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ABSTRACT

The keratins expressed in cultured rat cervical epithelial cells were
analyzed by using two-dimensional gel electrophoresis and monoclonal
antikeratin antibodies and were compared with those expressed in the
rat cervix in rivo in the presence and absence of estrogen stimulation.
The cervical epithelium in vivo responds to estrogen stimulation with
alterations in keratin composition. In response to estrogen, the epithelium
undergoes proliferation and stratification and begins expressing increased
amounts of two basic V/, 57,000 and 58,000 keratins and two acidic V7,
51,000 and 52,000 keratins. Cultured rat cervical epithelial cells were
found to express only small amounts of the basic M, 57,000 and 58,000
keratins and the two acidic M, 51,000 and 52,000 keratins characteristic
of the estrogen-stimulated cervix. In addition to the keratins found in the
cervical epithelium in vivo, rat cervical epithelial cells in vitro begin
expressing two M, 55,000 and 56,000 keratins of the basic keratin family
(type II) and an acidic component with a molecular weight of 40,000.
Although these components are not detected in the rat cervix in vivo,
they migrate similarly on two-dimensional electrophoretic gels to proteins
expressed by the rat endometrial epithelium in vivo. These findings
indicate that alterations in keratin expression could serve as markers for
studying the effects of steroid hormones on the differentiation of rat
cervical epithelial cells in vitro and during the development of squamous
metaplasia.

INTRODUCTION

Squamous metaplasia is a process in which a mature non-
squamous epithelium becomes replaced by a stratified squa
mous epithelium. It occurs at a variety of sites including the
cervix and bronchus and has been implicated in the pathogen-
esis of tumors at these sites in humans (1-3). In the human
cervix, squamous metaplasia arises at the junction between the
columnar mucus-secreting cells of the endocervix and the strat
ified epithelium of the exocervix and develops in a series of
sequential steps (4, 5). These stages include the initial appear
ance of small cuboidal reserve cells beneath the columnar
epithelium, proliferation and differentiation of these cells into
an immature squamous epithelium, and finally the sloughing
off of the original columnar epithelium, leaving behind a strat
ified squamous epithelium. A process that is morphologically
quite similar to squamous metaplasia in humans occurs in the
rodent cervix (6). The epithelium of the rat uterine cervix is
under hormonal control and both the proliferation and squa
mous differentiation of the cells occurs cyclically during the
different stages of the estrus cycle (7). The rapidity of this
process in rodents and the histolÃ³gica! similarities to squamous
metaplasia in humans suggest that the rat cervix could provide
an experimental model for studying the development of squa
mous metaplasia and its role in the pathogenesis of tumors.

We have recently developed methods for serially culturing
RCEC2 on collagen gels in the absence of fibroblast feeder
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layers (8). These cells ultrastructurally resemble the immature
cells found /// vivo during the anestrous portion of the rat estrus
cycle and contain cytoplasmic bundles of intermediate filaments
that stain positively with antikeratin antibodies (8). Keratin is
a class of water-insoluble protein that forms the intermediate
filaments of epithelial cells. Nineteen separate keratins have
been characterized in human epithelial cells by two-dimensional
gel electrophoresis (reviewed in Refs. 9 and 10). These keratins
range in molecular weight from 40,000 to 68,000 and have
isoelectric points that vary between 4 and 8. The presence of
specific keratins within cells is dependent on both the origin of
the epithelial cells as well as the stage of differentiation (re
viewed in Refs. 9 and 10). For example, in normal epidermis
the basal cells express an acidic M, 50,000 and a basic A/r
58,000 keratin, whereas the suprabasal cells express an acidic
M, 56,500 and a basic M, 65,000-67,000 keratin in addition to
the keratins present in the basal cells (11). The variations that
occur in keratin composition within a specific epithelium sug
gest that alterations in keratins could serve as markers to study
the process of squamous metaplasia in cervical epithelium both
in vivo and in vitro. In this communication the expression of
keratins in RCEC in vitro have been studied by using both
monoclonal antibodies directed against different subsets of
keratins and two-dimensional gel electrophoresis. The keratins
expressed by RCEC in vitro have been compared to keratins
expressed by the cervical epithelium in vivo during the devel
opment of squamous metaplasia.

