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ABSTRACT

Background: Mycosis fungoides, one of the most common subtypes of cutaneous T-cell ymphomas, is characterized by uncontrolled T cell
proliferation, apoptosis resistance, and consequent chronic cutaneous inflammation. This study aims to show the effects of narrow-band
ultraviolet B (UVB) alone and narrow-band UVB + isotretinoin treatments on the expression of fas, fas ligand, Bcl-2, STAT-3 and galectin-3
proteins which are responsible for apoptosis regulation, and also assess the relationship between this regulatory functions and clinical
improvement.

Materials and Methods: The first group received narrow-band UVB alone and the other group received narrow-band UVB combined with
0.5 mg/kg/day oral isotretinoin. After 30 sessions of treatment, biopsies from the patient groups were examined immunohistochemically for
the expression of fas, fas ligand, Bcl-2, STAT-3 and galectin-3 protein.

Results: In the narrow-band UVB only group, the intensity of epidermal Bcl-2 staining was found to be increased in the post-treatment
samples when compared to the pre-treatment. On the other hand, epidermal staining intensities and diffuseness for fas, fas-ligand, Bcl-2,
STAT-3, and galectin-3, and also the intensities and diffuseness of epidermal lymphocyte staining and presence of epidermal cells were
similar between pre and post-treatment samples within each group separately, and between the two treatment groups overall.

Conclusion: In the treatment of early stage mycosis fungoides, darband UVB and retinoic acid are used. In our study, the effects of these
treatments on apoptosis could not be demonstrated. Larger series studies are needed in this regard.
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Introduction

Our skin is one of our largest organs, which we have the largest
relationship with the external environment and constitutes
approximately 16% of body weight [1]. While the epidermis exerts
its barrier function mechanically, our skin plays an active role in the
immune response to pathogens by the cellular elements it contains
although it is not considered as a primary or secondary lymphoid

organ. When the resident Langerhans cells are stimulated by proper
signals, they turn into effective antigen presenting cells, causing an
immune response against the target antigen under the control of T
and B lymphocytes [2]. Although the etiology of mycosis fungoides,
one of the most common subtypes of cutaneous T-cell lymphomas,
is not fully elucidated, genetic, environmental and infectious causes
are accused. Monoclonal proliferation of T-cells in the epidermis
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and disruption of the apoptosis process which result from diffuse
inflammatory reactions induced by chronic antigenic stimulation
form the basis of the disease [3,4]. Uncontrolled T cell proliferation,
resistance to apoptosis and consequent chronic cutaneous
inflammation are responsible for the development of lymphoma.
Primary cutaneous lymphomas have an overall incidence of
0.3-1.0 / 100.000 and 54-72% of them are mycosis fungoides [5].
Clinically there are four stages of mycosis fungoides, namely
patch, plaque, tumor, and erythroderma, and some cases may be
characterized by atypical skin manifestations [6,7]. In the patch and
plaque stage, lesions are often asymmetrical, itching is prominent
andscalpinvolvement mayresultinalopecia[8,9]. These infiltrations,
which begin as patches and plaques, progress into nodules and
may show systemic spread when left untreated [10,11]. The gold
standard for the diagnosis of mycosis fungoides is histopathological
evaluation of skin biopsy. The treatment methods can be classified
into three main approaches: methods targeting the skin, systemic
treatment or biological agent regulators. The observation that the
lesions frequently reside on the regions unexposed to sunlight led
to the assumption that ultraviolet (UV) radiation may prevent the
development of mycosis fungoides and thus PUVA, narrow-band
and broadband UV B (UVB) treatments are used [12,13]. There are
three types of retinoids: isotretinoin, acitretin and etretinate, which
exert their effects via the retinoic acid receptor, and bexarotene
which binds to the retinoid X receptor. All these retinoids show
their therapeutic effects by inducing apoptosis [14]. The aim of
this study is to investigate the effects of narrow-band UVB only and
narrow-band UVB + isotretinoin treatments on the expression of
fas, fas ligand, Bcl-2, bax, STAT-3 and galectin-3 proteins which are
responsible for apoptosis regulation and the relationship between
apoptosis regulation and clinical improvement.

