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Abstract
Objectives The aim of this study was to investigate the rela-
tionship the expression of cytokeratins (CK10 and CK13) and
the cell proliferation index determined by Ki-67 of lip squa-
mous cell carcinoma and actinic cheilitis with different de-
grees of dysplasia.
Materials and methods Forty-five paraffin-embedded actinic
cheilitis with and without dysplasia and 20 lip squamous cell
carcinoma were analyzed by immunohistochemistry using
anti-human anti-CK10, anti-CK13, and anti-Ki-67 antibodies.
Results The majori ty of actinic cheil i t is showed
immunopositivity for CK10 and CK13 with decrease or loss
of expression in dysplastic areas. In lip squamous cell carcino-
ma of the lip, heterogeneous expression of CK13 and
immunonegativity for CK10 were observed. There was a sta-
tistically significant difference between CK10 expression in lip
squamous cell carcinoma and in actinic cheilitis with or without
dysplasia (p<0.001). The cell proliferation index was higher in
actinic cheilitis with dysplasia and lip squamous cell carcinoma

than in actinic cheilitis without epithelial dysplasia. A signifi-
cant correlation was found between the intensity of the epithe-
lial dysplasia and the cell proliferation index (p<0.001).
Conclusion These results provide evidence that there is a
downregulation of CK10 expression in dysplastic areas of
patients with actinic cheilitis and in those with lip squamous
cell carcinoma (LSCC) and that the index of cell proliferation,
determined by Ki-67, is directly correlated with the intensity
of the epithelial dysplasia.
Clinical relevance Altogether, these results suggest that
CK10 expression and the epithelial cell proliferation index
can help to identify malignant transformation in the lip region.

Keywords Actinic cheilitis . Epithelial dysplasia . Squamous
cell carcinoma of the lip . Cell proliferation index

Introduction

The presence of dysplastic areas in the epithelium of the oral
mucosa in some lesions is frequently associated with progres-
sion of oral cancer [1]. However, the prognostic value of epi-
thelial dysplasia in these potentiallymalignant lesions is difficult
to determine [2]. Currently, no molecular marker has proved to
be prognostically significant, and none have yet been evaluated
in large prospective studies in these oral lesions [1, 2].

The diagnosis and intensity of oral epithelial dysplasia are
based on a combination of architectural and cytological chang-
es [3]. However, the microscopic evaluation of dysplasia re-
mains subjective, and the graduation of its intensity has induced
considerable inter and intra observer variations [1, 2, 4, 5].

In some cases of actinic cheilitis arising in the vermillion of
the lower lip, a potentially malignant lesion induced by solar
radiation, epithelial dysplasia is frequently presented [6, 7].
Although there is no accurate information about the
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prevalence of malignant transformation of actinic cheilitis, the
presence and intensity of epithelial dysplasia increases the
chance of progression to lip cancer [8, 9]. In tropical countries
such as Brazil, there is a high incidence of actinic cheilitis and
lip cancer [8]; therefore, the identification of microscopic ep-
ithelial dysplasia in these lesions is an important predictive
factor in determining the risk of lip carcinoma [6–9].

It has been suggested that the cytokeratin 10 (CK10) and
13 (CK13) are markers of dysplastic epithelium, and they can
be used to assess the malignant progression in premalignant
lesions with dysplasia [10–17]. However, information about
the immunohistochemistry pattern of these cytokeratins in ac-
tinic cheilitis are scarce.

Th i s s t udy was de s i gned to inve s t i g a t e t he
immunoexpression of cytokeratin 10 and 13 and their associ-
ation with epithelial cell proliferation index in tissues of pa-
tients presenting actinic cheilitis with or without dysplasia and
in those with lip squamous cell carcinoma (LSCC), in order to
contribute with the identification of biomarkers associated
with malignant transformation in the lip.

Materials and methods

Patients

This study was based on the analysis of 65 patients who re-
ceived surgical treatment for actinic cheilitis or LSCC at the
Department of Otorhinolaryngology and Ophthalmology of
Botucatu School of Medicine, São Paulo, Brazil. This study
was approved by the Research Ethics Committee of the
Botucatu School of Medicine, São Paulo State University,
(UNESP), São Paulo, Brazil (Process Number 75 /2012).

