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SUMMARY

The location of binding sites for 3'-methyl-p-dimeth
ylaminoazobenzene (3'-Me-DAB) or metabolites on com
ponents of rat liver cells and hepatoma cells in tumors
induced by this carcinogen was determined at 2 stages
during the induction of tumors in rats: (a) in normal liver
immediately following the application of a massive dose of
the azocarcinogen by intragastnic feeding, and (b) in liver
and tumor after hepatomas had developed following re
peated exposures to the carcinogen by s.c. injections. Bound
3'-Me-DAB or metabolites were detected by the use of
rabbit antisera directed against either p-azoazobenzene or
p'-azo-p-dimethylaminoazobenzene in an indirect fluores
cent antibody technique.

Soon after massive intragastnic doses of 3'-Me-DAB, the
staining observed when the anti-p-azoazobenzene antiserum
was used was principally on cytoplasmic components of
liver cells with some staining of the intranuclear compo
nents. When the second antiserum, anti-p'-azo-p-dimeth
ylaminoazobenzene antiserum, was used, the most intense
fluorescent staining was on the nuclear membranes, al
though there was some cytoplasmic and intranuclear stain
ing as well.

The tumors induced by repeated s.c. injections of azocan
cinogen were largely hepatocellulan carcinomas and cholan
giocarcinomas. Staining was observed in areas of liver
around developing or spreading tumors using either of the
antisera. The staining patterns for the two antisera were the
same as was observed for livers of rats shortly after
intnagastnic feeding. Nuclear membranes and intranuclear
material of carcinoma cells showed good staining when
anti-p'-azo-p-dimethylaminoazobenzene antiserum was
used; however, little or no staining was observed in the
carcinoma cells when anti-p-azoazobenzene antiserum was
used although this antiserum does stain liven cells. In areas
of bile duct proliferation, strong fluorescence was seen in the
bile ducts while, again, there was little on none in the
carcinoma cells surrounding the bile ducts.
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The differences in staining observed between the two
antisera indicate that at least two different compounds,
either the carcinogen itself and a metabolite or two metabo
lites, are bound with different distributions to different cell
constituents. Each antiserum appears to stain preferentially
a particular compound, either the original bound carcinogen
on a bound metabolite. The staining results also indicate
that some cellular components capable of binding 3'-Me
DAB or its metabolites are retained in tumor cells, whereas
other components also able to bind these substances are lost
when normal cells become tumor cells.

INTRODUCTION

Evidence based on direct chemical analyses has been
presented that indicates that azocarcinogens are associated
first with the microsomal fraction and then with cellular sap
in rat liver following massive doses given i.p. or i.g.3 (9, 11,
12). Immunochemical methods also have been used to
demonstrate that these and other carcinogens combine with
certain cell constituents. Baldwin et al. (4) demonstrated
that carcinogen conjugates are present in the cell sap of liver
from rats fed DAB. This was shown by the fluorescent
antibody procedure with an anti-DAB antiserum produced
in rabbits with a DAB-BSA conjugate. Kitagawa et al. (15)
prepared antibody in rabbits that was specific for the
2-azofluorenyl group by injecting 2-azofluonenyl hemocy
anin conjugate into rabbits. When radiolabeled anti-2-AzF
antibody was injected i.v. into rats, it localized in the liver
and kidney of rats previously given injections ofon fed 2-AF
or 2-AAF, but not in the liven and kidney of normal rats that
had not been treated with one of these compounds. When
rats bearing 2-AAF-induced tumors were fed 2-AAF there
was no localization of anti-2-AzF antibody in the hepato
mas, whereas antibody still was fixed in the healthy portion
of the liver. In a continuation of these studies, Tanigaki et

â€˜Theabbreviations used are: DAB, p-dimethylaminoazobenzene; BSA,
bovine serum albumin; 2-AzF, 2-azofluorenyl; 2-AAF, 2-acetylamino
fluorene; 3-Me-DAB, 3'-methyl-p-dimethylaminoazobenzene; FITC,
fluorescein isothiocyanate; p-azo-AB, p-azoazobenzene; p'-azo-p-DAB,
p'-azo-p-dimethylaminoazobenzene; p-amino-AB, p-aminoazobenzene; p'
amino-p-DAB, p'-amino-p-dimethylaminoazobenzene; p-azo-AB-H,
p'-azoazobenzene-hemocyanin; p-azo-p-DAB-H, p'-azo-p-dimethyl
aminoazobenzenc-hemocyanin; NSGL, absorbed with normal rat serum
and guinea pig liver sediment.
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Binding ofAzocarcinogens to Liver Cell Proteins

