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Abstract
AIM: To investigate the role of matrix-degrading me-
talloproteinases 9, 12 (MMPs), as mediators of func-
tional connective tissue damage in actinic cheilitis.

METHODS: Thirty five formalin-fixed, paraffin em-
bedded specimens of actinic cheilitis, and twelve 
specimens of normal lower lip vermillion, which were 
obtained by the archives of the Department of Oral 
Medicine and Maxillofacial Pathology, were examined. 
From each block, 5 μm thick sections were cut and 
routinely stained with Hematoxylin and Eosin. Immu-
nohistochemical studies were performed on 4-μm thick 
sections of formalin-fixed paraffin embedded actinic 
cheilitis lesions and of normal lower lip vermillion, for 
MMP-9 and MMP-12 in serial sections of our speci-
mens. Appropriate positive and negative controls were 
performed to confirm the specificity of the staining 
reaction. MMP immunohistochemistry was evaluated 
using a semiquantitative immunoreactive score.

RESULTS: Haematoxylin and eosin staining revealed 

in actinic cheilitis lesions atrophic stratified squamous 
cell epithelium, or focally and irregularly hyperplastic 
of variable thickness, in some areas was observed 
marked keratin production. Varying degrees of epi-
thelial dysplasia were noticed with a wide spectrum of 
change within the same specimen. Characteristic was 
the appearance of chronic inflammatory infiltration, 
and a band of amorphous acellular, basophilic change 
like solar elastosis (elastin replacement of collagen). 
In normal lower lip specimens weak and scanty posi-
tive expression of MMP-9 and MMP-12 was observed. 
Anti-MMP-9 antibody showed a weak reaction, in ac-
tinic cheilitis lesions, focal in the elastotic material, in 
chronic inflammatory cells and mostly in macrophages 
and neutrophils. Strong and in some cases diffused im-
munohistochemical expression of MMP-12 was detect-
ed in actinic cheilitis lesions in the areas of the frag-
mented, distorted and thickened elastic fibers. MMP-12 
was also expressed in chronic inflammatory cells and 
mostly macrophages. MMP-12 was significantly higher 
in actinic cheilitis specimens compared with the normal 
lower lip specimens (P  = 0.0029).

CONCLUSION: Our results suggest that especially 
MMP-12 may play an important role in remodeling events 
occurring in the connective tissue during long-term expo-
sure to sunlight in the actinic cheilitis lesions.

© 2013 Baishideng. All rights reserved.
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Core tip: Actinic cheilitis is a chronic inflammatory dis-
order affecting mainly the lower lip, and it is caused 
by chronic and excessive exposure of the lips to the 
ultraviolet radiation in sunlight. Histologic features for 
actinic cheilitis include epithelial and connective tis-
sue alterations. The matrix metalloproteinases (MMPs) 
are a large family of zinc-dependent endopeptidases, 
which are responsible for a wide range of proteolytic 
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events. The aim of this study was to investigate the 
role and the expression of MMP-9, -12 as mediators of 
functional connective tissue damage in actinic cheilitis.
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INTRODUCTION
The matrix metalloproteinases (MMPs) are a large family 
of  zinc-dependent endopeptidases, which are capable of  
digesting extracellular matrix and basement membrane 
components. The MMPs are responsible for a wide range 
of  proteolytic events. Under physiological conditions, 
the MMPs are involved in many processes including cell 
proliferation, differentiation, migration, apoptosis, and 
angiogenesis. Moreover the MMPs are often up-regulated 
in groups forming activation cascades both in the inflam-
matory and malignant diseases[1].

MMP-9 is a member of  the matrixin family of  metal-
lo-endopeptidases. MMP-9 is historically referred as 
gelatinase B because of  its ability to cleave gelatin, a de-
natured form of  collagen, in vitro[2]. MMP-9 differs from 
other MMPs because it contains three fibronectin type 
Ⅱ repeats that have high binding affinity for collagen. 
These repeats are thought to mediate binding of  MMP-2 
and -9 to collagen[3]. This binding interaction brings the 
catalytic pocket of  the MMP in proximity to collagen, 
thereby enhancing its rate of  hydrolysis[4]. Despite the 
above mentioned biochemical interactions, MMP-9 is 
also able to cleave a number of  other proteins and may 
have a rather wide range of  physiologic substrates[5]. 

