
[CANCER RESEARCH 51. 1720-1725. March 15. I99I|

Quantitation of Aflatoxin Bi-DNA Adducts in Woodchuck Hepatocytes and Rat
Liver Tissue by Indirect Immunofluorescence Analysis1
Yu-Jing Zhang, Chien-Jen Chen, Bahrain Haghighi,2 Guang-Yang Yang, Ling-Ling Hsieh,
Lian-Wen Wang, and Regina M. Santella3

Comprehensive Cancer Center and Division of Environmental Sciences, School of Public Health, Columbia University, Neu- York, \ew York 10032 [Y-J. Z., C-J. ('.,
B. //., G-Y. Y., L-L. H., L-W. W., R. M. S./, and Institute of Public Health, National Taiwan University College oj Medicine, Taipei, Taiwan I001S/C-J. C.J

ABSTRACT

A quantitative indirect immunofluorescence technique was developed
utilizing a monoclonal antibody (6A10) recognizing the imidazole ring-
opened form of the major N-7 guanine adduct of aflatoxin H, ( \l It,).
This method was used to investigate adduct formation in woodchuck
hepatocytes treated in culture and in liver tissue of rats treated i.p. with
All!,. Fluorescein isothiocyanate-labeled secondary antiserum was used
for adduct localization in conjunction with 4',6-diamidino-2-phenylindole

dihydrochloride staining to localize nuclei. Quantitation of AFB|-DNA
adducts was carried out by densitometric analysis of photographic slides.
Specific nuclear staining was observed in both woodchuck hepatocytes
and rat liver tissue. I hero was a dose-response relationship between
fluorescence intensity and AI U, dose in treated animals. Turnover of
adducts could also be followed in animals over 48 h with this method.
DNA was isolated from liver tissue of treated animals and adduct levels
were quantitated by competitive enzyme-linked immunosorbent assay
with antibody 6A10 and by fluorescence spectroscopy. There was a
significant correlation of the quantitative immunofluorescence intensity
with levels of VII!, adducts detected by enzyme-linked immunosorbent
assay (r = 0.61, P < 0.05) and spectrofluorescence (r = 0.78, P < 0.01).
This immunohistochemical method should be applicable to the detection
of adducts in liver tissues of humans exposed to high levels of dietary
AFB,.

INTRODUCTION

AFB,,4 a potent liver carcinogen in animals, has been asso

ciated, in conjunction with hepatitis infection, with increased
incidence of hepatocellular carcinoma in Africa and Southeast
Asia (1). To better understand the role of AFB, exposure in
human cancer incidence, biological monitoring methods have
been developed to quantitate exposure on an individual basis.
Rather than measurement of aflatoxin levels in foods, which
can be extremely variable, it is now possible to measure levels
of the covalent adducts of AFB, on DNA or protein. Such
measurements should provide more meaningful information on
exposure and ultimately on risk for cancer development. An
antiserum recognizing the AFB,-lysine adduct in albumin has
been used to demonstrate elevated levels of adducts in blood
samples from Africa and Thailand compared with control
serum from France (2). A similar study in China demonstrated
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a correlation between AFB,-albumin adduct levels and dietary
intake of AFB, and excretion of aflatoxin M, (3).

Although carcinogen protein adducts are important in expo
sure monitoring, DNA adducts are the critical lesions in the
development of cancer. The major DNA adduct of AFB, results
from binding of the 8,9-oxide to the N-7 of guanine. This
adduct is unstable and is either lost from DNA, creating an
apurinic site, or converts to the imidazole ring-opened AFB,-
FAPy adduct (4, 5). We have previously developed monoclonal
antibodies recognizing this stable form of the adduct and used
these antibodies in competitive ELISA to quantitate DNA
adducts in liver DNA of animals treated with AFB, and in
human liver tissue from hepatocellular cancer patients from
Taiwan (6). Others have utilized urinary excretion of AFB,-
guanine as a marker of exposure (7). but this may be less
relevant to risk for tumor development than measurement of
the persistent DNA adduct.