Materials and Methods

This study was carried out between May 2006 and March 2010 at the
Dermatology and Pathology Departments of the Faculty of Medicine
and supported by the Scientific Research Project Commission of
the University (project no: TT-06-34, approval no: 01/181). Twenty-
one patients diagnosed as mycosis fungoides patch stage clinically
and histopathologically were included in the study after receiving
consent form from patients. Demographic data of all patients
were recorded. Dermatological examinations of the patients were
performed. The total affected body area was calculated as cm2, and
all treatments were ceased two weeks before skin biopsy. A total of
two skin biopsies (i.e. pre-, and post-treatment) were obtained from
the lesion area, and the diagnosis was confirmed by histopathology
and immunophenotyping. Patients were randomly divided into
two groups. Pre-, and post-treatment lesion size and symptom
severity were evaluated. The first group was given narrow-band UVB

treatment at 0.005 joules/cm?2 three days a week for a total of 30
sessions, increasing the applied dose by 30% in every third session.
The second group received 0.5 mg/kg/day per-oral isotretinoin
in combination with the narrow-band UVB treatment. After 30
sessions of narrow-band UVB treatment, each patient underwent
a dermatological examination, in which clinical findings and
symptoms were scored between 0 and 8 and lesion size between
0 and 18, and a cumulative score was calculated for each patient
thereafter. Pre- and post-treatment biopsy specimens obtained
from each patient in both study groups were initially examined with
hematoxylin-eosin staining, followed by immunohistochemical
evaluation for fas, fas-ligand, Bcl-2, bax, galectin-3 and STAT-3
expressions in malignant lymphoid cells. For each patient, pre-
and post-treatment images of the lesions were taken with a digital
camera. Pre- and post-treatment data regarding clinical resolution
and apoptosis were compared in and between both groups. Tissue
samples were evaluated macroscopically and placed in a tissue
processing system. Tissue samples were incubated in formaldehyde
at 37 °C for 2 hours followed by embedding in alcohol solutions
with increasing concentrations for 1 hour each. After 4.5 hours
of incubation in xylol and 3 hours in paraffin, the samples were
taken from the device and paraffin blocks were prepared. The
blocks were refrigerated for 30 minutes before the preparation of
5 micrometer-thin sections on microscope slides containing poly-L-
lysine adhesive. The sections were incubated for 1 hour in an oven
at 60 °C, processed with consequent xylol and alcohol solutions with
decreasing concentrations, and finally rinsed with distilled water.
Sections were then boiled for 20 minutes in 10% citrate buffer
solution. In order to minimize non-specific staining and background
noise, all preparations were treated with 3% H,0, for 10 minutes
and washed with buffered saline solution for 10 minutes. Ready-
to-use antibodies against fas, fas-ligand, bax, Bcl-2, galectin-3 and
STAT-3 were used as primary antibodies. Immunohistochemical
staining was performed. The slides were treated with increasing
concentrations of alcohol solutions, embedded in xylol and closed
with a sealing solution. Intestinal tissue, prostatic tissue, Hodgkin
lymphoma specimens, tonsillar tissue, thyroid tissue and breast
cancer specimens were used as positive controls for fas, fas-ligand,
bax, Bcl-2, galectin-3 and STAT-3 expression studies, respectively.
Tissue preparations were examined under a light microscope.
Immunohistochemically, cytoplasmic staining of keratinocytes and
lymphocytes for bax and Bcl-2 was considered positive Unstained
cells were deemed negative (Figure 1, 2, 3). For Bcl-2 and bax
assessment, all microscopic fields were examined for pre- and post-
treatment specimens. A total of 10 positively stained fields were
examined under low power magnification and scored according to
the average positively stained cell numbers as: score 0% (-), 1-25%
(+),26-50% (++), 51-100% (+++). Staining intensities of lymphocytes
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were classified as no staining, weak, moderate and intense. Presence
of epidermal lymphocytes before and after treatment was evaluated
as no epidermal lymphocyte, few and present.

Statistical Analysis

Chi-square and Mann-Whitney U tests were used to compare age, sex,
and disease duration. Fas, fas-ligand, bax, Bcl-2, STAT-3 and galectin-3
staining intensities before and after treatment were compared with
Wilcoxon signed-rank test. Mann-Whitney U test was used to compare
the staining intensities of narrow-band UVB only and isotretinoin
+ narrow-band UVB treatment groups. In both treatment groups,
intragroup pre- and post-treatment symptom severity and lesion
size comparisons were performed using Wilcoxon signed-ranks test.

Values of p<0.05 were considered statistically significant.

