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Abstract Actinic cheilitis exhibits a potential of malig-

nant transformation in 10–20 % of cases. The objective of

this study was to compare the expression of MDM2 and

SUMO-1 proteins between actinic cheilitis (AC) and

squamous cell carcinoma (SCC) of the lip. The sample

consisted of lower lip mucosa specimens obtained from

cases with a clinical and histopathological diagnosis of AC

(n = 26) and SCC (n = 25) and specimens of labial semi-

mucosa (n = 15) without clinical alterations or inflamma-

tion. The tissue samples were stained with hematoxylin-

eosin and anti-MDM2 and anti-SUMO-1 antibodies. Data

were analyzed by the Kruskal–Wallis and Dunn’s tests

(5 %). The median expression of MDM2 (kW = 36.8565;

df = 3-1 = 2; p = 0.0001) and SUMO-1 (kW = 32.7080;

df = 3-1 = 2; p = 0.0001) was similar in cases of AC and

SCC of the lip, but differed significantly from that observed

for normal labial semi-mucosa. Despite the limitations of the

present study, immunohistochemistry demonstrated the

overexpression of important proteins (MDM2 and SUMO-1)

related to regulatory mechanisms of apoptosis in AC and

SCC of the lip, but further studies are needed.
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Introduction

Actinic cheilitis (AC) was first described by Ayres in 1923

[1] who observed lip lesions characterized by a process

induced by solar radiation. The condition is more frequent

in subjects older than 45 years, Caucasians, men, and

nonsmokers [9]. The lower lip is the site most frequently

affected (95 % of cases) since it receives more sun expo-

sure due to its anatomical protrusion [26].

A significant increase in malignant lesions induced by

ultraviolet (UV) radiation has been observed in tropical

countries such as Brazil. This increase is a consequence of

the fact that the economy of many of these countries is

based on agriculture, farming, and fishing activities during

which workers are constantly exposed to direct sunlight

[3]. Most of the damage caused by UV light is due to

changes that prevent the transcription of genetic informa-

tion to mRNA, blocking the mechanism of DNA replica-

tion which, from a molecular viewpoint, leads to a

reduction of mitotic activity and, from a clinical viewpoint,

to alterations in the epithelium and lamina propria, com-

promising the photoprotective capacity of the lip [7].
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Actinic cheilitis has the potential of malignant trans-

formation and progression to squamous cell carcinoma

(SCC) of the lip is observed in 10–20 % of cases [18].

Malignant transformation can occur within a period of

1–20 years if the condition is not diagnosed and treated

adequately [8, 14, 19]. Lip SCCs account for 25–30 % of

all oral cancers [11] and commonly affect the lip vermilion

[5, 24]

During carcinogenesis, alterations occur in the mecha-

nisms of cell proliferation and apoptosis and the altered

expression of some proteins can be a strong indicator of the

malignant transformation potential of a given lesion [28].

In regular cell development, the p53 protein is not

required and it presents lower cellular levels, because of its

short half-life; p53 protein maintains the integrity of the

genome, cell cycle control, promotes apoptosis [17] and

has negative effects on cell proliferation, by cell cycle

block between the G1 and S phases [15]. In cell stress, its

production is stimulated [17]. This regulation pattern

changes in mutated p53, possibly with an increased pro-

liferative activity. In oral carcinogenesis, overexpression of

this protein is associated with rapid proliferation of neo-

plastic cells [15].

Protein p53 is regulated by post-transcriptional mecha-

nisms, including its interaction with MDM2, which is an

important negative regulator of p53, suppressing normal

levels [10, 21]. Overexpression of MDM2 has been dem-

onstrated in human cancers [23], including oral SCC [16].

The function of MDM2 is modulated physiologically by a

post-transcriptional modifier, small ubiquitin-like modifier

1 (SUMO-1), in a process called sumoylation [21].

An increased expression of MDM2 is observed in lip

SCC and AC specimens when compared to normal tissues

[11]. To the best of our knowledge, no study has evaluated

the expression of SUMO-1 in AC lesions. The objective of

the present study was to analyze the expression of MDM2

and SUMO-1 proteins in epithelial cells of AC and lip SCC

cases.

Methods

The study was approved by the Ethics Committee of Univ.

Estadual Paulista (UNESP) (Permit No. 001/2011-PH/

CEP).