a!. (34) found that the carcinogen-binding components of
the hepatic cells were present in the peninuclear zone and in
the cell plasma membranes following the injection or
feeding of 2-AAF. There was a loss of these tissue-binding
components during prolonged feeding of 2-AAF in hyper
plastic nodules and hepatomas. Louis and Blunck (18)
prepared the â€œhâ€•class of proteins from normal rat liver and
a similar class of azoproteins from livers of rats treated with
3'-Me-DAB. Antisera were prepared in mice against both
proteins. The FITC-labeled anti-h protein antibodies stained
uniformly the cytoplasm of liver cells of both normal and
3'-Me-DAB-tneated rats but not the cells ofazo dye-induced
hepatomas (19). The FITC-labeled anti-azo h-protein anti
bodies stained the liven cells largely at the cell periphery and
peninuclean zones and to a lessen extent in the cytoplasm.
Hepatomas were not stained by these antisera.

This study was undertaken to determine the distribution
of bound 3'-Me-DAB on its metabolites among the compo
nents of cells of liven and of hepatoma after administration
of this carcinogen by immunofluorescent techniques.

MATERIALS AND METHODS

Rats. Inbred male Fischer rats (Charles River Breeding
Laboratories, Wilmington, Mass.) 6 to 8 months old and
weighing about 300 g were used.

Carcinogens and Related Compounds. p-amino-A B,
DAB, 3'-Me-DAB, and N,N-dimethylformamide were ob
tamed from Distillation Products Industries, Rochester,
N. Y. BSA was purchased from Pentex Inc., Kankakee, Ill.
Hemocyanin was a gift from Dr. 0. A. Roholt of this
institute.

Preparation of Protein-Hapten Conjugates. Hemocyanin
conjugates were used for the production of antisera in
rabbits against 2 different haptenic groups, p-azo-AB and
p'-azo-p-DAB. For the conjugation, 40 mg of either
p-amino-AB on p'-amino-p-DAB were diazotized and then
conjugatedto 100 mg of hemocyanin by theprocedureof
Kitagawa et a!. (15). These conjugates were then dialyzed
repeatedly against 12 liters of dilute borate-NaCI buffer4
at 4Â°until the dialysates were colorless. BSA conjugates
of the same haptens (used for assay of the antisera titer)
were prepared by causing the diazonium salt prepared from
10 mg of the corresponding amino derivatives to react with
100 mg of BSA (15). These testing conjugates were also
dialyzed repeatedly against I2 liters of dilute borate buffer4
at 4Â°until the dialysates were colorless. The solutions of
hapten-BSA conjugates were first passed through a column
of Sephadex G-25 (coarse) to ensure complete removal of
the free haptens, and then they were concentrated by ultra
filtration. The protein content ofthe BSA- and hemocyanin
conjugates of p-azo-AB and p'-azo-p-DAB was determined
by the Kjeldahl procedure.

Antisera. New Zealand White rabbits, 4 to 7 months old,

â€˜Thiswas made by dissolving 2l.2 g H,BO, and 16 g NaCI in water,
adding 45.0 ml N NaOH, and making up to 2 liters with water. The pH of
this buffer was about 8 at 25Â°.Dilute buffer was made by adding I volume
to 9 volumes of 0.9% NaCl solution.

were given injections of hemocyanin conjugate in 0.05 M
borate-NaCI buffer, pH 8, emulsified with an equal volume
of Freund's complete adjuvant (Perrin's modification; Cal
biochem, San Diego, Calif.). They were given s.c. injections
in some 20 areas with 1 ml total of a l-mg/ml solution and
with 0.5 ml in each rear footpad. Three weeks later the rab
bits were bled from the ear veins and then weekly thereafter
until the titer of the antisera fell below useful levels or unless
the rabbits did not respond. The antisera raised against
p-azo-AB-H (anti-p-azo-AB-H) and p'-azo-p-DAB-H
(anti-p'-aza'p-DAB-H) were assayed for antibody titer by
the ring test (7). The appropriate testing conjugate (0. 1 ml),
p-azo-AB-BSA or p'-azo-p-DAB-BSA, was layered cane
fully over about 0.3 ml of antiserum in a 6- x 50-mm culture
tube. Formation of the antibody-antigen precipitate usually
appeared immediately with high-titer antisera. Rabbits that
did not show a good antibody response on in which the
amount of antibody fell after some bleedings were boosted
by an i.m. injection of 2 mg of antigen. For this purpose 0.5
ml antigen containing 2 mg protein was emulsified with 0.5
ml of Freund's incomplete adjuvant.