The data of 45 patients presenting actinic cheilitis with and
without epithelial dysplasia and 20 patients with lip squamous
cell carcinoma were obtained from the Department of Pathol-
ogy archives, and the formalin-fixed, paraffin-embedded tis-
sue blocks were cut into 3-μm sections for hematoxylin and
eosin (H&E) staining and immunohistochemistry analysis of
cytokeratins (CK10 and CK13) and anti-Ki- 67. The tumor
sections were examined by three pathologists (NGG, DTO,
MACD), and the histopathological dysplasia grade was
established, based on epithelial changes determined by World
Health Organization (3) including the loss of polarity of the
basal cells, the hyperplasia of basal cells, the increased
nuclear-cytoplasmic ratio, the drop-shaped rete ridges,
acanthosis and atrophy, irregular epithelial stratification, cel-
lular and nuclear pleomorphism, nuclear hyperchromatism,
mitotic figures, and multinucleated cells. Lesions were graded
as follows: actinic cheilitis without epithelial dysplasia
(26.6 %) and actinic cheilitis showing mild dysplasia
(24.4 % of cases) or moderate dysplasia (31.0 % of cases) or
severe dysplasia (18.0 % of cases).

Immunohistochemistry

The sections of actinic cheilitis and LSCCwere deparaffinized in
xylene and hydrated using graded alcohol/water baths. Antigen
retrieval was performed using 10 mM citrate buffer, pH 6.0, in a
pressure cooker (Pascal S2800, Dako, Brazil) for 3 min, and the
endogenous peroxidase activity was blocked by incubation in
3 % H2O2 for 20 min. Each actinic cheilitis or lip cancer section
was incubated overnight at 4 °Cwith a primary monoclonal anti-
cytokeratin-13 (CloneKS-1A3, Genetex-USA-1:100 dilution) or
with a primary monoclonal anti-cytokeratin-10—(Clone LHP1,
Novocastra, UK-1:100 dilution) or with a primary monoclonal
anti-Ki-67 (Clone MIB-1 M7240, Dako, North America-1:100
dilution.). Primary antibody dilutions were made in a phosphate-
buffered saline (PBS)/bovine serum albumin (Sigma, Co., St
Louis, MO, USA) solution to block nonspecific reactions. Then,
the sections were incubated using the Advance HRP Link Sys-
tem (Dako North America, Inc.) for 30 min at 37 °C. The anti-
bodies anti-CK13, anti-CK10, and anti-Ki-67 were detected
using 3′3 diaminobenzidine tetrahydrochloride. Sections were
counterstained with Harris’s hematoxylin before being
dehydrated and cover slipped. Palatine tonsils were used as pos-
itive controls, and for negative controls, the primary antibody
was omitted during immunohistochemistry staining.

The membranous or cytoplasmic immunoexpression of
cytokeratin 10 and 13 in epithelial cells of actinic cheilitis or
of invasion front of lip squamous cell carcinomas were ana-
lyzed in 10 microscopic fields (400× magnification).
Cytokeratin expression was analyzed in the basal, spinous,
granular, and corneal layers of stratified squamous epithelium
covering of the lip and labial mucosa.

For the evaluation of nuclear Ki-67 expression by epithelial
cells, 10 microscopic fields in dysplastic areas of actinic
cheilitis or of invasion front of LSCC (400× magnification)
were digitally captured using an Axiocam camera (Axiocam
MR3; Zeiss, Jena, Germany) attached to a light microscope
(Axioskop 2 Plus; Zeiss) and recorded by the Axiovision soft-
ware program (Axiovision 4.7; Zeiss). The cell proliferation
index was determined from the ratio of the number of epithe-
lial cells positive for Ki-67 by the total number of epithelial
cells in 10 consecutive microscopic fields in the dysplastic
areas of actinic cheilitis and in invasion front of LSCC.