MATERIALS AND METHODS

Animals. Female Sprague-Dawley rats3 (CD strain, Charles River

Breeding Laboratories) were used in these studies. For isolation of
cytokeratins, animals weighing 100-150 g were ovariectomized under
ether anesthesia and maintained for at least 60 days before being used
in experiments. At the beginning of the experiments, ovariectomized
animals were given injections i.m. of 5 /<Â«of estradici valerate (E. R.
Squibb, Princeton, NJ) dissolved in 0.2 ml sesame oil. Control animals
were given injections of sesame oil alone. At varying times after
injection, animals were killed and the endocervix, exocervix, and caudal
portion of the vagina were removed. The exocervix was then dissected
away from the endocervix and vagina under microscopic visualization
and immediately frozen in isopentane-dry ice.

Rat Cervical Epithelial Cells. RCEC were isolated from the exocer-
vices of 40- to 50-g female rats as previously described (8). Cultures
were maintained at 34'C in a 5% CO.. atmosphere on gels of rat-tail
collagen in a complex medium composed of equal parts of Ham's F-12

and RPMI 1640 (KC Biologicals, Lexena, KS) supplemented with 7.5%
porcine serum, 15 ng/ml epidermal growth factor, 10 /ig/ml transferrin
and insulin, 6.5 /Â¿g/mlhydrocortisone, 1 x 10"' M triiodothyronine,
and 1 x 10~'Â°Mcholera toxin (Calbiochem-Behring, Los Angeles, CA).

The collagen gels used for culture were prepared by mixing acid-soluble
collagen prepared from rat tails 8:1:1 with 10 x RPMI 1640 and 0.1 N
NaOH and allowing the gel to form overnight (12). After cultures
became confluent, they were subsequently passaged at 1:5 split ratios
by incubating the gels in 0.1 % collagenase for l h at 34Â°C,followed by

1Animals used in this study were maintained in accordance with the guidelines
of the Committee on Animals of the Harvard Medical School and those prepared
by the Committee on Care and Use of Laboratory Animals of the Institute of
Laboratory Animal Resources, National Research Council (Department of
Health, Education and Welfare Publication (Mil) 78-23, revised, 1978).
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CHARACTERIZATION OF RCEC

treatment with trypsin (0.025%)/EDTA (0.5 HIM)for 10 min at 37'C.

Cultures between the 4th and 15th passage that had been maintained
in the complex medium described above were used in these studies.

Keratin Isolation. Keratins were isolated from cryostat sections of
the cervix essentially as described by Moll et al. (13). In brief, 20-/im
thick cryostat sections were rapidly air dried on acid-cleaned micro
scope slides. The position of the cervical epithelium was identified
under a stereobinocular microscope by comparing the section with a
serial section stained with hematoxylin and eosin. Once the cervical
epithelium was identified, it was dissected away from the underlying
stroma and adjacent structures by using a fine needle. A drop of 4Â°C
Dulbecco's PBS, pH 7.4, containing 0.4 HIM phenylmethylsulfonyl

fluoride was added to the slide and the dissected cervical epithelium
was transferred to a microfuge tube. After pelleting the epithelial sheets
at 3,500 x g for 5 min, they were resuspended and lysed in buffer A for
10 min at 4'C (140 mw NaCl, 5 mM EDTA, 1% Triton X-100, 10 min

I ris 11( I, 0.4 HIMphenylmethylsulfonyl fluoride, pH 7.6) and homog
enized with a Dounce homogenizer. Residual insoluble material was
pelleted for 5 min at 18,000 x g, resuspended, and extracted in buffer
B (140 mM NaCl, 5 mM EDTA, 0.5% Triton X-100, 10 mM Tris-HCl,
0.4 mM phenylmethylsulfonyl fluoride, 1.5 M KC1, pH 7.6) for 30 min
at 4Â°C.The preparations were pelleted at 18,000 x g and the pellets

were rinsed 2 times in PBS. The insoluble material was analyzed by gel
electrophoresis.