Antiserum recognizing DNA adducts can also be utilized in
immunohistochemical studies to localize adduct formation to
specific cell or tissue types. For example, we have used anti-
serum recognizing 8-MOP-DNA adducts to investigate adduct
levels in skin biopsies of psoriasis patients treated with 8-MOP
plus UVA (8). Elevated adduct levels were also seen in skin
biopsies of coal tar-treated psoriasis patients with antiserum
recognizing the diol epoxide adducts of a number of polycyclic
aromatic hydrocarbons (9). A polyclonal antiserum recognizing
AFB, has been used in prior immunohistochemical studies to
demonstrate nuclear and cytoplasmic localization of AFB, (10).
The presence of adducts in nuclei and mitochondria in rat liver
has been investigated (11). Immunohistochemistry was also
used to demonstrate marked intercellular variation in AFB,
and aflatoxin G, adducts in kidney and lung compared with the
liver where binding was homogeneous (12). Recently, AFB,-
DNA adducts in human liver tumor and nontumorous tissue
have been investigated (13). Both nuclear and cytoplasmic
accumulations of adducts were reported in 4 of 14 nontumorous
livers but in none of 14 tumors and in none of 3 normal control
livers.

To develop methods for utilizing monoclonal antibody 6AIO
for immunohistochemical detection of AFB, adducts in tissues,
initial studies have been carried out in cells treated in culture
and in rats treated in vivo. Immunofluorescence was quantitated
by densitometric measurement and correlated to adduct levels
measured on isolated DNA by ELISA and spectrofluorescence.

MATERIALS AND METHODS

Chemicals. AFB,, DNase, RNase, proteinase K, and /7-nitrophenyl
phosphate were purchased from Sigma Chemical Co., St. Louis, MO.
Fluorescein-conjugated goat anti-mouse IgG and goat anti-mouse IgG-
alkaline phosphatase were purchased from Boehringer Mannheim,
Indianapolis, IN. PCS was obtained from Sterile Systems, Logan, UT.
DAPI was purchased from Polysciences, Warrington, PA. AFB,-DNA
and irÃ²AFB,-DNA were prepared as described previously (6). RPMI
1640 medium was obtained from Flow Laboratories, McLean, VA.
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AFBi Treatment of VVoodchuck Hepatoeytes. Woodchuck hepato-

cytes. obtained from Dr. Charles Rogler. Albert Einstein Medical
Center, New York. NY, were transferred to Bio-Tek eight-chamber
slides (Miles Laboratories, Naperville, IL) and cultured in RPMI 1640
medium containing l0% FCS. Just before confluence, cells were treated
with 4 x 10 < M AFB, in DMSO or DMSO alone for 6 h. After

treatment, the cells were washed with PBS twice, fixed with 70%
ethanol. and treated with 15 m.M Na2CO3:30 mM NaHCO, (pH 9.6)
for 2 h at room temperature to ring open the guanine adducts.

AFBi Treatment of Rats. One-yr-old male Sprague-Dawley rats (500
g) were treated with 2 mg/ml of AFB, dissolved in DMSO and corn oil
(1:4 ratio). Three rats were given injections i.p. at each of four doses
(1.00, 1.25, 2.50. 3.75 mg/kg). Two control rats were treated with the
DMSO:corn oil vehicle. Animals were sacrificed 2 h after treatment. A
second group of 8 rats, treated with 2.5 mg/kg of AFB,, were sacrificed
at 4. 8, 24. and 48 h after treatment. Liver was frozen immediately in
liquid nitrogen and stored at -70Â°C until DNA isolation. DNA was

isolated from 10% homogenates in 10 mM Tris, pH 7.9, 1 miviEDTA,
and 0.4 M NaCl containing 0.2% sodium dodecyl sulfate. Samples were
treated with proteinase K (200 Mg/ml. - h, 37Â°C)and then extracted

with phenol. The aqueous layer was treated with 15 mM Na3CO, and
30 mM NaHCOi (pH 9.6) at room temperature for 2 h to form the
AFBi-FAPy adducts. Samples were precipitated with ethanol and re-
suspended in Tris buffer. RNase was added (50 Mg/ml), and the samples
were incubated at 37Â°Cfor 45 min. Hog pancreas Â«-amylase(200 ^g/
ml) was then added, and samples were incubated at 37Â°Cfor 1 h.
Finally, samples were incubated with proteinase K (100 Mg/ml) at 37Â°C

for 45 min and extracted with an equal volume of chloroformrisoamyl
alcohol (24:1). and the DNA was precipitated with ethanol. Concentra
tion was determined from the absorbance at 260 nm (e = 6500).
Samples were sonicated and denatured by boiling for 2 min. followed
by rapid cooling on ice. Before measurement of fluorescence spectra,
samples were filtered through 0.2-pm filters (Gelman Sciences, Ann
Arbor, MI).