Absorption of Antisera. All antisera as well as pooled,
normal rabbit serum were first absorbed with pooled,
normal rat serum and then twice with sediments prepared
from normal guinea pig liver (hereafter denoted as â€œabsorp
tion with NSGLâ€•). Washed tissue sediments equivalent to
2 g of tissue were used for each absorption operation. The
absorption was done in the usual way by treating 2-ml por
tions of the antisera with one-tenth the volume of pooled,
normal rat serum and rotating the mixture in plastic test
tubes on a Fisher Roto Rack for 30 mm. After centnifuga
tion to remove any sediment, the antisera were next ab
sorbed twice with guinea pig liver sediments in the same
way. Then the NSGL-treated supennatants were absorbed
with liver sediments prepared from normal rats. The ab
sorbed antisera were then diluted 10-fold for use in the
fluorescent antibody procedure. In some cases these ab
sorbed sera were further absorbed with various liver cell
fractions that were obtained from livers of normal and 3'-
Me-DAB-treated rats. For this purpose 0.2 ml of the p'-azo
p-DAB-H antiserum was further treated by dilution to 2 ml
with borate-buffered NaCl, pH 8, containing 100 zg of one
of the following liver cell fractions rotated as before for 30
mm, and then centrifuged to remove any precipitate. The
liven cell fractions used were the nuclear plasma membrane
fraction N2, nuclear fraction N4, microsomal plasma mem
brane fraction P2. and internal membrane fraction P4.
separated by sucrose gradient centnifugation from the liver
nuclear and microsomal fractions, respectively, by the
procedure described by Touster et a!. (36). The protein
content of these fractions was determined by the method of
Lowry et al. (20).

Antisera used in examining kidney sections by the
fluorescence procedure were absorbed with NSGL and then
with kidney sediments from normal rats.

Immunodiffusion. Double diffusion analyses were carried
out on microscope slides in I .5% agar buffered with
barbital, pH 7.6 (F/2 0.15). Sodium azide was added as a
preservative. The anti-p-azo-AB-H antisera were caused to
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react with p-azo-AB-BSA conjugate in agar to determine
the specificities of these antisera. This was done by the
addition, first, of p-amino-AB, DAB, or 3'-Me-DAB (dis
solved in N,N-dimethylfonmamide) to the center well and
then after diffusion of the hapten into the agar, adding 30 jsl
of antisera to the same well. In the absence of hapten, 30 sl
of p-azo-AB-H antisera gave well-defined precipitin bands
with 10 and 20 ;sg of p-azo-AB-BSA delivered to the
peripheral wells. The slides were developed in a moist
atmosphere for 1 week. These were then washed with I .0%
NaCI solution and with distilled water and covered with
paper strips to dry. The precipitin bands were stained with
Buffalo black.

Isolation and Characterization of Anti-p-azo-AB Anti
body. The concentration of antibody in the rabbit anti-p
azo-AB-H antiserum was determined by isolating the
antibody in the serum as described by Kitagawa et al. (15)
on the specific solid immunoadsonbent p-azo-AB-poly-rab
bit serum albumin prepared according to the procedure of
Onoue et al. (24). The immunoglobulin class of the isolated
antibody was then determined by immunoelectrophoresis
using goat anti-rabbit globulin antiserum.

Preparation of Tissue Specimens. Rats, normal or treated
with carcinogen, were killed by perfusion (under Nembutal
anesthesia) of cold borate-buffered NaCI solution through
the abdominal aorta. The livers and kidneys were excised
and quickly frozen on the quick-freeze attachment of an
International cryostat, Model CT 1. Frozen sections were
cut 4 Mm thick and were then attached to slides for the
fluorescent-antibody procedure or for hemotoxylin-eosin
staining.

Fluorescent Antibody Technique. The indirect procedure
was used. The fluorescent antibody was prepared by react
ing the globulin fraction of goat anti-rabbit IgG antiserum
with FITC in the cold (10). Unneacted fluorochrome and
nonspecific reacting components were removed from the
conjugate by column chromatography on Sephadex G-25
and DEAE-cellulose as described by Goldman (10). Frozen
tissue sections were dried and fixed in acetone for 10 mm
and then washed with cold phosphate-buffered saline. The
sections were next covered with absorbed normal rabbit
serum or absorbed rabbit antiserum diluted 10-fold with
borate-buffered NaCI solution, pH 8. The slides were incu
bated for 60 mm in the cold room. The sections were then
washed with phosphate-buffered saline and stained with the
fluorescein conjugate of goat anti-rabbit antibody for 60
mm. An American Optical Co. fluorescent microscope with
a Schott BG-12 exciter filter and a EK No. 2A barrier filter
was used. The tissue sections were examined visually and
by taking photographs at short, comparable time intervals
using Agfachrome transparency film, CT 18. In all experi
ments tissue sections from normal, untreated rats were run
as controls.

