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Abstract. Rat vaginal epithelial layers from animals in different phases of the estrous cycle
showed positive immunofluorescence when treated with either monoclonal antibody to
intermediate filaments or immunoglobulin G fraction of antiserum raised against epidermal
keratin filaments. During estrus, the intensity of fluorescence observed was maximum in the
keratinized cellular layers. In estradiol-primed immature and ovariectomized rats the
maximum fluorescence intensity was observed in the layers immediately lining the lumen.
However, basal layers in ovariectomized rats also showed some fluorescence. Data
presented in this communication indicate that the abundance of keratin filaments in vaginal
epithelial cells can be modulated by altering the level of estradiol in the system.
Keywords. Immunofluorescence; electron microscopy; keratin filaments; intermediate
filaments; estradiol; vaginal epithelium.

Introduction
A family of intermediate filaments (IF) from various species has been characterized
on the basis of biochemical and immunological properties (Aynardi et al., 1984). One
type of cell may contain more than one class of intermediate filaments (IF) (Osborn
et al., 1980; Henderson and Weber, 1981). One of the types of IF resembles the
tonofilaments seen in epithelial cells (Brysk et al., 1977). Most of the recent work on
keratin filaments in vivo and in vitro has been done mainly on skin and uterine
epithelial cells (Aynardi et al., 1984; Eichner et al., 1985). Keratinization of vaginal
epithelial cells (VEC) depends on the level of circulating estradiol in the system
(Kronenberg and Clark, 1985a, b; Vijayasaradhi and Gupta, 1987). Recently we have
demonstrated that rat VEC in vitro also keratinize and show characteristic microridges in the presence of estradiol in the culture medium (Vijayasaradhi et al., 1987).
We have also shown that in vivo the rats become responsive to estradiol as early as 10
days after birth; however, microridges on the surface of VEC are seen only from day
60 (Vijayasaradhi and Gupta, 1987).
The present study was based on the use of specific antibodies to keratin filaments
and was initiated to obtain more information on (a) responsiveness of cell type to
estradiol, (b) distribution of keratin filaments in various layers of the vaginal
epithelium in different stages of the estrous cycle and in immature and adult ovari
ectomized rats primed with estradiol and (c) cross-reactivity between keratin and IF.
The intracellular distribution of keratin filaments (tonofilaments) in vaginal epithelial cells (VEC) was also studied using electron microscopic techniques.
†To whom all correspondence should be addressed.
Abbreviations used: IF, Intermediate filaments; VEC, vaginal epithelial cells; IgG, immunoglobulin G;
PBS, phosphate buffer saline; FITC, fluorescent isothiocynate; VKF, vaginal keratin filaments.
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Materials and methods
The estrous cycle of adult Wistar rats was assessed daily by vaginal smears taken
between 1000 and 1200 h. Only those animals exhibiting two consecutive normal
estrous cycles were used for the present study (Vijayasaradhi and Gupta; 1987).
Bilateral ovariectomy was performed on the randomly chosen adult cycling rats.
Vaginal smears of ovariectomized rats were examined for at least two weeks after the
operation. Immature (30 day old) and ovariectomized rats were primed with
estradiol-17β (0·1 µg/g body weight) obtained from Sigma Chemical Co., St. Louis,
Missori, USA. Vaginae were excised quickly from adult cycling, immature and ovari
ectomized estrogen-primed and control rats. Small pieces of the tissue were placed
vertically, sandwiched between two rectangular blocks of liver dissected out from the
same animal. The sandwiches were mounted on tissue holders and immediately
placed on the pre-cooled metallic block ( –20°C) in the chamber of an American
Optical Histostat microtome. After leaving the tissue in the chamber for about 1 h,
5–10 µm thick sections were cut. These sections were collected on clean glass
coverslips and stored at –20°C until further use. Before staining, the tissue sections
were allowed to reach room temperature. The sections were incubated for
localization of keratin filaments using the sandwich technique (Gupta, 1983). Briefly,
the sections were incubated in either the monoclonal antibody to IF (culture super
natant at 1:10 dilution) or the immunoglobulin G (IgG) fraction of rabbit antiserum
to epidermal keratin (dilutions 1:50 to 1:100). The 1:100 dilution gave good results.
One mg/ml bovine serum albumin was added to the antiserum. The sections were
incubated in diluted antibody for 30 min at room temperature (30° ± 2°C) in a humid
chamber. After incubation the sections were washed with phosphate buffered saline
(PBS) and reincubated in fluorescein isothiocyanate (FITC)-conjugated rabbit antimouse IgG at 1:10 dilution or goat anti-rabbit IgG-FITC at 1:10 dilution. After
incubation for 15-20 min at room temperature, the sections were washed thoroughly
with PBS, dried and mounted in 70% glycerol in PBS (pH 8).
