoke, modify your diet, live a hedthy lifestyle) and medica
gpproaches with newer diagnostic techniques (i.e., developing and vdidating biomarkers and relating
them to the modulation of metabolic pathways). Three areas of nutritiona science need expanded
research. They are:

Nutritional preemption®a how nutrition and hedthy lifestyle maintain good hedth
Persondized nutritiond trandation¥s how individud differencesin metabolism affect public
hedth

Functiond food development and ddlivery¥s understanding and characterizing how different
nutrients work. The food and agriculture industries are dready modifying food productsto
meet production requirements and shelf life limitations. These efforts need to be coordinated
with research to ensure that productions and marketing decisions are based on nutritiona
health research findings.



Dr. Milner, Chief of the Nutritiona Science Research Group, also welcomed participantsto the
workshop. Dr. Milner gtated that ongoing research is addressing some of the questions raised by Dr.
Greenwdd, which are vita to understanding how dietary habits contribute to the 30-35 percent of
cancers recognized as diet-related. The sciences of nutrigenetics (the study of how genes affect the
bioactivity of food components) and nutrigenomics (how nutrients modify gene expresson) are helping
unravel therole of nutrition in the cancer process by delineating how nutrients modify genes that
promote the development of cancer, and identifying molecular targetsin neoplasa. These issues have
been addressed in recent Requests For Applications (RFAS). Other useful avenues of research are
determining what concentrations of nutritional components are needed for positive gene modification in
different individuals and what tissues should be examined to make these determinations; finding the Stes
of action of various nutrients; and discovering whether significant levels of nutrients are necessary before
genes can produce physiologicd effects and deciding which tissues should be monitored to track these
levels. Although this program examined three primary cancer Stes, the information and principlesit
uncovered might have broad implications for other cancers.

OVERVIEW TOPICS

Bioactive Food Componentsin Cancer Prevention: Limitations of Serum Concentrationsasa
Predictor of Response

Richard S. Rivlin, M.D., Ingtitutefor Cancer Prevention (formerly, American Health
Foundation), Weill Medical College of Cornell University

Thereisanew paradigm in nutrition research within NCI. Recommendations for preventing and
contralling cancer mugt have a strong scientific basis, and understanding the specific role of nutrientsis
critical. Scientigts are focusing their research on how essential and nonessentid nutrients influence
genetic pathways and how dietary congtituents interact with individua genetic profiles (polymorphisms).
The current gpproach to nutrition research may not be adequate. Clinical, basic, and trandationa
research must work together and interingtitutional and interdisciplinary collaborations will be essentid to
achieving these new research godls.

Evidenceisrapidly accumulating that pecific components of food, aone or in combination with
one another, have potent effects upon prevention of awide variety of neoplasms. Bioactive food
components in cancer prevention have been sudied, and the complexity of the issue is daunting.
Reviewing the potentid nutrient modifiers of prostate cancer illugtrates the complexity, especidly given
the difficultiesin usng blood levels to measure their response, their intake, and their actions. Nutrient
modifiers being studied for prostate cancer include: dlylsulfides, considered the most important
potentia nutrient modifier; cacium and Vitamin D (the latter causes differentiation and regulates calcium
metaboliam); epigdlocatechin-3-gdlate (EGCG), obtained from tea and related compounds (this
modifier has been related to prostate cancer prevaence); fatty acids found in fish, which gppear to



relate to the decrease in prostate cancer with fish intake; genistein from soy, which has estrogenic
activities and gppears to be an important agent in prostate cancer prevention; indole-3-carbinol, found
in cruciferous vegetables (its metabolites are not themsealves potent hormones but influence hormone
metabolism); lycopene, found in tomatoes and tomato products; resveratrol, found in grapes and ancient
Chinese weeds, has at least eight actions that are protective against cancer and some that are protective
againg heart disease; selenium, whose importance is supported by basic science and for which
trandationd research is now being done; Vitamin A, whose uptake and binding are being explored; and
Vitamin E. Measurement of the serum levels of these agents often provides an insensitive, inaccurate, or
mideading index of dietary intake.

Why isit difficult to measure the responses of these nutrient modifiers using blood samples? A
good example of the difficulty can be seen by reviewing the metaboliam of garlic, cdcium, vitamin A,
and vitamin E.

Crushing, mincing, and chopping agarlic bulb rdleases dliin that is then converted into dlicin,
which is metabolized into a large number of mainly fat-soluble compounds. There are some water-
soluble derivatives of dlicin, principdly s-dlyl methylcysteine, which is derived from ?-glutamylcyseine.

It would gppear that measuring the intake and efficacy of garlic would be achieved by measuring the
dlicin; but dlicinis bardly detectable in human blood. 1t is highly reactive, very ungtable, and difficult to
measure. There is some question as to whether it is actually absorbed. Attention should focus on the
water-soluble derivatives, and their levels should be used to standardize garlic preparations.

Cdcium is absorbed, but measuring serum calcium cannot be used as an index of dietary
cadciumintake. Serum cdcum is kept within avery narrow range, regulated by vitamin D, cacitonin,
and parathyroid hormone. Excess calcium is stored, so wide variationsin cacium intake and absorption
cannot be measured by determining serum calcium levels,

Vitamin A and its precursor [3-carotene are dso conddered critica nutrient modifiers, even
though the conversion of (3-carotene to vitamin A isdow and inefficient and the binding and action of
vitamin A isacomplex process. Different cdlls have different receptors for subtypes of vitamin A and
serum cannot be used to examine the status of these receptors. For instance, giving a patient
supplements containing retinoic acid (RA) will increase RA receptor-3 (RARg), but not RAR,, RXR;; or
RXR,, Vitamin A deficiency will result in adecrease in RARgz and an increase in TGase | and Keratin
K1. Theinteractions are so complex that ample, sraightforward serum level determinations are not
possible.

Vitamin E aso has been sudied as a nutrient modifier of prostate and other cancers. Vitamin E
is absorbed into the intestind tract, enters the mucosal cdlls, gains access to the bloodstream through the
thoracic duct, is trangported to the liver, joins the lipoproteins (particularly low-density lipoprotein
[LDL]), and istransported into the cell. The bioavailability of vitamin E depends upon how efficiently it
is absorbed, how efficiently it is trangported in the blood, and how well it binds to serum lipoproteins,
which will trangport it into the cell. The concentrations of the various binding proteins are criticd in
determining how much vitamin E the body can access, o measuring the amount of vitamin E in serum
will not reved how much vitamin E is available to the body: only a measurement of the vitamin E-binding
protein ratio will do that.