Indirect Immunofluorescence Staining. Tissue samples were isolated
5 mm from the surface and sectioned (6 ^m) on a cryostat (American
Optical, New York, NY), placed on glass microscope slides, and fixed
in 70% ethanol for 10 min. Slides were treated with 15 mM Na2CO.,:30
mM NaHCOi (pH 9.6) for 2 h at room temperature to ring open the
guanine adducts. Slides of hepatocytcs or liver sections were then rinsed
with PBS and treated with RNase (100 Â¿ig/ml)at 37Â°Cfor 1 h. After

washing with PBS, sections were treated with proteinase K (10 Mg/ml)
at room temperature for IO min. After washing with PBS and 40%
ethanol. sections were treated with 50 mM NaOH in 40% ethanol for
30 s at room temperature to denature the DNA and again rinsed with
40% ethanol. The pH was adjusted with 5% acetic acid in 40% ethanol
for 1 min at room temperature and the slides were rinsed with distilled
water. After further washing with PBS, the sections were treated with
10% normal goat serum in 10 mM Tris (pH 7.5) at 37Â°Cfor 45 min to

block nonspecific binding sites and then incubated with primary anti
body 6A10 (1:2 dilution of hybridoma supernatant) at 37Â°Cfor 45 min.

After washing with PBS, liver sections were treated with goat anti-
mouse IgG conjugated with FITC (1:40 dilution) at 37Â°Cfor 45 min.

They were then washed with PBS and stained with DAPI (1 mg/ml) at
37Â°Cfor 45 min. Finally, sections were washed with PBS and mounted

with cover glasses using a solution of 50 mM Tris (pH 8.5):glycerol
(8:1) containing 1 mg/ml of p-phenylenediamine.

As additional controls, some sections were treated with DNase (100
Mg/ml for 30 min at 37Â°C)before staining with primary antibody or

stained with primary antibody which had been preabsorbed with irÃ²
AFB,-DNA (0.5 ng/n\ of hybridoma supernatant).

Combined FITC-DAPI staining was observed with a Nikon Optiphot
microscope (Nikon. Tokyo, Japan). For measurement of FITC, a 450-
to 490-nm excitation filter with a 510-nm dichroic mirror and with a
520- to 560-nm barrier filter was used. For DAPI fluorescence, a 330-
to 380-nm excitation filter. 400-nm dichroic mirror, and 420-nm barrier
filter were used. Photographs were taken with Kodachrome ASA400
slide film (Eastman Kodak. Rochester, NY). The fluorescence intensity
of nuclei in the liver sections was measured from the color slides using

a Molecular Dynamics 300A densitometer (Molecular Dynamics, Sun
nyvale, CA) on sections stained and photographed on the same day.
The fluorescence intensity of each nucleus in a given liver section was
determined by the difference in fluorescence intensity between the
nucleus and its surrounding cytoplasm. The background, i.e., cyto-
plasmic. fluorescence was set at the same level for the intensity meas
urement of each nucleus. The fluorescence intensity was determined on
10 nuclei for each section, and its relative immunofluorescence intensity
was calculated by subtracting the average intensity (9 units) for liver
samples of control rats from the observed average value. The coefficient
of variation of individual samples ranged from 10 to 48%. Sections
from animals treated with the higher doses showed some toxicity: only
those cells showing normal structure were analyzed.

Competitive ELISA. AFB,-DNA adduci levels were measured by
competitive ELISA using antibody 6A10 essentially as described pre
viously (6). Briefly. Immulon 2 plates (Dynatech Laboratories, Chan
tilly, VA) were coated with 5 ng of irÃ²AFBi-DNA by drying PBS
solutions overnight at 37"C. Antibody 6A10 was used at 1:15,000

dilution and mixed with an equal volume of competitor (50 ^1) before
addition to the plate. DNA samples, assayed at 10 or 25 /Â¿g/well,were
quantitated relative to a low modified irÃ²AFB,-DNA standard. Goat
anti-mouse IgG-alkaline phosphatase was used at 1:750 dilution, and
the substrate was p-nitrophenyl phosphate (Sigma 104: 1 mg/ml in 1
M diethanolamine).