For isolation of keratins from RCEC grown either on Primaria
culture dishes or on films of rat-tail collagen, the cultures were rinsed
3 times with PBS and were lysed by a 5-min incubation with buffer A.
The lysis buffer was decanted and cell residues were extracted in buffer
B for 30 min at 4'C. The insoluble material was removed from the dish

with a rubber policeman and pelleted by centrifugation for 30 min at
3500 x g. The pellets were subsequently washed twice in PBS and the
residual insoluble material was analyzed by gel electrophoresis.

Antibodies. AE1 and AE3 are monoclonal antibodies developed
against human epidermal keratins and were kindly provided by Dr. T.
T. Sun. These antibodies have been fully described elsewhere (11). In
brief, AE1 reacts with many but not all of the acidic keratins (type I)
from a variety of species, whereas AE3 reacts with basic keratins (type
II) (10, 11, 14). The human acidic keratins that do not react with AE1
are keratins 13, 17, and 18 (10). Antibodies used in these studies were
purified from mouse ascites fluid by utilizing chromatography on goat
anti-mouse columns.

Gel Electrophoresis. Keratins were analyzed by two-dimensional gel
electrophoresis by using NEPHG in the first dimension (15) and SDS-
PAGE for the second dimension (16). Samples were solubilized as
recommended by O'Farrell et al. (l 5) in 0.5% SDS and diluted with an

equal volume of lysis buffer before NEPHG. NEPHG was performed
with pH 3-10 ampholines (LKB, Gaithersburg, MD) and 2000 V h.
SDS-PAGE in the second dimension was performed with 10% acryl-
amide. After electrophoresis, gels were visualized with either Coomassie
blue or silver staining (17). For immunoblots, protein bands were
passively transferred by diffusion to nitrocellulose sheets. The nitrocel
lulose sheets with transferred proteins were incubated overnight at 4'C

in PBS with 2% hemoglobin (Sigma) to block nonspecific sites, rinsed
in PBS, and replica blots were then incubated with either AE1 or AE3
monoclonal antibodies diluted in PBS with 2% BSA. After a 2-h
incubation at room temperature, the sheets were extensively rinsed in
PBS with 2% BSA and 2% normal goat serum (Gibco) and incubated
for 2 h with peroxidase-Iabeled goat anti-mouse antibody (Cappel)
diluted in the same buffer. After extensive rinsing in PBS, the peroxi
dase-Iabeled bands were localized by using 4-chloro-l-napthol.

Immunofluorescence Staining. RCEC used for immunofluorescence
staining were grown on 13-mm glass coverslips that had previously
been coated with thin films of rat-tail collagen. Cells on coverslips were
rinsed with PBS and fixed for 10 min at â€”20Â°Cin absolute methanol.

Cryostat sections of the rat cervix used for immunofluorescence staining
were fixed for 10 min at â€”20*C in absolute methanol. Fixed cells on

coverslips or cryostat sections were then air dried and rehydrated in
PBS containing 2% BSA (Sigma). Cells or sections were reacted with
AE1 and AE3 monoclonal antibodies diluted in PBS with 2% BSA,
rinsed in PBS containing 2% BSA and 5% normal rat serum (Gibco),
and stained with fluorescein isothiocyanate-conjugated goat anti-mouse
antibody (Cappel) diluted in the same buffer. After the second antibody,

the coverslips or sections were extensively rinsed, mounted in
PBS:glycerol (1:1) and observed in a Zeiss UEM microscope equipped
for epifluorescence.