These examples demondrate the chalenge of usng the plasma levels of a particular nutrient to
determine how wel the body will be able to absorb it. Serum cacium is maintained within such a
narrow range that serum measurements may not reflect the level of cacium stored in and avallable to the
body; the metabolism of vitamin A istoo complex to measure with Smple serum tests; and determining
the bicavailability of vitamin E means determining the levels of avariety of binding protensaswell. In
addition, we do not eat nutrients, we eat food, which is a combination of nutrients. The concentration of
one nutrient may be influenced by the concentration of another. For example, the serum concentration
of vitamin E is affected by the type of dietary fat consumed, and the absorption of dietary fat is
dependent on zinc. A zinc deficiency can have a profound effect on the amount of vitamin E an
organism can absorb.  These interactions must be considered when plans are made to prevent cancer
by adding or diminating nutrientsin the diet.

Perhaps as many as 75 percent of al progtate cancers could be prevented with changesin diet
and lifestyle; but scientists must find accurate biomarkers for nutrients and understand the effects of diet
on gene expression before they can make useful and effective dietary recommendations. More research
is needed to develop better methods of assessing intake, of ducidating the factors that govern
bioavailability of dietary components, the Sgnificance of interactions among dietary components, the
relaions of dietary intake to tissue concentrations, and the most appropriate biomarkers of efficacy.

Molecular Pathologiesin Exfoliated Cells: Applicationsin Clinical Prevention
David A. Ahlquist, M.D., Mayo Clinic, Rochester, MN

Exfoliated cdls have been used diagnogticaly for more than a century, and the application of
molecular techniques profoundly increases the sengtivity in detecting exfoliated cells. Exfoliation and
exfoliated cdll pathology appliesto any epitheid surface, and research in digestive (specificaly
colorectal) cancersillusgtrates the gpplicability of exfoliation for screening and prevention.

Colon cancer screening currently exists by noninvasive (feca occult blood testing [FOBT]) and
invasive (colonoscopy) means. Each hasits drawbacks, FOBT isless expensive but less accurate, and
colonoscopy is expensive but detects both cancer and premalignant lesons. A noninvasive, highly
efficient tool isbeing sought. Computed tomography (CT) colonography, or virtua colonoscopy, and
swallowed video-cagpsule technologies are being investigated to meet thisgod. Both new methods,
however, are invasive and require bowe preparation, which may be a disncentive for some patients.
More accurate stool testing isthe only noninvasive gpproach. A number of trias have shown that
screening with fecal blood testing over 10 years or more reduces cancer mortality by 12 to 30 percent;
however, the mgority of those screened in clinicd trids that would have died without screening, died
with screening.

Exfoliated markers coming from the tumor are continuoudy released and have a high potentia
for discrimination, athough little is known about exfoliation in thisfield. In colorecta cancer, thereis
abundant exfoliation, and the cells are nonapoptotic. Cells can be extracted from stools via density
gradient centrifugation, and magnetic beads can be used to separate colonocytes out of the stool. One



problem isthat these cells are labile with this technique; detection is reduced as the stool ages. Methods
to preserve the cdls in aviable Sate a ambient temperature while in the stool matrix will alow for better
recovery of colonic cells for downstream studies of cancer associated markers. An avenue to congder
istesting for congtituents of colonocytes, such as proteins that can withstand the colonic environment of
over 500 taxonomicaly distinct microflora. Current proteomic methodologes seem well suited for
developing colon cancer markers from stool samples.

DNA-basad stoal testing is biologicaly intriguing and appedling because there are known
dterationsin cancer and precancer DNA. DNA, like al exfoliated markers, is shed continuoudy, yet is
gablein stoal. In addition, DNA can be amplified before it is measured, which cannot be accomplished
with peptide or other markers. Investigators have looked at Single markers, particularly k-ras, and
demongtrated that if the tumor expresses the marker, k-rasisusudly detected in the stool; however, k-
rasisexpressed in fewer than haf of al colon cancers, and the overdl sengtivities are disgppointingly
low. Because of the molecular heterogeneity of colorectd neoplasia, multi-target DNA assays have
yielded the highest tumor detection rates. Mot prototype assays have included combinations of high-
frequency point mutation on p53, APC and K-ras genes, Bat- 26 microsatdlite ingahility, and long
DNA. Using these assays m reported sengtivities have ranged from about 70-90% for cancer and 50-
70% for large adenomas with specificities ranging from 93-100%. Largeclinicd sudiesin
representative populations are underway to confirm the accuracy of this approach to colorectd
neoplasm detection.

Thereis an opportunity for an expanded value in detecting cancers above the colon using
DNA-based stool tests. Approximately 54 percent of al cancers that lead to death are aerodigestive in
nature, including lung, colorecta, pancrestic, esophagedl, and ssomach cancers. All of those excrete
DNA into the stodl. It may be possible to capitalize on this strategy to screen noninvasively for dl of
these types of cancers. As such, Sool screening may eventuate in a noninvasive and conveniently
sngular approach for the pandetection of aerodigestive cancers.

There has been some interest in long DNA%: DNA with more than 50,000 nucleotides¥z as a
marker for non-gpoptotic shedding. Long DNA is hypothesized to be a hdlmark of al maignant
exfoliaion. Long DNA was present in stools of patients with cancers above the colon, and is not
present in norma stools. Using the longest marker Sze (average log of 2,400 bp amplitude) with 95
percent specificity, about 70 percent of colon and supracolonic cancers can be detected. Cancersin
the large airway could be detected more readily than those in the periphery. Thisis consstent with what
has been observed with exfoliated cytology.

In summary, stool DNA screening has the following advantages:
- It comes from the tumor itsdf instead of ableeding lesion (i.e., FOBT), and the molecular
sgnature can be specific.
It has the potentid to be highly sengtive in a representative population. Multicenter studies
using DNA-based stool screening are being conducted.
It is noninvasive and user-friendly, requiring no preparation or inconvenience in terms of
missing work.



It specificdly tests for the leson on amolecular leve, rather than for semi-related or
unrelated abnormalities such as polyps. Most polyps do not become cancerous, and
detecting and removing them is afase positive that can lead to afalse sense of security.
Its gppedl and vaue would be enhanced should it result in the detection of aerodigestive
cancers.

Because specimens and not people are tested, it is an efficient way to screen large
populations.

It is codt- effective.

SESSION |I: WHAT ARE THE PRACTICAL ISSUES REGARDING THE COLLECTION
OF EXFOLIATED CELLS: YIELD, CELL QUALITY, AND DIFFICULTY IN
OBTAINING SAMPLES?

Detecting Gene Mutationsfrom Exfoliated L ung Epithdial Cells Obtained in Sputum or From
Bronchioalveolar Lavage Fluid

Steven Ahrendt, M.D., University of Rochester, Rochester, NY

Lung cancer, mainly associated with smoking tobacco, isthe leading cause of cancer-related
death in both men and women in the United States. Smoking prevaence among adults has remained
unchanged over the past decade and is increasing among teenagers, suggesting this will be a continuing
problem. The mgority of lung cancers are diagnosed a an advanced, incurable stage, so thereisa
critical need for improved lung cancer screening.