Much of  our understanding of  the biological func-
tion of  MMP-9 comes from the study of  mice lacking 
this gene[6]. Studies on this mice indicated that MMP-
9-deficient mice are resistant to dermal blistering in 
a bullous pemphigoid model, an effect that has been 
attributed to the inability of  these mice to cleave the 
SEPRIN a-1 proteinase inhibitor[7]. Other work in the 
same model for multistage carcinogenesis indicated that 
MMP-9 is part of  the angiogenic “switch” that is es-
sential for tumor growth[8]. Furthermore other reports 
suggested that MMP-9 may play a role in inflammation 
in the nervous system[9].  

Human macrophage metalloelastase (MMP-12) is an 
MMP that was initially found in alveolar macrophages 
of  cigarette smokers[10] . On a molar basis, it is clearly the 
most active MMP against elastin[11]. MMP-12 has a broad 
substrate specificity, however being able to degrade also 
type Ⅳ collagen, laminin, fibronectin vitronectin entactin, 
heparan and chondroitin sulfates[12]. In vivo MMP-12 has 
been shown to participate in the degradation of  elastic fi-
bers in the pathogenesis of  atherosclerosis and in emphy-
sema[13]. MMP-12 mRNA and protein are also expressed 

by accumulations of  macrophages in granulomatous skin 
disorders[14].

In addition to degrading elastic tissue, MMP-12 has 
been shown to aid macrophage migration in other tis-
sues; macrophages from MMP-12 deficient mice are 
unable to penetrate reconstituted basement membranes 
(BMs) in vivo and in vitro [15]. Additional findings on 
MMP-12 expression in macrophages under the shedding 
intestinal epithelium in inflammatory bowel diseases 
support its role in the degradation of  BM components. 
Furthermore, MMP-12 expression may also be associ-
ated with macrophage migration through BM in certain 
inflammatory skin diseases such as dermatitis herpetifor-
mis or pityriasis lichenoides[14]. 

Long term sun exposure causes to the lower lip ver-
million a lesion known as actinic cheilitis (AC), the histo-
logic examination of  which reveals loss of  collagen with 
concomitant accumulation of  elastotic material[16]. 

The aim of  this study was to investigate the role and 
the expression of  MMP-9, -12 as mediators of  func-
tional connective tissue damage in actinic cheilitis.

MATERIALS AND METHODS
Sample collection
Biopsies of  the lower lip vermilion from 35 patients 
with AC (32 males and 3 females, mean age 54.7 ± 12.1) 
were obtained from the archives of  the Department 
of  Oral Medicine and Maxillofacial Pathology. Normal 
lip vermilion biopsies from 12 patients (11 males and 1 
females, mean age 53.6 ± 14.8) were used as controls. 
Cases of  squamous cell carcinoma of  the lower lip with 
previous diagnosis of  AC were excluded. The demo-
graphic information of  the patients, their occupation (sun 
exposure), as well as their habits of  smoking and drink-
ing are presented in Table 1.

The tissue specimens were fixed in 10% buffered 
formalin for a maximum of  24 h, followed by paraffin 
embedding. From each block, 5-μm thick sections were 
cut and routinely stained with hematoxylin and eosin 
(HE). Histopathological characteristics that were evalu-
ated included the presence and the degree of  epithelial 
keratinization, the thickness of  the spinous cell layer, the 
presence and the degree of  epithelial dysplasia, connec-
tive tissue changes, such as inflammation and elastosis. 
All study participants gave informed consent, the whole 
study was approved by the appropriate ethics committee 
and was performed according to Helsinki Ⅱ Declara-
tion.