RESULTS

Effects of Estrogen on Vaginal Epithelium. Responses of the
female rat genital tract to steroid hormones during the estrus
cycle have been morphologically characterized by a number of
investigators (6, 7, 18-20). Epithelial alterations morphologi
cally identical to those occurring during the estrus cycle can be

â€¢

Fig. 1. Effects of 170-estradiol on rat cervical epithelium. A, histolÃ³gica!
section of the cervical epithelium from an ovariectomized rat before hormonal
treatment; B, rat treated with 5 (ig estradiol valerate 24 h earlier; C, rat treated
with estrogen 48 h earlier. Original magnification, x 250.
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CHARACTERIZATION OF RCEC

induced over a 72-h period when ovariectomized adult rats are
treated with low concentrations of estrogens (21, 22). The
cervical epithelium in ovariectomized rats is composed of a
layer of small cuboidal cells adjacent to the basement membrane
and a more superficial layer of somewhat flattened cells, 1-2
cells thick. Twelve h after the injection of estrogen into ovari
ectomized rats, alterations in both the size and nu-
cleancytoplasmic ratios of the basal cells occur. By 24 h the
epithelium has proliferated and is 6-8 cells thick. At this time
the superficial layer of cervical cells is prominent and the cells
have become cuboidal and vacuolated. Forty-eight h after estro
gen treatment, the cervical epithelium is composed of more
than 12 cell layers. The upper cell layers show flattening and
there is a layer of cornified cells directly beneath the superficial
vacuolated cells. The superficial layer of vacuolated cells begins
to detach from the epithelium at this time. Fig. 1 shows repre
sentative histolÃ³gica! sections from rats treated with vehicle
alone or with 5 ^g of estradiol valerate 24 or 48 h earlier.

Staining of Rat Cervical Epithelium with AE1 and AE3. AE1
and AE3 are monoclonal antibodies that were developed against
human epidermal keratins. AE1 reacts with acidic keratins (type
I) from a variety of species, whereas AE3 reacts with basic
keratins (type II) (10, 11, 14). These two antibodies have been
widely used to study keratin expression in epithelia and we have
used them to investigate keratin expression in rat cervical
epithelial cells in vivo and in vitro. To determine the effects of

steroid hormone treatment on staining with these antibodies,
ovariectomized rats were given injections of either S Â¿igestradiol
valerate or control vehicle alone, and 48 h later the cervices
were removed and cryostat sections were stained with the two
monoclonal antibodies. The one- to three-cell layer-thick cer
vical epithelium from control rats given injections of vehicle
alone does not react with the AE1 antibody (Fig. 2, A and B).
In contrast, cervical epithelium from control rats does stain
strongly with the AE3 antibody (Fig. 2, C and D). When the
thickened epithelium of estrogen-treated rats is stained with
the AE1 antibody, the basal cell layer and one to two cells above
the basal cell layer do not stain (Fig. 3, A and B). The suprabasal
cells do however stain strongly with AE1. AE3 antibody
strongly stains the entire thickness of the epithelium from
estrogen-treated animals, including the basal cell layer (Fig. 3,
C and I)). These results indicate that staining with AE1 and
AE3 antibodies distinguishes nondifferentiating, basally located
cells from the more differentiated cells that develop in response
to steroid hormones.

Early passage RCEC grown on collagen-coated coverslips
were stained with the AE1 and AE3 antibodies to determine
whether the pattern of staining in culture resembles the muli!
ferentiated cells of ovariectomized animals or the more differ
entiated superficial cells that develop after estrogen treatment.
Staining of RCEC that have just become confluent with AE1
shows that only occasional cells stain with the antibody, and in

Fig. 2. Immunofluorescence staining of frozen sections of cervical epithelium from an ovariectomized rat with AE1 and AE3. A and /'. phase and immunofluores-
cence of sections stained with AE1 antibody. Note that the epithelium is only 1-3 cells thick and does not stain with this antibody. C and I), phase and
immunofluorescence of sections stained with AE3 antibody. Note that the epithelium is stained with this antibody. Original magnification, x 250.
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CHARACTERIZATION OF RCEC

Fig. 3. Immunofluorescence staining with AE1 and AE3 of frozen sections of cervical epithelium from an ovariectomized rat treated with 5 ÃŸgestradici valerate
48 h earlier. A and B, phase and immunofluorescence of sections stained with AE1 antibody. Note that the epithelium is quite thick and that the antibody stains only
the suprabasal layers of cells. Arrows mark the basement membrane. C and /'. phase and immunofluorescence of sections stained with AE3 antibody. Note that the
full thickness of the epithelium is stained with this antibody. Original magnification, x 250.