Fluorescence Spectrometry. Emission spectra for treated and control
rat DNA samples and in virro-modified calf thymus DNA were meas
ured on a SLM AMINCO SPF-500 (SLM Instruments, Urbana, IL)
spectrofluorometer equipped with an IBM computer for data accumu
lation and special processing. Excitation was at 365 nm. and emission
was measured from 400 to 500 nm. Smoothing and background sub
traction were carried out using the corresponding functions of the data-
processing or utilities programs. All samples were run at 1 mg/ml. To
determine the sensitivity of the method, a sample of AFB,-DNA mod
ified in vitro at a level of 0.02 adducts/nucleotide was diluted with
nonmodified calf thymus DNA (1 mg/ml) to make serial standards
ranging 0.087 to 11 nmol of AFB,/ml (2.9 x 10~5to 3.6 x IO'3 AFB,

adducts/nucleotide).

RESULTS

To develop the immunofluorescence technique, woodchuck
hepatocytes were treated with 4 x 10~4 M AFB] for 6 h. After

treatment, fixed slides were treated with carbonate solution to
convert the unstable N-7 adducts to stable AFB,-FAPy adducts.
To increase the sensitivity and specificity of the immunofluo
rescence method, slides were first treated with RNase to degrade
any RNA adducts present. This was followed by proteinase K
treatment to remove histone and nonhistone proteins from the
DNA to increase antibody accessibility. Finally, slides were
treated with NaOH to denature the DNA and further increase
antibody accessibility. Antibody 6A10, recognizing irÃ²AFBi-
DNA, was used for adduct localization, followed by FITC-
labeled secondary antiserum. Specific nuclear staining was ob
served in treated hepatocytes but not untreated control cells
(Fig. 1).

For the detection of adducts in liver tissue, one group of rats
were treated with 1, 1.25, 2.5, and 3.75 mg/kg of AFB, and
sacrificed after 2 h. Cryostat sections of liver tissue were treated
with carbonate buffer, RNase, proteinase K, and NaOH before
staining with adduct-specific antiserum. In addition, to allow
localization of nuclei in tissues, sections were simultaneously
stained with DAPI. Comparison of FITC (Fig. IA) and DAPI
(Fig. IB) staining of the same sections demonstrates that FITC
fluorescence is localized to the nuclei in animals treated with 1
mg/kg of AFB,. FITC fluorescence intensity increases in ani
mals treated with 2.5 mg/kg of AFB, (Fig. 1C). Fig. ID shows
the corresponding DAPI staining. Sections from an untreated
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Fig. 1. Indirect immunofluorescence staining with irÃ²AFB,-DNA antiserum
of woodchuck hepatocytes treated with 4 X 10~! M AFB, and untreated control
cells. Before staining, cells were treated with carbonate solution, RNase, protein-
ase K. and NaOH. Antiserum 6A10 was used at a 1:2 dilution, and goat anti-
mouse IgG-FITC was used at a 1:40 dilution. Magnification was 200-fold. A,
hepatocytes treated with AFBi; B. control hepatocytes.

control rat show no positive FITC staining (Fig. IE) but do
show DAPI staining of nuclei (Fig. IF). As an additional
control, sections from a rat dosed with 2.5 mg/kg of AFB, were
treated with DNase before staining. There is no specific FITC
staining (Fig. 2(7) or DAPI staining (Fig. IH). Sections from
an animal dosed with 2.5 mg/kg of AFB, were also stained with
specific antiserum which had been preabsorbed with irÃ²AFB,-

DNA before use. There was no nuclear FITC staining (not
shown).

For quantitation of relative fluorescence, a series of slides
were stained on the same day and photographed. The photo
graphic slides of each section were scanned with a densitometer,
and the relative intensity was calculated by subtracting the
average intensity of liver sections from control rats. Fig. 3A
shows the dose-response curve for relative immunofluorescence
intensity versus dose of AFB,. At doses above 1.25 mg/kg, there

is a plateau in immunofluorescence that is probably due to the
toxic effects of these high doses. A second group of animals
received 2.5 mg/kg of AFB, and were sacrificed at 4, 8, 24, and
48 h after treatment. Densitometric scanning of stained sections
shows a biphasic loss of adducts (Fig. 3Ã„).These results are
comparable to those reported earlier utilizing radiolabeled
AFE,, which suggested a half-life of 24 h but persistence of
AFB,-FAPy adducts (4).

