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BACKGROUND: Actinic cheilitis (AC) is characterized
by epithelial and connective tissue alterations caused by
ultraviolet sunlight overexposure known as photodam-
age. Fibroblasts have been linked to photodamage and
tumor progression during skin carcinogenesis; however,
their role in early lip carcinogenesis remains unknown.
The aim of this study was to assess the density of fibro-
blasts in AC and normal lip (NL) samples and determine
their association with markers of lip photodamage.
METHODS: Fibroblasts, mast cells, p53, COX-2, and
elastin were detected in NL (n =20) and AC (n = 28)
biopsies using immunohistochemistry/histochemistry.
Mast cell and fibroblast density and epithelial p53 and
COX-2 expression scores were then obtained. Elastosis
was scored |-4 according to elastin fiber density and
tortuosity.

RESULTS: Fibroblasts, mast cells, p53, COX-2, and elas-
tosis were increased in AC as compared to NL (P < 0.001).
Multivariate analysis showed an association between
fibroblast and mast cell density at the papillary and retic-
ular areas of AC and NL (P < 0.05). Papillary fibroblast
density was also associated with epithelial p53 and COX-2
expression (P < 0.05). Increased fibroblast density, both
papillary and reticular, was found in the high elastosis
group (scores 3-4) as compared to the low elastosis group
(scores 1-2) (P < 0.01). Increased reticular mast cell den-
sity was detected only in the high elastosis group (P < 0.01).
CONCLUSIONS: Fibroblasts are increased in AC, and
they are associated with mast cell density, epithelial p53
and COX-2 expression, and actinic elastosis. Therefore,
fibroblasts may contribute to lip photodamage and could
be considered useful markers of early lip carcinogenesis.
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Introduction

Actinic cheilitis (AC) is a potentially malignant disorder
of the lip vermillion characterized by epithelial and
connective tissue alterations induced mainly by over-
exposure to ultraviolet (UV) sunlight, a process known
as photodamage (1-3). Epithelial alterations of AC
include an increased expression of proapoptotic and
proinflammatory markers such as p53 and cyclooxy-
genase (COX)-2 (4-6). Connective tissue changes are
characterized by increased immune cell infiltration, e.g.,
mast cells and lymphocytes (7-9), and by actinic
elastosis, a prominent feature of photodamaged tissues
(2,9).

Elastosis frequently begins at the junction of the
papillary and reticular areas of the dermis (10). It is
characterized by the accumulation of tangled masses of
dystrophic elastic fibers, disorganized tropoelastin and
fibrillin, increased amounts of ground substance, and
collagen degradation (11). Mast cells and fibroblasts
have been associated with elastosis formation in photo-
damaged skin (11-15). It has been postulated that mast
cells stimulate elastosis by the production of proteases,
such as tryptase and matrix metalloproteinase (MMP)-
9, and by the activation of fibroblasts to secrete elastin
(12, 13). Nevertheless, the role of mast cells in elastosis
formation has been controversial, because some studies
have not found a correlation between mast cell density
and increased elastin content either in photodamaged
skin or in the lips (9, 16). On the other hand, fibroblasts,
the most abundant resident cells of skin and mucosae
(17) whose main function is to maintain extracellular
matrix (ECM) homeostasis, stimulate elastosis formation
by different mechanisms. While both increased elastin
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synthesis and degradation by fibroblasts contribute to
dystrophic elastic fiber accumulation (14, 18, 19), their
role in the pathogenesis of actinic elastosis in the lip has
not been determined.

Fibroblast density and activation are increased in
physiological responses, such as wound healing, and in
disease states, such as fibrotic disorders and carcinogen-
esis (20-23). During epithelial carcinogenesis, fibroblasts
have paracrine and autocrine interactions with resident
and immune cells that include keratinocytes and mast
cells (17, 24, 25). While fibroblasts can stimulate kera-
tinocyte migration, proliferation, and malignant trans-
formation (26, 27), mast cells and transformed epithelial
cells stimulate fibroblasts to acquire an activated phe-
notype that favors tumor progression (13, 27-30).