fact most microscopic fields contain no positive cells. Fig. 4A
is a nonrepresentative field from a confluent monolayer of
RCEC that has four AE1-positive cells. The stained cells have
a somewhat smaller diameter than do the nonstained cells
(compare to Fig. 4B). Since electron microscopic studies have
shown that RCEC tend to multilayer in culture upon reaching
confluence (8), it is possible that AE1-positive cells represent
superficial cells in the cultures. However, we have been unable
to determine by phase contrast microscopy whether the positive
cells are in fact superficial cells in the cultures. In contrast to
the results seen with AE1 staining, almost all of the cells in the
monolayer stain positively with the AE3 antibody (Fig. 4B).
These results suggest that RCEC in vitro resemble the nondif-
ferentiated cells of the basal layer of the cervix that do not stain
with AE1 antibody.

Keratin Composition of Cervical Epithelial Cells. To deter
mine the effects of estrogen on keratin proteins in the rat
cervical epithelium, cytoskeletal extracts were prepared from
the epithelium and analyzed by two-dimensional gel electro-
phoresis. For these studies, ovariectomized animals that were
treated with either 5 /ig estradici valerate or vehicle alone were
sacrificed 48 h after drug treatment and cryostat sections were
made from the cervix. The cervical epithelium present in the
sections was then microdissected away from the underlying
stroma and cytoskeletal extracts enriched for intermediate fil
aments were prepared from the isolated epithelial sheets. The
extracts were analyzed by two-dimensional electrophoresis by

using NEPHG in the first dimension with SDS-PAGE in the
second dimension. Cytoskeletal extracts prepared and analyzed
by this method contain predominately intermediate filament
proteins, actin, and a number of minor bands (23). Fig. 5./
shows the gel pattern obtained from ovariectomized rats treated
with vehicle alone. The cytoskeletal extract contains significant
amounts of actin as well as vimentin that is presumably a
contaminant derived from nonepithelial cells in the stroma.
Both of these proteins were identified by comigration on two-
dimensional gels with actin and vimentin in cytoskeletal ex
tracts of primary rat cervical fibroblast cultures. In addition to
actin and vimentin, preparations from control rats contain four
other major proteins. The major basic protein has a molecular
weight of 58,000 and the acidic components have molecular
weights of 54,000, 52,000, and 50,000. The M, 58,000, 54,000,
52,000, and 50,000 proteins have been designated proteins 5,
13, 14 and 17, respectively, since they migrate similarly in this
gel system to human keratins of these designations, using the
catalogue described by Moll et al. (9). The M, 58,000, 54,000,
and 50,000 proteins are the same proteins designated keratins
1, 3, and 5 by Moll et al. in murine vaginal epithelium (13).
Cytoskeletal preparations from estrogen-treated cervices were
compared to those from control animals (Fig. 5B). The predom
inant changes are relatively enhanced amounts of the A/,, 58,000
basic protein (protein 5) and the appearance of an additional
A/r 57,000 basic component. This M, 57,000 protein migrates
similarly to human cytokeratin 6 and is identical to a keratin
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CHARACTERIZATION OF RCEC

from murine vaginal epithelium designated keratin 2 by Moll
et al. (13). Although the relative amounts of acidic components
13 and 17 do not appear to change after estrogen treatment,
two new acidic components with molecular weights of 51,000

Fig. 4. Immunofluorescence staining with AE1 and AE3 of confluent mono-
layers of RCEC. A, staining with AE1 antibody; B, staining with AE3 antibody.
Original magnification, x 400.