Figure 1. Positive cytoplasmic fas staining (immunoperoxidase
x100)

fas-ligand  staining

cytoplasmic

Figure 2. Positive
(immunoperoxidase x100)

Results

In our study, 10 patients received narrow-band UVB alone
and eleven patients received narrow-band UVB + isotretinoin
combination treatment. Nine (42.9%) of the patients were female
and 12 (57.1%) were male. Mean age was 48.33£12.39 years in all
patients, 50.00+12.15 years in the narrow-band UVB only group,
and 46.81£12.99 vyears in the narrow-band UVB + isotretinoin
group. There was no statistically significant difference between the
groups in terms of gender and age (p=0.130, p=0.672, respectively),
(Table 1). Mean disease duration was 8.89+7.28 years in the first
group and 4.60+3.93 years in the second group (p=0.216). Eight of
the patients were in stage 1A, 9 in stage 1B, and 4 in stage 2A. Six
of the stage IA patients had narrow-band UVB only and 2 of them
had narrow-band UVB + isotretinoin, 2 of the stage 1B patients had
narrow-band UVB only and 7 had narrow-band UVB + isotretinoin,
and 2 of stage 2A patients had narrow-band UVB only and 2 received
narrow-band UVB + isotretinoin treatment. Pre and post-treatment
symptom severity scores were 12.50£6.16 and 5.40+4.97 in the
narrow-band UVB only group and 16.90+4.50 and 5.18+4.42 in the
narrow-band UVB + isotretinoin combination group, respectively.
In both groups, the differences between pre- and post-treatment
symptom severity scores were statistically significant (p<0.009
in narrow-band UVB only group and p<0.003 in narrow-band
UVB + isotretinoin combination group). Overall, pre-treatment
symptom severity was high and there was a significant decrease
after treatment (p=0.09) (Table 2). In the first group, pre- and post-
treatment lesion sizes were 10.80£6.01 and 6.70£6.54, while in the
second group they were measured to be 14.63+2.54 and 7.90+6.04
(Table 3). The pre-treatment lesions in both groups were large, but
there was a significant decrease in lesion sizes after the treatment.
No significant difference was detected when pre-treatment lesion

Figure 3. Positive nuclear + cytoplasmic STAT-3 staining
(immunoperoxidase x100)
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sizes and post-treatment lesion sizes were separately compared
between the two treatment groups (p=0.20 for pre-treatment sizes,
p=0.43 for post-treatment sizes). Clinical response to treatment
was significantly earlier in the narrow-band UVB + isotretinoin
combination group than the narrow-band UVB only group, and
the results were statistically significant. In the narrow-band UVB
only group, the difference between the of Bcl-2 epidermal staining
intensities obtained from pre- and post-treatment biopsy samples
were statistically significant (p=0.04). However in the same group,
pre- and post-treatment samples revealed similar results regarding
Bcl-2 epidermal staining diffuseness, epidermal lymphocyte
staining intensities and diffuseness and presence of epidermal
lymphocytes (p>0.05). In addition, again in the same group, pre-
treatment and post-treatment epidermal staining intensities and
diffuseness for fas, fas-ligand, bax, STAT-3 and galectin-3, as well
as epidermal lymphocyte staining intensities and diffusiveness
and presence of epidermal lymphocytes were not significantly
different. In the narrow-band UVB + isotretinoin group, on the
other hand, the intensity and diffuseness of epidermal staining
for fas, fas-ligand, bax, Bcl-2, STAT-3 and galectin-3, the staining
intensities and extent of epidermal lymphocytes and the presence
of epidermal lymphocytes were not significantly different between
the pre-treatment and post-treatment samples. Overall epidermal
staining intensities and diffuseness for fas, fas-ligand, Bcl-2, STAT-

3 and galectin-3, epidermal lymphocyte staining intensities and
diffuseness, and presence of epidermal lymphocytes did not show
significant differences between the pre-and post-treatment samples
(p>0.05). No positive staining for bax protein was detected (Table 4).

