
Page 1 of 9

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2015;3(17):245www.atmjournal.org

Original Article

Mucin1 expression in focal epidermal dysplasia of actinic 
keratosis

Enrique Arciniegas1,2, Luz Marina Carrillo2, Héctor Rojas3, Richard Ramírez2, Oscar Reyes2, Ambar 
Suárez2, Fabiana Ortega2

1Instituto de Biomedicina, 2Servicio Autónomo Instituto de Biomedicina, 3Instituto de Inmunología, Universidad Central de Venezuela, Caracas, 

República Bolivariana de Venezuela

Contributions: (I) Conception and design: E Arciniegas; (II) Administrative support: None; (III) Provision of study materials or patients: LM Carrillo, 

H Rojas; (IV) Collection and assembly of data: E Arciniegas, R Ramírez, O Reyes, A Suárez, F Ortega; (V) Data analysis and interpretation: E 

Arciniegas, LM Carrillo, H Rojas, A Suárez, F Ortega; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors. 

Correspondence to: Enrique Arciniegas. Instituto de Biomedicina, Facultad de Medicina, Universidad Central de Venezuela, Distrito Capital, Caracas 

1010, República Bolivariana de Venezuela. Email: earciniegasbeta@yahoo.com. 

Background: Actinic keratoses (AKs) are generally considered as premalignant skin lesions that can progress into 

squamous cell carcinoma (SCC) in situ and invasive SCC. However, its progression to SCC is still matter of debate. 

A transmembrane glycoprotein that contributes to the progression of certain premalignant and malignant lesions is 

mucin1 (MUC1). Nevertheless, their functions in the skin lesions are not yet fully clear. Therefore, the aim of this 

study is to ascertain whether MUC1 is present in the focal epidermal dysplasia of AK. 

Methods: Fourteen skin biopsies from patients diagnosed with AK were selected. They were classified according 

to the degree of dysplasia in keratinocyte intraepidermal neoplasia (KIN) I, KIN II, and KIN III. In five biopsies 

the three degrees were present, in two biopsies both KIN I and KIN II, in four biopsies only KIN I, and in three 

biopsies only KIN III. The presence of MUC1 was assessed by immunofluorescence staining using confocal laser 

scanning microscopy. 

Results: Immunostaining revealed that MUC1 was present over the entire cell surface of only a few atypical basal 

keratinocytes confined to the lower third of the epidermis (KIN I). While in KIN II where atypical keratinocytes 

occupy the lower two thirds, MUC1 was localized at the apical surface of some atypical keratinocytes and over the 

entire cell surface of some of them. Interestingly, in KIN III where the atypical keratinocytes extend throughout 

the full thickness, MUC1 was localized at the apical surface and over the entire cell surface of many of these cells. 

Conversely, MUC1 expression was not detected in the epidermis of normal skin. 

Conclusions: Our findings suggest that the expression of MUC1 in AK would be induced by alteration of 

keratinocyte stratification and differentiation and associated to the degree of dysplasia rather than the thickness of 

the epidermis.
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Introduction

Actinic keratoses (AKs) are generally considered as 
keratinocyte-derived premalignant or neoplastic skin 
lesions that can progress into early squamous cell 

carcinoma (SCC) in situ and invasive SCC which are 

characterized by focal epidermal dysplasia, presence 

of hyperkeratosis, and vascular ectasia (1-4). These 

lesions have been associated with cumulative exposure to 
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ultraviolet (UV) radiations from sunlight. Particularly, 
UVA and UVB which in addition to producing DNA 
damage, inflammation, immunosuppression, oxidative 
stress and premature photoageing of skin, also mediate 
cellular responses that include keratinocyte proliferation, 
growth, impaired differentiation, gene expression 
modulation, survival and tissue remodeling (1,2,5-8).  
In respect to the risk of progression of AKs into SCC, some 
studies have estimated a rate that can vary from 0.025% to 
16% for an individual lesion per year, and between 0.15% 
and 80% for patient with multiple AK lesions (1,5-7). The 
same studies have also estimated that between 20% and 26% 
undergo regression after 1 year. On account of this, the AKs 
are considered precursors of SCC with a risk of progression 
variable (8). However, its progression to SCC is still a matter 
of debate (1,4,5,7,9,10). Several histological classification 
systems for AK have been proposed (1,11-16). One of them, 
the keratinocyte intraepidermal neoplasia (KIN) system 
proposed by Cockerell (12) classifies the AKs based on the 
extension of epidermal dysplasia and risk of progression, 
into three histopathological stages from KIN I to KIN III, 
analogous to that used for histologic evaluation of HPV-
associated cervical intraepithelial neoplasia (CIN) (12-14).  
The histopathological features of KIN I include foci of 
atypical basal keratinocytes confined to the lower third of the 
epidermis. In KIN II, atypical keratinocytes appear limited 