Immunohistochemistry and semiquantitative analysis 
Immunohistochemical studies were performed on 4-μm 
thick sections of  formalin-fixed paraffin embedded ac-
tinic cheilitis lesions and of  normal lower lip vermillion, 
which were mounted on 3-amino-propyltriethoxy-silane 
(organo-silane; Sigma, United Kingdom)-coated slides 
dewaxed in xylene and rehydrated in graded ethanols ac-
cording to standard procedures. Endogenous peroxidase 
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activity was blocked by pretreatment of  slides with 3% 
hydrogen peroxidase for 10 min. Lyophilized Mouse 
Monoclonal Antibody Matrix Metalloproteinase-9 (NCL-
MMP9-439) (Novocastra) was used as a primary anti-
body for the MMP-9, and Rabbit Monoclonal Antibody 
Matrix Metalloproteinase-12 (ab52897) for the MMP-12 
respectively. Slides were incubated with the primary an-
tibodies diluted in Tris -buffered solution (50 mmol/L 
Tris-HCl, 150 mmol/L NaCl, pH 7.4) under conditions 
as described in Table 2 followed by incubation with 
Dako Envision™ Peroxidase (Dako Diagnostica), for 
30 min at room temperature. For visualization of  the 
antigen 3,3’-diaminobenzidine tetrahydrochloride (Dako) 
was added for 20 min at room temperature. Slides were 
counterstained with Mayer’s haematoxylin. The applied 
antibodies and the staining conditions are summarized in 
Table 3. Appropriate positive and negative controls, in-
cluding the use of  an irrelevant antibody, and the omis-
sion of  various layers, were performed to confirm the 
specificity of  the staining reaction. 

MMP immunohistochemistry was evaluated using 
a semiquantitative immunoreactive score from 0 to 6 
based on the percentage of  positive stained cells (PS) 

(0-3 points) and their staining intensity (SI) (0-3 points), 
as described in previously established protocols[17], and 
shown in Table 2. The total score (TS) was calculated 
by adding the PS and SI scores, and the mean of  the TS 
was used for the statistical analysis.

Proportion scoring was performed only if  the inten-
sity of  the cells staining was more than that of  the inter-
nal controls limiting errors in semiquantitation as a con-
sequence of  nonspecific background staining. Sections 
were examined by two of  the authors independently of  
each other. The slides then were reviewed by the exam-
iners as a group and discussion was occasionally neces-
sary to establish uniformity.

Statistical analysis was performed on the immune 
scores derived, by using the Mann-Whitney test and the 
statistical package SPSS 20.0 (Statistical Package for the 
Social Sciences) (Chigago Illinois, United States) for 
Windows 7.

RESULTS
HE staining revealed in actinic cheilitis lesions atrophic 
stratified squamous cell epithelium, or focally and ir-
regularly hyperplastic of  variable thickness, in some ar-
eas was observed marked keratin production (Figure 1). 
Varying degrees of  epithelial dysplasia were noticed with 
a wide spectrum of  change within the same specimen. 
Characteristic was the appearance of  chronic inflam-
matory infiltration, and a band of  amorphous acellular, 
basophilic change like solar elastosis (elastin replacement 
of  collagen). The histopathological findings of  actinic 
cheilitis patients are presented in Table 4.

In normal lower lip specimens minimal to negative 
expression of  MMP-9 (Figure 2A) and MMP-12 (Figure 
2B) was observed.

The negative controls confirmed the specificity of  
the staining reaction (Figure 3).

Anti-MMP-9 antibody showed a weak reaction, in 
actinic cheilitis lesions, focal in the elastotic material, in 
chronic inflammatory cells and mostly in macrophages 
and neutrophils (Figure 4A).
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Table 3  Applied primary antibodies and staining conditions

Antibody Source Dilution Antigen 
retrieval

Incubation time

Anti-MMP-9 Novocastra
/Leica

1:50 Microwave Room 
temperature 

NCL-MMP9-439 1 h
Anti-MMP-12 Epitomics 1:50 Microwave Room 

temperature 
ab52897 1 h

MMP: Matrix metalloproteinase. 

Table 2  Immunoreactive score for matrix metalloproteinases 
immunohistochemistry

Score Percentage of immunopositive cells (PS) Staining intensity

0         0 Negative
1       < 10% Weak
2 10%-50% Moderate
3       > 50% Strong

PS: Positive stained.