There are severd different histologica types of lung cancer. The two most common are
adenocarcinoma and squamous cell cancer. The latter formsin the centrd airways, isvisible by
bronchoscopy, and isthe easiest lesion to detect using exfoliated cells and sputum cytology. It dsois
most often linked to tobacco smoke. In contrast, adenocarcinoma grows in the periphery of the lung
and is much less detectable using exfoliated materid. Theratio of adenocarcinomato squamous cell
cancer in White and Africant American maes and females has risen over the past 25 years, and
adenocarcinoma s currently the most common type of lung cancer that is diagnosed. Mogt of the
research looking at lung cancer detection, and specifically a exfoliated materias, often includes only
those patients with squamous cell cancer.

Higtorically two tests have been used to screen for lung cancer: chest X-ray and sputum
cytology. Thefailure of these techniques to effectively detect lung cancer has led to a number of newer
tests being devel oped to diagnose lung cancer in the early stages, including laser-induced fluorescence
bronchoscopy, spird CT scanning and positron-emission tomography (PET) scanning, and the use of
early detection markersin sputum, bronchioaveolar lavage (BAL) fluid, and blood. These markers
revea arange of findings such as genetic abnormalities (mutations and loss of heterozygosity), epigenetic
changes including methylation, abnorma protein expressons, and proteomic profiles.



The most readily available and noninvasive source of exfoliated materid for sudiesis sputum.
Standard cytologica techniques usudly do not pick up cancerous cellsin sputum, which containsfew
cdlsfrom thelining of the respiratory tract. Only 20 percent of diagnosed lung cancers produce
positive soutum cytology, and predictive results depend upon tumor location and histologic type.
Diagnogtic materid may be obtained via bronchascopy; brushings of specific lesonsin vigble portions
of the airway, or bronchoaveolar lavage for periphera lesions that contain some periphera airway cdls
but dso contain a high percentage of mononuclear cdls.

Molecular changes during lung cancer progression follow the natural history of the disease and
are potentia targets for molecular screening. In generd, early changes can be useful in identifying
populations at risk for cancer, but are less specific for diagnosing someone with actua cancer. Changes
that occur later in the disease may be more ussful in thisregard, even for amdl lesons.

Early studies of abnorma sputum cytology have identified mutationsin k-ras or p53 genes that
are associated with adenocarcinoma of the lung. One study noted that none of the specific markers
were present in al cancers.

Another study, performed in the mid 1990's, identified new markersin blood and BAL fluid
obtained during surgery, including methylation of the p16 promoter and microsatellite dterations, that
accuratdly identified malignancies in more than 80 percent of the specimens andyzed. Since only half
the samples of BAL fluids contained tumor-specific abnormdities, tumor location was examined to
determine whether this contributed to the poor fluid testing results. Seventy-five percent of the patients
in the study had smal, peripherd lesonsin their lung and 25 percent had tumorsin mgor arways. The
p53 assay was dependent on location and only asmall percentage of the peripherd lesons were
detected using that test, while the p16 methylation assay was fairly consstent for both tumor sites. The
p53 assay was d <o farly insendtive a the early stage of the disease, but the p16 assay seemed to be
abletodetect earlier periphera cancers. The microsatellite ingtability was fairly insengtive, k-ras had
better sengtivity, and methylation seemed to be the mogt senditive.

To use these tests for mass screening, the number of tumor cells needed to be increased in the
samples or the sengtivity of the assays needed to be increased. A few studies tested techniquesto
achieve these gods. Mitochondriad DNA was studied since there is a high frequency of mitochondria
DNA mutationsin lung cancer. The mgority of these somatic mutations were homoplasmic in nature,
indicating that the mutant mitochondria DNA became dominant in tumor cells. Gene sequencing was
performed on 15 lung cancers, and at least 40 percent of those cancers had a mutation that could be
targeted in asample. By virtue of their clond nature and high copy number, mitochondrid mutations
may provide a powerful molecular marker for noninvasive detection of cancer.

More research is needed to connect biomarkers with the natural history of the disease.
Scientigts have found biomarkersin a high percentage of patients at risk for lung cancer, but these
findings cannot yet be used to predict long-term outcomes since there is no data on whether biomarkers
in high-risk patients trandate into cancer at a future date or whether these abnormalities are reversible.

Predicting Breast Cancer Risk by Mammary Epithelium Sampling Techniques



Seema A. Khan, Northwestern Univer sity, Chicago, IL

Phase || chemoprevention studies require serid observation of at-risk epitheium and the ability
to repeatedly sample it for biomarker evauation. One approach to this involves the use of exfoliated
ductd epitheid cdlls obtained from nipple aspiration fluid, or the related technique of ductd lavage
(DL). DL involves breast massage, after which anipple aspirator syringeis placed into amilk duct and
10 to 15 seconds of negative suction produces smal droplets of nipple aspiration fluid (NAF). A
sample of epithdid cdls sufficient for cytologic diagnosis was obtained in 58% of high risk women
participating in the origina multicenter duct lavage sudy. No topographic map of the number of
openings on a breast exigts, and the degree of variability between individuas is unknown. Other
obstaclesfor usng DL in clinicd studiesinclude the inability to secure NAF from al women, the low
number of cells recovered, the difficulty in reproducing samples and being able to re-access specific
duct sample stes, and the unwillingness of women to repeet the procedure in follow-up studies.

For thistest to be of greater benefit to the researcher than fine needle aspiration (FNA), it must
be possible to re-test the same duct, reproduce cytologic findings, discover stable biomarkersin the
NAF of control subjects, and find the optimd interva between tests, particularly for intervention studies.

Thereis evidence that the epithelid lining is stripped during DL, so there must be adequate time
between tests for the lining to regenerate.

A study a Northwestern University used DL to determine which women at high risk of breast
cancer were digible for tamoxifen (TAM) intervention. The NAF was tested for cytologic findings,
immunohigtic chemica (IHC) markers, the gene methylation profile, and mammographic dendty. The
study included women with smdl invasive cancersin the early stages of development, but only the
opposite breast, not the affected breast, was studied. Seventy-one percent of women yielded DL
samples with enough cdlls for evauation. Cytologic findings reveded that atypical samples had amuch
higher cdl yidd than benign samples. The proportion of atypica cellsin these atypical samples was
between 20 and 25 percent, and lavage adso yielded a mixture of macrophages and non-epithdia
inflammetory cdls besdes mammary epithdid cdls.

Complete cytologica findings were obtained for 68 women: 18 percent had insufficient samples,
44 percent had benign findings, 34 percent had mild atypia, and 1.5 percent had marked atypia The
median cell count, based on the first quarter of samples, was 4,000 cells and the mean was about
13,602 cdlls. Of the 171 ducts with complete cytologic data, 40 had lessthan 1,000 cells. This
highlights the need to develop mullti- parameter biomarker assessments for asingle dide.

