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Summary.—Fluorescence microscopy was used to demonstrate differences in the
urea-extractable antigens of mouse epidermis and squamous cell carcinoma. When
serum- and normal tissue sediment-absorbed antisera prepared against mouse
epidermal urea-extracted proteins were further absorbed with carcinoma urea
antigens, antisera specific for epidermis resulted. When antisera raised against
the urea-extractable proteins of mouse squamous cell carcinomata were serum-
and normal tissue sediment-absorbed and then further absorbed with epidermal
urea antigens, antisera were prepared which stained papilloma and carcinoma,
but not epidermis, and thus these antisera were not specific for carcinoma. Antisera
prepared against the urea-extractable proteins of human epidermis reacted in
immunodiffusion in agar with the epidermal urea proteins, but not with human
squamous cell carcinoma urea proteins. Also antisera prepared against the carci-
noma urea-extractable proteins reacted with these proteins in agar, but no reaction

occurred with the epidermal urea-extractable proteins.

ANTIGENIC differences in the urea-
extractable proteins of normal and hyper-
plastic mouse epidermis, papilloma and
squamous cell carcinoma have been demon-
strated (Carruthers and Baumler, 1965,
1966; Carruthers and Bhattacharaya,
1972b; Carruthers, 1970; Bhattacharaya
and Carruthers, 1972). These urea-
extracted proteins are extracted with
6 mol/l urea and precipitated maximally
at pH 5-5 (Carruthers et al., 1955, 1957;
Rudall, 1952), and are sometimes denoted
as the wurea-extractable 5-5 proteins;
herein for simplicity they are called the
urea proteins. Previous studies indicated
that epidermis contained urea-extractable
antigens which were absent, or present in
small amounts, in carcinoma and that
carcinoma contained urea-extractable anti-
gens which were absent or present in small
amounts in epidermis. These differences
were demonstrated by using thoroughly
absorbed antisera or immunoglobulins
(raised in rabbits against the urea proteins

of epidermis, papilloma and carcinoma)
by (1) fluorescence microscopy; (2) immu-
nodiffusion in agar; and (3) the
paired label technique using !3I and
1251 (Carruthers and Baumler, 1966;
Carruthers, 1970; Bhattacharaya and
Carruthers, 1972).

The present study also demonstrated
differences in the urea proteins of epider-
mis and carcinoma by fluorescence micro-
scopy. By the absorption of anti-epider-
mal urea protein antisera with papilloma
or carcinoma urea proteins, an antiserum
specific for epidermis was obtained. Simi-
larly, the anti-carcinoma urea protein
antisera absorbed with epidermal urea
proteins gave antisera which stained
both papilloma and carcinoma, but not
epidermis.

MATERIALS AND METHODS

Preparation of tissues, proteins, antisera
and tissue sediments.—Procedures have been
described previously for the investigations
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which deal essentially with mice. These are:
(a) preparation of normal and hyperplastic
mouseepidermis, methylcholanthrene-induced
papilloma and carcinoma; (b) isolation of the
urea-extractable proteins of mouse epidermis,
papilloma and carcinoma; (c) preparation of
antisera raised in rabbits against these urea-
extractable proteins; and (d) preparation of
mouse tissue sediments for the absorption of
antisera (Carruthers, 1970; Bhattacharaya
and Carruthers, 1972). The titres of the
antisera were determined by the radial
immunodiffusion procedure of Masseyeff and
Zisswiller (1969), and by the determination of
the dilution of serum and tissue-absorbed
antisera which still stained the tissues by
fluorescence microscopy. Both methods gave
similar results. In the present study highly
undifferentiated squamous cell carcinoma
of mice was also employed for the isolation
of the urea proteins and for the production
of antisera in rabbits against these proteins.
Many mouse papillomata and carcinomata
were used not only for extraction of the
proteins but also for the fluorescence micro-
scopic studies.