Statistical analysis

The association between the expression of CK10, CK13, and
Ki-67 in actinic cheilitis with and without epithelial dysplasia
and lip squamous cell carcinomas was statistically compared
using chi-square test. The correlation between the intensity of
the dysplasia and the cell proliferation index was determined
using the Spearman correlation coefficient. The level of sig-
nificance for all statistical tests was set at 5 %.
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Results

In our sample, the actinic cheilitis (AC) and LSCC were fre-
quently observed in men when compared with women
(77.8 %-AC and 60.0 %-LSCC). The age of patients with
actinic cheilitis ranged from 33 to 82 years (average=57.5)
and for LSCC ranged from 49 to 87 years (average=68). With
regard to the risk factors, the majority of patients with actinic
cheilitis (53.3 %) had a professional occupation related to
prolonged exposure to the sunlight. For patients with lip squa-
mous cell carcinoma, it was not possible to evaluate the occu-
pation and the risk factors.

Microscopic analyses of the actinic cheilitis and lip
squamous cell carcinomas

Microscopically, the hematoxylin-eosin stained sections of the
45 cases of actinic cheilitis revealed a hyperplastic vermilion
in 84.5 %, the majority of them presenting orthokeratin
(64.5 %). In some cases both parakeratin and orthokeratin
were seen in the same section. Almost all cases of actinic
cheilitis (95.6 %) showed some degree of basophilic alteration
of collagen. According to the World Health Classification [3]
for epithelial dysplasia, 26.6 % of cases of actinic cheilitis did

not present epithelial dysplasia and 73.4 % of actinic cheilitis
cases showed epithelial dysplasia (24.4 %-mild dysplasia;
31.0 %-moderate dysplasia; 18.0 %-severe dysplasia) as illus-
trated in Fig. 1a–d.

The squamous cell carcinomas of the lip analyzed in this
study were well-differentiated tumors (T1N0M0), microscop-
ically characterized by intense keratinization, mild nuclear
pleomorphism, several mitosis figures, and presence of mod-
erate to intense mononuclear inflammatory infiltrate. The con-
tinuity of the tumor into the vermillion of the lip was constant-
ly observed. In most tumors, the invasion pattern observed
was composed of strands and islets of neoplastic cells.

Immunoexpression of the cytokeratin 10 and 13 in actinic
cheilitis and lip squamous cell carcinoma

In the actinic cheilitis, CK13 was expressed in the spinous
layer and granular layer of the vermilion and labial mucosa
(Fig. 2a). In the basal layer, CK13 expression was weak or
absent with loss of expression in the dysplastic areas of actinic
cheilitis (Fig. 2c). Cytokeratin 10was expressed in the spinous
layer and granular layer of the vermilion (Fig. 2b). In the labial
mucosa and in dysplastic areas of actinic cheilitis, CK10 ex-
pression was absent (Fig. 2d).

Fig. 1 Characteristic
microscopic of actinic cheilitis. a
Actinic cheilitis without epithelial
dysplasia, with
hyperorthokeratinized
hyperplastic epithelium and
basophilic change within the
connective tissue. b Actinic
cheilitis with mild dysplasia with
abnormal epithelial architecture
restricted to the lower third and
the presence of a discrete cellular
atypia. c Actinic cheilitis with
moderate dysplasia with
abnormal epithelial architecture
extending to the middle third, the
presence of moderate
pleomorphism and
hyperchromatic cell, and
formation of pearl cornea. d
Actinic cheilitis with severe
dysplasia with abnormal
epithelial architecture, loss of
stratification, epithelial drop
shaped, intense pleomorphism,
and atypical mitosis (hematoxylin
and eosin; 400×)

Clin Oral Invest (2016) 20:745–752 747



In lip squamous cell carcinoma, the expression of CK13
was observed mainly in the spinous layer of the vermilion
border of the lip and the labial mucosa. The expression was
focal and shown to be absent in peripheral cells and in keratin
pearls when present (Fig. 2e). As regards CK10, positive
markers were observed in the spinous layer, and in some spec-
imens, they extended to the granular layer. However, in the
epithelium of the labial mucosa and squamous cell carcinoma

of the lip, there was no expression of CK10 as illustrated in
Fig. 2f.