Reproducibility is being assessed. So far, 16 of the 68 women have reach the Sx-month time
point for arepeat DL procedure. Indl of the women with complete data, at least one duct matched,
and in 10 women, more than one duct matched between the first and second procedures. The cytologic
findings were only 35 percent concordant and whether thisis due to true ingtability of mild atypia, or is
related to the subjectivity of interpretation is uncertain. This might be improved by using biomarkers
such asthe fluorescence in situ hybridization (FISH) probes used by Dr. Bonnie King from Yae
Univergty in astudy with women who had breest lesions removed surgicdly. The sengtivity of thistest
was 30 percent based on cytology and approximately 70 percent when FISH probes were included.



Thefirgt such study at Northwestern University randomized 40 women through soy or a placebo
intervention with lavage performed at entry and six months later. The study is not optimal, with lower
results than current studies, but there was good reproducibility of recannulation of the same duct 6
months |ater.

How to view histochemistry in DL samplesis another issue. Huorescence labeling is possble
on whole cells, not sections, and expensive confoca microscopy needs to be employed to do so. Many
of the samples appear to be coming from ducts with some hyperplasia, but this has not been
demonstrated.

DL isauseful technique for the serid observation of breast epithelium. When designing a study
using DL, at least twice the number of women need to be recruited as the number needed for the Sudy.

At least one informative duct cam be recannulated, with sufficient cdlls for biomarker analysis; but the
reproducibility of cytologicd findingsis not significant a thistime and the use of biomarkersto increase
reproducibility needs to be explored. There are dso technical issueswith DL, such asthe size of the
catheter, how to record the duct location, and how to mark the sampled duct so follow-up can be
consstent.

Thereis not alarge store of data on cancer detection using DL. DL was performed in the
operaing room in astudy of women undergoing mastectomy for any reason. The DL morphologic
findings only detected cancer in 45 percent of the samples taken from breasts with known malignancies.

The ahility of thistest to detect cancer seems poor at thistime.

In summary, athough DL has the promise of greater reproducibility over time than random
sampling techniques, the very preliminary results shown here provide a mixed picture, and more data are
required to reach afind conclusion. It appears likely that there is Sgnificant atrition in the study
population in terms of the god of replicate biomarker analys's, and recruitment goas may need to be
twice the sample size required for interpretation of biomarker data.

SESSION |I: WHAT HAVE WE LEARNED FROM STUDIESWITH
EXFOLIATED CELLS?

Biomarkersfor Chemoprevention Studies: What Can Nipple Fluids Tell Us?
Sheila A Prindiville, M.D., M.P.H., National Cancer Institute, Bethesda, MD

Compared to research on exfoliated cdlsin the colon and lung, thereis minima literature
avallable on exfoliated breast cancer cdlsin nipplefluid. This seemsto be an areathat could prove
beneficia because of the wedlth of biochemica dements (nucleic acids, proteins, lipids, cholesteral,
geroid hormones, exogenous carcinogens) and epithdid cellsfound in nipple fluid. Some research has
been completed on the use of breast epithdid cells asrisk markers when evauating women for possible
chemoprevention, athough these cells may aso be useful as markers of drug effects and surrogate
endpoint biomarkers.



Reaults from dlinica studies of DL cytology have identified the following areas of concern:

- Diagnogs may not be reproducible between cytologists. The resultsfrom asingle cytologist
have good reproducibility, but tests done at another center may not reproduce the origina
findings.

Diagnoses may not be reproducible over time, and cells may be affected by the menstrua
cycle.

There are concerns about whether or not cell production might be decreased after successful
chemicd interventions. For example, women who take tamoxifen are lesslikely to produce
nipple fluids, thus it may reduce cell counts.

Chromosoma ingtability has been studied using nipple fluid, and these studies have
demonstrated that virtually al breast cancers have gainsin chromosomes 1, 2, 8, 11, 17, and 20, and
somelosseson 17p. Individua genes that have been identified as potentid risk markers are c-MYC,
HER2, cyclinl, and p53. Probes using fluorescent in situ hybridization, have been developed for cells
obtained by fine nipple aspiration (FNA) that have approximately 90- percent sengitivity between
biopsy- proven cancer and FNA cytology. Studies are currently being conducted using DL specimens
from women who are a high risk for developing cancer, dthough the same levels of chromosomd
ingtabilities have not been identified in tumors from these women.

A smdl feasbility study, involving 25 hedthy volunteers, 80 percent of whom were pre-
menopausa, was conducted to identify protein, DNA, and mutagensin nipplefluid. The study
addressed whether or not DNA could be amplified fromnipple fluid. Mutagenesis assays were
preformed using the Samonela (Ames) assay. DNA amplification of severa microsatellite regions was
carried out usng polymerase chain reaction.  The ability to amplify DNA ranged from 34% to 96%,
depending on length of the microsatellite region examined. The average protein concentration was
71pg/mlL. Two-dimensiond protein eectrophoresis was successfully performed on samples from two
subjects.

Another study is focusing on core needle biopsies to obtain breast tissue from patients enrolled
in chemoprevention sudies. Women seem to tolerate this intervention, and paired pre- and post-
therapy samples that contained epithelia cells have been obtained from 88 percent of the specimens.
The samples are being frozen and stored until the investigators choose the biomarkers they want to
invedtigate.

Evauating exfoliated cells may be a good way to look for biomarkers of risk, and this technique
can be used in small exploratory sudies. 1t isundear if thisis the best approach for chemoprevention
trids. Some smdl pilot studies are underway that may help answer some of the questions till remaining
about the use of exfoliated cdlsin chemoprevention. These questions include the variability of
biomarkers between pre- and post- sampling, how to evauate the changes that occur during the trid
period, and whether interventions change biomarkers. In summary, cytology may currently be the most
clinicaly rdevant biomarker in nipple fluid, but genetic and molecular markers may ultimately
complement or prove more informative than cytology and the choice of breast sampling technique for
epithelid cdls depends on the study question and local expertise.
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Dynamics of Carotenoid Turnover in Exfoliated Colonic Epithelial Cells

Padmanabhan Nair, Ph.D.; John Hopkins University and Nonlnvasive Technologies,
Baltimore, MD

The gastrointestind (Gl) track undergoes rapid renewal, during the course of which millions of
cdlsare shed into the fecd stream. The entire mucosais renewed every five days, which creates avery
rich source of viable exfoliated cdllsin stoal that makes sampling easy and efficient. A sgnificant
number of these cells can be recovered in aviable state from a smal sool sample. The cellsisolated
from stool have unique characterigtics that tell agreat deal about the entire organism and reflect
functioning in organ systems outside the Gl tract. Stool samples aso maintain 85 percent their viability
for four to five days after collection. They do not need refrigeration, and rather smple laboratory
procedures and equipment can separate relevant cells from the sample.