Preliminary experiments were also carried
out on proteins which were extracted with
6 mol/l urea from human epidermis and from
a pooled sample of squamous cell carcinoma
metastatic to the liver. The wurea 55
proteins were dissolved in 0-05 mol/l borate
buffer, pH 8:5, or barbital buffer, pH 8-6
(0-05 mol/l Na diethylbarbital, 0-01 mol/l
diethylbarbituric acid and 0-05mol/l Na
acetate) both containing 0-1 mol/l NaCl
The protein solutions were emulsified with
Freund’s complete adjuvant and were injected
into rabbits for the preparation of antisera.
The reaction of the latter with pooled normal
human serum was so strong that the antisera
were useless for studying the relationship
between the epidermal and carcinoma urea
proteins. Therefore antisera were prepared
in rabbits against pooled normal human
serum, and the immunoglobulins were iso-
lated from the antisera by precipitation with
509, saturated (NH,),SO,. The globulins were
polymerized with glutaraldehyde by the pro-
cedure of Avrameas and Ternynck (1969) to
make a solid immunoabsorbant to remove the
serum-like proteins from the epidermal and
carcinoma urea proteins. The immunoabsor-
bant was dispersed and washed twice with bar-
bital buffer, pH 8:6. The epidermal or car-
cinoma proteins wer~ added to the washed

absorbant and absorption was carried out by
rotating the material at 25°C for 30 min. The
mixture was centrifuged at 15,000 g and the
supernatant wasdecanted. Theabsorbant was
washed twice with barbital buffer by rotat-
ing for 15 min each time. The combined
supernatants were filtered through glass wool.
The clear protein solutions were dialysed
against barbital buffer so diluted that upon
partial lyophilization the buffer concentra-
tion was equivalentto,or made the same as that
in the original protein solutions before treat-
ment with immunoabsorbant. The epider-
mal and carcinoma urea proteins, thus freed
of serum-like proteins, were used for the
production of antisera in the usual manner.
Each of 2 rabbits received 7-7 mg of epider-
mal urea proteins and 2 other rabbits received
6-2 mg of carcinoma urea proteins intraderm-
ally and into the foot pads. After 11 weeks
the rabbits were boosted in the same manner
with 6-4 mg of epidermal urea proteins or
6-7 mg of carcinoma urea proteins.
Immunodiffusion.—Immunodiffusion ex-
periments were carried out on microscope
slides in agar in the same manner as pre-
viously described (Carruthers, 1970).
Fluorescence  microscopy.—Fluorescence
microscopy was carried out by the indirect
procedure. Two ml of antiserum raised
against the urea proteins was absorbed first
with 0-2 ml of pooled normal mouse serum by
rotating the contents in small plastic tubes
for 30 min at 25°C. The material was
then centrifuged at 15,000 g (top of tube) for
20 min at 0°C. The supernatant frac-
tion or serum-absorbed antisera were then
absorbed successively with sediments (equiva-
valent to 10 ml of a 209, tissue homogenate
which had been thoroughly washed) of liver
(twice) and then once each with kidney and
dermis in the same manner as was performed
for serum absorption. Normal rabbit serum
was absorbed in the same fashion. The
absorbed antisera were then diluted 1 to 40
with 0-15 mol/l phosphate buffered sucrose
(0-25 mol/l) at pH 7-0 for use in the first step of
the indirect procedure, or for further absorp-
tions with the various epidermal proteins. The
protein absorptions were carried out by the
same method as for the sediments. The label
was prepared by reacting goat anti-rabbit
antiserum or anti-rabbit gamma globulins
with fluorescein isothiocyanate. The label
was purified by column chromatography on
Sephadex G-50. The active fraction (the
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F1g. 1.—Normal mouse epidermis stained with normal rabbit serum. Hair cortex
showed autofluorescence. x 200.

F1e. 2.—Normal mouse epidermis stained with serum and tissue absorbed (T-absorked)
antisera raised against the epidermal urea proteins. X 200.
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first eluted yellow band) was diluted (depend-
ing upon staining effectiveness) to 10 or 15 ml
with 0-1 mol/l phosphate buffered 0-1 mol/l
saline, pH 7-3. The conjugate or label was then
absorbed with 0-2 ml normal mouse serum,
and then twice with liver sediments and once
with kidney and once with dermis sediments.
An American Optical Co. Fluorescence Micro-
scope was used employing a Corning 5840
exciter filter (4 mm thick) and a Schott
GG-1 orange-yellow barrier filter. Com-
plete loss of staining effectiveness of the
protein-treated antisera was determined visu-
ally and by photography at intervals of 15,
30, 45 and 60 seconds with Agfachrome-
transparency film CT18.

