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Introduction
The most important risk factor for skin cancer is chronic exposure 

to UV radiation in sunlight [1]. The UV light spectrum, which spans 
between visible light and X-rays, is divided conventionally into 
three major categories: UVA (315-400 nm) UVB (280-315 nm), and 
UVC (190-280 nm). Because of the stratosphere filtering effect, the 
UVB component of sunlight is the most prominent and ubiquitous 
carcinogenic light component of our natural environment. Basal cell 
carcinoma (BCC) is the most common skin cancer. UV irradiation is 
considered to be a major etiological factor for pathogenesis of BCC 
[2]. Interestingly, fibroblast growth factor (FGF) was secreted after 
UV-B stimulation [3,4] and was overexpressed in skin neoplasms [5], 
suggesting that FGF signals have a role in neoplastic alteration of the 
skin [3]. Recently, it has been reported that FGF promotes activation 
of signal transducer and activator of transcription (STAT-3) [4,6]. 
The STAT family of proteins consists of seven members: STAT-1-
4, STAT-5a, STAT-5b; and STAT-6 [7,8]. STAT plays an important 
role in gene expression in cellular responses to stimulation by growth 
factors and cytokines [9]. Following ligand-receptor interaction, STAT 
becomes tyrosine-phosphorylated, which induces STAT to homo-or 
heterodimerize, and to subsequently enter into the nucleus where it 
recognizes specific gene promoters. Accumulating evidence supports 
a critical role for STAT-3 in oncogenesis [10]. Constitutive activation 
of STAT-3 signalling contributes to oncogenesis by preventing 
apoptosis and enhancing cell proliferation [10,11]. Furthermore there 
is considerable evidence that overexpression of STAT-3 correlates with 
invasion and metastasis in skin cancers [12,13] through induction 
of genes encoding matrix metaloproteases [14]. In addition, it has 
been reported that activation of STAT-3 is linked to angiogenesis 
enhancement [15] a key biological process in tumor growth and 
metastasis [16]. More precisely the FGF-STAT-3 signalling pathway is 
known to play a key role in BCC growth, survival and angiogenesis 
[17], thereby serving as a potential therapeutic target and marker of 
successful treatments of BCC.

Although low-molecular weight therapeutic agents as G3139, or 
oblimersen sodium (Genasense Genta Pharmaceuticals Inc.) against 
cancer [18] seem attractive because they share excellent molecular 
properties in terms of stability and bioavailability [19], its clinical use 
was concomitantly associated with toxicities [20]. Using structure-
based screening procedures we have previously identified several 
compounds that show antitumoral and antiangiogenic activities both 
in vivo and in vitro [21-23]. Recently we have reported that dobesilate 
which has been used for many years as a safe vasculoprotective 
agent [24] is a powerfull inhibitor of FGF-driven neovascularization, 
cell proliferation, cell migration and apoptosis [25]. Furthermore, 
dobesilate depresses the activated levels of STAT-3 in glioma cells 
[26]. Herein we report evidences that dobesilate is clinically efficient 
in the treatment of infiltrative BCC, and that its application dampens 
the levels of activated STAT-3, promotes apoptosis, and attenuates cell 
proliferation and angiogenesis. 

Material and Methods
Patients and treatment

Two patients with infiltrative BCC in the face were enrolled 
for the study approved by the Local Ethics Committee. After 
given their informed consent, patients were treated with a 2.5% 
2,5-dihydroxyphenyl sulfonate cream (Dobesilate, Merck). Topical 
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Abstract
Over-expression of FGF/STAT-3 signalling pathways or aberrant regulation of their activities has been 

implicated in many forms of human malignancies, including skin neoplasms. Therefore, targeting FGF/STAT-3 
signalling pathways represents an attractive strategy for development of basal cell carcinoma (BCC) treatment 
by simultaneously inhibiting tumor cell growth and survival, and also tumor angiogenesis. Here, we describe the 
efficacy of a safe, potent and selective FGF inhibitor –dobesilate- in BCC patients. Anti-tumor effect of dobesilate 
correlates with promotion of apoptosis, and inhibition of both cell proliferation and angiogenesis. Our data support 
dobesilate as an agent for chemoprevention and therapy of skin cancers by inhibiting FGF/STAT-3 oncogenic 
signalling axis.
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treatment was self-applied by the patients twice a day on BCC lesions. 
Treatment was continued until a complete clinical clearance of the 
tumor (3 months). Biopsy punches (2mm) were performed before and 
at the end of treatment. Dobesilate cream was prepared at the Pharmacy 
Department of the Hospital Universitario Ramón y Cajal in Madrid.

