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BACKGROUND: Oral submucous fibrosis (OSF) is a pre-

malignant condition caused by habitual use of areca nut,

affecting the oro-pharynx and characterized by progres-

sive fibrosis. Alteration of cytokeratin (CK) expression

has been documented in leukoplakia and oral cancer

(OC). However, very little is known of CK alterations in

OSF. The present study was carried out to characterize

the CK profile in OSF and ascertain if this could be used

as a surrogate marker for malignant transformation.

METHODS: Paraffin-embedded tissues of OSF (n ¼ 50),

normal (n ¼ 10) and OC (n ¼ 10) were stained with

pancytokeratin (PanCK), high molecular weight cyto-

keratin (HMWCK), CKs 18, 14, 8, 5, 4 and 1 by immuno-

histochemistry.

RESULTS: Significant difference in the CK staining pat-

tern was seen between normal, OSF and cancer. Signifi-

cant changes in OSF included increased intensity of

staining for PanCK and HMWCK, aberrant expression of

CK8 and decreased expression of CKs 5 and 14.

CONCLUSION: Cytokeratin profile of OSF was signifi-

cantly different from normals for PanCK, HMWCK, CK8,

5 and 14 suggesting their potential to be used as sur-

rogate markers of malignant transformation. Further

studies will help in better defining the nature and clinical

implications of these alterations.
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Introduction

Cytokeratin (CK) are epithelia specific intermediate
filament proteins, that are broadly classified on the basis
of their molecular weights and isoelectric points into two

subfamilies: Type I: acidic with low molecular weight
(CK9–23) and Type II: basic with high molecular weight
(CK1–8) (1). They occur as heteropolymers that are
expressed in specific pairs with one member from each
subfamily (2). There are around 23 CK polypeptides
expressed in human epithelia. Each type of epithelium
expresses two to four specific pairs based on their
differentiation status (3–5). As the CKs exhibit tissue
specific expression they have been used as diagnostic
markers in cancer and pre-cancer. The oral mucosa in
humans express CK5 and CK14 on which other CK
expression is superimposed depending on the keratini-
zation pattern of epithelium (6). Buccal mucosa expres-
ses CK4 and CK13 in addition to CK5 and CK14 while
gingiva expresses CK1 and CK10 along with CK5 and
CK14.

Oral submucous fibrosis (OSF) is a chronic, progres-
sive, pre-cancerous condition of the oral mucosa, which is
associated with areca nut chewing habit widely prevalent
in India and South East Asia (7, 8). The condition is
characterized by reduction of vasculature and submuco-
sal fibrosis followed by epithelial atrophy. The altered
epithelium has the potential for malignant conversion
over a period of time. Oral pre-malignant lesions such as
leukoplakia have been widely studied but the expression
of CKs with respect to OSF has not been widely
investigated. The present study, to our knowledge this
is the first time that a wide array of CKs has been studied
in OSF, was carried out to characterize the CK profile
of OSF and compare it to those reported for pre-cancer
(leukoplakia) and OC in the literature. This information
would potentially be useful in identifying those OSF cases
that have a higher risk of malignant conversion.

Materials and methods
Patients and tissues
Fifty cases of OSF, 10 each of normal and OC
constituted the study material. The OSF cases for this
study were collected from the patients attending the
Department of Oral and Maxillofacial Pathology, Ragas
Dental College and Hospital, Chennai. OSF patients
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were identified based on well-established clinical criteria
(7, 9) and thorough history recorded in a pre-established
format by trained dental surgeons. Patients with OSF
were counseled with respect to the areca nut habit, and
biopsies were taken after obtaining patients consent.
Biopsies were taken from representative areas and the
tissues were fixed in buffered formalin and embedded in
paraffin. Hematoxylin and eosin staining was performed
to confirm the clinical diagnosis. Fifty tissue blocks with
sufficient tissue were taken for immunohistochemical
staining.
Normal tissues were obtained from the buccal mucosa

of 10 patients during the surgical removal of the third
molar. Ten paraffin embedded blocks of OC of buccal
mucosa (squamous cell carcinoma) were retrieved from
the archives of the Department of Oral and Maxillo-
facial Pathology, Ragas Dental College and Hospital,
Chennai for this study. Immunohistochemical staining
was carried out using commercially available monoclo-
nal antibodies, listed in Table 1. Institutional Review
Board and Ethical Committee approval was obtained
prior to the start of the study. Informed consent was
obtained from all patients.

