Cytokeratin expression in human fetal tongue and buccal mucosa
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Expression of cytokeratins (CK), a subset of intermediate filament (IF) proteins in epithelia, is developmentally
regulated. CK expression may also change after malignant transformation. Our earlier studies on CK expression
in human oral tumours and pre-cancerous lesions have shown specific changes in CK expression. We analysed
CK expression in human tongue and buccal mucosa (BM) in fetuses in the embryonic age group of 16 to 27
weeks using biochemical and immunohistochemical techniques to find out whether there is any similarity in CK
expression in human oral squamous cell carcinomas (SCC) and fetal oral tissues. CK 1, 8 and 18 were detected in
amajority of samples using both techniques. Our earlier studies had shown aberrant expression of CK 1 and 18 in
many of the oral SCC and leukoplakias. Studies by immunohistochemistry showed that these different CK anti-
gens were expressed in different cell layers. CK 1(2) were present in the stratified epithelial layers whereas CK 8
and 18 were restricted to glandular epithelium. Till 27 weeks of gestation, both tongue and BM expressed CK 1,
8 and 18 along with CK 6 and 16. Thus, fetal tissues showed some similarities in CK pattern with their respec-

tive SCC.

1. Introduction

Cytokeratins (CK), a group of intermediate filaments (I1F),
are specifically expressed by epithelial tissues (Anderton
1981). There are 20 different polypeptides of CK exp-
ressed by human epithelia that have been catalogued on
the basis of their molecular weights and isoelectric points
(Moll et al 1982a, 1990). CKs are subdivided into two
distinct subfamilies, type | —acidic and type Il — basic or
neutral (Eichner et al 1986). These are expressed in
specific pairs comprising one member of each subfamily
(Hatzfeld and Franke 1985). Expression of CK is also
differentiation dependent and developmentally regulated
(Franke et al 1982). In the human oral cavity, al the
lining epithelia express the CK pair of 5 (58 kDa) and 14
(50 kDa) but expression of other CKs differ in different
tissues depending upon the state of differentiation and
keratinisation (Morgan et al 1987). Thus, buccal mucosa
(BM) —a stratifying, non-keratinising tissue, expresses
CK 4 and 13 aong with CK 5 and 14, while dorsal tongue,
which is a keratinising tissue, expresses CK 1 and 10
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instead of CK 4 and 13. CKs expressed during embryonic
development are not always expressed in the respective
adult tissues. CK expression patterns during fetal deve-
lopment have been studied in human tissues such as tra-
chea, breast, lung, stomach, intestinal epithelium, skin,
and enamel organs and were found to be different from
those in adults (Moll et al 1982b; Dale et al 1985; Reagur
et al 1985; Broers et al 1989; Kasper et al 1989; Stosiek
et al 1991).

CK expression may also change after malignant trans-
formation. Our earlier studies on CK expression in human
oral pre-cancerous lesions and squamous cell carcinomas
(SCC) have shown aberrant expression of some CKs
(Vaidya et al 1989, 1996, 1998). To find out whether
these CKs expressed aberrantly in cancers are also seen
during human fetal development, we analysed CK expres-
sion in human tongue and BM in the embryonic age group
of 16 to 27 weeks using both biochemical and immuno-
fluorescence techniques. We report on the expression of
CK 1, 8 and 18 in both human fetal tongue and BM up to
27 weeks of gestation.
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2. Materialsand methods
2.1 Primary antibodies

Monoclonal antibodies (MAb)-RPN 1161 against CK 1
(67 kDa), and CK 2 (63-65 kDa), and RPN 1164 against
CK 8 (52%6 kDa) were procured from Amersham Inter-
national, Bucks., England. MAb to CK 18 (45 kDa) was
purchased from Boehringer Mannheim Biochemica, Ott-
weiler, Germany. Since RPN 1161 reacted with both CK 1
and 2, both these CKs are mentioned in the results of im-
munofluorescence while these CKs are identified by their
number on the basis of 2-D gel electrophoresis. A pan-
keratin antibody raised in rabbits in the laboratory was
used for immunoblotting (Vaidya et al 1989).