The samples used in this study were obtained from

paraffin-embedded specimens of vermilion mucosa of the

lower lip. The following cases were selected from the

archives of the Laboratory of Oral Pathology, São José dos

Campos Dental School, UNESP: group 1 consisted of 26

cases of AC; group 2 consisted of 25 cases of SCC, and

group 3 consisted of 15 cases of labial semi-mucosa

without clinical alterations or inflammation. The last

specimens were obtained from the periphery of biopsies

performed to confirm the diagnosis of mucocele and fibrous

hyperplasia. The demographic data were collected from

anamnesis charts.

Sections (5 lm) were stained with hematoxylin-eosin to

confirm the histological diagnosis using criteria for the

histological grading of AC and the histopathological clas-

sification of malignancy of SCC, both proposed by the

World Health Organization (WHO) [2].

For immunohistochemistry, the tissue blocks were cut

into 3-lm sections and submitted to the streptavidin–

biotin method using monoclonal antibodies against

MDM2 (clone SMP14, dilution 1:50, Santa Cruz Bio-

technology, Santa Cruz, CA, USA) and SUMO-1 (clone

D-11, dilution 1:50, Santa Cruz Biotechnology, Santa

Cruz, CA, USA). Antigen retrieval was performed in

1 mM EDTA for MDM2 and in 10 mM citric acid for

SUMO-1. The sections were incubated with the primary

antibodies for 18 h at 4 �C. Immunodetection was per-

formed with the LSAB Visualization System (DAKO

Corporation, Glostrup, Denmark) using 3,30-diam-

inobenzidine as chromogen. The sections were counter-

stained with Mayer’s hematoxylin. Sections of

osteosarcoma and normal labial semi-mucosa were used as

positive controls for the expression of MDM2 [13] and

SUMO-1 [4], respectively. Sections processed as descri-

bed above but omitting the primary antibodies served as

negative control.

Cells exhibiting nuclear staining were defined as posi-

tive for MDM2, and cytoplasmic and/or nuclear staining

were defined as positive staining for SUMO-1. A total of

1,000 cells were counted at 4009 magnification and the

percentage of positive cells was calculated.

Data were analyzed by the Kruskal–Wallis and Dunn’s

tests (5 %).

Results

Among the patients with a diagnosis of AC, 20 % were

women and 80 % were men. Patient age ranged from 39 to

77 years, with a mean of 63.3 years. According to the

WHO histological grading system [22], 13 (50 %) of the 26

AC cases were classified as mild epithelial dysplasia, 11

(42.3 %) as moderate dysplasia, and two (7.69 %) as

severe dysplasia. The histopathological classification of

malignancy proposed by the WHO was used for cases of

SCC [22]. Seventeen (68 %) SCC cases were classified as

well differentiated, four (16 %) as moderately differenti-

ated, and four (16 %) as poorly differentiated.

Light microscopy revealed the expression of MDM2 in

AC and SCC specimens, with the observation of strong

staining in all layers. No expression of MDM2 or SUMO-1
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was observed in group 3. Figure 1 illustrates the pattern of

immunohistochemical expression of MDM2 and SUMO-1.

For MDM2, the distributions of values differed

(kw = 36.8565; df = 3-1 = 2; p = 0.0001). The same

was observed for SUMO-1 (kw = 32.7080; df = 3-

1 = 2; p = 0.0001) (Fig. 2).

Analysis by the Dunn’s test (5 %) showed similar

median expression of MDM2 and SUMO-1 in cases of AC

and SCC, whereas a significant difference was observed

when compared to normal labial semi-mucosa.

Discussion

Changes in the expression of proteins related to the regu-

latory mechanism of apoptosis can be used as markers of

Fig. 1 Pattern of anti-MDM2 staining: a squamous cell carcinoma; b actinic cheilitis; c normal labial semi-mucosa. Pattern of anti-SUMO-1

staining: d squamous cell carcinoma; e actinic cheilitis; f normal mucosa 2009
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malignant transformation of epithelial lesions such as AC.

SCC is the most frequent malignant oral cancer and often

arises from lesions with a potential of malignant transfor-

mation. According to Carinci et al. [7], the traditional

methods used by pathologists are subjective and are not

sufficiently sensitive to accurately predict which poten-

tially malignant lesions will progress to carcinoma over

time. Markers that can identify the progression of these

lesions are therefore important.

The study of AC is relevant since it is one of the main

conditions affecting the lip and a potential of malignant

transformation has been reported in 10–20 % of cases.

Exposure to sunlight or artificial UV radiation are the factors

responsible for the onset and installation of the disease [11,

26]. Chronic exposure to UV radiation is also an important

etiological factor for the development of lip carcinoma [3].