â€¢NEPHG

Fig. 5. Cytoskeletal protein analysis by
two-dimensional gel electrophoresis. Â«â€”,direc
tion of nonequilibrium pH gradient electro
phoresis in first dimension; J, direction of sec
ond dimension electrophoresis in presence of
SDS. Gels have been silver stained. A, cyto
skeletal proteins extracted from microdis
sected epithelium from exocervix of control
ovariectomized rat; B, cytoskeletal proteins ex
tracted from exocervix of ovariectomized rat
treated with S nv.estradici valerate 48 h earlier.
Note that after estrogen treatment there is an
increase in the basic component designated 5
and the appearance of basic component 6. C,
cytoskeletal proteins from primary cultures of
RCEC. Note that cultured cells contain 3 com
ponents (7, 8. and 19) not identified in tissue
samples. D, cytoskeletal proteins from RCEC
extensively passaged in culture. *, position of
bovine serum albumin; spot A, position of ac-
tin: spot V, vimentin which is present as a
contaminant in the tissue samples.

A

(protein 15) and 52,000 (protein 16) are present. In addition to
the differences described after estrogen treatment, several other
minor proteins are different in Fig. 5, A and B. These proteins
do not correspond to known keratins and were not reproducible
in different cytokeratin isolations. The above results indicate
that estrogens cause significant alterations in protein compo
sition of cytoskeletal extracts from the rat cervical epithelium
in vivo.

Proteins present in cytoskeletal extracts of primary cultures
of RCEC were determined (Fig. 5C). Cytoskeletal extracts from
primary cultures contain a number of proteins not identified in
cervical epithelium in vivo. Two neutral to basic proteins with
molecular weights of 55,000 (protein 8) and 56,000 (protein 7)
that migrate on NEPHG with mobilities similar to that of BSA
are expressed /'// vitro. In addition, an acidic component with a

molecular weight of 40,000 (protein 19) is found in vitro but
not i/i vivo. The amount of component 17 appears to be rela
tively reduced in vitro and no vimentin is detectable by these
methods in the cultured cells. The amount of the high molecular
weight basic component 5 is similar to that seen in the undif-
ferentiated cells of control ovariectomized animals. Fig. SO is
from cultures of RCEC that have been maintained for 15
passages in vivo. The proteins in the cytoskeletal extracts from
extended passage cells are similar to those of primary cultures.
Cytoskeletal extracts from a number of RCEC cultures of
varying passage numbers have been analyzed and components
5 and 6 are sometimes reduced to nondetectable levels after
extended culture.

In several other epithelial culture systems it has been found
that keratin expression changes rapidly when cells are placed
in culture (24-29). Usually the keratins expressed in culture
are of a lower molecular weight and are keratins associated with
a less differentiated state of the epithelium. The neutral to basic
protein 8 and the acidic protein 19 that are found in RCEC in
vitro but not in vivo migrate similarly in two-dimensional gels
to two keratins described by Moll et al. from murine endome-
trium (13). To determine whether or not these proteins were
identical, they were coelectrophoresed with cytoskeletal prepa
rations prepared from microdissected endometrium of castrated
rats. Proteins 7, 8, and 19 have identical mobility on two-
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CHARACTERIZATION OF RCEC

dimensional gels to keratins present in the endometrial epithe
lium of estrogen-treated rats in vivo. Two of these endometrial
keratins have previously been described in cytoskeletal prepa
rations of murine intestinal epithelium (30, 31).

Immunoblot Analysis of Proteins in Cytoskeletal Extracts.
Immunoblots were done to determine which of the proteins
present in the cytoskeletal extracts react with the AE1 and AE3
antikeratin antibodies. Fig. 6 is an immunoblot of a cytoskeletal
extract from the isolated cervical epithelium of an ovariecto-
mized adult rat treated with vehicle alone 48 h earlier. Fig. 6B
has been stained with the AE1 antibody that reacts with acidic
keratins. The acidic protein 14 stains with this antibody; how
ever, the acidic components 13 and 17 do not stain. AE1

NEPHG

<:,*13
,15
17

-NEPHG

V

14â€”
-17

A

16

A B

14â€”

B

5'

C

Fig. 6. Immunoblol analysis of cytoskeletal extract from isolated cervical
epithelium of ovariectomized control rat. A, silver-stained two-dimensional gel of
cytoskeletal extract: B. immunoblot using AEI antibody; C, immunoblot using
AE3 antibody. Keratin 14 stains strongly with AEI. The only protein that stains
with AE3 is keratin 5.