Administration i.g. of 3'.Me-DAB. In studying the local
ization of azocarcinogen in rats immediately following
administration of carcinogen, the following procedure of
treating the rats was used. A solution of 3'-Me-DAB was
prepared by dissolving 20 mg/ml in cottonseed oil heated on
a hot water bath. The solution was given to the rats by

stomach tube (20 mg 3'-Me-DAB per 100 g of rat) under
ether anesthesia. At various time intervals following the
administration of 3'-Me-DAB, the rats were fasted over
night and were sacrificed by perfusion of cold borate buffer
while under Nembutal anesthesia.

A few experiments involving examination of livers soon
after administration of carcinogen were carried out by
injecting a cottonseed oil solution of 3'-Me-DAB (20
mg/ml) ( 10 mg of 3'-Me-DAB/ 100 g ) into the tail vein and
sacrificing the rats at IS or 20 mm and at 2, 4, and 8 hr after
administration of the carcinogen.

Tumor Induction in Rats by 3'@Me-DAB. The production
of liven tumors by i.g. administration as described above did
not occur no matter how long or how many times the
administration was carried out. Liver tumors, however,
were induced in rats by repeated s.c. injection of 3'-Me
DAB in cottonseed oil ( 14, 33). Rats were shaved on the
sides posterior to the front legs. Then a solution of 50 mg of
3'-Me-DAB in 2.5 ml ofcottonseed oil was injected s.c. on I
side (shaved) of each rat. The following week a 2nd 50-mg
portion of 3'-Me-DAB was injected s.c. on the other side of
the rat. This procedure of alternate-side s.c. injection of
azocarcinogen was continued until the rats received a total
of 900 to 1400 mg of 3'-Me-DAB, at which time a laparot
omy was carried out under ether anesthesia to determine
whether tumors were present. If tumors were not visible,
administration of the carcinogen was continued after 2
weeks. Some rats died during this procedure.

This procedure for inducing tumors by 3'-Me-DAB was
used instead of the more common method of inducing liver
tumors by incorporation of azocarcinogen in the diet (22),
since facilities for the preparation of diets containing these
carcinogens, which are on the restricted list by the Federal
Government (8), were not available.

RESULTS

Antisera against 2 different azobenzene-like haptens,
closely related to the carcinogen, were raised in rabbits and
used in the fluorescent antibody procedure for the detection
of cell-bound azocarcinogen or metabolite. Response to the
antigen carrying the haptenic group most like the azocar
cinogen 3'-Me-DAB was very poor. Of 18 rabbits only 4
showed any response to p'-azo-p-DAB-H when their sera
were tested with p'-azo-p-DAB-BSA test antigen. These 4
rabbits responded so poorly that serum from only I bleeding
of each rabbit contained sufficient antibody to give a ring
test within 15 to 20 mm of layering serum and test antigen.
These 4 samples of anti-p'-azo-p-DAB antiserum, however,
were found to be usable in the fluorescent antibody test in
spite of their low antibody content.

Response to the 2nd antigen, p-azo-AB-H, carrying a
haptenic group with some of the structural features of the
azocarcinogen was far more satisfactory. Of 10 rabbits
tested, 2 gave an excellent response when tested with
p-azo-AB-BSA test antigen, 2 gave a fain response, while 6
did not show a response. From the 2 best sera 0.5 mg of
antibody/ml was isolated by the use of an immunoadsorb
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Binding of Azocarcinogens to Liver Cell Proteins

Table I

Inhibition ofprecipitation by azo compounds ofthe reaction between anzi-p-azo-A B-H antiserum and p-azo-A B-BSA conjugate by
the Ouchterlonydiffusion method

a Thirty il were used in each diffusion experiment.

b The azo compound dissolved in N.N-dimethylformamide was added to the antisera well at the concentration indicated.