There were no statistically significant differences between
the expressions of cytokeratin CK13 and CK10 in the actinic
cheilitis with and without epithelial dysplasia (Table 1). In
addition, the expression of CK13 was similar and without
statistical significance in LSCC and actinic cheilitis, including
those with epithelial dysplasia as illustrated in Table 1.

Fig. 2 CK13 and CK10
expression in actinic cheilitis with
and without epithelial dysplasia
and squamous cell carcinoma of
the lip. a Actinic cheilitis without
epithelial dysplasia, observe
strong expression of cytokeratin
13 in all layers of the epithelium
of the lip vermilion; b Actinic
cheilitis without epithelial
dysplasia, observe the expression
of CK10 in granular and spinous
layers of the epithelium and the
absence of expression in the basal
and suprabasal; c Actinic cheilitis
with epithelial dysplasia, observe
the heterogeneous expression of
cytokeratin 13 in the spinous and
granular layers of the epithelium.
d Actinic cheilitis with epithelial
dysplasia note the absence of
CK10 expression in dysplastic
regions. e SSC of the lip, note the
heterogeneous expression of
cytokeratin 13 in tumors lets and
cords, with loss of expression in
pearls corneas. f SSC of the lip,
note the total absence of CK10
expression.
(immunohistochemistry: anti-
CK13 and anti-CK10; 200×)
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In contrast, we detected a statistically significant difference
between the CK10 expression in LSCC in comparison with
actinic cheilitis with epithelial dysplasia (p<0.001) and with-
out epithelial dysplasia (p<0.001) (Table 1). All actinic
cheilitis without epithelial dysplasia and 76 % of those with
epithelial dysplasia were positive for CK10; however, the ma-
lignant cells of LSCC did not express cytokeratin 10.

Proliferation index obtained by Ki-67 expression

The proliferative activity, visualized by Ki-67 staining, was
observed mainly in the dysplastic areas of actinic cheilitis and
in invasion front of LSCC. Based on the median values of
actinic cheilitis without dysplasia, the sample was divided into
two groups:≤25 % of epithelial cells positive for Ki-67 and
>25 % of epithelial cells positive for Ki-67 (high cell prolif-
eration index).

In Table 2, the distribution of actinic cheilitis with and
without epithelial dysplasia may be observed, and of lip squa-
mous cell carcinoma based on the cell proliferation index,
determined by Ki-67 expression. The actinic cheilitis with
epithelial dysplasia and LSSC showed a high proliferative rate
(≥25 % of epithelial cells positive for Ki-67) as demonstrated

in Table 2. On the other hand, 83.4 % of the actinic cheilitis
without epithelial dysplasia presented a low proliferation in-
dex (<25 % epithelial cells positive for Ki-67). There was a
statistically significant difference (p<0.001) between the high
and low rates of cell proliferation in actinic cheilitis with and
without dysplasia and LSCC.

To find out whether there was correlation between the pro-
liferation index determined by Ki-67 and the degree of epithe-
lial dysplasia, Spearman’s test was performed. Our results
proved that there was a positive and significant correlation
between (r=0.074 and p<0.001) the level of epithelial cell
proliferation, determined by Ki-67, and the degree of epithe-
lial dysplasia in actinic cheilitis. In Fig. 3, it may be seen that
the degree of epithelial dysplasia is directly proportional to
increase of cell proliferation index.

Discussion

In the majority of cases of actinic cheilitis, a clinical presen-
tation does not necessarily correlate with the degree of histo-
logic abnormality. Therefore, in some institutions,
vermillionectomy has been the treatment of choice for actinic
cheilitis, since this approach allows a histopathological eval-
uation of all lip tissue removed, including the possibility of
analyzing, when present, the invasion front in squamous cell
carcinoma [7, 8]. Based on this collection of information, in
the present study, we analyzed 65 surgical specimens obtained
from vemillionectomy of patients with actinic cheilitis.