Fig. 7. Immunoblot analysis of cytoskeletal extract from isolated cervical
epithelium of ovariectomized rat treated with S Mgestradici valerate 48 h earlier.
.â€¢(.silver-stained two-dimensional gel of cytoskeletal extract; B, immunoblot using
AEI antibody; C, immunoblot using AE3 antibody. Keratins 14. 15, and 16 stain
strongly with AEI; keratins S and 6 stain with AM.

antibodies also do not stain the acidic human cytokeratins 13
and 17. Fig. 6C has been stained with the AE3 antibody that
reacts with basic keratins. Only the basic protein 5 stains with
this antibody. Fig. 7 is an immunoblot for a cytoskeletal extract
from the cervical epithelium of an ovariectomized rat treated
with estrogen for 48 h. The acidic proteins 14, 15, and 16 all
stain with the AEI antibody and the basic proteins 5 and 6
stain positively with AE3 antibody. As with cytokeratin prepa
rations from non-estrogen-treated rats, acidic components 13
and 17 fail to stain with the AEI antibody. Cytoskeletal extracts
from cultured RCEC were also analyzed by two-dimensional
gel electrophoresis and immunoblotted by using the two anti
bodies. AEI antibody stains only protein 14 (Fig. 8Ã„),whereas
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CHARACTERIZATION OF RCEC

AE3 antibody stains not only the basic protein 5 but also
proteins 7 and 8 (Fig. 8C). It should be noted that although
protein 16 in estrogen-treated cervical epithelium appears to
migrate similarly to protein 18 present in cytoskeletal extracts
from both cultured RCEC and the epithelium from ovariecto-
mized rats, protein 16 stains with AE1 whereas protein 18 does
not.

DISCUSSION

In rats during the anestrous stage of the estrus cycle the
epithelium of the lower endocervix and cervix is immature and
is composed of at most 2 to 3 cell layers. During proestrus, the

â€¢NEPHG

*.

A

â€¢14

B

7-
8Â«

Fig. 8. Immunoblot analysis of cytoskeletal extract from primary cultures of
RCEC. Ã•,silver-stained two-dimensional gel of cytoskeletal extract; I!, inumino
blot using AEI antibody; C, immunoblot using AE3 antibody. Keratin 14 stains
strongly with AEI; keratins 5,1, and 8 stain with AE3.

next stage of the cycle, the cervical epithelium proliferates and
keratinized cells appear beneath a layer of mucinified cells.
Subsequently the mucinified layer is sloughed off the epithe
lium. The morphological changes that occur cyclically during
the rodent estrus cycle also occur when ovariectomized rats are
treated with estrogens and are histologically similar to the
changes that occur in the human cervix during the development
of squamous metaplasia (6). This suggests that cultured rat
cervical epithelium might provide an appropriate in vitro model
for studying the development of squamous metaplasia. In this
communication two-dimensional gel electrophoresis and mono
clonal antibodies directed against different keratin classes have
been used to analyze the expression of keratins in cultured
RCEC and to compare the keratins in cultured cells to those
that are expressed in vivo. The AEI and AE3 antikeratin
monoclonal antibodies used in these studies were raised against
human epidermal keratins (11) but react with keratins from a
variety of species, including rabbit (14), mouse (32), and as
shown in this report, rat. These two antibodies have been widely
used to study the distribution of keratins within tissues. The
AEI antibody reacts with a subfamily of keratins that are
relatively acidic (type I), whereas the AE3 antibody reacts with
a relatively basic subfamily (type II) (33).