To obtain quantitative data on adduct levels, DNA was
isolated from liver tissue of treated and control animals and
analyzed by competitive ELISA with antibody 6A10. A similar
dose-response curve and time course of adduct turnover were
found when adduct levels were measured by ELISA instead of
relative immunofluorescence (not shown). There was a good
correlation (r = 0.61, P < 0.05) between adduct levels deter
mined by densitometric scanning of tissue sections and ELISA
quantitation of adducts on isolated DNA (Fig. 4).

Since both the immunofluorescence method and the ELISA
utilized the same antibody for adduct detection, an alternate
method of analysis was used to confirm the immunological
data. AFBi itself is highly fluorescent. To determine the sensi
tivity of fluorescence spectroscopy for adduct detection, DNA
modified in vitro to a level of 0.02 adducts/nucleotide was
diluted with nonmodified DNA to give adduct levels ranging
from 0.087 to 11 nmol of AFB,/ml (2.9 x 10~5 to 3.6 x 10~3

adducts/nucleotide). Fig. 5A shows the fluorescence emission
spectra of irÃ²AFB,-DNA when excited at 365 nm. There is a
broad emission peak centered around 440 nm. The minimum
AFB, level that can be detected is about 100 pmol/ml, which
corresponds to a modification level of 3.2 adducts/10? nucleo-

tides. Fluorescence spectra for liver DNA isolated from a con
trol animal and one treated with 2.5 mg/kg of AFB, and
sacrificed 2 h after treatment are shown in Fig. 50. The control
rat liver DNA has a broad emission band above 450 nm. In
contrast, DNA from the treated animal has an intense band
centered around 440 nm. The difference spectrum between the
treated and control rat is also shown in Fig. 5 and is comparable
to the spectra seen with the AFB,-DNA standard. The relative
fluorescence intensity for the rat liver DNA samples was deter
mined from the difference curve between the various samples
and control rat liver DNA. Adduct levels were then determined
from a standard curve generated from the in vitro AFB,-DNA.
A similar dose-response curve and time course of adduct turn
over to that in Fig. 2 were seen (not shown). There was a good
correlation (r = 0.78, P < 0.01 ) between adduct levels measured
by densitometric scanning of tissue sections and quantitation
of adducts by fluorescence spectroscopy (Fig. 6). However,
several sections had detectable adducts by immunofluorescence
but no measurable fluorescence emission spectra.

DISCUSSION

These studies demonstrate the ability of monoclonal antibody
6A10 to detect irÃ²AFB,-DNA adducts in tissue sections. By
combining FITC detection of adducts with DAPI staining for
localization of nuclei, the specificity of antibody binding can be
demonstrated. In addition, densitometric scanning of photo
graphic slides allowed relative fluorescence intensity to be de
termined. In the future, simultaneous staining of sections with
known adduct levels will allow quantitation of adducts in test
samples.

Adduct levels were also determined on DNA isolated from
rat tissues by ELISA. This assay has a sensitivity limit of about
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Fig. 2. A combination of indirect immunofluorcsccncc staining with antibody 6A10 and goat anti-mouse IgG-FITC for irÃ²AFB.-DNA adducts (left) and DAP1
staining for DNA content (righi) of liver sections from rats treated with AFB, and sacrificed after 2 h. Sectionswere treated as in Fig. I. Magnification was 400-fold.
A, 1.0 mg/kgof AFB, treatment. FITC: B, 1.0 mg/kgof AFB, treatment, DAPI; C, 2.5 mg/kgof AFB,. FITC: 1), 2.5 mg/kgof AFB,, DAPI: E. untreated control,
FITC; F. untreated control. DAPI; G. 2.5 mg/kg. DNase treated. FITC: //. 2.5 mg/kg. DNase-treated. DAPI.
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Fig. 3. Relative immunofluorescence intensity of FITC staining of irÃ²AFB,-
DNA adducts. A, rats treated with various doses of AFB, and sacrificed after 2 h;
B. rats treated with 2.5 mg/kg of AFB, and sacrificed at various time intervals.
All slides were stained and photographed on the same day. Values are the means
of the average intensity (10 nuclei per section) of three animals for the dose-
response curve and two animals for the time course study.