2.2 Secondary antibodies

Goat anti-rabbit 1gG-horse radish peroxidase (HRPO)
conjugate was obtained from Lupin Laboratory, Bhopal.
FITC conjugated goat anti-mouse 1gG, biotinylated goat
anti-mouse 1gG, and Streptavidin-HRPO were purchased
from Sigma Chemical Company, MO, USA.

Chemicals were purchased from the following sources.
Nonidet-P-40 from Fluka Laboratories, Buchs, Switzer-
land. Ampholines pH range 58 and 30100, phenyl-
methylsulphonylfluoride (PMSF), Antipain, Pepstatin A
and diaminobenzidine tetra hydrochloride, mounting medium
Citifluor from Sigma Chemical Company, MO, USA.

Thirty-two human abortuses were collected from Nowrogi
Wadia Maternity Hospital, Mumbai, and 32 tongue and
31 BM samples from these were used for histology,
immunofluorescence and gel electrophoretic analysis. The
age of the fetuses was determined by measuring crown-
rump length and confirmed by history of pregnancy. The
fetuses ranged in embryonic age from 16 to 27 weeks.
None of the fetuses showed any obvious malformations.

Immediately after obtaining the fetus, the tissues were
dissected and divided into two lots, one for microscopic
studies and the other for biochemical analysis. Frozen
unfixed tissues were cut on cryostat. Serial 5 to 6 nm
thick sections were cut at — 20°C. From each sample, one
section was stained with haematoxylin and eosin for histo-
logy. The other sections were immediately used for indir-
ect immunofluorescence staining or stored at — 20°C till
further processing.

2.3 Immunofluorescence analysis

Sections were fixed with chilled methanol at — 20°C for
5min before staining. After two 10 min washes with
phosphate buffered saline (PBS), the sections were incu-
bated with the appropriate MAb for 1 h at room tempera-
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ture. After three washes with PBS, the slides were
incubated with normal goat serum for 30 min at room
temperature and the sections were then incubated with
FITC conjugated goat anti-mouse IgG for 1 h at room
temperature in the dark. After three more 10 min washes with
PBS, the slides were mounted with coverslips using Citi-
fluor mounting medium. In the negative controls, the pri-
mary antibody was replaced with PBS. The sections were
then examined using a Zeiss epi-fluorescence microscope.

2.4 Gel electrophoresis

CK isolation, one-dimensional separation by sodium
dodecy! sulphate polyacrylamide gel electrophoresis (SDS-
PAGE), immunoblotting and two-dimensional gel electro-
phoresis using isoelectric focussing (IEF) asfirst dimension
and SDS-PAGE as second dimension as well as immuno-
blotting were performed on samples as described earlier
(Vaidya et al 1989). The immunoblots with the pankeratin
antibody were carried out on all the samples studied by
SDS-PAGE aone.

3. Results

Cytokeratin expression was studied in human fetal tongue
and BM in 16 to 27 weeks old fetuses by immunofluores-
cence or gel electrophoresis or both simultaneously.

3.1 Tongue

Normal human adult tongue expresses CK 1, 2, 4, 5, 6,
10, 13, 14 and 16 and occasionally 17. CK 5 and 14 are
found only in the basal layer of both fungiform and fili-
form papillae. CK 1 and 10 are seen in spinous and granu-
lar layers of fungiform and filiform papillae. CK 4 and 13
are expressed in the spinous and granular layers of fili-
form papillae only. CK16 is found in spinous, granular
and cornified layers of fungiform papillae and all the lay-
ers of filiform papillae, although the intensity varies from
layer to layer (Sawaf et al 1990).