to the lower two thirds of the epidermis, whereas in KIN 
III the atypical keratinocytes extend throughout the full 
thickness of the epidermis; this latter degree is regarded as a 
SCC in situ (12-14). In the distinction between AK and SCC, 
several immunohistochemical studies have provided evidence 
supporting the transition of AK to SCC (1,5-7,12,17-20). 
However, the exact sequence of cellular events that occur 
during the progression of AK remains to be elucidated. 
A transmembrane glycoprotein that contributes to the 
progression of certain premalignant and malignant lesions is 
mucin1 (MUC1) (21-23). MUC1, also known as DF 3, CA 
15-3, EMA or episialin, is considered as a molecular sensor of 
the cell surface and local environment; and a signal transducer 
that responds to external stimuli generating cellular responses 
which include loss of cell polarization, proliferation, growth, 
adhesion, differentiation, migration, invasion, survival and 
secretion of growth factors and cytokines (21,22,24,25). 
In human skin, MUC1 is not expressed by the normal 
epidermis, but is expressed by keratinocytes in premalignant 
lesions such as Epidermolysis bullosa and malignant lesions 
including Paget’s disease, Bowen’s disease, and Merkel’s 
carcinoma (26-29). Nevertheless, the functions of MUC1 
in the skin lesions are not yet fully clear. Therefore, we 
investigated whether MUC1 is present in the focal epidermal 
dysplasia of the different histopathological stages of AK. We 
also sought to determine whether the expression of MUC1 
could be associated to the extension of epidermal dysplasia 
and the risk of progression.

Methods

Skin biopsies

Fourteen skin biopsies from patients diagnosed clinically 
and histopathologically with AK were retrieved from the 
archives of the Section of Dermatopathology of SAIB. 
Their characteristics appear summarized in Table 1. They 
were classified according to the degree of epidermal 
dysplasia and risk of malignant transformation into SCC in 
KIN I, KIN II, and KIN III degrees (12,13). In five biopsies 
the three degrees of dysplasia were present, in two biopsies 
both KIN I and KIN II, in four biopsies only KIN I, and in 
three biopsies only KIN III. They were taken from five males 
and nine females, ranging in age from 38 to 80 years old, 
with an average of 61 years old. Five normal skin specimens 
were obtained from patients undergoing aesthetic surgery 
procedures. This study was performed according to the 
Declaration of Helsinky.

Table 1 Patients diagnosed with actinic keratosis included in 
the study

Patient Age Gender Site

1 54 F Infraorbital region

2 54 F Scalp

3 56 F Nasolabial furrow

4 45 F Forehead

5 38 F Posterior thorax

6 79 M Infraorbital region

7 48 F Infraorbital region

8 80 F Ala nasi

9 71 M Temple

10 61 F Anterior chest

11 66 M Retroauricular

12 74 F Neck

13 66 M Temple

14 63 M Anterior chest

F, female; M, male.
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Figure 1 (A) A series of representative histology photomicrographs of a biopsy of AK showing areas of hyperkeratosis and focal epidermal 
dysplasia with atypical keratinocytes exhibiting loss of polarity, variation in size, and prominent and hyperchromatic nuclei. Note the 
presence in the dermis (D) of solar elastosis, vascular ectasia and inflammatory infiltrate. (B) Enlargements of figure (A) showing atypical 
keratinocytes (ak) organized as cohesive groups that appears to maintain together by means of intercellular bridges (arrowheads). H&E, scale 
bar: 300 µm (A); 50 µm (B). E, epidermis; PD, papillary dermis.