One process for obtaining exfoliated cdls from stool is Somatic Cell Sampling and Recovery
(SCSR), which isatrue sampling of the entire colonic mucosa. Cedlls in excess of 10 million/gm (up to
30 million/gm) are obtained. Samples from people on a high fiber diets produce much higher cdll yidds,
and the exfaliation rates are higher aswell. Cdl szerangesfrom 2 to 8uM and there are two distinct
populations (cells between 2 and 5 uM and cells between 5 and 8 UM ), each anatomicaly
representative of the colon. Fifty percent of the cells express blood group antigens and come only from
the proxima haf of the colon. The exfoliated cells from the termind haf of the colon are negative for
blood group antigens. Cells from the smdl intestine, somach, duodenum, and esophagus have not been
found in the colon. These cdlls exclusvely have colon biomarkers and thus essentialy come from
colonic mucosa

Thereis a concentrated range of nutrients in the exfoliated cdls, including significant amounts of
a-tocopherol, ?-tocopheral, and retind [utein. Lycopene, a-carotene and [3-carotene have not been
found in the samples. Cdlls exfoliated from the colon seem to sequester more ?-tocopherol than a-
tocopherol. A study of markers to measure [3-carotene involving subjects that consumed kale, spinach,
or tomatoes over a period of five daysindicated that levels reach their peak between day 5 and day 7.
There dso isalag in the gppearance of the marker lycopene between days 5 and 7, and lutein uptake
involvesalag of 5to 6 days.

A time course sudy in Indiareveded that subjects on a high (- carotene diet showed low
concentrations of 13-carotene, while subjects consuming alow (3-carotene diet for 7 days, followed by
high (3-carotene intake, reached peak levels of [3-carotene at 11 or 12 days. These results have led
researchers to suggest that the mucosa exfoliatesin very specific ways.

SCSR provides viable exfoliated epithdlia cedllsthat reflect the subjects immediate past nutrient
intake, metabolic activity, mucosal turnover rates, and gene expression. For example, mucosa cells
rapidly dividein the lower third of the colon, and as they migrate upward they lose their proliferative
cgpacity and findly are exfoliated from the surface. This division and migration process takes between
5and 7 days. What might be happening isthat the nutrients initialy are absorbed and go into systemic
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circulation as these cells migrate upwards, after which they exfoliate and are excreted in godl. Itis
possible that this concept can be used to determine the turnover rates of colonic mucosa.

Changesin Gene Expression in Exfoliated Cells. The Role of Bioactive Food Components

Robert S. Chapkin, Ph.D.; TexasA&M University, College Station, TX

Early detection of colon cancer can result in ahigh curerate. Therefore, an accurate screening
method isimperative. Consistent with this god, adoption of noninvasive methodology designed to
reduce anxiety over colorecta cancer screening and improve overal acceptance of the screening
process would be highly desirable. Unfortunately, current noninvasive methodologies lack sengtivity
and will not detect dterationsin gene expression. For example, markers for colorectal tumors have
been detected in the stool of patients following fecad DNA analyss and detection of oncogene mutations
using polymerase chain reaction. However, disadvantages on this noninvasive methodology are: (1) a
lack of sengtivity because detectable mutations may be confined to a very smal number of tumor cells,
and (2) the inability to detect dterations in gene expresson. Because activation of proto-oncogenes and
inactivation of tumor suppressor genes can occur by epigenetic mechanisms (i.e,, thereisno changein
DNA base sequence, rather a change in gene expression), in addition to genetic mechanisms (i.e.,
expression of genes dtered through point mutation, truncation. Or trand ocation), MRNA compared to
DNA-based methodology has broader gpplication and diagnostic value in monitoring the detection of
colon cancer. Therefore, we have devel oped noninvasive methodology utilizing feces containing
exfoliated colonocytes to quantify colonic mMRNAs. Although RNA generdly isless suitable than DNA
because it isreadily degraded, our data demondtrate that intact feca eukaryotic mMRNA can be isolated
because of the presence of viable exfoliated colonocytesin the feca stream.

Using noninvadve techniques, anima models of colon cancer were monitored to observe the
effect of nutrition on colon cancer susceptibility. Although the number of gpoptotic cellsthat can be
detected in acrypt in both animas and humansis small, alarge number of exfoliated cells are
continuoudly being shed and passinto the colon. Looking at biomarkersin colon cancer tissue,
especidly in humans, islabor-intengve. It iseaser to look a the genomes expressed in exfoliated cdls
to monitor the state and progress of colon carcinoma.

This study evauated the effect of nutritional components, especialy omega- 3 faity acids, on the
prevention of colon cancer by observing how these components affect the genes in exfoliated colon
cancer cdls. The genomes of such cells dso were studied for dements that (1) could predict an
animal’ s risk of developing colon cancer, (2) could be used as a diagnogtic classfication tool, and (3)
could be used to study genetic mutations or long DNA. Theoretically, RNA can be pulled from the
feces, and protein might aso be pulled, as long as the cell isintact and has not been subject to
degradation by the harsh environment of the lumen.

This study hypothesized thet levels of the PK C isoenzymes beta-2 and zeta could predict an
animal’ srisk of developing colon neoplasia, and that these levels were affected by both carcinogens and
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diet. PKC-beta?2 and zeta have contrasting functionsin the colonocyte: beta- 2 encourages
proliferation, and zeta blocks tumor formation.

Forty-eight rats were divided into groups and fed two lipid solutions (corn oil which is
chemopromoative and fish oil which is chemopreventive) and two combinations of fiber, plus or minus
carcinogens (azoxymethane, a strong akylating agent). The study results vdidated the hypotheses. The
level of PKC-zetawas sgnificantly lower, and the level of PKC-beta-2 was sgnificantly higher in
tumor-bearing animas than in animds that were tumor-free  Both of these isoenzymes may haveroles
in monitoring the neoplastic process. Animas thet received the diet supplemented with omega- 3 faity
acids had lower PKC-beta-2 levels and fewer tumors.

In the next study, mMRNA was isolated from human stool samples to assemble apand of
biomarkers and assess the impact of nutrition on the selected biomarkers. Twenty-three human
subjects were studied. Seven were hedthy, six had colonic inflammation, and 10 had adenomas.
Colonoscopies were performed and feca samples were collected at that time. Tota RNA was
extracted from the mucosa using amolecular sieving gpproach. RNA samples were tested for markers
elevated in the mRNA of colonic tumors, including cyclin D1, beta-catenin, c-myc, PKC-zeta, PKC-
beta 1, PKC-beta-2, PKCL, p53, LDH, survivin, and cyclooxygenase-2 (COX-2). Cydin D1 leves
reached significance in the adenoma group. The level of COX-2 was not higher in patients with
adenomeas, but was sgnificantly increased in the group with chronic inflammeation, and might be a useful
marker for the presence of ulcerative calitis

Additiond studies are planned to anayze exfoliated cdlls from fecd samplesfor predictive
biomarkers for colon cancers. Questions that also need to be addressed include how feca mMRNA
expresson compares to mucosal profiles, whether or not a single gene can predict the risk of developing
cancer or if combinations of gene sets must be used, how to separate treatment groups on the basis of
gene expression profiles, and whether the mRNA in stool comes from the exfoliated cells or from some
other source. Ancther investigation thet could potentialy reved crucid information is following people
with inflammatory bowel disease to see how and when their lesions progress into cancer. Since colon
cancer is primarily a disease of aging, monitoring gene expression changes over time will dlow scientists
to evauate the changes aging produces in an organism’ s genetic make-up.