3.1a Histology: At 16 weeks, the tongue epithelium
appeared thin with three epithelial cell layers. Their cyto-
plasm was clear and superficial cells did not show flatten-
ing. The epithelial cell layers became thicker from 18
weeks onwards (figure 1). Cytoplasm of the suprabasal
cells showed higher eosinophilia. The number of flattened
superficial cells increased with age. From 20 weeks
onwards, the number of papillae increased and the mesen-
chymal tissue was better developed with well structured
muscles. In all the fetal tissues studied, the basal cell layer
was deeply stained.
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3.1b Immunofluorescence: Twenty-one tongue samples

were analysed using immunofluorescence in the embryonic
age group of 16 to 23 weeks (table 1). CK 1(2), 8 and 18
were detected in the mgjority of the samples studied. CK 1(2)
was seen in the suprabasal epithelial layers while it was not

Figure 1. Histology of human fetal tongue showing progres-
sive increase in cell layers of the lining epithelia at (a) 16
weeks, (b) 18 weeks and (c) 20 weeks (x 240).
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seen in the basal layer or in the subepithelium (figure 2a).
Both CK 8 and CK 18 were detected in the glandular and duc-
tal cells in the sub-epithelial tissue but not seen in the lining
epithelia (figure 2b, ¢). There was no correlation between the
staining intensity and the embryonic age of the fetus.

Figure 2. Immunofluorescence staining of human fetal tongue

with MAb to CK. (a) MAb to CK 1(2), staining is seen only in
the lining epithelium indicated by arrow. MAb to CK 8 (b) and

MADb to CK 18 (c) show staining of sub-epithelial glandular
structures (x 240).
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3.1c Gel electrophoresis: A total of seventeen tongue
samples were analysed using SDS-PAGE, immunoblotting
and 2-D gel electrophoresis. Eight of these were also ana-
lysed by immunofluorescence with MAb to CK 1(2), 8
and 18 (table 1). Our results of biochemical analyses and
immunofluorescence showed good correlation (table 1).
CK 1, 8 and 18 were detected in al the samples studied.
CK 6 and 16 were detected in 11 samples. CK 10 was not
detected till 18 weeksin any of the samples. It was seen in
4 samples above 20 weeks. CK 2 was detected in all the
samples after 24 weeks except in a 25 week old feta
tongue. In all the samples studied, CK 18 stained darker
in 2-D gels as compared to its normal counterpart CK 8.
Representative 2-D maps of CK expression in human fetal
tongue are shown in figure 4a, b.

3.2 Buccal mucosa
Normal human adult BM expresses CK 4, 5, 13, 14 and
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possibly 19 (Vaidya et al 1989). In the basal layer, CK 5
and 14 are expressed while CK 4 and 13 appear in the
upper layers. The staining intensity of CK 5 and 14 is
progressively reduced in the upper layers (Clausen et al
1986).

3.2a Histology: At 16 weeks, the BM epithelium
appeared thin with few epithelial layers. The superficia
cells were not flattened and a number of mucous glands
were seen. Histology of 18 week old fetal BM was similar
to that of its 16 week counterpart. In 20 and 21 week old
fetal BM, the epithelial cell layers were thicker, had more
flattened cells and their cytoplasm showed higher eosino-
philia. In al the samples, the basal cell layer was deeply
stained.

3.2b Immunofluorescence: Twenty BM samples were
analysed using immunofluorescence in the embryonic age

Tablel. CK expressionin human fetal tongue using immuno-
fluorescence and 2-D gel electrophoresis.

Monaoclonal antibody

2-D gel electrophoresis

Sample Age
No. (weeks) CK-1-2 CK-8 CK-18 CK No.
1 16 ++ +++ +++ 1, 6,8, 16, 18
2 16 + +++ +++ X
3 16 + ++ +++ X
4 16 ++ +++ ++ 1,2,6,8,16,18
5 16 ++ ++ +++ X
6 16 ++ + +++ X
7 16 ND ND ++ X
8 16 +++ +++ ++ X
9 16 ND ++ ++ X
10 18 ND +++ +++ X
11 18 ++ ND ND X
12 18 + ++ ++ 1,8, 18
13 20 + +++ +++ 1,2,6,8,16, 18
14 20 ND +++ +++ X
15 20 ND +++ +++ X
16 20 ++ +++ +++ 1, 6, 8, 10, 16, 18
17 20 ++ +++ +++ 1, 2,5, 8,16, 18, 19
18 20 + ++ ++ 1, 6,8, 16, 18
19 20 ++ ND ND X
20 20 X X X 1, 6,8, 16, 18
21 21 ++ ND ND X
22 21 +++ ++ ++ 1,8, 18
22 22 X X X 1, 8,10, 18
23 22 X X X 1, 6,8, 16, 18
24 24 X X X 1,2, 8,18
25 24 X X X 1,2, 6,8, 16,18, 19
26 25 X X X 1,8, 18
27 26 X X X 1,2,6,8,16,18
28 26 X X X 1, 2,8, 10, 18
29 27 X X X 1,2, 6,8, 10, 16, 18