Table 4  Histopathological characteristics in 35 patients with 
actinic cheilitis  n  (%)

Histopathological 
characteristics

Negligible Mild Moderate Severe

Increased thickness of 
keratin layer

   4 (11.42)   13 (37.14) 11 (31.42) 7 (20)

Parakeratosis
/orthokeratosis

  12 (34.28)   2 (5.71)   5 (14.28)    16 (45.71)

Increased thickness 
of spinous cell layer

    8 (22.85)   12 (34.28)   9 (25.71)     6 (17.14)

Atrophy of the 
spinous cell layer

  0   0   2 (5.71)   0

Epithelial dysplasia   3 (8.57)   11 (31.42)   13 (37.14)     8 (22.85)
Connective tissue 
inflammation

  3 (8.57)   11 (31.42)   12 (34.28)     9 (25.71)

Perivascular inflammation   17 (48.57) 7 (20)   6 (17.14)     5 (14.28)
Elastosis   1 (2.85)      9 (25.71) 15 (42.8)   10 (28.57)

Table 1  Demographic data of patients with actinic cheilitis

n   (%)

Males   32 (91.42)
Females   3 (8.57)
Mean age (yr)      54.7 ± 12.1
Cigarette smokers 23 (65.7)
Drinking   15 (42.85)
Out-door occupation   24 (68.57)
Out-door occupation + smoking   18 (51.42)
Out-door occupation + drinking   13 (37.14)
Out-door occupation + smoking + drinking   22 (62.85)
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Furthermore strong and in some cases diffused im-
munohistochemical expression of  MMP-12 was detected 

in actinic cheilitis lesions (Figure 4B), in the areas of  
the fragmented, distorted and thickened elastic fibers. 
MMP-12 was also expressed in chronic inflammatory 
cells and mostly macrophages (Figure 5).

MMP-12 was significantly higher in actinic cheilitis 
specimens compared with the normal lower lip speci-
mens (P = 0.0029). The immune scores of  MMPs ex-
pressed as mean total score are presented in Table 5.

DISCUSSION
Chronic exposure to ultraviolet (UV) radiation causes 
degenerative alterations to the lower lip vermillion, clini-
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Table 5  Immunoscores of matrix metalloproteinases ex-
pressed as mean total score ± SD

MMP-9 MMP-12

Normal lower lip 1.11 ± 0.35 1.56 ± 0.69
Actinic cheilitis 1.33 ± 0.47 4.89 ± 0.86
Normal lower lip/actinic cheilitis NS 1P = 0.0029

1Significant over-expression in actinic cheilitis lesions compared with nor-
mal lower lip. NS: Not significant; MMP: Matrix metalloproteinase.

Figure 1  Hematoxylin and eosin staining of actinic cheilitis lesion pre-
senting epithelial hyperplasia, drop-shaped rete ridges, mild inflammatory 
infiltrate, vasodilatation, and elastosis (Original magnification × 100).

Figure 2  Minimal to negative immunostaining (Original magnification × 
200). A: Matrix metalloproteinase (MMP)-9 in normal lower lip specimen; B: 
MMP-12 in normal lower lip specimen.

Figure 3  Negative control specimen of the lower lip specimen (Original 
magnification × 200).

Figure 4  Weak immunostaining of matrix metalloproteinase-9 (A, 
Original magnification × 100), and strong immunoexpression of Matrix 
metalloproteinase-12 (B, Original magnification × 100) in actinic cheili-
tis lesion. 
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cally characterized by erosions and atrophy[18]. The major 
histological changes in actinically damaged lip are the ac-
cumulation of  basophilic fibers in the upper part of  the 
connective tissue, referred to as basophilic degeneration 
or as actinic elastosis[19]. Previous histological and bio-
chemical studies on the nature of  the accumulated fibers 
have demonstrated that altered elastin is the primary 
component of  actinic elastosis[20]. 

Disappearance of  normal elastic fibers is a feature of  
many skin diseases and actinic cheilitis[21]. Little research 
has been done, however, to reveal the pathomechanisms 
behind this phenomenon. Elastin is critical to the struc-
tural integrity of  a variety of  connective tissues. Elastin 
is highly resistant to proteolytic degradation, but several 
enzymes capable of  solubilizing this matrix constituent 
have been found. Because of  their role in tissue remod-
elling at sites of  inflammation and injury, inflammatory 
cells have been of  particular interest for their elastase 
activity[20]. 

The participation of  several proteases in photoaging 
has been reported. It has been reported that in neutro-
phil elastase -deficient mice, elastic fibers in the skin 
are unaffected by UVB irradiation, whereas an increase 
in elastic fibers occurs in normal mice[22]. It has been 
demonstrated that multiple exposures of  the skin to UV 
radiation result in elevated levels of  MMPs in vivo and in 
vitro[23]. These previous findings suggest that the elevated 
expression of  certain MMPs may be associated with the 
elastotic material in sun-damaged skin.