Cytologic and M ethylation Changesin Exfoliated Bronchial Cells Predict Lung Cancer. But
Why?

Tim Byers, M.D., M.P.H., University of Colorado Cancer Center, Denver, CO.

Abnormd cytology can predict lung cancer risk years into the future, as does the methylation of
tumor suppressor genes. It isimportant to determine whether these are larger fidld effects or innocent
bystanders that seem to correlate with lung cancer. A decade ago, the University of Colorado Lung
Cancer Speciaized Program of Research Excellence (SPORE) began collecting respiratory tissues from
large numbers of people with moderately severe chronic obstructive pulmonary disease (COPD), at the
beginning from sputum and then through bronchoscopy. This project became a cohort study, which
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now includes 3,000 subjects with COPD. A decision was made in the past year to stop recruiting
people with COPD and add 700 to 900 people without COPD to the protocal.

At basdline, participants had sputum collected and also provided information on thelr risk
factors for lung cancer, including nutritiona information. Sputum samples are taken and the risk
assessment is performed annudly. During the firgt 6 to 8 years after enrollment, abnorma cytology can
predict lung cancer risk with hazard ratios of gpproximately 3.0. The Colorado researchers are now
collaborating with the Johns Hopkins Lung Cancer SPORE, and sputum samples from both venues are
sent to New Mexico, both from subjects who later developed lung cancer and from those who did not.

The first 33 nested case control pairs have been andyzed, and two genes that seem to be implicated in
lung cancer have been found: p16 and Mgmt methylation in the soutum. Results will soon be published.
Over the summer, the researchers will review an additiona 50 case control pairs for these two genes
and five others.

The investigators gppear to be viewing exfoliated cells not for cancer, but for large field effects
that indicate high risk. They have found generd molecular risk profiles that indicate periphera aswell as
centrd airway lesons. Genetic hyper-methylation predicts lung cancers wdl, dthough the specificity is
poor in high-risk subjects (perhaps because more than half of the current subjects have hyper-
methylation suppressor genes). Methylated genes appear not to be specific for central airway lesons,
but there are morphologic changes in both the exfoliated cells and methylated genes that predict lung
cancer. Interestingly, when the team found methylated genes within dysplastic tissues, they rardly found
them in the patient’ s sputum. This suggeststhat it is not just dyspladtic tissues that are shedding
methylated cells, and that hyper-methylated tumor suppressor genes are crossing awider range. What
initidly looked like discrepancies are pointing to field effect observations. Thisis supported by the fact
that 28 of the first 33 case control pairs were methylated and 20 of the 33 controls were also
methylated. In addition, it isnot unusud for a subject to be methylated one year and not methylated the
next. Atypicd cdlsare dmost dways associated with current smoking, while fruit and vegetable intake
is associated with lower levels of atypia

The increasing number of case-control pairswill enable anumber of issues to be sudied in more
detall, including the connection between histology and tumor location, and whether or not tumor
methylation and methylation of the sputum are rdated. The prediction isthat there will be no
relaionship, that they are both representative of some other common cause.

Andyzing atypica cdlsin sputum may be the most gppropriate way to identify central airway
lesions, whereas CT scans may be more useful in tracking down periphera maignancies. Another
method of predicting lung cancer may be examination of the ool  If Sngle genes or apane of genes
are found that indicate a high risk for lung cancer anong smokers and former smokers, they could be
identified in stool aswel asin goutum samples.

SESSION I11: ARE DIETARY-INDUCED CHANGESIN BIOMARKERSTHAT ARE
MEASURED IN EXFOLIATED CELLSINDICATIVE OF CHANGESIN TARGET
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TISSUES, OR ARE THEY REPRESENTATIVE OF GLOBAL CHANGESWITHIN THE
BODY?

Tissue Specificity: Comparison of Lycopene Accumulation and DNA Damage in Exfoliated
Human Lung Epithdial Cdlsand Lymphocytes

Susan Steck-Scott, Ph.D., M.P.H., University of North Carolina, Chapel Hill, NC.

A dinicd trid was performed that compared carotenoid levels and DNA damage (single strand
breaks [SSB9]) in leukocytes, with carotenoid levels and SSBsin the macrophages and epithdlid cdls
of hedthy human lung tissue, respectively, both before and after the research subjects took antioxidant
supplements and were exposed to ozone.  Thirty-one hedlthy, non-smoking subjects between the ages
of 18 and 35 years completed the trial, and we examined samples and data on 23 of these subjects.
They recorded their food intake daily, and consumed alow fruit and vegetable diet for the entire three
weeks of the study, so that everyone shared the same depleted leved of vitamin C and carotenoids.
After one week of dietary redtriction, al participants exercised for two hours (15 minutes on and off) in
achamber filled with ambient air. After abronchoscopy and BAL, dl subjects were randomized to
either the supplement or placebo group. For the next two weeks, the supplement group received one
can of V-8 juice and vitamins C and E daily, and the placebo group received orange soda and placebo
pillsevery day. After the dietary intervention, al subjects were exposed to ozone while they performed
the same set of exercises, and a second bronchoscopy and BAL were performed. Macrophages were
obtained by gterile sdine lavage during the bronchoscopy, and brush biopsies were done to obtain lung
epithdid cdls

Using high performance liquid chromatography (HPLC), the study compared plasma
carotenoids with lung macrophage carotenoids. DNA damage was measured in leukocytes and lung
epithelid cellswith the Comet assay. During a Comet assay, cdlls are placed in agarose gel on a
microscope dide and soaked in alysing solution, after which the DNA isdlowed to unwind in an
dkdine buffer. Single-cdll gel dectrophoresisis performed; the dideisrinsed in Tris, neutraized, and
gained with ethidium bromide. Comet-like images on the dide represent damaged DNA, and the
extent of DNA damage can be analyzed by measuring the length of the comets “tails” The study
scored 100 cells per sample, and measured the average comet area and the average comet tall length.