ND, Not detected; +, weak staining; ++, moderate staining; +++, intense staining;

X, not done.
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group of 16 to 23 weeks (table 2). CK 1(2), 8 and 18 were
detected in the majority of samples studied. CK 1(2) was
seen in the suprabasal epithelial layers with low staining
intensity in the basal layer, but there was no staining in
the subepithelium (figure 3a). Both CK 8 and CK 18 were
detected in the glandular and ductal cells in the sub-
epithelial tissue and were not seen in the stratified epithe-
lia (figure 3b, ¢). There was no correlation between the
staining intensity and the embryonic age of the fetus.

3.2c Gel electrophoresis: Sixteen BM samples were
analysed using SDS-PAGE, immunoblotting and 2-D gel
electrophoresis. Seven of these samples were also analysed
using immunofluorescence with MAb to CK 1(2), CK 8
and CK 18 (table 2). Nine samples were analysed using
only gel electrophoresis (table 2). Our results from bio-
chemical analysis and immunofluorescence showed good
correlation. CK 1, 8 and 18 were detected in al the sam-
ples studied. CK 6 and 16 were detected in 13 samples.
CK 10, the norma counterpart of CK 1, was not
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observed in any of the samples. CK 2 was detected in 5
samples while CK 19 was detected in 6 samples. CK 7
was seen in one sample each from 16, 20 and 24 week old
fetuses. It was not seen in any of the samples above 24
weeks. Concentration of CK 8 was much lower compared
to other CK in all the samples. Representative 2-D maps
of CK expression in human fetal BM are shown in
figure 4c and d.

4. Discussion

The CK profile in tissues has been shown to vary with cell
type (Moll et al 1982a), developmental stage (Banks-
Schlegal 1982; Moll et al 1982b), differentiation status
(Moll et al 1982a; Sun et al 1984; Clausen et al 1986),
and in pathological conditions (Bosch et al 1989). CK
expression pattern in a tissue changes over a period of
time during development and at a certain stage, adult exp-
ression begins. CK expression during human fetal deve-
lopment has been reported for various tissues. Moll et al

Table2. CK expression in human fetal BM using immunofluorescence
and 2-D gel electrophoresis.

Monoclonal antibody

2-D gel electrophoresis

Sample Age
No. (weeks)  CK-1-2 CK-8 CK-18 CK expression
1 16 ++ +++ +++ 1,6,7,8, 16, 1819
2 16 + +++ +++ X
3 16 ND ++ +++ X
4 16 ++ +++ ++ 1, 6,8, 16, 18, 19
5 16 + ++ +++ X
6 16 ++ + ++ X
7 18 ++ ND ND X
8 18 ++ +++ +++ 1,2, 8,18
9 18 ND ++ ++ X
10 20 + +++ +++ 1,6,7, 16, 18, 19
11 20 ++ +++ +++ 1, 6,8, 16, 18
12 20 ND +++ +++ X
13 20 ++ ND ND X
14 20 ++ +++ +++ 1, 6, 8, 16, 18, 19
15 20 ++ +++ ++ X
16 20 X X X 1,6,7,8, 16,18, 19
17 21 ++ ND ND X
18 21 ++ ++ ++ 1, 6,8, 16, 18
19 22 X X X 1,2,6,8,16,18
20 22 X X X 1, 6,8, 16, 18
21 24 X X X 1,2,6,7, 8, 16, 18
22 24 X X X 1, 6,8, 16, 18
23 25 X X X 1, 6,8, 16, 18, 19
24 26 X X X 1,8, 18,19
25 26 X X X 1, 6,8, 16, 18
26 27 X X X 1,2,8,18