Immunohistochemistry
Five micrometer sections of formalin fixed and paraffin
embedded tissues were mounted on 3-aminopropyl tri
ethoxysilane (APES) coated slides. Sections were de-
waxed with xylene and rehydrated through a graded
series of ethanol and finally in distilled water. Blocking
was performed with 3% hydrogen peroxide in absolute
methanol for 30 min to quench the endogenous peroxi-
dase activity of the tissues followed by antigen retrieval
with microwave treatment: microwave oven (Sharp R-
4A52 BPL-Sanyo, India) at high for 3 min and at low
for 5 min and finally allowing it to cool at room
temperature for 20 min, in sodium citrate buffer (pH
6.0). The sections were then incubated with pre-immune
horse serum for 30 min at room temperature to block
the non-specific binding sites. The sections were then
probed for the presence of different CKs using specific
antibodies at appropriate dilutions (Table 1). The sec-
tions were stained by the modified labeled avidin-biotin
technique with DAKO LSABTM kit (DAKO Corpora-
tion, Carpinteria, CA, USA) . The sections were stained
with chromogen 3,3¢ diaminobenzidine, counterstained

with Harris hematoxylin and mounted. Tris-buffered
saline of pH 7.0 was used throughout for washing and
rinsing the slides. Positive and negative controls were
included in all batches. To determine the specificity of
the secondary antibody, the negative control was kept
with tris-buffered saline instead of primary antibody.
Normal epithelial tissues were used as positive controls.

Analysis of staining
The intensity of staining of the epithelium (basal and
suprabasal) was assessed as: ), negative; +, mild; ++,
moderate; +++, intense. Two independent observers
evaluated the slides (authors K.R. and R.K.). When
discrepancy existed a third pathologist was asked to
evaluate the slide to arrive at a consensus conclusion.
The kappa statistics for the inter-observer variation was
between 0.7–1. [PanCK: 0.93, high molecular weight CK
(HMWCK): 0.9, CK1: 0. 88, CK4: 0.7, CK5: 0.9, CK8:
0.7, CK14: 0.94 and CK18: 0.96].

Statistical analysis
Data were entered and analyzed using SPSS 10.0.5
software. The chi-square test was used to analyze the
differences between the intensity levels and percentage
positivity in normal, OSF and OC for all CKs. Differ-
ences with a probability value of <0.05 were considered
statistically significant.

Results
Subjects
In the normal group there were six (60%) males and
four (40%) females, in OC group there were five (50%)
males and five (50%) females and in the OSF group
there were 44 (88%) males and six (12%) females.

Staining results
Figure 1 shows representative photomicrographs of the
staining results. Figure 1A1, A2 and A3 show hema-
toxylin and eosin stained sections of normal, OSF and
OC, respectively.

Immunohistochemical staining
Pancytokeratin

Figure 1 shows representative photomicrographs of
immunohistochemical staining for pancytokeratin

Table 1 Antibodies used in the immunohistochemical analysis for cytokeratins, with references for specificity

Antibody Manufacturer Clone Dilution References (antibodies specificity)

Pancytokeratin
(1–8, 10, 13–16 and 19)

Dako AE1/AE3 1:1* Woodstock-Mitchell et al. (36), Tseng et al. (37)

High molecular weight cytokeratin
(1, 5, 10 and 14)

Dako 34bE12 1:1* Gown and Vogel (1982) (38), Gown and Vogel (1984) (39)

Cytokeratin 18 Sigma CY90 1:800 Steimer et al. (40), Clark et al. (41), Muhlhauser et al. (42)
Cytokeratin 14 Sigma CKB1 1:200 Kannan et al. (35)
Cytokeratin 8 Sigma M20 1:200 Gown and Vogel (1982) (38), Gown and Vogel (1984) (39)
Cytokeratin 5 Novo Castra XM26 1:100 Moll et al. (43)
Cytokeratin 4 Sigma 6B10 1:300 Van Muijen et al. (44), Leube et al. (45), Oosterwijk et al. (46)
Cytokeratin 1 Novo Castra 34bB4 1:20 Gown and Vogel (1982) (38)