Therefore, it was hypothesized that epithelial and
connective tissue alterations of AC lesions are associated
with increased fibroblast density. To test this hypothesis,
fibroblasts and mast cells were detected using double
immunohistochemistry in normal lip and AC samples.
In addition, mast cell density, actinic elastosis, and
epithelial p53 and COX-2 expression were analyzed to
determine the associations between fibroblast density
and markers of lip photodamage.

Material and methods

Patients and lip tissues

A total of 48 human biopsies of lower lip vermillion
classified as normal lip (n = 20, age 41 + 13, 43%
males) and AC (n = 28, age 51 £ 13, 66% males) were
retrieved from the Archives of the Oral Biology and
Pathology Laboratory, School of Dentistry, University
of Concepcion. Informed consent was obtained from all
subjects, and this study was approved by the Ethics
Committee of the University of Concepcion. Samples
were fixed in 10% buffered formalin (pH 7.4) and
paraffin-embedded within 24 h. Serial sections, 4 pm
thick, were obtained from the tissue blocks and processed
for histopathological and immunohistochemical analysis.

Double immunohistochemistry for detection of fibroblasts
and mast cells

To simultaneously detect fibroblasts and mast cells in
the same tissue section, a double immunohistochemistry
technique using primary antibodies of the same species
was adapted from Shiitz et al. (31). Primary antibody
specifications and reaction conditions are listed in
Table 1. Briefly, sections were dewaxed, rehydrated,
and blocked for endogenous peroxidase and non-specific
protein binding. Mast cells were stained first using the

monoclonal mouse anti-tryptase antibody and then by
goat anti-mouse IgG-poly-HRP (Chemicon Interna-
tional, Temecula, CA, USA). The reaction was devel-
oped with 3-3’-diaminobenzidine (DAB) (Chemicon
International). Antigen retrieval was subsequently per-
formed, and fibroblasts were detected using the primary
monoclonal antibody mouse anti-prolyl-4-hydroxylase,
followed by goat anti-mouse IgG-poly-HRP (Chemicon
International) and Vector SG (Vector Labs, Burlingame,
CA, USA) as the chromogen. Slides then were counter-
stained with Fast Red (Vector Labs), dehydrated and
mounted. Cervix cancer sections were used as positive
controls and incubation with a non-specific mouse
antibody of the same isotype (Chemicon International)
was used as a negative control for each marker.

Mast cells (brown stain) and fibroblasts (blue stain)
were counted in immunostained sections of both normal
lip and AC samples by two calibrated observers using an
Olympus C31 Microscope (Center Valley, PA, USA) in
10 counting fields (40x magnification, 0.2 mm?) at the
reticular and papillar areas of each section (total number
of counting fields = 20). Results were expressed as cell
number/mm? (mean + SEM).

Single immunohistochemistry and scoring
Immunohistochemical studies were performed to evalu-
ate epithelial expression of COX-2 and p53. Primary
antibody specifications and reaction conditions are
listed in Table 1. Briefly, samples were dewaxed, rehy-
drated, and pretreated for antigen retrieval. Endogenous
peroxidase and non-specific protein binding were then
blocked, and slides were incubated with the primary
antibodies. Immunocomplexes were detected with the
Goat Immunocruz Staining System (Santa Cruz Bio-
technology, Inc., Santa, Cruz, CA, USA) for COX-2
and goat anti-mouse IgG-poly-HRP (Chemicon Inter-
national) for p53. Slides then were counterstained with
Harris Hematoxylin. Positive controls consisted of
sections of skin SCC for p53 and colon cancer for the
other markers. Negative control for pS3 was performed
by substituting the primary antibody with its respective
isotype. In the case of COX-2, negative controls were
performed by replacing it with normal goat serum or
with the primary antibody previously incubated for 1 h
with COX-2 blocking peptide (Santa Cruz Biotechnol-
ogy, Inc.) as previously described (6).