Carotenoids in samples of the vegetable juice were measured, and trans-lycopene was
dominant, athough some beta- and a pha-carotene were seen aswell. Carotenoid levels did not change
sgnificantly in ether the plasma or lung macrophagesin the placebo group during the study (therewas a
dight decrease). The subjects who received supplements achieved increasesin dl plasma carotenoids
except beta-cryptoxanthin, which was not present in the vegetable juice. There was a Sgnificant
increase in apha-carotene in the supplement group’ s lung macrophages, and less Sgnificant increasesin
cis-lycopene and trans-lycopene. All other carotenoids decreased in lung macrophages of
supplemented subjects. The correlations between leves of carotenoids in plasma and lung
macrophages was weak, and the correlation between carotenoids in the diet and lung macrophage
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carotenoids was weaker. After the dietary intervention, the correlations between dietary carotenoids
and plasma carotenoids were much higher than those reported in the literature. This may be due to the
subjects maintaining a conastent diet. The supplemented group did not susain DNA damage in either
their leukocytes or their lung epithdid cdls, but the placebo group had a significant increase in comet
areaand comet length in their lung epithelid cdlls after exposure to ozone. The DNA in the placebo
group’ s leukocytes remained stable.

In conclusion, dthough lung macrophage and plasma carotenoids were manipulated by dietary
intervention, plasma carotenoids were not correlated with lung macrophage carotenoid concentrations.
Additiondly, changesin DNA damagein lung epithelid cdls were not reflected in DNA damage
measured in blood lymphocytes following antioxidant supplementation and ozone exposure.

Relationship Between DNA Methylation in Exfoliated Cellsand Target Tissues

Chandrika Piyanthilake, Ph.D., M.P.H., University of Alabama at Birmingham, Bir mingham,
AL.

Recent studies have indicated that globa DNA hypomethylation, an epigenetic event, playsa
mgor role in tumor formation, possibly by promoting chromosomd ingtability. Epigenetic events are
susceptible to change and are often vectors that alow environmenta factors, including diet, to modify
cancer risk and tumor behavior. Mogt of the previous sudies on DNA methylation were conducted
using aradiolabeled methyl incorporation (RMI) assay. Recent and ongoing studies employ an
immunohistochemica assay that uses monoclona antibodies againgt 5-methylcytosine (5-mc). In
methylation, cytosine is converted into 5-mc, and the immunohistochemica assay evauates the degree
of globa DNA methylation by visudization of the antigenantibody complex (a brown reaction product)
in cdls of interest. Although immunohistochemistry is not alinear technique, areproducible
semiquntitative index of immunohistochemicd reactions, incorporating both the intendity of staining of
individua cdlls and the proportion of cells gaining at different intengties, can be developed by
experienced researchers. The ability to assess methylation status in specific types of celsinvolved in the
process of carcinogenesis is an important advantage of the immunohistochemica technique. In the RMI
assay, radiolabeled methyl groups incorporate into the DNA when it contains cytosine rather than 5-mc,
s0 the RMI eva uates the extent of methylation by measuring the inverse reationship between
methylation and how much radiolabeled materia has been incorporated. Since DNA must be extracted
to perform RMI assays, the test cannot be used to eva uate methylation status in specific types of cells.
Globa methylation levels go down in cancerous tissues, and previous studies usng RMI suggested that
dtered globa DNA methylation in target tissuesis a nutrient-related biomarker that might be useful in
detecting the presence of precancerous or cancerous lesons. Most published studies have been
performed on the lung and the cervix.

Itislikely that dterationsin globad DNA methylation in target tissues may be a better indicator
of cancer risk than methylation levelsin the blood or other areas of the body away from the at-risk
tissue. Unfortunatdly, since obtaining target tissue samplesis invasive, methylation indices may not be
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suitable for cancer prevention or early detection efforts unless tissues such as peripherd leukocytes,
which can be eadly obtained, are used for evauation. It is not clear whether or not methylation levelsin
peripheral tissues reflect changesin target tissues. The rlaionship of globa DNA methylation to target
tissue methylation was recently investigated, using the RMI assay, by obtaining severd different tissue
samples from each subject in astudy of patients diagnosed with non-smal cdl lung cancer. Peripherd
leukocytes were isolated from a blood sample; and bucca mucosd cdlls and madignant and nort
malignant tissues were dso collected. RMI assays showed a sgnificant correlation of DNA methylation
gtatus only between bucca mucosa cdls and maignant tissues of the lung.

Because 5-mc assays dlow different parts of a gpecimen to be separately evauated, they are
useful in undergtanding the role of global DNA methylation in the process of carcinogenesis. The5-mc
assay dso can evduate globd DNA methylation in exfoliated cdls from different Stesin the body,
including buccad mucosal cdlls, urinary tract cdls, broncho-aveolar lavage cells, and cervicd cdls.

Little research has been conducted to demondgtrate what the differences are in saining levels by
diagnoses and whether gaining intengty islower in cells from the urinary tract, bucca mucosa, and
cervix. A study has been performed on cervicd intragpithdid neoplasa (CIN) using the 5-mc process.
The intermediate target was exfoliated cdlls, and the ultimate target was cells obtained during acervica
biopsy. Cdls collected with a cervicd brush include different types of cdls such aslymphocytes,
neutrophils, squamous, metaplastic and glandular cervicd cdlls, and the 5-mc assay is able to assess
varying degrees of methylation in these cdlls.

Because squamous cell cancer isthe most common neoplagtic lesion of the cervix, the sudy
limited its methylation andysis to metgplastic or squamous calls. Theleve of 5-mc in exfoliated cervica
cdls depended on the severity of the dysplasia present, with low levels of dysplasia producing low levels
of 5-mc poditive cells. DNA methylation patterns were examined in biopsy specimens of normad
cervica epitheium and tissues that contained CIN 1, 2, and 3. The cdlls of both norma tissue and
tissue digplaying CIN 1 lesons were poorly methylated: the number of methylated cdlls was much higher
inCIN 2and 3.

Researchers aso studied whether or not there was an association between the percentages of
cdls positive for 5-mc in biopsy specimens and exfoliated cervicd cdls. Exfoliated cdls were
compared to acombination of cellsfrom CIN 1, 2, and 3 lesions, and a sgnificant pogtive correlation
was noted. When the andysis was limited to exfoliated cellsand CIN 3, the correlation was even
gronger. These prdiminary results suggest the possibility of usng the status of globd DNA methylation
in exfoliated cdls of the cervix as abiomarker for cervicd dysplasa. Before 5-mc assays can be used
inlarge, population-based studies, the techniques for capturing, enriching, and preserving exfoliated cdls
must be improved. Enough cells may be obtainable for accurate sudy from the cervix, but bronchid
lavage might not produce the required amount. If protocols other than the 5-mc assay are used to
evauate methylation status, techniques need to be developed to separate cells of interest from other
cdls, snce an evauation of methylation in amixture of cdlsislikey to yidd results with low sengtivity
and specificity. To gpply these techniques for large population-based studies of biomarkers, techniques
need to be improved for capturing, enriching, and preserving exfoliated cervicd cdls.