*Ready to use.
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Figure 1 Representative photomicrographs of normal, OSF and OC. A: Hematoxylin and Eosin (H&E) stained sections; B, C, D, E, F, G, H, I:
Immunohistochemical (IHC) staining for CKs. A1, A2, A3: H&E stained sections of normal, OSF and OC, respectively. B1, B2, B3: IHC for
PanCK of normal, OSF and OC, respectively. C1, C2, C3: IHC for HMWCK of normal, OSF and OC, respectively. D1, D2, D3: IHC for CK18 of
normal, OSF and OC, respectively. E1, E2, E3: IHC for CK14 of normal, OSF and OC, respectively. F1, F2, F3: IHC for CK8 of normal, OSF and
OC, respectively. G1, G2, G3: IHC for CK5 of normal, OSF and OC, respectively. H1, H2, H3: IHC for CK4 of normal, OSF and OC,
respectively. I1, I2, I3: IHC for CK1 of normal, OSF and OC, respectively.
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(PanCK) in normal (B1), OSF (B2), and OC (B3).
Staining is seen both basally and suprabasally in all the
three groups.
All cases (100%) of normals, OSF and OC exhibited

staining (Fig. 2). Histograms for the intensity of staining
in Fig. 3 show that in normal seven (70%) and three
(30%) showed mild and moderate intensity of staining,
respectively, in OSF of 50 cases, 35 (70%) exhibited
mild, 11 (22%) moderate and four (8%) intense stain-
ing and in OC the staining was moderate in six (60%)
and intense in four (40%). The difference in the stain-
ing between the groups was statistically significant
(P ¼ 0.00).

High molecular weight cytokeratin
Figure 1 shows representative photomicrographs of
immunohistochemical staining for HMWCK in
normal (C1), OSF (C2), and OC (C3). Staining is
seen both basally and suprabasally in all the three
groups.

Staining was seen in all cases of OC (100%), nine
cases (90%) of normal and 48 cases (96%) of OSF
(Fig. 2). Histograms for the intensity of staining in
Fig. 3 show that in normal seven (70%) cases exhib-
ited mild while two (20%) exhibited moderate stain-
ing, in OSF 26 (52%) cases showed mild while 19
(38%) and three (6%) showed moderate and intense

Figure 1 Continued.
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staining, respectively and in OC seven (70%) of cases
showed intense staining. The difference in the staining
intensity between the three groups was statistically
significant.

Cytokeratin 18
Figure 1 shows representative photomicrographs of
immunohistochemical staining for CK18 in normal
(D1), OSF (D2), and OC (D3). The figure demonstrates
basal staining in OSF and basal and suprabasal staining
in normal and OC.

The CK18 expression was seen in five cases (50%) of
normal, six cases (60%) of OC and six cases (12%) of
OSF (Fig. 2). Histograms for the intensity of staining in
Fig. 3 show that in normal four (40%) showed mild and
one (10%) moderate intensity of staining, in OSF all the
six (12%) cases that stained positive exhibited only mild

staining and in OC five (50%) showed mild and one
(10%) exhibited intense staining. The difference in
expression was statistically significant between the three
groups (P ¼ 0.00).

Cytokeratin 14
Figure 1 shows representative photomicrographs of
immunohistochemical staining for CK14 in normal
(E1), OSF (E2), and OC (E3). The figure demonstrates
basal staining in OSF and basal and suprabasal staining
in normal and OC.

The CK14 staining was seen in two cases (20%) of
normals, one case (2%) of OSF and seven cases (70%)
of oral cancers (OCs; Fig. 2). Histograms for the
intensity of staining in Fig. 3 show that only mild
staining was seen in normal and OSF, in OC six (60%)
exhibited mild staining while one (10%) showed mod-
erate staining. The expression in OSF was less than that
in normals and OC (P ¼ 0.00).
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Figure 2 Comparison of percentage positivity of cytokeratins among
the study groups.
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Figure 3 Comparison of intensity of staining of cytokeratins among
the study groups.
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Cytokeratin 8
Figure 1 shows representative photomicrographs of
immunohistochemical staining for CK8 in normal (F1)
OSF (F2), and OC (F3). No staining is seen in normal
while basal and suprabasal staining is seen in OSF and
OC.
The CK8 staining was not seen in any of the normal

tissues studied while five (50%) of OC and five (10%) of
OSF exhibited CK8 staining (Fig. 2). Histograms for
the intensity of staining in Fig. 3 show that in OSF five
(10%) showed mild staining while in OC all five (50%)
showed mild staining. The difference between the three
groups was statistically significant (P ¼ 0.00).