The main objective in our study was to verify whether
cytokeratin expressions are correlated with the degree of epi-
thelial dysplasia. The discrepancy of epithelial dysplasia in the
oral lesions has been the focus of many discussions among
researchers [1, 2, 4, 5], and none of the currently available
molecular markers have proved to be prognostically signifi-
cant [4.5]. Actinic cheilitis is often associated with intense
inflammatory infiltrate, which may make it difficult to estab-
lish the degree of epithelial dysplasia.

Although the expression of cytokeratin 10 and 13 has been
widely investigated in oral malignant and precancerous le-
sions [10–18], only one of these studies was conducted in
actinic cheilitis [10].

In the present study, the cytokeratin expressions were ana-
lyzed in the basal, spinous, granular, and corneal layers of the
vermilion and labial mucosa.

The expression of CK13 was observed in the majority of
actinic cheilitis with or without epithelial dysplasia (Table 1).
Strong CK13 expression was detected mainly in the spinous
and granular layer of the vermilion and labial mucosa; how-
ever, in the basal layer, a less intense expression or even ab-
sence of expression was observed (Fig. 2a). In dysplastic areas
of actinic cheilitis, there was loss of expression (Fig. 2c).
Thus, CK13 expression varied according to the degree of

Table 1 Association between the expression of cytokeratin 13 (CK13)
and 10 (CK10) in actinic cheilitis with and without epithelial dysplasia
and lip squamous cell carcinoma

CKs Ac ACD LSCC AC ACD AC

(n=12) (n=33) (n=20) × × ×
ACD LSCC LSCC

(+) (−) (+) (−) (+) (−)

CK13 11 1 33 0 19 1 p=0.267 p=0.377 p=1.000

CK10 12 0 25 8 0 20 p=0.087 p<0.001* p<0.001*

CK cytokeratin, CK13 cytokeratin13, CK10 cytokeratin10, AC actinic
cheilitis without dysplasia, ACD actinic cheilitis with dysplasia, LSCC
lip squamous cell carcinoma, n number of specimens analyzed, p descrip-
tive level of chi-square
* p<0.001 statistically significant

Table 2 Distribution of actinic cheilitis with and without and LSCC to
cell proliferation index determined by Ki-67 expression

AC ACD LSCC P
Ki-67 N (%) N (%) N (%)

<25 % 10 (83.4 %) 5 (17.9 %) 6 (30.0 %)

≥25 % 2 (16.6 %) 28 (82.1) 14 (70.0 %)

Total 12 (100 %) 33 (100 %) 20 (100 %)

AC actinic cheilitis without dysplasia, ACD actinic cheilitis with dyspla-
sia, LSCC lip squamous cell carcinoma, p descriptive level of chi-square
test
* p<0.001 statistically significant
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epithelial dysplasia, the more intense the epithelial dysplasia
was, the fewer the epithelial areas that retained the expression.
In lip squamous cell carcinoma, the expression of CK13 was
focal and also shown to be absent in peripheral cells and in
keratin pearls when it was present (Fig. 2e).

These results reinforce previous findings, which confirmed
that the loss of CK13 expression in dysplastic epithelium ap-
pears to follow the process of malignant transformation [11,
13, 15–17].

In the same way as observed by Kitamura et al. [17] in oral
leukoplakia and oral squamous cell carcinomas, we also ob-
served that expression of CK13 is strongly expressed in the
epithelium of the labial mucosa and consistently decreases in
dysplastic areas and invasive squamous cell carcinomas Fur-
thermore, heterogeneous positivity of CK13, as was found in
our LSCC, is in agreement with the results of Gires et al. [11]
who analyzed the expression of CK13 in leukoplakia and oral
squamous cell carcinoma and concluded that the downregula-
tion of CK13 expression in dysplastic areas and in LSCC is
directly correlated with the intensity of the epithelial dyspla-
sia. Thus, this biomarker is effective in the distinction between
an abnormal epithelium and a dysplastic epithelium.