A

B

Indirect immunofluorescence staining

Paraffin-embedded skin tissue blocks were cut in sections 
of 4 µm of thick. Paraffin sections were placed on silanized 
slides (DakoCytomation, Denmark), deparaffinized in 
xylene, dehydrated through graded alcohol series (from 
100% to 70%), and then placed in distilled water and 
equilibrated in phosphate-buffered saline (PBS) for 10 min. 
Non-specific antibody staining was blocked by incubating 
sections in PBS containing 2% bovine serum albumin (BSA) 
and 0.1% Tween 20 for 1 h at room temperature (RT). 
The sections were incubated overnight at 4 ℃ in a humid 
chamber with mouse monoclonal anti-human MUC1 
(clone BC2) antibody (Santa Cruz Biotechnology Inc. Santa 
Cruz, CA). Normal intestine and dermal appendages were 
used as negative and positive internal control respectively, 
for MUC1. Samples were washed in PBS and incubated 
for 30 min with anti-mouse Alexa Fluor 488 (Molecular 
Probes, Life Technologies, USA) at RT, followed by 15 min 
incubation with DAPI (4’,6-Diamidino-2-phenylindole) 
(Molecular Probes, Life Technologies, USA) for nuclear 
staining. Finally, the sections were washed in PBS and 
coverslipped with mounting medium (IMMU-MOUNT, 
Shandon, Pittsburg, PA). 

For immunodetection of CD44, sections were incubated 
with a mouse monoclonal anti-human CD44 (clone 
DF1485) (DakoCytomation). All images were captured 

using a 1X81 Olympus inverted microscope with the Fluo 
View Confocal Laser Scanning configuration (CLSM) 
(Olympus America) equipped with software program FV10.
ASW version 02.01.01.04 (Olympus Corporation). Image J 
software (NHI, Washington DC) was used for processing of 
contrast and brightness. Full thickness of non-keratinized 
epidermis and thickness of focal epidermal dysplasia were 
measured on CLSM captured images in one biopsy that 
exhibited the three degrees of dysplasia. Eight fields were 
measured by each degree of dysplasia. They were defined as 
the distance between the basal surface of basal keratinocytes 
and the apical surface of granular keratinocytes. The 
student’s test (t) was used for comparisons between full 
thickness of non-keratinized epidermis and thickness of 
focal epidermal dysplasia. 

Results

Histopathological analysis of the AK biopsies showed 
areas of hyperkeratosis and focal epidermal dysplasia with 
atypical keratinocytes characterized by loss of polarity, 
variation in size and shape and prominent, irregular, 
and hyperchromatic nuclei (Figure 1A). In some areas, 
these atypical keratinocytes were organized as cohesive 
multicellular groups that appeared to maintain together 
by means of intercellular bridges, possibly changing 
position due to an expansive growth of these cells, a 
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mode of cell movement (30-33) (Figure 1B). Additionally, 
some modifications in the dermis such as solar elastosis, 
alterations of collagen fibers, vascular ectasia and presence 
of inflammatory infiltrate were also observed (Figure 1A).

In vivo presence of MUC1

To determine whether MUC1 was present in the focal 
dysplasia observed in the three histopathological stages 
of the AKs, deparaffinized sections were examined by 
immunofluorescence staining. Immunostaining analyzed 
by CLSM revealed that MUC1 was present over the entire 
cell surface of only a few atypical basal keratinocytes that 
were confined to the lower third of the epidermis (KIN I)  
(Figure 2A-E). While in KIN II where the atypical 
keratinocytes were organized as cohesive groups and 
occupying the lower two thirds of the epidermis, MUC1 
in addition to being localized at the apical surface of 
some atypical keratinocytes, was also localized over 
the entire cell surface of some of them (Figure 2A-E). 
Interestingly, in KIN III where the atypical keratinocytes 
extend throughout the full thickness of the epidermis, the 
presence of MUC1 was noticeable in the apical surface and 
over the entire cell surface on many of these cells (Figure 
2A-E). Conversely, there was no expression of MUC1 in 
the epidermis of normal adult human skin (Figure 2F), 
since it was limited only to dermal appendages, particularly 
to sebaceous and sweat glands as expected (Figure 2F). No 
expression of MUC1 was detected when normal human 
intestine was used as negative control (34) (not shown).