For p53 and COX-2 expression analyses, samples
were photographed with a Nikon microscope Eclipse 50i
connected to a Nikon digital camera DS-5M with Nis-
elements 2.2 imaging software (Nikon Instruments, Inc.,
Melville, NY, USA). A score of epithelial p53 and

Table 1 Primary antibodies (source and clone specification), antigen retrieval, dilution, and incubation time used in immunohistochemistry

Antibody

Tryptase (clone G3; Chemicon International)
Prolyl-4-hydroxylase (clone SBS; Dako, Carpinteria, CA, USA)
p53 (Clone DO7; Dako)

COX-2 (C-20; Santa Cruz Biotechnology, Inc.)

Antigen retrieval Dilution/incubation

None 1:2000/1 h RT
EDTA pH = 8.0 (1 mM) 1:200/1 h RT
Citric-acid buffer (10 nM, pH 6.0) 1:100/1 h RT

Citric-acid buffer (10 nM, pH 6.0) 1:400/0vernight 4°C

J Oral Pathol Med



COX-2 expression was subsequently obtained for each
sample by two calibrated observers, including extension
(percentage of positive cells/field) and intensity
(0 = undetectable, 1 = weak,2 = medium,3 = strong)
of the staining, as previously described (6).

Verhoeff stain of elastic fibers and scoring

As a histological marker of lip photodamage at the
lamina propria, elastic fibers were detected using Ver-
hoeff stain. The Van Gieson stain was used as a

Increased fibroblast density in actinic cheilitis
Rojas et al.

counterstainer. The number and diameter of elastic
fibers were assessed by two independent examiners using
an Olympus C31 Microscope, and a histological scoring
of elastosis was determined (1 + to 4+) as described by
Grimbaldeston et al. (12). The lowest score 1+ corre-
sponded to a fine meshwork of normal elastin fibers; 2 +
corresponded to a mild increase in density and individ-
ual thickness of the elastin fibers; 3+ represented a
marked increase in elastin fiber density and thickness;
and 4+ represented a very marked increase in fiber

29

Figure 1 Detection of fibroblasts, mast cells, and elastosis in normal lip (NL) and actinic cheilitis (AC) samples. (A-D) Representative
microphotographs of papillary (P) and reticular (R) areas of NL (A and C) and AC (B and D) sections processed for the detection of prolyl-4-
hydroxylase-positive fibroblasts (blue stain) and tryptase-positive mast cells (brown stain) by double immunohistochemistry. (E, F) Detection of
elastin (purple) and collagen (pink) fibers in NL (E) and AC (F) by Verhoeff-Van Gieson stain. Black arrows indicate prolyl-4-hydroxylase-positive
fibroblasts. Bar represents 50 um for panels A-D and 100 pm for panels E-F.
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density and thickness with at least focal confluence. In
addition, a dichotomic analysis was performed, with a
low grade of elastosis corresponding to scores 1 and 2
and a high grade of elastosis corresponding to scores 3
and 4 as described by Costa et al. (9).

Statistical analyses

Statistical tests were performed using SPSS Program
14.0 (Chicago, IL, USA). Data were normally distrib-
uted according to the Kolmogorov—Smirnov test, and
differences between groups were examined using ¢-test.
Qualitative data were analyzed with Fisher’s exact test.
Association between variables was determined using
multivariate analysis. Differences were considered sta-
tistically significant when P < 0.05 (two-tailed).

Results

Determination of fibroblasts, mast cells, and markers of
lip photodamage

Fibroblasts and mast cells were analyzed using double
immunohistochemistry in the lamina propria of normal
lip and AC sections. Figure 1(A-D) shows representa-
tive microphotographs of fibroblast (blue stain) and
mast cell (brown stain) distribution in the papillary and
reticular areas of normal lip and AC samples. Actinic
elastosis, as detected by Verhoeff-Van Gieson stain, also
is shown for normal lip and AC (Fig. 1E,F). Statistical
analyses of the results showed an increase in fibroblast
and mast cell density in AC as compared to normal lip,
both in the papillary and reticular areas of the lamina
propria (P < 0.0001, ¢-test) (Fig. 2). Actinic elastosis
scores were elevated in AC as compared to normal lip
(P < 0.0001, Fisher’s Exact test) (Table 2), with 82% of
the AC samples with high elastosis scores (3-4).
Although most of the normal lip biopsies had low
elastosis scores (1-2), six of 20 samples had high
elastosis scores, with a maximum score of 3. Normal
lip and AC samples with high elastosis corresponded to
older subjects (P < 0.05, Table 2).