Histological studies

Histopathological confirmation of the diagnosis of BCC was 
performed in a blinded fashion in deparaffined sections obtained from 
pre- and post-treatment skin specimens. For paraffin embedding, 
biopsies were dehydrated in increasing concentrations of alcohol to 
xylene, followed by changes of hot paraffin wax and embedding biopsies 
were cut at a thickness of 5 μm and dried overnight at 37ºC. Sections 
were deparaffinized in xylene followed by decreasing concentrations of 
alcohol (100-70%) and rinsed in distilled water. Deparaffinized tissue 
sections were used for routine histology, terminal 2’-deoxyuridine-
5’-triphosphate (dUTP) nick-end-labelling (TUNEL) staining and 
immunohistochemistry. For standard histology sections were stained 
with Mayer’s haematoxylin and eosin to determine cellularity and 
tissue morphology.  

TUNEL staining   

For analysis of programmed cell death, we used the in situ detection 
of apoptosis by TUNEL assay. After permeabilization with 0.1% 
Triton X-100, terminal deoxynucleotidyl transferase (TdT) enzyme 
and dUTP conjugated to biotin were added to slides, according to 
the manufacturer’s specifications (Boehringer Mannheim, Germany). 
Slides were then incubated with an avidin-biotinylated horseradish 
peroxidase complex (ABC). Diaminobenzidine (DAB) (Sigma, St. 
Louis, MO) at 0.005% was used as chromogen. For positive controls, 
slides were treated with DNase (1μg/ml). Negative controls included 
omission of either  dUTP, TdT or avidin-biotinylated horseradish 
peroxidase complex. All sections were then counterstained with 
Mayer’s haematoxylin to obtain a nuclear image of nonapoptotic cells. 

Immunohistochemical staining

To assess potential mechanisms of action of dobesilate, sections 
were immunohistochemically characterized using antibodies to 
CD34+ (1:100, Dako, Denmark), Ki67 (1:100, Dako, Denmark) and 
phosphorylated STAT-3 (1:50; Santa Cruz Biotechnology, Santa Cruz, 
CA). For antigen retrieval, the sections were micro waved twice for 
15 min. at 600W in 10mM citrate buffer, pH 6. Slides were incubated 
with the biotin conjugated IgG secondary antibody and finally treated 
with the ABC staining method. The glasses were reacted with DAB, 
rinsed, dehydrated in alcohol, cleared in xylene and mounted for light 
microscopy. Negative controls were carried out by exposition to the 
blocking solution instead of primary antibody. 

For quantitive analyses of the results of TUNEL assays and of 
Ki67, CD34+ and STAT-3 immunohistologies, 10 representative x 200 
power photomicrographs in three different slides of each patient were 
taken with a digital camera. The positively stained cells within each 
photomicrograph were counted with the aid of an image processing 
program.

Statistical analysis

Statistical analysis was performed with paired t-test between the 
pre- and post-treatment values at the significance level of p<0.05.

Results
Dobesilate clears BCC lesions

BCC were cleared and the skin showed an excellent cosmetic 
appearance after treatment. We report a representative patient with 
BCC with infiltrative clinical variant treated with topical dobesilate. 
Neither irritation nor adverse events were observed during and after 
treatment. (Figure 1A vs. 1C). Six months after treatment patients 
didn’t show any clinical evidence of tumor recurrence.