C@ indicates presence and â€” absence of precipitin band formation.

ent; the isolated antibodies were found t@obe composed of
immunoglobulin G only. The antibodies in these 2 serum
samples were found to cross-react with both 3'-Me-DAB
and DAB in the hapten-inhibition of precipitin tests carried
out by the immunodiffusion experiments (Table 1) and thus
presumably could be used to detect cell-bound 3'-Me-DAB.
The hapten with the homologous structure, p-amino-AB,
was the most effective inhibitor. DAB also inhibited well
though at a somewhat higher concentration, and the
azocarcinogen, 3'-Me-DAB, also inhibited the precipitin
reaction but a still higher concentration was required.

Cross-reaction with carcinogen or a metabolite was also
indicated in the reaction of anti-p-azo-AB antibody with
cellular components in the livers of rats treated with
3'-Me-DAB but not of untreated rats, as described later.
Furthermore, the antibodies being fixed in the fluorescent
antibody procedure could be removed from the antiserum
by absorption with liver sediments from carcinogen-treated
rats but not by absorption with liver sediments from
untreated rats.

The low concentration of antibodies in the anti-p'-azo-p
DAB antisera prevented an examination of their immuno
chemical specificity as was made for the anti-p-azo-AB
antibodies, but their cell-binding characteristics in the
fluorescent antibody technique were found to be overtly
similar to those of the anti-p-azo-AB antibodies. As de
scnibed later, these antibodies also were bound to cellular
components of rats treated with 3'-Me-DAB but not of
untreated rats, and these antibodies likewise could be
removed by absorption of the anti-p'-azo-p-DAB sera with
liven sediments from rats treated with azocancinogen but not
with liver sediments from normal rats.

Induction of Liver Tumors. Liven tumors were produced in
rats by a series of weekly s.c. injections of 3'-Me-DAB over
a period of several months. Administration i.g. did not
result in tumor production.

No gross liver changes were detected on lapanotomy in 8
surviving rats of a set of 10 after they had received 16 mg of
3'-Me-DAB i.g. weekly up to a total of 500 mg over a 9 to
10-month period. This failure may have been due to
insufficient azocarcinogen being given by what has been
reported to be a less efficient method of inducing liver
tumors in rats (14, 33) than the incorporation of the

carcinogen into their diet (22). The 8 surviving rats were
further treated with 3'-Me-DAB by injection ofSO mg/week
s.c. after discontinuing the i.g. feeding. In 2 of these 8 rats,
liven tumors were found after a total dose of 1070 mg of
3'-Me-DAB had been given (Table 2). Two rats died during
the injections and the remaining 4 showed no gross evidence
of tumors at the end of the experiment.

The combination of i.g. feeding followed by s.c. injection
of the carcinogen was not necessary for tumor production;
s.c. injection alone resulted in a substantial number of rats
developing liver tumors. Two sets of rats were given
injections of 50 mg of 3'-Me-DAB s.c. weekly. After a total
dose of 900 to I300 mg, 4 of 9 rats developed tumors (Table
2). Two of the 8 rats showed no tumors and 2 died during
the experiment. In a 2nd set of 9 rats, likewise given
3'-Me-DAB injections, 2 developed tumors after a total of
650 to 900 mg of carcinogen had been given. The gross
appearance of hepatocellular and cholangiocarcinomas that
developed in 1 of these 2 rats (Rat 41) is shown in Fig. 1.
Mixed tumors of these types usually result from feeding
azocarcinogens (5, 22, 33). After receiving 900 mg, none of
the remaining 8 rats showed any gross liver changes upon
laparotomy. These 8 rats were rested for 2 weeks and then
were given further weekly s.c. injections of 3'-Me-DAB until
a total of 1400 mg had been given. Four more of these rats
were found to have developed liver tumors by then (Table
2).

Localization of Azocarcinogen in Liver Cells. Nuclear
membranes, intranuclean components, and components of
the cytoplasm of liver cells were found to bind 3'-Me-DAB
or its metabolites shortly after a single, large dose of the
carcinogen had been given. Rats were sacrificed at 17, 41,
65, 89, 113, 137, 152, 161, 257, 377, and S0Ohnfollowing the
administration of 3'-Me-DAB i.g. Sections of liver were
prepared as described in â€œMaterials and Methodsâ€• and the
binding of antibodies in the anti-p-azo-AB on the anti-p'
azo-p-DAB antisera to these sections was determined by the
fluorescent antibody procedure. Somewhat different results
were obtained with the different antisera. Strong cytoplas
mic fluorescence together with some intranuclear fluones
cence was observed when anti-p-azo-AB antiserum was used
(Fig. 2). In contrast, use ofan anti-p'-azo-p-DAB antiserum
(from Rabbit 5) resulted in strong fluorescence on the