In vivo CD44 immunolocalization

CD44, the main hyaluronan (HA) receptor, is a cell-
surface glycoprotein that has been considered as an early 
marker for malignant transformation and as prerequisite 
for tumor progression (35,36). It is also involved in many 
cellular processes which include growth, proliferation, 
differentiation, cell-cell and cell-matrix adhesions, survival, 
motility and migration (37-40); therefore, we also examined 
the distribution and localization of CD44 in the epidermis 
of the AKs selected.

Examination of epidermis in KIN I and KIN II degrees 
revealed that CD44 was localized in the basal and suprabasal 
layers and not restricted to the areas of focal dysplasia as 
MUC1, whereas in KIN III, it appeared in full thickness of 
the epidermis (Figure 3A,B). CD44 was particularly found 
outlining the cellular margins and intercellular bridges 

of the basal and suprabasal keratinocytes (Figure 3C). In 
contrast, in normal epidermis CD44 was concentrated 
in the uppermost cell layers of the epidermis decreasing 
through suprabasal layers (Figure 3D-F).

Discussion

In the current study, we found that MUC1 is present in the 
focal epidermal dysplasia of AK. MUC1 was found at the 
apical surface of some atypical keratinocytes, while in other 
cells it was detected over the entire cell surface, organized 
as cohesive multicellular groups, possibly changing position 
due to an expansive growth of these cells (30-33). It is 
important to highlight that in the epidermis samples from 
healthy patients, MUC1 was not evidenced. Remarkably, 
previous studies in human skin have shown that MUC1 
is not expressed by normal epidermal cells but can be 
expressed by keratinocytes in premalignant lesions such as 
Epidermolysis bullosa and malignant lesions that include 
Paget’s disease, Bowen’s disease, and Merkel’s carcinoma 
(26-29). However, as the same studies indicated, MUC1 
functions in the skin lesions are not yet fully clear. In 
this respect, some previous in vivo and in vitro studies in 
normal and transformed epithelial cells have showed that 
MUC1 is usually localized at the apical surface of most 
normal secretory epithelial cells and that when cells lose 
its polarity, it appears on the entire surface of transformed 
cells (21,22,24,25,41-43). Interestingly, the same studies 
suggest that MUC1 overexpression reduces cell-cell and 
cell-extracellular matrix interactions, therefore promoting 
epithelial cell motility and migration (21,22,24,25). 
Similarly, recent studies related to MUC1 expression and 
function in metastatic cancers have suggested that MUC1 
through its extracellular domain (also MUC1-N terminal 
subunit) promotes cell migration and invasion (22,25,43,44). 
Yet, the role of the MUC1-N in cancer is unclear 
(22,23,25,44). Regarding the possible role of MUC1 during 
wound healing and malignant conditions, some studies 
highlighted that MUC1 contributes to loss of cell polarity, 
altered proliferation, adhesion, differentiation, motility, 
migration, survival, and secretion of growth factors and 
cytokines (21,22,24,25,41,42). Moreover, loss of polarity 
and partial to complete alteration of the differentiation 
program of keratinocytes have been recently proposed 
to occur during the progression of AK to SCC (1,2). 
Therefore, we believe that the expression of MUC1 in AK 
would be induced by loss of polarization and alteration of 
the stratification and differentiation of the keratinocytes, 
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Figure 2 A series of representative CLSM fluorescence images of MUC1 in one biopsy of AK exhibiting the three degree of dysplasia, and 
in normal skin. (A) MUC1 is seen in only a few atypical keratinocytes in KIN I, in some in KIN II, and in many in KIN III. Blue: DAPI 
staining. (B) Overlay of green fluorescence and differential interference contrast (DIC) images. (C) Enlargements of figure (A) showing 
MUC1 over the entire cell surface of few atypical keratinocytes “ak” confined to the lower third of the epidermis (KIN I), in the apical 
surface and over the entire cell surface of some “ak” occupying the two thirds of the epidermis (KIN II) and in the apical surface and over 
the entire cell surface of many “ak” localized throughout the full thickness of the epidermis (KIN III). Blue: DAPI staining. (D) Overlay 
of green fluorescence and DIC images in figure (C) indicating the full thickness (black arrow) and thickness of focal dysplasia (red arrow). 
(E) Measures of full thickness non-keratinized epidermis and thickness of focal epidermal dysplasia in the same images showed in figure 
(D). Eight fields were measured by every degree of dysplasia. Asterisk indicates a significant difference (P<0.05) between both thickness, 
using student’s test (t). (F) No MUC1 immunostaining is observed in the epidermis (E) of normal adult human skin. It appears limited to 
sebaceous glands (SG). Overlay of green fluorescence and DIC images are also showed. Blue: DAPI staining. Scale bars: 150 µm (A,B,F);  
50 µm (C,D). E, epidermis. D, dermis; PD, papillary dermis; ak, atypical keratinocyte. 
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Figure 3 Representative CLSM fluorescence images of CD44 in a section obtained from the same biopsy of AK showed in Figure 2, and in 
normal skin. (A) In KIN I and KIN II degrees, CD44 is localized in the BL and SBL of the epidermis, whereas in KIN III it appears in full 
thickness of the epidermis. Blue: DAPI staining. (B) Overlay of red fluorescence and DIC images. (C) Enlargements of figure (B) showing 
CD44 outlining the cellular margins and intercellular bridges (arrowheads) of the basal and suprabasal keratinocytes. (D) In the epidermis 
of normal skin, CD44 is concentrated in the uppermost cell layers decreasing through suprabasal layers. Blue: DAPI staining. (E) Overlay 
of red fluorescence and DIC images. (F) Enlargement of figure (E) showing CD44 outlining the cellular margins and intercellular bridges 
(arrowheads) of keratinocytes in the uppermost cell layers. Scale bars: 100 µm (A,B,D,E); 50 µm (C,F). BL, basal layer; SBL, suprabasal 
layers; GL, granular layer; PD, papillary dermis; D, dermis.
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probably occasioned by certain predisposing factors for its 
progression to SCC such as excessive exposure to UVR 
(1,2,5-8). Once positioned over the membrane, MUC1 
might facilitate the motility and expansive growth of atypical 
keratinocytes. In this study, we also found that the presence 
of MUC1 change with the extension of dysplasia. In fact, in 
KIN III in which the atypical keratinocytes extend through 
the full thickness of the epidermis, the expression of MUC1 
was higher than in both KIN I and KIN II (Figure 4).  
Accordingly, our findings suggest that the expression of 
MUC1 in AK would be associated to the degree of dysplasia 
rather than the thickness of the epidermis (Figure 2D,E). 