Cytokeratin 5
Figure 1 shows representative photomicrographs of
immunohistochemical staining for CK5 in normal
(G1), OSF (G2), and OC (G3). Staining is seen in both
the basal and suprabasal layer in all three groups.
The CK5 staining was seen in all cases of normals and

cancers and 48 (96%) of OSF (Fig. 2). Histograms for
the intensity of staining in Fig. 3 show that in normal six
cases (60%) showed intense staining as compared with
eight cases (16%) of OSF and eight (80%) of OC, three
(30%) of normal showed moderate staining compared
with 25 (50%) of OSF and two (20%) OC and one
(10%) and 15 (30%) exhibited mild staining in normal
and OSF, respectively. In OC there were no cases
showing mild staining. The difference in expression
between the three groups was statistically significant
(P ¼ 0.002).

Cytokeratin 4
Figure 1 shows representative photomicrographs of
immunohistochemical staining for CK4 in normal
(H1), OSF (H2), and OC (H3). Staining is seen in the
basal and suprabasal layers in all the three groups.
The staining was positive in nine (90%) cases of

normal, 39 (78%) of OSF and 10 (100%) cases of cancer
(Fig. 2). Histograms for the intensity of staining in
Fig. 3 show that all the positive cases of the normals
showed mild staining, in OSF 37 (74%) and two (4%)
cases exhibited mild and moderate staining, respectively
and in OC seven cases (70%) showed mild staining while
three cases (30%) showed moderate staining intensity.
There was a statistically significant difference (P ¼ 0.02)
between the three groups.

Cytokeratin 1
Figure 1 shows representative photomicrographs of
immunohistochemical staining for CK1 in normal (I1),
OSF (I2), and OC (I3), respectively. Staining is pre-
dominantly seen in suprabasal layer in normal and OSF
and in basal and suprabasal layers in OC.
Four cases (40%) of normal, 16 cases (32%) of OSF

and two cases (20%) of OC showed positive expression
of CK1 (Fig. 2). Histograms for the intensity of staining
in Fig. 3 show that in normal the three (30%) showed
mild staining, in OSF 13 (26%) showed mild staining
and in OC of the two (20%) showing staining there was
one mild and one moderate staining.

Discussion

In India oral tumors constitute 30% of all malignancies
and of these 90% are oral squamous cell carcinoma (10).
Some of the OC arise from pre-existing pre-cancerous
lesions such as OSF and leukoplakia. However, the
malignant conversion rate of pre-cancerous lesion ran-
ges from 8% to 10% (11). It is therefore important to
identify markers that could help us to ascertain those
lesions that have high potential for malignant conver-
sion and treat them aggressively.

Alterations of CKs have been reported in OC and
more recently in a few cases of OSF (12–14). It has been
shown that changes in the underlying connective tissue
are reflected in the adjacent epithelium and also result in
alterations in CK expression (15). The expression of
other CK pairs like 1 and 10 and CK4 and 13 is
superimposed on this, depending on the differentiation
and keratinization status of the tissue (6). CK expression
has been shown to be altered under various pathological
conditions like psoriasis, gingivitis, and hyperkeratosis
(16–18). CK expression has also been shown to alter in
oral pre-malignant conditions like leukoplakia and OSF
and also in OC (6, 19–23). Two types of alterations have
also been reported: (i) non-expression of certain basic
CK and (ii) aberrant expression of some CK, which are
not expressed by the normal tissue.

Non-expression of CK5 has been reported in some
tumor derived cell lines. Sager (24) found down
regulation of CK5 in breast cancer derived cell lines.
Nan et al. (25) reported non-expression of CK5 in 12
cell lines derived from renal cell carcinomas, one of
which was spontaneously transformed. Cell lines
derived from normal tissues did express CK5. They
concluded that this change seems to be associated with
the process of carcinogenesis. Down regulation of
58.3 kDa keratins in severely dysplastic, 4NQO treated
rat palatal mucosa has been shown by Nicholas et al.
(26) Furthermore, they have shown loss of these two
keratins – CK5 and 14 in SCC of rat palatal mucosa.
Down regulation of basic CK pair of 5 and 14 has also
been shown by Morgan et al. (6) in poorly differenti-
ated SCC of oral mucosa.