DECEMBER 1975 3801

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2394071/cr0350123798.pdf by guest on 19 M

ay 2023



Total dose(mg)of
3'-Me-DABRat

no.
showingadministered

byStomach

s.c.Settumorstube
routeType oftumorproduced'I

(8 rats)'14

16520

550

520 550Mixed

hepatocellular and cholangio
carcinoma

Cholangiocarcinoma2

(8 rats)c21
24

26

280

1300
0 1050

0 900

0 1200Cholangiocarcinoma

Mixed hepatocellular and cholangio
carcinoma

Mixed hepatocellular and cholangio
carcinoma

Poorly differentiated, more cholangio
carcinoma than hepatocellular car

cinoma3

(9 rats)â€•33

41

37, 38
39, 430

650

0 900

0 1400Poorly

differentiated, both hepatocel
lular and cholangiocarcinoma

Largely cholangiocarcinoma with lit
tIe hepatocellular carcinoma

Mixed hepatocellular and cholangio
carcinoma

C. Carruthers et al.

Table 2

Induction ofliver tumors by administration of 3'-Me-DA B

a The authors are indebted to Dr. U. Kim and Dr. N. Tanigaki of this institute for these tumor

classifications.
â€ 3̃-Me-DAB was administered by stomach tube 16 mg/week for 12 to 13 months of treatment.

In this group of 8 rats, 2 died and the other 4 rat livers showed no evidence of tumor formation after
12 to 13 months.

C Four of 8 rats of this group developed liver tumors while 4 died during treatment.

d Three of 9 rats of this group were treated with additional 50-mg weekly doses of 3-Me-DAB
following laparotomy, but no further tumors were observed after the administration of 1800 mg of
carcinogen.

nuclear membranes together some cytoplasmic and intranu
clear fluorescence (Fig. 3). Each liver specimen gave
essentially the same fluorescence pattern regardless of the
time up to about 500 hr (the exact time depending on the
individual animal) following administration of the cancino
gen before the rat was sacrificed.

The effect of absorption of anti-p'-azo-p-DAB by various
liven cell fractions from either normal rats on rats treated
with 3'-Me-DAB on the fluorescent staining of liver cell
components was detenmiend. Here a pool of anti-p'-azo-p
DAB sena from Rabbits 1 and 19 was used. This pool when
absorbed with NSGL gave a fluorescent staining pattern the
same as that described above for the antiserum from Rabbit
5. When this pool was absorbed with the liver cell fractions
N2, N4, P2, or P4 from normal, untreated rats, there was no
effect on the fluorescent staining pattern. In contrast,
absorption with some of these liver cell fractions from rats
treated with 3'-Me-DAB did remove staining antibodies
from this antiserum pool. Absorption with the nuclear
plasma membrane fraction@ removed most of the cyto
plasmic and nuclear membrane fluorescence while the intra
nuclear staining remained (Fig. 4). Absorption with the nu
clear fraction N4 left only some cytoplasmic fluorescence
(not shown). Essentially all antibody responsible for the
fluorescent staining of the liver sections was removed when

the plasma membrane subfraction P2 of the microsomal
fraction was used for the absorption; the sections appeared
as they did when treated with normal rabbit serum in the
control for the fluorescent antibody procedure (Fig. 5).
Absorption with the internal membrane subfraction P4 of
the microsomal fraction had no detectable effect on the
fluorescent staining.

Many experiments were carried out with rats receiving
3'-Me-DAB by i.g., s.c., on i.p. administration to determine
whether this azocarcinogen was bound to the cell surface
membrane. 3'-Me-DAB was also administered by injection
into the tail vein, and the rats were sacrificed at I5 and 20
mm and 2, 4, on 8 hr. In none of these experiments could
cell-surface membrane binding be observed. Binding to
cytoplasmic components, however, was observed at these
short time intervals.