The AEI and AE3 antibodies were found to preferentially
stain cells of different cell layers within the rat cervix. Neither
the undifferentiated cervical epithelial cells from ovariecto
mized animals nor the basally located cells in estrogen-treated
animals stain with the AEI antibody. However, these cells as
well as the more superficial cell layers in estrogen-treated
animals do, however, stain with the AE3 antibody. Using mono
clonal antibodies against keratin polypeptides associated with
stratified epithelium, Franke et al. (34) have found a similar
staining pattern by immunofluorescence in the human exocer-
vix which is normally stratified. Antibodies against keratin
polypeptides associated with stratified epithelium do not stain
the basally located cells in the human exocervix. The basally
located cells do stain, however, with antibodies directed against
keratin polypeptides associated with simple epithelia (34). To
determine whether the lack of staining of the undifferentiated
cervical cells found in the absence of hormonal stimulation
reflects the absence of AEI cross-reactive antigen from these
cells or instead is due to masking of the AEI reactive epitope,
immunoblots were performed by utilizing cytoskeletal extracts
from the epithelium of ovariectomized females. These results
indicate that an AEI-reactive M, 52,000 acidic protein is pres
ent in the cytoskeletal extracts from basally located cells. There
fore the lack of staining of the immature epithelium from
ovariectomized rats appears to be due to masking of AE1-
reactive epitopes rather than the loss of the epitope. Although
the molecular mechanism responsible for the concealment of
antigenic determinants on intermediate filaments is unknown,
masking of antigenic determinants for monoclonal antikeratin
antibodies has been reported to occur in a variety of cells and
tissues, including the basal layer of human skin (11), cells during
different phases of the cell cycle (35), and murine mammary
epithelial cells in culture (32).

Previous ultrastructural analysis of cultured RCEC indicated
that the cells in vitro morphologically resemble the immature
cervical epithelium of ovariectomized animals (8). Comparison
of the staining pattern of cultured RCEC to those that occur in
vivo indicates that by this criterion they also resemble the
immature epithelium of ovariectomized rats, since only occa
sional cells in culture stain with AEI antibody, but all of the
cultured cells stain with the AE3 antibody. To further charac-
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terize the keratins present in RCEC in vitro, cytoskeletal ex
tracts of the cells were compared to those obtained from the
epithelium of animals whose hormonal status was known. The
keratins expressed in the female genital tract of humans, ro
dents, and cows have been catalogued by Moll et ai. In their
studies of the murine female genital tract, using animals whose
stage in the estrus cycle was not determined, it was found that
the stratified epithelium of the vagina, exocervix, and cervical
canal all contain two major basic cytokeratins of molecular
weights of approximately 57,500 and 58,500 and two major
acidic keratins (13). These keratins appear to be similar to if
not identical to the major cytokeratins described in a cultured
mouse keratinocyte line, HEL cells (23). More recently Kro-
nenberg and Clark (36, 37) have studied the effects of estrogens
on the expression of keratins in the rat vaginal epithelium.
Using one-dimensional gel electrophoresis, estrogen treatment
was found to cause a marked increased in the relative amounts
of six separate keratins (Mr 50,000, 51,000, 53,000, 57,000,
58,000, and 60,000). However, 48 to 72 h of estrogen treatment
was not found to result in the differential expression of any
unique keratins. In addition, comparison of extracts from cells
from the lower epithelial layers with extracts from the full
thickness of the cervical epithelium showed that all six keratin
bands were present in each preparation and regional variations
could not be demonstrated. Using microdissected epithelial
sheets from the exocervix instead of the vagina and two-dimen
sional gel analysis, we have found that treatment of ovariecto-
mized rats with estrogen for 48 h results in the appearance of
three new proteins in cytoskeletal extracts not detectable in
control animals. One of these proteins has a molecular weight
of 57,000 and is basic, whereas the other two proteins (proteins
16 and 15) are acidic and have molecular weights of 52,000 and
51,000. Immunoblot analysis with the use of the AE1 and AE3
antibody showed that all three proteins react with the antiker-
atin antibodies. In addition, the relative amount of protein 5
(58,000) was increased after estrogen treatment. These results
indicate that specific keratins are expressed in the rat uterine
exocervix as a function of the degree of differentiation of the
cells and that these keratins could serve as markers for the state
of differentiation of RCEC in vitro.
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