Immunohistochemical analysis revealed similar severe

expression of MDM2 and SUMO-1 in all epithelial layers

of AC and SCC lesions, whereas no expression of these

proteins was observed in normal labial semi-mucosa.

According to Katayama et al. [16], MDM2 and SUMO-1

are rarely detected in normal epithelial tissues.

MDM2 protein promotes p53 degradation by ubiquiti-

nation, suppressing cellular response to stress [21]. The

balance between MDM2 autoubiquitination and p53 ubiq-

uitination is physiologically modulated through a post-

transcriptional modification by protein SUMO-1 [21].

Therefore, the removal of SUMO-1 from sumoylated

MDM2 leads to MDM2 autoubiquitination, which results

in p53 stabilization, leaving it available to perform its role

in the neoplastic suppression [10]. Thus, the decrease in

MDM2 sumoylation is related to high levels of p53 [6].

Exposure to UV radiation can cause DNA damage [27],

with a consequent higher expression of p53, as demon-

strated in immunohistochemical studies [12, 29]. The

degradation of p53 protein, both the mutant and the wild

type, can be promoted by MDM2 [21]. Thus, in a higher

expression of p53, an increased expression of MDM2 is

expected. Otherwise, by feedback control, high concen-

trations of p53 may activate the mdm2 gene and,

consequently, increases the amount of MDM2 in the tissue

[4]. In addition, DNA damage can also lead to mutations in

the mdm2 gene, which results in loss of MDM2 protein

ubiquitination [22], showing greater immunohistochemical

expression [11]. However, for our knowledge there are no

studies confirming MDM2 mutations on the molecular

level in SCC.

Katayama et al. [16] reported high expression of MDM2

and SUMO-1 in oral SCC and epithelial dysplasia as

observed in the present study. As mentioned earlier,

MDM2 loses the capacity to be ubiquinated and sumoy-

lated [22], with a consequent higher expression of SUMO-

1 in these lesions. The authors concluded that the interac-

tion between MDM2 and SUMO-1 may be associated with

cell proliferation since sumoylated MDM2 is less suscep-

tible to degradation, thus increasing its activity on p53 [16].

As observed in the present study, Freitas et al. [11]

demonstrated overexpression of MDM2 in cases of AC

with epithelial dysplasia. Martı́nez et al. [20] also found

overexpression of MDM2 in cases of AC when compared

to normal lip tissue. De Freitas et al. [11] suggested a

possible role of the MDM2 biomarker in lip carcinogene-

sis, regardless of the stage of the disease. The present

results agree with this suggestion since MDM2 expression

was observed throughout the AC sample, irrespective of

the degree of epithelial dysplasia.

Oral lichen planus immunohistochemical study showed

absent or limited expression of SUMO-1 similar to normal

mucosa, whereas this protein was overexpressed in cases of

epithelial dysplasia and oral SCC [25]. Although, to the

best of our knowledge, there are no studies in the literature

investigating the expression of SUMO-1 in AC, the

observation of similar expression of this protein in AC and

SCC of the lip agrees with the findings of Oliveira Alves

et al. [25]. In the present study, overexpression of SUMO-1

was detected throughout the AC sample, irrespective of the

degree of epithelial dysplasia.

Notwithstanding, the objective of this study was to

compare the expression of MDM2 and SUMO-1 proteins

between AC and SCC of the lip. The research was

Fig. 2 Dot Plot (values around

the mean) and Box Plots of the

immunohistochemical

expression (%) of MDM2 and

SUMO-1 in squamous cell

carcinoma (SCC), actinic

cheilitis (AC), and normal labial

semi-mucosa (NSM) groups.

The horizontal lines represent

the medians and quartiles

840 Arch Dermatol Res (2014) 306:837–841

123



conducted using paraffin-embedded tissue archival samples

diagnosed as AC and SCC of the lip. Unfortunately, clin-

ical follow-up of cases to evaluate possible malignant

transformation was not possible.

Despite the limitations of the present study, immuno-

histochemistry demonstrated overexpression of MDM2 and

SUMO-1 proteins related to regulatory mechanisms of

apoptosis, in AC and SCC of the lip. The overexpression of

MDM2 and SUMO-1 in AC samples, regardless the degree

of epithelial dysplasia, may indicate a relation to carcino-

genesis early stages by DNA-damage-induced UV radia-

tion exposition.
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