RESULTS AND DISCUSSION
Fluorescence microscopy

As indicated previously, fluorescence
microscopy was carried out by the indirect
procedure in which many different samples
of epidermis, papilloma and carcinoma
were used. In the experiments to be
described all the antisera were first
absorbed with normal mouse serum and
then twice with liver sediments, and once
each time with kidney and dermis sedi-

ments. The absorbed antisera were
diluted 1 to 40 with phosphate buffered
sucrose. These serum- and tissue-
absorbed antisera are called 7T-absorbed
antisera. The T-absorbed antisera were
used without further treatment, or 2 ml
aliquots were further absorbed with the
epidermal or carcinoma urea proteins.
Normal epidermis as well as the other
epidermal related tissues showed no fluore-
scence when treated with normal rabbit
serum (Fig. 1). Normal epidermis (Fig.
2), carcinoma (Fig. 3) as well as papilloma
(not shown) fluoresced strongly when
stained with T-absorbed anti-epidermal
urea protein antisera. The basal cells of
the papilloma were stained slightly, if
at all, with these antisera. Also, when
2ml of the latter were absorbed with
0-6 or 1-4mg epidermal urea proteins,
the spinous cells of the papilloma stained
but the carcinoma did not show
fluorescence. When 2 ml of the anti-epi-
dermal urea protein antisera (T-absorbed)
was absorbed with 0-82mg of the
carcinoma or papilloma urea antigens, the
spinous cells of normal epidermis (Fig. 4)

F1e. 3.—Carcinoma of mice stained with the same T-absorbed antisera as used in Fig. 2.

Basal cells stained lightly.

x 200.
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F16. 4.—Normal mouse epidermis stained with T-absorbed anti-epidermal urea protein antisera
following absorption of 2 ml antisera with 0-82 mg of carcinoma urea proteins. Basal cells
fluoresced weakly. x 200.

F1e. 5.—Papilloma of mice fluoresced strongly after staining with the same epidermal
urea protein-absorbed antisera as used in Fig. 4. Basal cells stained slightly. X 200.
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TABLE I.—Relationship, as Determined by Fluorescence Microscopy, between Antisera
Raised against Epidermis and Carcinoma Urea Antigens and these Antigens (Strong
Fluorescence and Absence of Fluorescence Indicated Respectively by + and —)

Urea proteins

obtained from tissues

to absorb 2 ml
Antisera (T-absorbed*)

T-absorbed* antisera
A

Fluorescence response of tissues
with T-absorbed*, and urea protein
T-absorbed* antisera

raised against

urea proteins of Protein - A ~
Tissue Tissue (mg) Epidermis Papilloma Carcinoma
Epidermis Epidermis 0-0 + ++ +
Epidermis Epidermis 0:6 + +7 —
Epidermis Epidermis 1-4 + + 1 -
Epidermis Epidermis 1.7 — - -
Epidermis Papilloma 0-82 + +1 —
Epidermis Papilloma 1-2 + - -
Epidermis Papilloma 2.2 +t — —
Epidermis Papilloma 4-5 +1 — -
Epidermis (‘arcinoma 0-82 + 7t + 71 —
Epidermis (‘arcinoma 1-6 ++ — -
Epidermis Carcinoma 35 +t — —
Carcinoma Carcinoma 0-0 + -+ +
Carcinoma Epidermis 0-35 +§ + +
Carcinoma Epidermis 0-46 — -+ +
Carcinoma Epidermis 1-7 — + +
Carcinoma Epidermis 3-0 — — -
Carcinoma Papilloma 1-79 - — -
Carcinoma Carcinoma 0-52 — — —

* Antisera absorbed with pooled normal mouse serum and then with sediments of liver (twice), kidney
(once) and dermis (once), and diluted 1 to 40 with phosphate-buffered sucrose are called T-absorbed antisera.
+ Basal cells did not stain or basal cells stained less than spinous cells.

§ Spinous cells were not stained.

and papilloma (Fig. 5 and Table I)
fluoresced strongly, whereas the basal cells
of these tissues stained slightly, if at all.
These absorbed antisera did not stain
carcinoma cells. However, when 2 ml of
the T-absorbed anti-epidermal urea protein
antisera was absorbed with 1-2 or 2:2 mg
papilloma or 1-6 mg carcinoma urea pro-
teins, epidermis was stained, but neither
the papilloma nor carcinoma fluoresced.
These antisera can therefore be made
specific for epidermis (Table I). Absorp-
tion of 2ml of the anti-epidermal urea
protein antisera (T-absorbed) with 1-7 mg
epidermal urea antigens gradually removed
the antibodies which stained both normal
epidermis and papilloma. Absorption of
2 ml of these antisera with levels as high
as 3-5 and 4-5 mg of carcinoma and papil-
loma urea proteins respectively did not
remove the antibodies which stained
epidermis.