To check the specificity of the fluorescence reaction the following control
experiments were performed:
(a)Antibody control: (i) Normal rabbit serum was used instead of antiserum
against keratin filaments, (ii) The treatment with first antibody (antibody to IF or
keratin filaments) was avoided, in other words, the sections were directly incubated
in rabbit anti-mouse IgG-FITC or goat anti-rabbit IgG-FITC as described above. In
these sets of experiments no fluorescence was detectable.
(b)Hormone control: Immature and ovariectomized rats not treated with estradiol
were used. In these sets of experiments some diffuse fluorescence was seen.
The sections were examined in a Polyvar (Reichert-Jung) microscope with a 425475 nm excitation filter and at 510 nm barrier filter. Ilford FP4 (125 ASA/22 DIN)
film was used for photography.
Small pieces of vaginae from normal adult cycling, immature control and estradiol
primed, and adult ovariectomized control and primed rats were fixed in 3% gluta
raldehyde, post-fixed in 1% osmium tetroxide, washed, dehydrated and embedded in
Araldite (Gupta, 1983). Ultrathin sections were examined in a Jeol 100 CX electron
microscope.
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Results
Frozen sections of vaginal epithelium obtained from proestrus, estrus, diestrus,
estrogen primed and control rats were stained by the indirect immunofluorescence
method for locating keratin (intermediate) filaments. Essentially, there is no significant difference between the data obtained using monoclonal antibody to IF and
those using the IgG fraction of rabbit antiserum to epidermal keratin. The
monoclonal antibody stained the filaments in tissue from all phases of the estrous
cycle. However, distinct differences in the distribution of these filaments were clearly
observed. In proestrus tissue, all the cell layers exhibited a staining pattern of uniform
intensity evenly distributed in the cytoplasm (figure 1). The basement membrane
shows an intense fluorescence. There was no reaction in the nuclei. In estrus tissue
superficial layers did not show any cellular details since they were keratinized at this
stage. An intense fluorescence was localized in the cell layers projecting towards the
lumen. A less intense fluorescence in the cells of basal and intermediate zones was
also observed (figure 2). However, here also basement membrane shows an intense
positive fluorescence. Diestrus epithelium closely resembled the proestrus epithelium
in its staining pattern (figure 3). However, the intensity of the fluorescence was signi
ficantly lower in diestrus compared to that in proestrus and estrus. Again, in diestrus
the cellular details were clear even in the superficial layers. Diffuse fluorescence was
observed in the cytoplasm of the cells; the nuclei remained free from it.
Studies on the intracellular distribution of tonofilaments in various phases of the
estrous cycle and in immature control and estradiol-primed. as well as in adult
ovariectomized and estradiol-primed VEC showed that tonofilament bundles are
present only in the cytoplasm. During early developmental stages no tonofilament
bundles are seen. However, after estradiol treatment tonofilament bundles appear in
the VEC. Similarly ovariectomized rat VEC do not show these bundles but primed
ovariectomized rat VEC do show these bundles in the cytoplasm (figures 4–6).
Estradiol-primed immature rats show distinct differences in the distribution of
immunofluorescence from that of estradiol-primed adult ovariectomized animals.
In tissue from the vehicle injected 30-day-old control animals, a diffuse fluorescence
was present in all the 3 cell layers (superficial, intermediate and basal) of the vaginal
epithelium (figure 7). Twelve h after estradiol administration, intense fluorescence was observed towards the stromal side of the basal epithelial cells. A few
cells in the intermediate layer were also stained intensely (figure 8). Basement
membrane also stained strongly positive. In tissue from the ovariectomized vehicle
injected control, the basal cells were stained brightly (figure 9); administration of the
hormone resulted in an increase in the intensity of fluorescence in the superficial
differentiating cell layers. However, stromal cell layers also showed positive
fluorescence (figure 10).
Discussion
It has already been shown by several workers that epidermal pre-keratin and keratin
filaments belong to the IF family (Eichner et al., 1985; Sun et al., 1985). Epidermal
keratin filaments differ from the vaginal keratin filaments (VKF) at least in one
respect that is, VKF are modulated by the level of estradiol in the system.
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Figures 1–3. For caption, see p. II5.
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Figures 4-6. For caption, see p. II5.
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Figures 7–10.