Dobesilate normalizes skin structure

Tissue sample specimens, obtained after treatment withdrawal 
and stained with hematoxylin and eosin, showed a microscopic 
normalization of the epidermal features of the infiltrative BCC (deep 
epidermal hyperplasia; neoplastic keratinocyte infiltration between 
collagen bundles; peripheral palisading of keratinocytes protruding 
into the dermis; dermal clusters of neoplastic basaloid cells) (Figure 
1B vs. 1D). Mitotic images were not observed in the post-treatment 
biopsies.

Dobesilate promotes apoptosis and attenuates cell 
proliferation and angiogenesis in BCC

For a thorough assessment of the observed tumor regression, we 
analyzed in situ apoptosis, cell proliferation and angiogenesis in tissue 
specimens, obtained before and after treatment. Intense inmunostaining 
of the proliferation marker Ki-67 was observed through entire tumor 
mass biopsies before treatment. Ki-67 positive cells in dobesilate-
treated specimens were located mainly in the basal portion of the 
epidermis, suggesting a normalization of the skin homeostasis (Figure 
2A vs. 2D). Quantification of Ki-67 positive cells showed a significant 
decrease in proliferation indices (86.27 ± 8.65 vs 324 ± 39.7; p<0.001) 
after treatment. Tumor biopsies of patients treated with dobesilate 
showed a marked increase in TUNEL-positive cells in comparison with 
specimens obtained before treatment (Figure 2C vs. 2F). Quantification 
of TUNEL-stained samples showed a five-fold increase (64.50 ± 11.42 
vs 12.3 ± 3.46; p<0.001) in the number of TUNEL-positive cells after 
completion when compared with pre-treatment values. Because 
neovascularization is required for tumor growth, we studied the 
effect of dobesilate on BCC angiogenesis. For this purpose, the pre- 

Figure 1: A and C, macroscopic clinical features of a basal cell carcinoma 
before and after topical dobesilate treatment for 12 weeks, respectively. In the 
pre-treatment biopsy, typical features of invasive BCC that disappear after 12 
weeks of topical dobesilate application are readily observed by hematoxylin 
and eosin staining (Panel B vs. Panel D). Original magnification B-D (x200).
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and post-treatment biopsies were immunostained against the CD34+ 

endothelial cell marker. Previous to the treatment, tumors sections 
showed numerous large vascular lumens and branches (Figure 2B). The 
high vascularization in infiltrative BCC suggests the possible role of 
angiogenesis in determining the more aggressive biological behaviour 
of this type of cancer. A remarkable decrease in vascularization was 
observed in tumor samples after dobesilate treatment (Figure 2B vs. 
2E). Quantification of tumor vessel number showed a more than two-
fold decrease (8.80 ± 3.11 vs 19.40 ± 6.47; p<0.01) in post-treatment 
biopsies in comparison with the pre-treatment ones.

Dobesilate inhibits STAT-3 activation

Since cell survival, cell proliferation and angiogenesis are 
importantly controlled through STAT-3 activation we next analyzed 
its activation state in infiltrative BCC sections before and after the 
treatment with dobesilate, by immunohistochemical staining, using 
a monoclonal antibody against Tyr705-phosphorylated STAT-3. As 
illustrated in Figures 3A-3C and 3D-3F, the activated state of this 
protein was detectable, almost exclusively, in BCC biopsies obtained 
before the treatment. Staining was really apparent in endothelial nuclei 
of neovessels, as expected (Figure 3C), but also in nuclei of keratinocytes, 
at the deep, medium and superficial hyperplastic epidermis. Only a 
weak and diffuse cytoplasmic immunostaining for activated STAT 3 
could be observed in BCC biopsies after the three-month dobesilate 
treatment. Quantification analysis indicates that dobesilate blocks 
STAT-3 activation in almost  86% of tumor cells (63.28 ± 4.47 vs 449.11 
± 26.68; p<0.0001).