Contrasting with our results, Santos et al. [10] showed
that CK13 is expressed in the suprabasal layers of the
epithelium of the lip, but they failed to link the decreased
of this expression with epithelial dysplastic changes in
actinic cheilitis. However, these authors admitted that
focal cellular distribution was observed, which may in-
dicate that in dysplastic conditions, the process of differ-
entiation of the epithelium occurs.

The cytokeratin 10 had a similar behavior to CK13, and it
was expressed in the spinous layer and granular layer of the
vermilion (Fig. 2b). In labial mucosa, in dysplastic areas of
actinic cheilitis and LSCC, the CK10 expression was absent
(Fig. 2d, f). These results reinforce those found by Fillies et al.
[12] who suggested that the absence of expression of CK10 is
associated with the presence of epithelial dysplasia in poten-
tially malignant lesions such as oral leukoplakia.

Our results also confirm some findings of Santos et al. [10],
who verified the expression of CK10 expressed in the spinous
layer and granular layer of the vermilion in most cases of
actinic cheilitis. In spite of these authors having concluded
that that the expression of CK10 was independent of the de-
gree of epithelial dysplasia, they claimed that the presence of
CK10 in the intermediate layers of the epithelium supports the
thought that an altered keratinization process is taking place.

In the present study, there was a statistically significant
association between the expression of CK10 in LSCC and
actinic cheilitis with epithelial dysplasia (p<0.001) or without
epithelial dysplasia (p<0.001). This confirms the expression
of CK10 as a biomarker of the process of malignant transfor-
mation of epithelial cells because its expression is being re-
duced with increasing structural and cytological changes ob-
served in dysplastic areas and is totally negative in squamous
cell carcinomas of the lip.

In order to compare the expression of cytokeratins in actin-
ic cheilitis and LSSCwith the cell proliferation index, we used
Ki-67 immunostaining, whereas the sample was divided into
two groups: ≤25 % of positive epithelial cells and >25 % of
positive epithelial cells (high cell proliferation index). In the

Fig. 3 Distribution of actinic
cheilitis without and with
different degrees of dysplasia
according to the index of
proliferation determined by Ki-67
expression. Spearman’s test, r=
0.074
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group of actinic cheilitis with epithelial dysplasia and LSSC,
the majority showed a high proliferative rate (≥25 % of epi-
thelial cells positive for Ki-67) (Table 2). Therefore, there was
a statistically significant difference (p<0.001) between the
high and low rates of cell proliferation in cheilitis with and
without dysplasia and LSCC.

Some previous studies have reported the increased
number of proliferating epithelial cells in epithelial
dysplasia and squamous cell carcinoma, determined
by means of Ki-67 immunostaining, also suggesting
that the increase in the population of proliferating cells
in the suprabasal layer of the oral epithelium is a use-
ful marker for identifying high degrees of dysplasia
[19–22].

In the present study, to find out whether there was a
correlation between the proliferation index determined
by Ki-67 and the degree of epithelial dysplasia,
Spearman’s test was performed and the value found
was r=0.074 and p<0.001. These results suggest that
the level of proliferation determined by Ki-67 is directly
correlated with the intensity of the epithelial dysplasia,
confirming previous studies [19–22].

Altogether, our results suggest that the CK13 and
CK10 participate of malignant transformation of epithe-
lial cells in actinic cheilitis, and these cytokeratins
should be used as predictive biomarkers of epithelial
dysplastic areas or invasive squamous cell carcinoma
in the lip region.

Conclusion and clinical relevance

This study is the first to examine the expression of
CK10 and CK13 in association with the cell prolifera-
tion index, which was determined by Ki-67 immuno-
staining, in actinic cheilitis with and without epithelial
dysplasia and squamous cell carcinomas of the lip. The-
se results provide evidence that there is a downregula-
tion of CK10 expression in dysplastic areas of patients
with actinic cheilitis and in those with LSCC and that
the index of cell proliferation, determined by Ki-67, is
directly correlated with the intensity of the epithelial
dysplasia. Altogether, these results suggest that CK10
expression and the epithelial cell proliferation index
can help to identify malignant transformation in the
lip region.
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