As previously described (4, 6), the epithelial markers
of lip photodamage, p53 and COX-2, were higher in AC
as compared to normal lip (P < 0.0001, Mann—Whitney)
(Table 2).

Association between fibroblasts, mast cells, and
epithelial p53 and COX-2 expression

Using multivariate analyses, a significant association
between fibroblast and mast cell density was detected in
the papillary (P < 0.05) and reticular areas
(P < 0.0001) of AC and normal lip samples (Table 3).
Only papillary fibroblast density was significantly asso-
ciated with epithelial expression of p53 and COX-2 in
AC and normal lip samples (P < 0.05) (Table 3).

Association between actinic elastosis and the density of

fibroblasts and mast cells

According to the dichotomic elastosis index, AC and
normal lip samples were distributed into high (3—4) and
low (1-2) elastosis groups. Increased fibroblast density
was found in the papillary and reticular areas of the high
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Figure 2 Density of fibroblasts and mast cells in normal lip (NL) and
actinic cheilitis (AC). Samples processed for the detection of fibroblasts
and mast cells by double immunohistochemistry were analyzed. The
number of cells/mm” was determined in total (A), papillary (B), and
reticular (C) areas of each sample. Results are expressed as Mean +
SEM. ***p < (0.0001 (z-test) for total, papillary, and reticular
fibroblasts and for reticular mast cells in AC as compared to NL.
**P < 0.001 for total mast cells in AC as compared to NL. *P < 0.05
for papillary mast cells in AC as compared to NL.

elastosis group as compared to the low elastosis group
(P < 0.01, z-test) (Fig. 3A). Mast cells were increased
only in the reticular area of the high elastosis group
(P < 0.05), with no differences in papillary mast cell
density of high and low elastosis groups (Fig. 3B).

Discussion

The results showed that fibroblasts were increased
significantly in photodamaged lips in both the papillary
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Table 2 Actinic elastosis and epithelial p53 and COX-2 scores in actinic cheilitis (AC) and normal lip samples

Normal lip (n = 20)

Elastosis score
Low 1-2, [age, years]

High 3-4, [age, years] 6 (30%), [52 + 5]

[P < 0.05]
p53 score (mean = SEM) 25+ 6
COX-2 score (mean = SEM) 59 + 15

14 (70%), [37 + 13]

AC (n = 28) P-value
5 (18%), [38 + 18] P < 0.001°
23 (82%), [54 + 11] P < 0.001°
[P < 0.059
95 + 11 P < 0.0001°
186 + 11 P < 0.0001°

“1-test for age.
PFisher’s Exact Test for elastosis score.
“Mann-Whitney for p53 and COX-2 scores.

Table 3 Multivariate analysis of the association between fibroblasts, mast cells, and epithelial p53 and COX-2 expression

Papillary mast cells” (P-value)

Reticular mast cells" (P-value)

p33“ (P-value) COX-2 (P-value)

Papillary fibroblasts® 0.042
Reticular fibroblasts® 0.004

<0.0001 0.019 0.018
<0.0001 0.068 0.310

“Predictive variable.
®Dependent variable.

and reticular areas of the lamina propria. Fibroblast
density was associated with tryptase-positive mast cells
and epithelial p53 and COX-2 expression. Fibroblasts
also were elevated in samples with high scores of actinic
elastosis, suggesting that they are important effector
cells of actinic damage during early lip carcinogenesis.