Discussion

Mycosis fungoides is a cutaneous T-cell lymphoma characterized by
varying degrees of atypical lymphocyte infiltration in the papillary
dermis. Phototherapy is accepted as an effective treatment approach
for mycosis fungoides in that it exerts a suppressive effect against
T-lymphocytes and Langerhans cells. Although narrow-band UVB
phototherapy is frequently used especially in the treatment of early
stage mycosis fungoides, in our study it did not result in significant
changes in apoptotic markers. This may be due to the fact that
apoptosis is not yet a prominent process in the early stage of the
disease. In advanced stages of mycosis fungoides, other systemic
treatment alternatives may be combined with phototherapy. There
are many alternative drugs such as isotretinoin, bexarotene and
vorinostat. Retinoids are vitamin A derivatives that regulate cell
proliferation, differentiation and apoptosis. Isotretinoin, one of the
first retinoids, was observed to show its clinical effects earlier when
combined with narrow-band UVB, rather than being used alone.
However, there was no difference between pre-treatment and post-
treatment results in our narrow-band UVB only and isotretinoin +

Table 1. Comparison of patient and control groups

Patient group Narrow-band UVB Narrow-band UVB + isotretinoin p
Number of patients 21 10 11 0.827
Male female 12/9 4/6 8/3 0.130
Age (years) 48.33£12.39 50.00+12.15 46.81£12.99 0.672

UVB: Ultraviolet B

Table 2. Comparison of symptom severity before and after treatment between groups

Symptom severity p

MeantSD

Before treatment After treatment
Narrow-band UVB 12.50£6.16 5.40+4.97 0.009
Narrow-band UVB + isotretinoin 16.90+4.50 5.18+4.42 0.003
p 0.09 0.91

UVB: Ultraviolet B, SD: Standard deviation

Table 3. Comparison of lesion size before and after treatment between groups

Lesion size p

MeantSD

Before treatment After treatment
Narrow-band UVB 10.80£6.01 6.70£6.54 0.007
Narrow-band UVB + isotretinoin 14.63+2.54 7.90+6.04 0.012
p 0.20 0.43

UVB: Ultraviolet B, SD: Standard deviation
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Table 4. Before and after treatment; comparison of fas, fas-ligand, Bcl-2, STAT-3, galectin-3

Narrow-band UVB p Isotretinoin + narrow-band UVB p

Pre-treatment After treatment Pre-treatment After treatment

Med. (min.-max.) = Med. (min.-max.) Med. (min.-max.) = Med. (min.-max.)
Fas epidermal severity 2.2(1-2) 2.2(1-3) 0.99 2.0 (1-3) 2.4 (1-3) 0.23
Fas epidermal diffuseness 2.1(1-3) 2.0 (1-3) 0.74 2.1(1-3) 2.0 (1-3) 0.58
Fas lymphocyte severity 2.2(1-3) 2.1(1-3) 0.76 2.4 (1-3) 2.2 (1-3) 0.52
Fas lymphocyte diffuseness 2.4(1-3) 2.0 (1-3) 0.34 2.3(1-3) 1.9(1-3) 0.09
Fas number of epidermal lymphocytes 1.0 (1-1) 0.9 (0-2) 0.70 1.0 2-2) 1.0 (0-2) 0.99
Fas ligand epidermal severity 2.7 (3-3) 2.7 (1-3) 0.99 2.6 (2-3) 2.7 (2-3) 0.65
Fas ligand epidermal diffuseness 3.0 (3-3) 3.0 (3-3) 0.99 3.0 (3-3) 3.0 (3-3) 0.99
Fas ligand lymphocyte severity 1.7 (1-3) 1.5(0-3) 0.48 1.4 (1-2) 1.6 (0-3) 0.41
Fas ligand lymphocyte diffuseness 2.0 (1-3) 1.5(0-3) 0.09 1.8 (1-3) 1.5(0-3) 0.58
Fas ligand number of epidermal 0.6 (0-1) 0.2 (0-2) 0.19 0.5 (0-1) 0.3(0-1) 0.48
lymphocytes
Bcl-2 epidermal severity 0.1 (0-1) 0.5 (0-1) 0.04 0.5(0-2) 0.4 (0-1) 0.56
Bcl-2 epidermal diffuseness 0.2 (0-2) 1.0 (0-3) 0.06 0.9 (0-3) 0.6 (0-2) 0.25
Bcl-2 lymphocyte severity 0.5 (0-2) 0.4 (0-2) 0.70 1.09 (0-2) 0.4 (0-1) 0.08
Bcl-2 lymphocyte diffuseness 0.5(0-2) 0.6 (0-2) 0.70 1.1(0-3) 0.5(0-2) 0.14
Bcl-2 number of epidermal lymphocytes 1(1-1) 0.8 (0-1) 0.15 1(1-1) 0.8 (0-2) 0.41
STAT-3 epidermal severity 1.5(0-3) 1.7 (1-3) 0.48 1.8 (0-3) 1.8(1-3) 0.99
STAT-3 epidermal diffuseness 1.8 (0-3) 1.9 (1-3) 0.73 2.3(0-3) 2.0 (1-3) 0.31
STAT-3 lymphocyte severity 1.4 (0-3) 0.8 (0-3) 0.16 1.0 (0-3) 1.2(0-2) 0.62
STAT-3 lymphocyte diffuseness 1.7 (0-3) 1.1(0-3) 0.19 1.3(0-3) 1.3(0-2) 0.90
STAT-3 number of epidermal lymphocytes 1.0 (1-1) 1.0 (1-1) 0.99 1.0 (0-2) 0.8 (0-2) 0.31
Galectin-3 epidermal severity 1.1(0-3) 1.6 (0-3) 0.157 | 1.0(0-2) 1.7 (0-3) 0.142
Galectin-3 epidermal diffuseness 1.1(0-3) 1.4 (0-3) 0.180 1.2(0-3) 1.5(0-3) 0.417
Galectin-3 lymphocyte severity 0.6 (0-3) 0.1 (0-1) 0.180 | 0(0-0) 0 (0-0) 0.99
Galectin-3 lymphocyte diffuseness 0.6 (0-3) 0.1(0-1) 0.180 | 0(0-0) 0 (0-0) 0.99
Galectin-3 number of epidermal 0.8 (0-1) 0.9 (0-1) 0.317 | 0.9(0-1) 0.9 (0-1) 0.99
lymphocytes
Med.: Median, min.: Minimum, max.: Maximum, UVB: Ultraviolet B