5 adducts/IO7 nucleotides. Values correlated with those deter
mined by the immunofluorescence method (r = 0.61, P < 0.05).
In addition, fluorescence spectroscopy was used to confirm the
immunological data. This method was limited to samples con
taining >3 adducts/105 nucleotides but also correlated well with
the immunofluorescence data (r = 0.78, P < 0.01). A more
sensitive synchronous fluorescence spectroscopy method with
a sensitivity of 1.5 adducts/IO7 nucleotides has been reported

(14).
Our prior studies with antiserum recognizing 8-MOP adducts

have suggested that adduci levels must be in the range of 1/106

nucleotides for detection by the immunofluorescence method
(15). Quantitation of adducts in animals treated with the lowest
dose of AFB, indicated a level of 5/106. This level of adducts

was readily detectable by the immunofluorescence method.
Therefore the method developed here can probably also detect
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Fig. 4. Correlation between relative immunofluorescence intensity of liver
sections stained with irÃ² AFB,-DNA antiserum and FITC-labeled secondary
antiserum and ELISA quantitation of AFB,-DNA adduci level on isolated DNA.
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Fig. 5. Fluorescence emission spectra of DNA modified in vitro with AFB,
and liver DNA from AFB,-treated and control rats. Excitation was at 365 nm. A,
AFBi-DNA modified to a level of 0.02 adducts/nucleotide and diluted with calf
thymus DNA (1 mg/ml) to give a final concentration of 347 pmol/ml (1.1 x 10~4
adducts/nucleotide, ). 174 pmol/ml (5.7 x IO'5, ), and 87 pmol/ml (2.9
X 10"*, ). B, DNA isolated from a rat treated with 2.5 mg/kg of AFB,

( ), a control rat ( ), and the difference spectra between treated and
control rat DNA ( ).

levels down to I/IO6. A peroxidase-antiperoxidase technique
has been used by others in conjunction with a polyclonal anti-
serum generated against AFB,-bovine serum albumin to detect
adducts in rat liver tissue (12). In this study, densitometric
scanning indicated a linear dose response with AFBi treatment
with a reported sensitivity of detection of 2 adducts/IO7

nucleotides.
Nuclear and cytoplasmic accumulations of AFB,-DNA ad

ducts have been reported in 4 nontumorous liver tissues of 14
hepatocellular carcinoma patients using an avidin-biotin
method but in none of 14 tumor tissues (13). These results are
in contrast with our data on ELISA quantitation of adduct
levels in tumorous and nontumorous tissue which found 7 of 7
tumors with levels in the range of 1/106 nucleotides (6). Liver

sections in the immunohistochemical study were not treated
with NaHCOj:Na2COi to stabilize the guanine adducts nor
with proteinase K and NaOH to increase sensitivity. In addi
tion, cytoplasmic staining may have been due to the presence
of RNA adducts, since RNase was not utilized for degradation
of RNA. These differences may partially explain the lighter
staining of nuclei than cytoplasm. The procedures utilized in

1724

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/6/1720/2446093/cr0510061720.pdf by guest on 19 M

ay 2023



IMMliNOFI.l'ORESCENCE ANALYSIS OF AFBi-DNA

100
r = 0.78

Y = 9.47 +0.72X

standing the role of AFB, exposure and hepatitis infection in
liver cancer.

CD
O
c=

S
co
O)

O)
oc

80

60

40

20.

O"

o 20 40 60 80 100 120

AFB1-DNAadducts/10 nucleotides

Fig. 6. Correlation between relative Â¡mmunofluoresccnce intensity of liver
sections stained with irÃ² AFB.-DNA antiserum and FITC-labeled secondary
antiscrum and fluorescence spectroscopic quantitation of AFBi-DNA adduci
levels of isolated DNA.

this report are essential for increased sensitivity in quantitation
of AFB|-DNA adducts in nuclei, especially at low adduci levels.

The methodologies developed here will be used to investigate
adduct levels in liver tissues of hepatocellular cancer patients
and controls. A major advantage of the immunohistochemical
method, in addition to its ability to detect differences in cell-
specific binding, is the requirement for small numbers of cells.
For ELISA quantitation of adducts on isolated DNA, a mini
mum of 200 i/g is required for duplicate assays in duplicate
wells. In contrast, the immunohistochemical method is appli
cable to single cells and, thus, should be useful on small biopsy
samples. We have also recently determined that the method
can be used on paraffin-embedded sections, which should make
it applicable to stored biopsy samples. Our initial data on AFB,-
DNA adduct levels in patients suggest that levels are sufficiently
high for detection by the immunohistochemical method. Thus,
this methodology should provide useful information on under
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