Histologically, photoaging causes accumulation of  
so-called elastotic material, composed of  elastin and ver-
sican, in the upper and mid connective tissue[24]. This is 
accompanied by degeneration of  surrounding collagen-
ous meshwork, but due to the inability of  MMP-12 and 
MMP-7 to degrade fibrillar collagens, they probably do 
not participate in that event. 

We found abundant immunostaining for MMP-12 in 
the areas of  abnormal elastotic fibers in actinic cheilitis 
lesions. Furthermore we have not find any immunoreac-
tivity for MMP-12 in normal lower lip vermillion speci-
mens, suggesting that MMP-12 does not bind to normal 
elastin or that in healthy lower lip vermillion no abnor-

mal accumulations of  macrophages exist, as possible 
sources of  MMP-12. Our findings are in accordance to 
previous immunohistochemical study for the accumula-
tion of  MMP-12 in actinic damage skin[25].

It has been proposed that the elastotic material ac-
cumulating in photoaged skin results from direct UV-
mediated damage to elastotic fibers and fibroblasts[26]. 
MMP-12 possibly takes part in a reparative remodeling 
process by trying to cleave this abnormal elastotic ma-
terial or fibrillin[27]. Granulocyte-macrophage colony 
stimulating factor, induced at least in keratinocytes by 
UV light, is able to upregulate MMP-12 production by 
macrophages[28], and could thus be one of  the candidate 
cytokines to stimulate MMP-12 in solar damage. UV ir-
radiation causing abnormal changes in elastin might lead 
to accumulation of  macrophages that try to cleave both 
abnormal elastin by secreting elastases as well as activate 
elastin/collagen synthesis by releasing, e.g., transform-
ing growth factor (TGF)-β[29]. Interestingly, abundant 
staining for latent TGF-β binding protein-1 and TGF-β 
colocalize with MMP-12 staining in solar elastosis and 
keratosis[30]. TGF-β is not likely to upregulate MMP-12 
expression, as it usually downregulates MMP function. 
We cannot however exclude that MMP-12 participates 
in the proteolytic release of  this growth factor from the 
extracellular matrix. TGF-β could further augment the 
deposition of  abnormal elastin, which is unable to as-
semble into functional elastic fibers due to influence of  
proteolytic enzymes and UV radiation.

Elevated expression of  MMP-9 in UV irradiated skin 
has been demonstrated previously[31]. Recently it has been 
reported that MMP-9 was strongly expressed in SCCs 
of  the lip and moderately expressed in ACs and control 
samples[32]. Whereas another study detected positive 
expression of  MMP-9 in actinic cheilitis lesions with 
no statistical differences in the pattern of  expression in 
comparison with squamous cell carcinomas[33]. Despite 
the above mentioned previous findings, in our study 
we were not able to detect strong immunoreactivity for 
MMP-9 in elastotic material in actinic lesions. Our find-
ings are in accordance with similar findings for MMP-9 
in actinic elastosis of  sun damaged skin[21]. This may pos-
sibly be because enhanced expression of  MMP-9 does 
not lead to the accumulation or the incorporation of  
MMP-9 in the elastotic material. MMPs are secretary en-
zymes and cannot be detected in the extracellular spaces 
in normal tissue. In addition, cells potentially producing 
MMP-9 are limited to keratinocytes, monocytes, alveolar 
macrophages, PMN leukocytes and SV40-transformed 
human lung fibroblasts, and secretion of  this enzyme is 
not detected in any normal cell strain of  fibroblast ori-
gin[34]. This restricted distribution of  potential MMP-9 
producing cells may explain the diminished immunoreac-
tivity of  MMP-9 in elastotic materials in actinic cheilitis. 

In conclusion, our findings suggest that enhanced 
MMP-12 expression was detected in abnormal elastic fi-
bers in actinic cheilitis lesions. Thus MMP-12 may play a 

47 August 20, 2013|Volume 3|Issue 3|WJEM|www.wjgnet.com

Figure 5  Strong immunostaining of matrix metalloproteinase-12 in chronic 
inflammatory cells in actinic cheilitis lesion (Original magnification × 200).
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role in the remodeling events occurring in the connective 
tissue during long term exposure to sunlight in actinic 
cheilitis.
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