Thr CK5 non-expression has been demonstrated in
tobacco related oral carcinogenesis and in few cases of
OSF (33.3%) (13, 27). Non-expression of CK5 mRNA
has been demonstrated in oral leukoplakia, OSF and
cancer of buccal mucosa (2). The CK pair 5 and 14 is
normally expressed in all human oral epithelia. In our
present study we show the absence of CK5 in four of 50
cases of OSF, while mild intensity of staining, suggestive
of down regulation, of CK5 and 14 was seen in 30% and
2% of OSF respectively. Interestingly, the OCs in our
study group did not show loss of CK5 staining; the
probable reason for this could be the smaller sample size
(12, 19). It would be relevant in future studies to
ascertain if the cancers arising in OSF lesions retain the
same alteration as seen in our present study. Consistent
with the fact that CK5 and 14 are co-expressed together,
there was decreased expression of CK14 in OSF group
compared with normal and OC.
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The CKs 8 and 18 are co-expressed predominantly in
simple epithelium (1). Aberrant expression of CK8 has
also been shown in leukoplakia (13). In the present
study CK8 expression was absent in normal samples and
showed increased expression in OSF and OCs. CK18
expression was seen in OSF samples as well as in OC
tissues. Some of the normal tissues also showed CK18
expression. As these samples were collected from
patients who had come for tooth extraction and did
not have good oral hygiene, it is possible that these
tissues were not fully normal. Thus aberrant expression
of CK18 in these tissues could be indicative of initiation
of abnormal cell differentiation. Although CK18 was
detected six OSF samples, its partner CK8 was not
detected in one of them. This probably could be the
result of deregulation of paired expression in human
oral pre-cancer (13, 27, 28). Further studies on the
mechanism of deregulation of paired expression should
give us more information with respect to this anomalous
expression.

Various groups have shown that some simple epithe-
lial CK like CK8 and 18 are expressed in cancer of oral
mucosa (29–31). More recently it has been shown that
the transfection of CK8 gene can alter the phenotypic
characteristic of fetal buccal cell lines leading to malig-
nant transformation (32). Transgenic mice expressing
human CK8 in the epidermis has been shown to exhi-
bit severe epidermal and hair follicle dysplasia with
concomitant alteration in epidermal differentiation
markers (33). CKs are also involved in cell signaling
response to stress and apoptosis (34). These findings
suggest that not only is CK expression altered in oral
carcinogenesis, but they may also play a contributory
role in oral carcinogenesis (2, 32).

Studies have shown anomalous expression of CK1
and /or CK10 in well-differentiated carcinoma of buccal
mucosa and down regulation of CK1 and 10 in the
suprabasal layers of both pre-cancerous lesions and
cancer (28, 33, 35). There was a decrease in CK1
positivity from normal to OSF to cancer. Also,
HMWCK which is a cocktail of CK1,10; and 5,14 did
show statistically significant increase in the intensity of
staining in OSF and OC compared with normals, this
could represent either alteration in CKs 5 and 14 or 1
and 10.

Pancytokeratin (CK1,10; 4,13; 5,14; 6,16; 7,19; 2,3;
and 8,15) also showed a statistically significant increased
intensity of staining from normal to OSF to cancer,
although the percentage positivity was the same.

Our results suggest that there are gross alterations
accruing in CK expression in OSF. In case of tobacco
related cancers the oral cavity is continually exposed to
various traumas due to the effect of thermal, mechanical
and chemical stimuli, which when accompanied by
inflammatory states may promote the growth of neo-
plastic changes. This probably results in changes in both
oral mucosa and the underlying connective tissue, (15)
which is reflected in alterations in CK expression
pattern.

In conclusion OSF in the present study does show a
statistically significant decreased expression of CK5 and

14, aberrant expression of CK8. Both PanCK and
HMWCK also exhibited an increased intensity of
staining from normal to OSF to OC. These findings
suggest that in the epithelium in OSF alterations of CKs
occur, similar to that seen in pre-cancerous lesions and
OC. These alterations may have a role in carcinogenesis
and have the potential to be used as surrogate markers
of malignant transformation.
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