narrow-band UVB groups (p=0.005). Fas is an apoptosis-associated
protein of lymphoid cells, and in mycosis fungoides, its expression
decreases as the disease stage progresses. Narrow-band UV increases
the expression of fas/fas-ligand, which has a strong inducing
effect for apoptosis [15]. Fas-directed apoptosis is inhibited by the
antiapoptotic Bcl-2 protein. The presence of Bcl-2 expression leads
to resistance development to apoptosis and is a negative prognostic
factor. Our patients did not show a prominent Bcl-2 expression
was observed in patients, and a number of previous studies have
shown that Bcl-2 expression is decreased in these patients [16],
implying that Bcl-2 function is not pronounced in early-stage
patients. Proapoptotic bax protein induces apoptosis by increasing
the production of fas and suppressing Bcl-2. Although increased bax
expression following ultraviolet exposure and its role in intracellular
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signaling pathways in the pathogenesis of mycosis fungoides are
well-established, bax levels were not found to be significant in
our study [17]. STAT-3 activation was observed in malignant cells
obtained from the skin and blood of patients with cutaneous T-cell
lymphoma. STAT-3 positivity is rarely seen in early-stage mycosis
fungoides lesions because most lymphocytes in this stage are
inflammatory rather than neoplastic. We found that both cutaneous
T-cell lymphoma patients and the control group showed positive
keratinocyte staining for STAT-3 in the keratinocytes, revealing no
significant difference between the patients and the control group
[18].

STAT-3 positivity is an indicator of progression to advanced stages
and this protein is one of the potential molecules that can be
targeted in novel treatment strategies for patients in this stage.
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In our study, STAT-3 expression levels were similar between pre-
and post-treatment samples in both groups, and between the
two treatments groups. This may be attributable to the fact that
STAT-3 expression is mostly observed in advanced stage patients
and is not specific for malignant cells since STAT-3 is also present
in proliferating keratinocytes. Galectin-3 is a lectin-binding beta-
galactosidase and its expression is increased in various neoplastic
cell types. It is functionally involved in epithelial cell proliferation,
malignant transformation and metastasis. Galectin-3 expressing
cells show resistance to apoptosis [19]. In our study, the median
post-treatment galectin-3 staining levels were increased when
compared to pre-treatment levels in both groups, the differences
being statistically insignificant. This was thought to be due to the
variations in cell surface glycosylation between individuals.

Study Limitations

Difficulty in immunohistochemical detection of the apoptotic
markers due to their short half-life, different skin types, inter-
person variability in retinoid receptor expressions, functional
polymorphisms in retinoid metabolism.

Conclusion

According to our findings, narrow-band UVB + isotretinoin
combination has no superiority to narrow-band UVB only treatment
in terms of both clinical improvement and induction of apoptosis.
However, recovery started earlier in the isotretinoin + narrow-
band UVB group. The results we obtained with our study revealed
important issues that may establish a ground for further studies.
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