Discussion
Surgical treatment remains the standard of care for nonmelanoma 

skin cancer and is successful for the vast majority of patients with these 
tumors. The treatment of patients with metastatic or unressectable 
nonmelanoma skin cancer has until recently been based solely on 
traditional methods of chemotherapy and radiation. However, these 
methods have high rates of treatment failure, morbidity and mortality, 
and alternative treatment modalities for patients with aggressive 
or advanced disease are needed. In recent years, there has been 

considerable interest in developing new agents to improve outcomes 
of these patients, focussing on novel therapeutic drugs that specifically 
target growth factor pathways that are upregulated in tumor cells. 
Such targeted therapies improve the lack of specificity of traditional 
cytotoxic agents, differentiating between malignant and nonmalignant 
cells and producing a higher therapeutic index and different toxicity 
profile than conventional therapies. 

Constitutive activation of STAT-3 has been observed in a number 
of human cancers, including skin cancers [10,27]. Given that no 
naturally occurring STAT-3 mutations that result in constitutive 
activity have been identified, the persistent STAT-3 activation 
in tumors is likely due to differences in expression or activity of 
proteins that regulate STAT-3 or signalling molecules involved in 
the STAT-3 pathway. Potential candidates include FGF [4,6]. Given 
the central role of STAT-3 in multiple biological processes involved 
in malignant cell behaviour, extensive effort has been made to target 
STAT-3 and suppress its activity in cancer [28]. In this context we 
have demonstrated that dobesilate, an inhibitor of FGF -an upstream 
STAT-3 activation trigger- is able to depress the activated state levels 
of STAT-3. Previously we have reported that treatment of C6 glioma 
cells with dobesilate in vitro triggered apoptosis and growth arrest [29]. 
Further studies in glioma cells showed that dobesilate significantly 
inhibited constitutive expression of tyrosine phosphorylated STAT-3, 
and expression of the prosurvival proteins Bcl-xl and cyclin D1 [26]. 
These results support the idea that dobesilate increased apoptosis and 
decreased cell growth and survival in tumors, in part, by an upstream 
blocking of STAT-3 activation.

On the basis of the involvement of FGF/FGFR system in multiple 
steps of cancer development and their deregulation in a variety of 

Figure 2: Numerous Ki-67 immunostained cells (brown) are selectively detected 
in the pre-treated specimen (Panel A vs. Panel D). CD34+ immunostaining 
(brown) reveals irregularly dilated vessels in pre-treated tumors  (Panel B), 
which are absent in post-treated tumors (Panel E). A clear increase in the 
number of TUNEL-positive cells (brown) is observed following treatment in the 
hypodermis (Panel C vs. Panel F). Endothelial apoptotic nuclei in panel N are 
indicated by arrows. Panels C and F were counterstained with hematoxylin. 
Original magnification (x200).

Figure 3: Immunohistochemical staining of Tyr705-phosphorylated STAT-3 
in biopsies obtained before (panels A-C) and after the three month treatment 
(panels D-F). Sections correspond to the superficial (A and D) medium (B and 
E) and deep dermis (C and F), respectively. In panel C two neovessels in 
the dermis show STAT-3 immunoreactivity in endothelial cell nuclei. All the 
shown pictures used to exemplify the effect of the treatment belong to the same 
patient.; Original magnification (x 400).
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human cancers, several therapeutic strategies aiming at interfering 
with FGF/FGFR system activity are being developed, including small 
molecule tyrosine kinase inhibitors, monoclonal antibodies and FGF 
ligand traps. Despite their promising results in the laboratory of small 
molecule tyrosine kinase inhibitors against FGFR, neither of these 
compounds has a high probability to be successfully used in the clinic 
owing toxicity issues [8]. Currently, there are several ongoing efforts 
to generate monoclonal antibodies against FGF or FGFR. Monoclonal 
antibodies against FGF have shown anti-tumor activity in animal 
models [30]. Also monoclonal antibodies against the FGFR have shown 
anti-tumor effects in cancer cell lines and in mouse models [31]. These 
studies indicate that monoclonal antibodies targeting specific FGF 
or FGFR isoforms can be generated and provide proof-of-principle 
that therapeutic antibodies against FGF/FGFR system may have 
potential to be used in cancer therapy. It remains to be determined 
whether monoclonal antibodies targeting FGF/FGFR system will show 
promising results in clinical trials.