ND, Not detected; +, weak staining; ++, moderate staining; +++, intense staining;

X, not done.
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(1982h), studied CK expression in fetal epidermis from
the 10th week of gestation till birth and observed CK
polypeptides typical of simple epithelia (CK 8, 18 and 19)
till 24 weeks after which these gradually disappeared
and were absent in adult epidermis. Broers et al (1989)
used MADb to CK 7, 8, 18 and 19 to study CK expression
in human fetal lung using immunocytochemistry. They
found that different adult CKs appeared at different times
during development and that the pattern became progres-

Figure 3.
MAD to CK. (a) MAb to CK 1(2) stains all the layers except the
basal layer cells indicated by arrow. MAb to CK 8 (b) and to
CK 18 (c) show staining of sub-epithelial glandular structures
(x 240).

Immunofluorescence staining of fetal BM with
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sively complex. Stosiek et al (1991) have suggested on-
cofetal behaviour of CK 7 due to its presence in human
fetal stomach and in dysplastic and metaplastic gastric
mucosa.

Adult CK expression has been shown to alter under
some pathological conditions like psoriasis and after
malignant transformation. We had earlier reported aber-
rant expression of simple epithelial CK 18 in SCC of BM
and tongue (Vaidya et al 1989, 1996). Expression of CK
8 and 18 in SCC of different human tissues has aso been
demonstrated (Ermich et al 1989; Markey et al 1991; Su
et al 1994). We observed such expression of CK 8 and 18
in fetal BM from 16 to 27 weeks but it was restricted to
glandular cells in sub-epithelial region and not in the
stratified epithelia. 1t is not clear why these CK are tran-
siently expressed.

We also observed CK 1 expression in stratified epithe-
lial layersin fetal BM up to 27 weeks but not in the adult
tissue. CK 10 which is coordinately expressed with CK 1
was not detected in any of these samples. We have obser-
ved down regulation of CK 1 and the presence of CK 4, 5,
13 and 14 in two samples of BM from stillbirths (data not
shown) which suggests that the adult pattern of expression
begins sometime after the 27th week of fetal development
but before birth.

We observed that the fetal tongue had 2-3 epithelia
cell layers till 16 weeks. Till this time, CK 1 was
expressed in the stratified epithelia and CK 8 and 18
were seen in the glandular tissue. Sawaf et al (1991)
have shown that the simple epithelial CK 8 and 18 are
expressed in the lining epithelia in tongue till 14 weeks
where the tissue is not multilayered. We detected CK 8
and 18 in the sub-epithelia region from 16 weeks
onwards. At this age, CK 1(2) expression was detected
in the lining epithelia and it continued till 23 weeks. CK
1(2) expression was also seen in the adult stratified
epithelium of the tongue. This may be the point for
initiation of change over from fetal to adult CK expres-
sion. In fetal tongue CK 1(2) expression was seen only
in suprabasal layers but CK 10 which is coordinately
expressed with CK 1 was not detected in fetal tongue
and BM tissues studied. This is similar to our report
on non-expression of CK 10 in SCC of BM and
tongue (Vaidya et al 1989, 1996). Co-expression of
specific CK pairsis generally tightly regulated. In studies
involving transfection of CK 1 and 10 genes in SCC
derived cell lines, Kartasova et al (1982) detected that CK
1 expression started prior to that of CK 10 and a proli-
ferative block occurred after CK 10 transfection. The
absence of CK 10 in oral SCC and fetal tissues may be
related to such arole of CK 10.

Aberrant expression of CK 8 and 18 and non-expression
of CK 10 was a common feature in human fetal BM and
tongue and in their SCCs. These observations suggest
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Figure 4. 2-D gel electrophoresis patterns of CK in fetal tongue and BM. (a) 22 week old tongue, sample No. 23 (table 1). (b) 18
week tongue, sample No.12 (table 1). (c) 22 week BM, sample No0.19 (table 2). (d) 20 week BM, sample No. 11 (table 2). Numerals

indicate CK numbers.

that tumours recapitulate fetal patterns of cytokeratin
expression.
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