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Nevertheless, antibodies to IF or epidermal keratins cross-react with vaginal keratin
filaments. Using these antibody probes we have shown that vaginal keratin also
belongs to the IF family, at least on the basis of immunological cross-reactivity. Our
unpublished data based on sodium dodecyl sulphate-polyacrylamide gel electrophoretic analysis of vaginal epithelial cell extracts from immature rats indicate the
presence of keratin polypeptides of lower molecular weight (about 46–55 kDa)
whereas adult estrus rats and immature rats primed with estradiol show higher
molecular weight polypeptides (about 52–68 kDa).
Recently, Kronenberg and Clark (1985a, b) and our group (Gupta et al., 1986;
Vijayasaradhi et al., 1987; Vijayasaradhi and Gupta, 1987) have shown using in vivo
and in vitro models that the keratinization of rat VEC depends on the level of
estradiol in the system. The present immunofluorescence study, after administration
of estradiol to immature (30 day) and ovariectomized adult animals also reveals that
the primary response to the hormone leads to proliferation of cells and enhanced keratin synthesis in the cells of the basal layer. In the ovariectomized adult animals the
primary response appears to be differentiation of intermediate layers with increased
keratin synthesis. These observations indicate a possible difference in the
manifestation of primary response to estradiol between the vaginal epithelium of
animals exposed for the first time and those which were exposed before, but were
deprived of the hormone by ovariectomy. Further, during the estrous cycle, the
maximum intensity of the fluorescence is seen in estrus when the circulating estradiol

Figures 1-3. Frozen tissue sections incubated in monoclonal antibody to intermediate
filaments. Rabbit antimouse IgG-FITC was used for fluorescent staining. 1. Vagina from
proestrus rat. Basement membrane shows an intense positive reaction. Cell cytoplasm of
basal and intermediate layers react positively (× I700). 2. Vagina from estrus rat. Upper
cornified layers show intense positive fluorescence. Intermediate layers do not show much
reaction while basal layers show moderately positive reaction (× I200). 3. Vagina from
diestrus rat. All cells show a diffuse positive fluorescence except the basement membrane
(× I400).
L, Lumen; B, basement membrane.
Figures 4-6. Transmission electron micrographs of thin sections of vaginal epithelial cells.
Mainly upper (luminal) layers are shown. 4. Vagina from estrus rat. Tonofilaments (in
form of bundles) are distributed in the cytoplasm (× 9000). 5. Vagina from 30 day old
hormone-primed rat. Though no filaments are seen in the cytoplasm, desmosomes
and membrane complex are seen. Vaginal tissue from control rats does not show any such
features (× 30,000). 6. Vagina from diestrus rat. Tonofilaments are not so conspicuous
(× 8,000).
T, Tonofilaments; N, nucleus; L, lumen.
Figures 7-10. Frozen tissue sections incubated with monoclonal antibody to intermediate
filaments. Rabbit antimouse IgG-FITC was used for fluorescent staining. 7. 30 day old rat
vagina. Diffuse fluorescence is seen in all cells. Basement membrane show an intense positive
fluorescence (× I800). 8. 30 day old rat vagina, primed with estradiol- 17ß. Besides VEC,
basement membrane and stromal cells also show an intense fluorescence (× 2000).
9. Adult ovariectomized rat vagina. Vaginal epithelial layers are only few cells thick. VEC
are not positive. Basement membrane shows an intense positive fluorescence. Some stromal
cells also show the positive reaction (× 2000). 10. Adult ovariectomized (estrogen primed)
rat vagina. Vaginal epithelial layer becomes thick and shows positive reaction in the
cytoplasm. Stromal cells also show fairly good fluorescence (× 2000).
L, Lumen; B, basement membrane; SC, stromal cells.
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is maximum (Brown-Grant et al., 1970; Butcher et al., 1974). Proestrus cells showed
higher fluorescence intensity compared to diestrus cells. This again reflects the level
of circulating estradiol in the two phases of the cycle.
The functions of IF are poorly understood (Goldman et al., 1985; Weber and
Giesler, 1985). In stratified squamous epithelia, the keratin or tonofilament sub-class
of IF accounts for 30% or more of cell protein. These filaments form a dense,
insoluble intracellular matrix during terminal differentiation that aids in the
protective barrier function of the epithelia. However, no function has been assigned
with certainty to the keratin filaments that are abundant in many other epithelia
(Franke et al., 1978, 1981; Sun et al., 1979).
There is good agreement between electron microscope and fluorescence
microscope studies on the intracellular distribution of tonofilament (electron micro
scopy) and IF (immunofluorescence) in the vaginal epithelium. The fluorescence
intensity is directly proportional to the abundance of tonofilament in the cytoplasm
of the VEC. The cells showing diffuse fluorescence also do not show many
tonofilament bundles.
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