Increased fibroblast density has been described previ-
ously during the formation of a reactive stroma in
several neoplasias, including intraoral cancer and skin
(21, 23, 28). On the other hand, in vitro studies have
shown that UVB- and UVA-irradiated fibroblasts have
reduced proliferation and increased expression of senes-
cence and apoptotic markers (32, 33). The present
results showed that fibroblasts and mast cells were
increased in photodamaged lips, with an association
between the density of both cell types. Similar findings
were reported by Coussens et al. (28) during the early
stages of skin carcinogenesis in an HPV-16 transgenic
mouse model, where fibroblasts and mast cells were
increased in epithelial dysplasias. In that model, mast
cell-derived tryptase was considered the main mediator
stimulating fibroblast proliferation (28). Several mast
cell mediators, including histamine, 1L-4, and tryptase,
modulate fibroblast proliferation and could explain the
increased fibroblast density in photodamaged lips (25,
34, 35). Specifically, tryptase increases fibroblast prolif-
eration by activating the protease-activated receptor
(PAR)-2 (35, 36), which is expressed in normal and
photodamaged tissues by keratinocytes and stromal cells
(6, 37-39). Therefore, mast cell-derived tryptase may be
an important mediator of fibroblast activation and
proliferation during early lip carcinogenesis.

An association between mast cell density and actinic
elastosis has been described in photodamaged skin (12,
15, 40, 41). In the lip, a study by Costa et al. (9) found no
significant association between mast cells and elastosis at
the subepithelial areas or tumor front of AC and lip

squamous cell carcinoma samples, respectively. Simi-
larly, in the present study, reticular but not papillary
mast cell density was significantly increased in lip
samples with high elastosis scores. On the other hand,
papillary and reticular fibroblasts were clevated in lip
samples with high elastosis scores, suggesting a more
prominent role of fibroblasts in the pathogenesis of
elastosis in photodamaged lips. Fibroblasts can stimulate
solar elastosis by different mechanisms, including
increased elastin and elastase production as well as
matrix metalloproteinase (MMP)-1 and -2 secretion (14,
18, 19, 42, 43). In addition, the production of elastase-
inducible cytokines, such as IL-8, by photodamaged
keratinocytes also contributes to elastin fiber degrada-
tion by fibroblasts (14). Future studies should assess the
role of these different pathways in elastosis formation in
the lips.

A potent interaction between fibroblasts and kerati-
nocytes has been shown in vitro and in vivo (24, 27, 30,
44). In this study, papillary fibroblast density also was
associated with epithelial expression of COX-2 and p53.
It has been demonstrated that UVB light directly
stimulates keratinocyte expression of COX-2 and p53
(45). Photodamaged keratinocytes are more resistant to
apoptosis and secrete growth factors (e.g., TGF-B
isoforms) as well as pro-inflammatory cytokines (e.g.,
IL-1) that activate the stromal microenvironment, thus
favoring increased fibroblast density and MMP secre-
tion (42, 46). The results suggest that fibroblast density
and activation during early lip carcinogenesis are
regulated by stromal signals provided by mast cells, in
addition to growth factors and cytokines secreted by
photodamaged keratinocytes.

In conclusion, AC lesions have a complex stromal
microenviroment characterized by increased density of
fibroblasts and mast cells that are associated with
ECM degradation and elastosis formation. In addition,

31
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Figure 3 Association between actinic elastosis and the density of
fibroblasts and mast cells. Samples were processed for elastosis
detection with Verhoeff-Van Gieson stain, and elastosis scores were
obtained. According to their scores, normal lip (NL) and actinic
cheilitis (AC) samples were distributed into high (3-4) and low (1-2)
elastosis groups and associated with the density of fibroblasts (A) and
mast cells (B). Results are expressed as Mean + SEM. **P < 0.01
(z-test) for fibroblast density in total, papillary, and reticular areas of
the high elastosis group as compared to the low elastosis group.
*P < 0.05 for mast cell density in reticular areas of the high elastosis
group as compared to the low elastosis group.

photodamaged keratinocytes may also contribute to
stromal activation by modulating fibroblast function
and proliferation. Therefore, fibroblasts may be impor-
tant effector cells of actinic damage in the lip. Their
function should be further characterized to determine
their biological significance and their potential role as
diagnostic markers of lip photodamage.
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