17



Effects of Ingested Arsenic on DNA and Chromosomein Human Exfoliated Epithelia

Judy L. Mumford, Ph.D,; Environmental Protection Agency, Research Triangle Park, NC

Chronic exposure to arsenic has been associated with skin, lung, and bladder cancers, aswell
as noncancer effects such as cardiovascular diseases. Thereis great uncertainty about the hedth effects
at low doses. Mogt animd sudies are negetive for carcinogenesis from arsenic exposure. No
appropriate anma models are available to investigate the mechanisms of arsenic carcinogenesis.
Research is needed to understand mechanisms for arsenic carcinogenesis in humans and aso to develop
sengtive biomarkers for hedlth risk assessment at low dose. Methylaion isimportant in the metabolism
of arsenic in humans, methylation was thought to be a detoxification eement. Recent Studies suggest
that methylation may enhance the toxicity of arsenic.

The ground water in an arsenicism endemic Ste in Ba Men was contaminated with arsenic due
to the natural geologica formation. In thisarea, skin hyperkeratoss, which isahdlmark of the skin
lesion from chronic arsenic exposure, was commonly found among the resdents here. In additionto
skin cancers, neurologicd effects were aso found from high exposure to arsenic. Studies dso show
cardiovascular effects, including abnorma ECG. The Inner Mongolian population is of interest because
the Environmenta Protection Agency needs human data on health effects of arsenic exposure via
drinking water. In this population, the main route of arsenic exposure isfrom drinking water. Eighty
percent of the resdents have their own wells. This makes exposure assessment of individuals possible.
They dso have good nutritiona status, so manutritionis not a confounding factor in the studly.

The Mongolian study investigated the hedth effects from chronic arsenic exposure, and sought
to identify biomarkers useful for assessing arsenic exposure and hedlth effects, especidly at low doses.
Usng exfoliated cdls, this study andyzed chromosome damage and DNA fragmentation. Buccd cdls,
arway epithdial cdlsin sputum, and urothelial cdls (mainly bladder cells) were collected and analyzed
for the frequency of micronuclel to assess chromosome damage. Bucca cells were assayed for DNA
fragmentation usng DNA laddering by gel eectrophoress, and termina deoxyribonucleotide
transferase-mediated dUTP-X Nick End-Labding (TUNEL) method. Results of this pilot sudy
indicated that chromosome and DNA damage were associated with chronic exposure to high levels of
arsenic.

A larger study was conducted using low, medium, and high arsenic dosage level s for comparison of
participants. Bucca cell samples were collected to investigate the dfects of arsenic on DNA and
chromosome damage. About haf of the participants were smokers, and haf were femdle. Ages ranged
from 10to 60. Even at ayoung age, hyperkeratoss was present, athough the effects of arsenic exposure
were highest among older participants. DNA fragmentation appears to have athreshold effect and only
showed effectsin the high exposure group. Whereas d evated frequency of micronuclel was shown sarting
in the medium exposure group. This study showed that chronic exposure to arsenic is associated with
increased DNA and chromosome damage, which may increasetherisk of cancer and other chronic health
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effects. Detecting micronuclel and DNA fragmentation in exfoliated epithdia may serve as a useful
biomarker for ng hedlth effects of arsenic exposure viaingestion.

A biomarker sudy in southern China investigated lung cancer and indoor air pollution. WWomen
in this area have high rates of lung cancer mortdity, even among nonsmokers. Resdentsin the study
area burn cod in open pitsin their homes without chimneys and are exposed to carcinogens produced
by burning cod. The most common type of adenocarcinoma among this group was bronchioaveolar
carcinoma. Biomarkers were identified for assessng dosmetry, urinary metabolites, genetic
susceptibility and mutation in target genes (i.e,, p53 and k-ras in sputum cdls). Studiesin buccd cdls
showed that GSTM1-null can increase cancer risk, and GSTT1 is not associated with lung cancer risk.

This study showed that it is possible to use the exfoliated cells to investigate genetic susceptibility and
genotoxicity for assessng cancer risk in humans.

FUTURE DIRECTIONS

The use of exfoliated cdlls for prevention, detection, and trestment of cancer by nutritional
modulation isin itsinfancy, and coordination of effortsin the research community are not a aleve to
assure beneficid outcomes from ongoing research at thistime. In addition, research is beginning to offer
a better understanding of how nutrients and bioactive compounds are metabolized. There ill is much
work to be performed in this area, which will be key to understanding how nuitrition is related to cancer
prevention. Sdlected questions remaining to be answered include:

Are DNA adducts in exfoliated cells important, and how are they modulated by dietary
condtituents?

What is known about biomarkers of exposure that validate epidemiologic nutritiond intake,
and what is the best way to vaidate these biomarkers?

Arethere biomarkersfor early detection of carcinogeness that can be identified with the
same certainty as blood pressure isidentified as a marker for heart disease?

Are there markers that might be endpoints of nutrition modulation or chemoprevention, and
can these be validated?

There are opportunities and chalengesin dl of these aress.
Where do we go from here?
In order to develop coordination among researchers studying nutrition and exfoliated cells; it
will be important for each investigator to demongtrate that what they are sudying in
exfoliated cdlsis rdevant to what is actudly occurring in the tissue that is developing cancer.

Thisisof critica importance to be able to answer the many questions remaining about the
gpplication of this research to cancer prevention.
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There is aneed to have an accurate quantitation of tissue biomarkers of nutritiona dose that
are separate from plasmalevels of the biomarker.

There will be an announcement soon asking researchers with NIH or NCI funding to send
biologica samplesto NIH or NCI for inclusion in gene expresson microarrays. |If
researchers are working on animal studies, they may send tissue samples (e.g., colon,
prostate, breast, or lung) to NIH or NCI, and these will be analyzed, with results placed on
the Web. See http://www3.cancer.gov/prevention/funding.html for more informeation.

A mechanism could be consdered for collecting exfoliated cell samples from ongoing clinica
prevention trias.

Congderation should be given to developing a scoresble index that demongtrates the risk of
cancer based on proteomic data using micro- or nano-technology.

There appears to be enough research on Gl and lung cancer to begin concentrated research
on exfoliated cdllsin those areas; research in breast cancer and exfoliated cdllsis not as
advanced and may not be as productive as Gl and lung research.

Development of a Web site specificaly for NCI-funded intervention trids on nutrition,
dratified by nutrient should be consdered. Information on aterations in biomarkers could be
added to the Site as data becomes available.

Individua variability in response to nutrients, given the complex phenotypes present in the
human population, represents a consderable chalenge in nutrition research. There may bea
benefit in looking at this area before beginning large nutrition trids.

Methylation of genesin relation to exfoliated cells may be an area of potentia research that
can have applications to cancer prevention as well as cancer treestment modalities.

The NCI has alarge collaborative agreement (U54) with indtitutions focused on examining
the impact of nutrients on genetic pathways involved with cancer. A re-release of this
funding mechanism will occur shortly, and gpplications for the 5-year grantswill be duein 6
months. Thismay be an opportunity for people involved in exfoliated cellsto form a
collaborative effort and to bid for one of the grants.

The minimum length of time to create a viable bioassay for exfoliated cdlls would probably be
very short, and this could help move the field ahead dramaticaly. These tests should focus
on endpoint andyss.
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