Binding of Azocarcinogen to Kidney. In our rats treated
with single or multiple doses of azocarcinogen, either by
stomach tube on s.c. injection, 3'-Me-DAB could be found
in the kidney. The typical staining pattern of a glomerulus
from a rat treated with 3'-Me-DAB is shown in Fig. 6. The
antiserum (anti-p-azo-AB on anti-p'-azo-p-DAB) was ab
sorbed with NSGL and sediments of normal rat kidney.
2-AAF also is bound not only by liver cells but also by the
kidney (15).
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Binding of 3'.Me-DAB by Liver Tumors. The pattern of
distribution of 3'-Me-DAB among cellular components of
tumors inducqd by long-term administration of the carcino
gen was somewhat different from that found for livers in the
early stages of treatment with the carcinogen. In contrast to
the liver cells shortly after a single dose, fluorescent
staining, when anti-p-azo-AB antiserum was used, was not
evident in carcinoma cells. Hepatocellulan carcinoma cells
and cholangiocarcinoma cells remote from proliferating bile
ducts were not stained non were the carcinoma cells
surrounding these bile ducts (Fig. 7). The proliferating bile
ducts, however, were strongly stained.

When anti-p'-azo-p-DAB antiserum was used, however,
staining of carcinoma cells was observed (Fig. 8) somewhat
similar to that seen in liver cells observed shortly after 1
dose of carcinogen. The nuclear cell membrane and intranu
clean portions were stained. There was little or no staining in
other cellular components with this antiserum.

Both antisera stained areas surrounding the tumors in
much the same manner as was observed for the livers
following an administration of a single, large dose of
3'-Me-DAB.

DISCUSSION

Antisera against the 2 different haptens, p'-azo-p-DAB
and p-azo-AB, were raised in rabbits and used in the
fluorescent antibody procedure for the detection of the
cell-bound azocarcinogen, 3'-Me-DAB, on its metabolites.
These haptens were used since they are closely related in
structure to the azocancinogen and the appropriate amino
compounds were available while that corresponding to the
azocarcinogen was not. Both antisera reacted with liven cells
of rats treated with 3'-Me-DAB. The antibodies in the
anti-p-azo-AB sena were also shown to react with 3'-Me
DAB in the hapten inhibition of precipitin tests.

Antisera raised against p'-azo-p-DAB and p-azo-AB
showed interesting differences in the localization of admin
istered 3'-Me-DAB. When p-azo-AB antiserum was used,
the fluorescent antibody procedure revealed strong fluones
cence in the cytoplasm of liven cells; whereas when p'-azo-p
DAB antiserum was used, strong fluorescence in the nuclear
membranes was seen. Absorption of the anti-p'-azo-p-DAB
antiserum with the nuclear plasma membrane fraction N2
prepared from 3'-Me-DAB-treated rats removed the anti
bodies responsible for staining the nuclear membranes.
These results strongly suggest that antisera raised against
the 2 different haptenic groups, p'-azo-p-DAB and
p-azo-AB, are capable of detecting differences in the man
ncr by which 3'-Me-DAB or its metabolites are incorporated
into the liver cell.

Two or more different components of the liver cell from
rats treated with the azocancinogen are stained by each
antiserum. The fact that each antiserum stains predomi
nantly a somewhat different set ofcomponents suggests that
more than I bound compound is being detected or perhaps
the same hapten (carcinogen) is bound through different
positions. Furthermore the loss of some but not all of the
binding components in hepatoma cells also suggests this.
Part of the staining may be due to bound 3'-Me-DAB and

the rest may be due to the presence of metabolites bound to
different cellular components. If this should be the case,
then each of the antisera used must contain antibodies of
different specificities reacting not only with structural
components of the azocancinogen but also with those of a
metabolite.

Other investigators using tritiated DAB and 3'-Me-DAB
have demonstrated that these azocarcinogens are bound to
nuclear components (2, 3, 25, 26) and to cytoplasmic
components in liver cells (4). The strong binding of 2-AAF
to the cell surface membranes of liver cells (34) contrasted
with the absence of such binding of 3'-Me-DAB to the cell
surface membranes that was found in the experiments
reported herein. The contrasting results observed between
the binding of 3'-Me-DAB and 2-AAF to liven cell surface
membranes may be related to differences in the liver cytosol
proteins to which these carcinogens are bound. Ligandin, an
azo dye-binding protein, has been purified from livers of
rats given DAB (13, 16). This conjugate is apparently the h,
azoprotein that is present in minor amounts in liver cytosol
(29), and not the h2 azoprotein, on principal 3'-Me-DAB
target protein described by Sorof et al. (29). Litwack et al.
have shown that ligandin (16) orconticosteroid Binder I (17)
binds azocancinogens and methylcholanth rene, but not
2-AAF. The role of ligandin on other binding sites in the
studies reported here is not known.