The T-absorbed anti-carcinoma urea
protein antisera stained normal epidermis

and hair follicles and differentiated carci-
noma with patterns comparable with
those obtained with the T-absorbed anti-
epidermal urea protein antisera (Fig. 2
and 3). Additionally, like the latter
serum, this antiserum stained papilloma
(Fig. 6). When 2ml of the anti-carci-
noma urea protein antisera (T-absorbed)
was absorbed with 0-35 mg of epidermal
urea proteins only the epidermal basal
cells stained (Fig. 7) as well as the papil-
loma and carcinoma (not shown). How-
ever, when 2ml of the anti-carcinoma
urea protein antisera was absorbed with
0-46 mg of epidermal urea proteins, epider-
mis was not stained (not shown), but
papilloma and undifferentiated carcinoma
fluoresced strongly. A level of 3 mg of
epidermal urea antigens was required to
absorb 2ml of the T-absorbed anti-
carcinoma urea protein antisera in order
to remove the antibodies which stained
both the carcinoma and papilloma (Table
I); also absorption of 2 ml of the same
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F16. 6.—Papilloma of mice stained with T-absorbed anti-carcinoma urea protein antisera. X 200.

F1c. 7.—Basal cells of mouse epidermis were uniquely stained with T-absorbed anti-carcinoma

urea protein antisera following absorption of 2 ml antisera with 0-35 mg of epidermal urea proteins.
X 200.
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antisera with 1-8 mg of papilloma or
0-52 mg of carcinoma urea proteins,
respectively, resulted in a loss of staining
of papilloma, carcinoma and epidermis.

The differences in the antisera raised
against the urea proteins of normal
epidermis and carcinoma as determined by
fluorescence microscopy are summarized
in Table I. The observations were
obtained with many different samples of
epidermis, papilloma and carcinoma with
consistent results. It is apparent that
by the proper absorption of T-absorbed
anti-epidermal urea protein antisera with
the carcinoma or papilloma urea antigens,
antisera specific for epidermis can be pre-
pared. Even though 2mlof the T-absorbed
and anti-epidermal urea protein antisera
were absorbed with largelevelsof carcinoma
(3:5mg) and papilloma (45 mg) urea
proteins, epidermis still stained strongly.

T-absorbed anti-carcinoma urea pro-
tein antisera stained the 3 related tissues
intensely. By careful absorption of these
antisera with epidermal urea proteins, only
the basal cells of epidermis as well as the
entire structure of the papilloma and
carcinoma stained whereas further absorp-
tion with the epidermal urea antigens
resulted in fluorescence only in the papil-
loma and carcinoma. Thus, T-absorbed
anti-carcinoma urea protein antisera, did
not distinguish between papilloma and
carcinoma and both of these tissues, but
not normal epidermis, stained following
absorption of 2 ml of these antisera with
1:7mg epidermal wurea proteins. The
antibodies which stained papilloma and
carcinoma were removed gradually when
anti-carcinoma urea protein antisera were
absorbed with increasing levels of epider-
mal urea antigens, until at a high level
of absorption with 3 mg epidermal urea
proteins, the related tissues did not stain.
However, absorption of the T-absorbed
anti-carcinoma urea protein antisera with
either papilloma or carcinoma urea anti-
gens removed antibodies which were
responsible for the fluorescence in epider-
mis, papilloma or carcinoma.

The urea proteins were also extracted

from mouse undifferentiated squamous
cell carcinoma, and antisera were prepared
in rabbits against these proteins in the
usual manner. Both the urea proteins
from differentiated and undifferentiated
carcinomata developed precipitin bands
of identity in agar with antisera raised
against either carcinoma proteins. Also,
fluorescence microscopy did not reveal
any differences between the T-absorbed
differentiated and undifferentiated carci-
noma antisera absorbed with undifferen-
tiated and differentiated carcinoma urea
proteins respectively. Since the undiffer-
entiated carcinomata are relatively keratin
free, fluorescence microscopy further indi-
cates that the urea proteins are cellular
derived. Antisera raised against the
hyperplastic epidermal urea antigens re-
acted in a fashion somewhat similar to
those of normal epidermis. Changes in
the cell types (differentiating, resting,
mitotic and resting in mitosis) in normal
epidermis, papilloma and carcinoma
(Glicksmann, 1945) did not appear to be
related to the differences in the urea
antigens between epidermis and papilloma
or carcinoma.