In addition to these findings, we also found alterations 
in CD44 distribution in the epidermis of AKs. CD44 
was restricted to the basal and suprabasal layers in KIN I 
and KIN II, whereas in KIN III it appeared throughout 
the epidermis. In contrast, in normal epidermis CD44 
was concentrated in the uppermost cell layers decreasing 
through suprabasal layers. We believe that such changes 
may be associated to alterations in the stratification and 
differentiation of keratinocytes during the transformation 
of AK into SCC. Consistent with this,  studies in 
experimental animal models have provided evidence that 
prolonged exposure to UVR produces alterations in the 
expression of CD44 and accumulation of HA, suggesting 
that these changes are associated with the development 
of epidermal hyperplasia and that they may be considered 

as early indicators of malignant transformation and 
prerequisite for tumor development (35,36). In this 
context, some studies have shown that CD44 influences 
keratinocyte proliferation and differentiation (37-40). 
Of significance, expression of CD44 in human fetal skin 
has been associated with stratification and differentiation 
of keratinocytes (45). In relation to the localization 
of CD44 in AK outlining the cellular margins and in 
the intercellular bridges of the basal and suprabasal 
keratinocytes, evidence suggest that in tumor cells the 
levels of expression and localization of CD44 not only 
would contribute to the cell movement, but also determine 
whether the movement of the cells as multicellular 
groups occurs passively (expansive growth) or collectively 
(collective cell migration) where the intercellular bridges 
are not disrupted completely (31,46,47). 

Thus, it is possible to hypothesize that the focal 
epidermal dysplasia observed during the transition of AK in 
addition to involve the loss of polarity and alterations of the 
stratification and differentiation of keratinocytes, also would 
involve the expansive growth of these cells where MUC1 
and CD44 seem to play a crucial role.
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