The loss of azocarcinogen-binding structures in the
hepatoma cells, as revealed with p-azo-AB antisera, con
firms what others have found. Namely, there is generally a
loss or a marked decrease in DAB and 3'-Me-DAB binding
by liver cell proteins in tumors induced by these azocarcino
gens. This discovery led to the protein or enzyme deletion
theory ofcancinogenesis (22, 28). In this connection Sorofet
al. (27) and Sorof and Young (29) have isolated and
characterized the principal liven protein conjugate of 3'-Me
DAB and have demonstrated that this principal target
protein, which they describe as the h class proteins (27), is
markedly decreased in 3'-Me-DAB-induced tumors as com
pared with normal and preneoplastic livers (30, 32). Louis
and Blunck (19) also found a decrease in the h proteins in
3'-Me-DAB-induced hepatomas.

On the other hand the absence or presence of the
3'-Me-DAB principal target protein appears to be related to
the degree of differentiation of hepatic tumors. Bannikov et
al. (6) prepared antibodies against the 3'-Me-DAB principal
target protein of rat liven and studied its localization by the
fluorescent antibody procedure in liver tumors induced by
3'-Me-DAB. This protein was absent from poorly differenti
ated hepatomas, anaplastic carcinomas, and most adeno
carcinomas (6) but was present in highly differentiated
hepatomas, showing that the latter still contain proteins to
which 3'-Me-DAB was known to bind. Although 3'-Me
DAB as well as other carcinogens such as 2-AAF (21, 31)
and carcinogenic hydrocarbons (35) have diffreent class h
target proteins, at least in molecular size, subsequent
tumors of liven (23, 29, 32) and skin ( I ) lack these h proteins
to which the carcinogens are bound. The importance of the
binding of various carcinogens to the target proteins
remains to be determined (2 1â€”23,30, 37).
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Fig. I. Gross appearance of a portion of rat liver with tumors following the s.c. administration of 900 mg 3'-Me-DAB over a period of 18 weeks. x I .6.
Figs. 2 to 8. Sections were stained with anti-p-azo-AB-H or anti-p'-azo-p-DAB-H antisera and subsequently with fluorescent goat anti-rabbit IgG

globulins. In Figs. 2 to 6 rats received 3'-Me-DAB (20 mg/ 100 g of rat) i.g. and were sacrificed after an overnight fast at the indicated time intervals. In
Figs. 7 to 8 rats received 50 mg 3'-Me-DAB s.c. weekly. All antisera were first absorbed once with pooled normal rat serum, then twice with guinea pig
liver sediments, and then with tissue sediments or cell fractions as indicated. x 200.

Fig. 2. Liver of rat at 113 hr stained with anti-p-azo-AB-H antiserum absorbed with sediments from normal rat liver. Note strong cytoplasmic and
intranuclear staining.

Fig. 3. Liver ofrat at 41 hr stained with anti-p'-azo-DAB-H antiserum absorbed with sediments from normal rat liver. Note strong nuclear membrane
and some intranuclear staining.

Fig. 4. Liver of rat at 67 hr stained with anti-p'-azo-p-DAB-H antiserum absorbed with sediments from normal rat liver and then with N, fraction
(plasma.membranes from nuclear fraction) from 3'-Me-DAB-treated liver at 41 hr after administration of azocarcinogen. Note strong intranuclear
staining.
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Fig. 5. Liver of rat at 67 hr stained with anti-p'-azo-p-DAB-H antiserum absorbed with sediments from normal rat liver and then with P, fraction

(plasma membranes from microsomal fraction) from 3'-Me-DAB-treated rat at 41 hr after administration of azocarcinogen. Note general absence of
fluorescence which is much like that of liver sections treated with normal rabbit serum absorbed as described in â€œMaterials and Methods.â€•

Fig. 6. Kidney of rat at 41 hr stained with anti-p-azo-AB-H antiserum absorbed with pooled normal rat serum and sediments from kidneys of normal
rats. Note strong fluorescence on glomerulus.

Fig. 7. Area near cholangiocarcinoma produced by the s.c. of 900 mg 3-Me-DAB over a period of 18 weeks. Anti-p-azo-AB-H antiserum was ab
sorbed with sediments from normal rat liver. Nate fluorescence on bile duct and near absence of fluorescence to the right of this structure (tumor).

Fig. 8. Cholangiocarcinoma produced by the i.g. administration of 50 mg 3'-Me-DAB over a period of 40 weeks and of 550 mg of this azocarcinogen
s.c. over a period of I I weeks. Anti-p'-azo-p-DAB-H antiserum was absorbed with sediments from normal rat liver. Note traces of cytoplasmic
fluorescence and presence of nuclear membrane and intranuclear fluorescence.
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