The studies reported here on the urea
proteins of epidermis, papilloma and carci-
noma by fluorescence microscopy confirm
the antigenic differences observed by
immunodiffusion (Carruthers, 1970), and
with the paired label technique (Bhatta-
charaya and Carruthers, 1972). The urea-
extracted proteins of mammalian epider-
mis consist of several species as indicated
by molecular sieve chromatography, and
these components have a common anti-
genic determinant (Carruthers and Bhatta-
charaya, 1972a; Tezuku and Freedberg,
1972). The present studies, however, do
not indicate the nature of the protein
changes between epidermis and papilloma
or carcinoma. There may be different
proteins in epidermis than in papilloma
or carcinoma even though the urea
proteins of one of the related tissues can
remove antibodies raised against any of the
other 2 related tissues (Carruthers, 1970).
Also, the 3 tissues have similar cell types
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Fic. 8.—Precipitin patterns of 120 ug human epidermis (EP) and 120 ug squamous cell carcinoma urea
proteins (CA) with 40 ul antisera (in centre well which was absorbed with pooled normal human
serum, liver and kidney sediments) raised against EP.

F1c. 9.—Precipitin patterns of 120 ug human epidermis (EP) and 120 ug squamous cell carcinoma
urea proteins (CA) with 40 ul antisera (in centre well which was absorbed as in Fig. 8) raised

against CA.

(Glicksmann, 1945). The investigations
of Rudall (1952) indicate that the fibrous
or structural (urea-extracted) proteins
of epidermis arise from the tonofilaments
and are thus intracellularly derived. In
this connection radiolabelled antibodies
prepared against epidermal urea proteins
did not penetrate epidermal cells in vivo
(Bhattacharaya and Carruthers, 1972).
Actually, Tezuka et al. (1972), have been
able to reconstruct tonofilament-like struc-
tures in vitro from urea extracted proteins
of newborn rat epidermis. These struc-
tures were similar in size and morphology
to native epidermal tonofilaments.

Immunodiffusion
Only a limited amount of work was

done on the urea-extractable proteins of
human epidermis and squamous cell
carcinoma,; this was restricted to double
diffusion in agar. Immunodiffusion pat-
terns of the human epidermal and squa-
mous cell carcinoma urea proteins when
diffused against antisera prepared against
the epidermal urea proteins are shown in
Fig. 8. Two precipitin bands developed
with the epidermal urea antigens but none
were discernible with carcinoma urea
antigens. When the same proteins were
reacted with antisera raised against the
carcinoma urea proteins, visible precipitin
band formation was formed only against
the carcinoma urea proteins (Fig. 9).
Furthermore, the anti-carcinoma urea
protein antisera gave a precipitin band
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of identity with the carcinoma urea 4-5
(proteins which are extracted with 6 mol/l
urea and are precipitated maximally
at pH 4-5) and 5-5 proteins, the identity
of which is in accordance with the close
relationship between these proteins (Car-
ruthers and Bhattacharaya, 1972a).
However, there was no reaction in agar
with urea 55 proteins extracted from
human breast carcinoma or oat cell carci-
noma (lung) with the antisera raised
against the squamous cell carcinoma urea
proteins. These differences suggest the
possibility of . developing fluorescent-
labelled antisera specific for squamous
cell carcinomata and their detection in
specific staining of tissue sections by
fluorescence microscopy.

The anti-mouse carcinoma urea protein
antisera gave strong precipitin bands
with the human carcinoma urea proteins,
but no discernible bands developed with
the human epidermal urea proteins. Also,
the anti-human carcinoma urea protein
antisera gave weak precipitin bands with
the mouse carcinoma urea proteins, but
no visible bands developed with mouse
epidermal urea proteins. Hence the carci-
noma urea proteins of both species appear
to have common antigenic determinants.
The anti-mouse and anti-human epidermal
urea protein antisera did not show a com-
parable cross-reactivity when reacted with
human and mouse epidermal urea antigens
respectively. However, Bauer (1972) has
demonstrated that antibodies raised
against the alkali 5-5 protein of human
epidermis cross-reacted with the same
proteins isolated from rabbit and bovine
snout epidermis.

The author is indebted to Misses A.
Baumler and A. Heining for the prepara-
tion of the urea-extractable proteins and
for immunodiffusion, to Miss P. Weyland

for the fluorescence microscopy, and to
Dr U. Kim for the human squamous cell
carcinomata.
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