Another strategy to interfere with FGFR signalling is represented 
by the so-called FGF ligand traps, which sequester FGF and prevent 
their binding to FGFR. FGF traps may be most useful in cancers 
displaying FGF overexpression. The FGF trap FP-1039 (Five Prime 
Therapeutics) is a soluble fusion protein that prevents FGF1, FGF2 and 
FGF4 from binding to their respective receptors, thereby inhibiting 
FGFR kinase activation and therefore potentially blocking FGFR-
induced proliferation and angiogenesis. This FGF trap is going to be 
used in Phase II clinical trials to test its activity and safety in advanced 
or recurrent endometrial cancers (http://Clinical Trials.gov). At this 
time no targeted FGF/FGFR system therapies have been developed for 
treatment of BCC.

Surgical excision remains the mainstay of therapy for BCC, but may 
not be an appropriate treatment for patients who either are not surgical 
candidates, very often elderly people, or refuse to undergo surgery for 
their skin cancer. Topical imiquimod or fluorouracil therapy may be 
an appropriate treatment option for those patients. Imiquimod and 
fluorouracil have proved efficacious in the treatment of the superficial 
variants of BCC. Nevertheless, up to 100% and 97% of patients applying 
imiquimod and fluorouracil, respectively, experience adverse events 
including erythema, ulceration, pruritus and pain [32]. Thus, safe and 
efficient topical treatments for BCC seems highly desirable.

Dobesilate is the most efficient member of a FGF inhibitor family 
of phenyl derivatives recently described and characterized in detail, 
using animal models as well as high resolution molecular and physico-
chemical approaches [25]. Biological assays reported in that study show 
that dobesilate could constitute a promising compound for developing 
new antitumoral therapies. We previously reported the efficacy of 
dobesilate in human BCC [33]. As results of these last investigations, 
it looks reasonably encouraging to study the mechanisms involved in 
the dobesilate. antitumor effect. Research regarding the involvement 
of angiogenesis in skin neoplasms is attracting growing attention, 
although these investigations have not been adequately addressed in the 
case of BCC. Our study is the first to compare indices of angiogenesis 
in infiltrative BCC, before and after topical therapy, using the pan-
endothelial marker CD34+ which was expressed exclusively in vessel-
like structures Furthermore our findings are in agreement with the 
reported antiangiogenic effects of dobesilate, which have been shown to 
inhibit FGF-driven angiogenesis [25]. To confirm whether STAT-3 was 
activated in BCC, we performed immunohistochemical observations 
of the STAT-3 activation state using the appropriate antibody. Intense 

immunostaining for STAT-3 was observed in the nuclei of BCC cells 
before treatment. These findings are consistent with the repeatedly 
described translocation of STAT-3 subsequent to its activation, as 
reported in particular in skin cancers [8]. In contrast, minor staining in 
much fewer cells were observed in specimens obtained after dobesilate 
treatment. Quantitative analysis indicates that dobesilate blocks STAT-
3 activation in almost 86% of tumor cells. We report here that anti-
proliferative, pro-apoptotic and anti-angiogenic effects of topically 
applied dobesilate on BCC may be related to inhibition of FGF-STAT-3 
signalling pathway. These congruent findings in animal models 
and BCC patients indicate that aberrant activation of FGF-STAT-3 
pathway plays an important role in skin cancers. Taken together, 
these findings provide insights into molecular mechanisms of growth 
inhibition of BCC by dobesilate and suggest that this FGF inhibitor 
may be useful, when used alone or in combination with other agents, in 
the chemoprevention and/or treatment of BCC.

Conclusion
Targeted therapies are rationally designed to interfere with specific 

molecular events that are important in tumor growth, progression 
or survival. Targeted therapies to FGF/STAT-3 signalling pathway 
with anti-tumor activity is a promising approach for human cancer 
prevention and treatment. Inhibition of FGF/STAT-3 signalling 
pathway with dobesilate is a therapeutic opportunity for treating BCC 
and other malignancies in which FGF/STAT-3 pathway is implicated.
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