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ABBREVIATIONS

Bleo — bleomycin

DAB — diaminobenzidine

H&E — hematoxylin and eosin

IHC — immunohistochemistry

LED - light emitting diode

MMP-1 — matrix-metalloproteinase-1
MMP-3 — matrix-metalloproteinase-3
NaCl — sodium chloride

PT — phototherapy

SD — standard deviation

SSc - systemic sclerosis

UVA — ultraviolet A

UVAL — ultraviolet Al

w — week
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1. INTRODUCTION

1.1. Background

Systemic sclerosis (SSc) is a rare, chronic, autoimmune disease of unknown etiology. The
pathogenesis of SSc includes vasculopathy, progressive fibrosis and alterations in the immune
system [1]. Despite the current existing treatment with glucocorticoids and cytostatic drugs,
the management of the disease remains a challenge. Patients with SSc exhibit a long-standing,
established dermal fibrosis with ongoing pathogenic mechanisms [2]. Because of this, an
effective antifibrotic treatment should target both the degradation of excessive extracellular

matrix components and stop any further accumulation of collagen.

Over the last few decades, phototherapy has been implied as a new possibility for the
treatment of many skin diseases (atopic dermatitis, urticaria pigmentosa, psoriasis, prurigo,
etc.) [3, 4]. There are no randomized, double blind, placebo-controlled studies concerning the
ultraviolet A1 (UVAL) phototherapy in dermal fibrosis [5]. A few clinical studies using the
broadband UVAL (340-400 nm) or even full spectrum UVA (320-400 nm) for the treatment
of localized scleroderma and systemic sclerosis were performed [6-8]. It is known that the
longer the wavelength used, the greater the depth of penetration by ultraviolet (UV) waves is
observed [9]. The concentration of radiation energy on the superficial layers of the skin raises
some concerns associated with carcinogenesis [10]. Whereas the key molecules that absorb
UVAL radiation, leading to the biological effects of phototherapy, are present in the deeper
layers of the dermis [11]. The United States Food and Drug Administration approved the
UVAL (340-400 nm) phototherapy device (Daavlin©) with the peak of 365-375 nm for the
treatment for psoriasis, vitiligo and atopic dermatitis [12]. The wide spectral waveband of
UVAL could react with the different chromophores in the skin, leading to different effects on
the immune system of skin [13]. The special-purpose medical device “IMC-Light” has been
constructed during the doctoral studies. The equipment consists of UVAL light emitting
diodes (LEDs), which emit the UV rays with a peak wavelength of 365 + 5 nm. In accordance
with the physical properties of UVA1L and the optical features of the skin, the narrowband
UVAL would influence collagen metabolism with a reduced chance of side effects, such as

erythema and carcinogenesis [14]. None of the previously conducted studies evaluated the
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safety and effectiveness of narrowband UVAL on dermal fibrosis. Clinical trials of SSc are
difficult to carry out due to the severe conditions of the patients, the variety of symptoms, the
small patients’ cohort size and any probable disease-related complications. Thus, animal
models are essential tools in investigating in-depth the search of new therapeutic modalities
[15]. The aim of the present study was to evaluate the efficacy and safety of narrowband (365
+ 5 nm) UVAL for the dermal fibrosis treatment using the bleomycin-induced systemic

sclerosis model in DBA/2 mice.

1.2. The Aim of the Study
To evaluate the efficacy and safety of narrowband (365 = 5 nm) ultraviolet A1 (UVAL) for

the dermal fibrosis treatment using the animal models of systemic sclerosis.

1.3. The Objectives of the Study

1. To assess the effect of high and medium doses of narrowband UVAL on the dermal
thickness, mast cells infiltration and expression of active caspase-3 in the established,
bleomycin-induced animal model of fibrosis.

2. To evaluate the impact of high and medium doses of narrowband UVAL on the
carcinogenesis in the established, bleomycin-induced animal model of fibrosis.

3. To assess the effect of high dose of narrowband UVAL on the progression of fibrosis
and regression of fibrotic changes in the established, bleomycin-induced animal model

of fibrosis when bleomycin is applied during the whole experiment.

1.4. Defended Statements
1. The narrowband UV AL phototherapy reduces dermal thickness, stops the progression
of fibrosis and induces the regression of existing fibrotic changes in the established,
bleomycin-induced animal model of fibrosis.
2. The narrowband UVA1 phototherapy does not cause an increased risk of

carcinogenesis in the established, bleomycin-induced animal model of fibrosis.

1.5. The Scientific Novelty of the Study and Implementation in Clinical Practice
The results of the present study have revealed for the first time that narrowband UVA1

phototherapy (365 + 5 nm) not only stops the progression of dermal fibrosis, but also induces
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the regression of already existing fibrotic changes in the established, bleomycin-induced
mouse model of scleroderma. Furthermore, the cumulative doses of 1200 J/cm? and 600 J/cm?
of narrowband UVAL do not cause an increased expression of p53 nor Ki-67 proteins,

resulting in a low carcinogenetic risk of phototherapy.

The special-purpose medical device “IMC-Light” has been constructed during the course of
doctoral studies. The Lithuanian State Health Care Accreditation Agency under the Ministry
of Health has authorized the use of this special-purpose medical device in the clinical study,
which will be held at the Santaros Clinic of Vilnius University Hospital (permission No. S8-
5-15). Accreditation data and authorization are registered in the European Database on
Medical Devices EUDAMED (CIV-ID): CIV-15-10-013898. In the near future, the efficacy
of narrowband UV AL phototherapy for patients with systemic sclerosis will be evaluated.
The use of this non-invasive method in day-to-day clinical practice would be an important

step in addressing the complexities of systemic sclerosis treatment.
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2. METHODS

2.1. Animals

Eighty-four 6-weeks-old female mice (each weighing 17-20 g) of the DBA/2 strain were
involved in the study and kept under standard housing conditions with unlimited food and
water access. The use of animals in this study was in accordance with the Directive
2010/63/EU of the European Parliament and of the Council of 22 September 2010 on the
protection of animals used for scientific purposes. The study was approved by the Lithuanian
Laboratory Animal Use Ethical Committee under the State Food and Veterinary Service (No
G2-15 and G2-42).

2.2. Bleomycin-induced Mouse Model of Scleroderma

Skin fibrosis was induced by subcutaneous injections of bleomycin (Bleo) (Bleomycin sulfate
from Streptomyces verticillus, Sigma Aldrich, Buchs, Switzerland) [16]. At first, the hair from
the mouse back was removed using depilation cream (Veet®, Reckit Benckiser, England) and
a square area of 1 cm2 was marked. The injection site included 5 points — every corner and
the center of the marked square. Bleomycin was dissolved in 0.9% of sodium chloride (NacCl,
Sanitas, Lithuania) at a concentration of 0.5 mg/ml and a subcutaneous injection of 100 pl
was performed every other day for 3 or 8 weeks. Other healthy mice received 100 ul of

sodium chloride injections at the matched area on the back and served as the control.

2.3. Phototherapy

The special-purpose medical device “IMC-Light” was used as a phototherapy source in the
study (Fig. No. 1). The equipment consisted of 20 built-in UVAL LEDs (UVLED-365-330 —
surface mounted devices, Roithner LaserTechnik, Austria) emitting 365 = 5 nm radiation.
LEDs were laid out to ensure the uniform power density of 21 m\W/cm? at the surface distant
4 cm from the device. Phototherapy was performed in a black metal box with separate cages
for each mouse. Mice were irradiated 3 times per week for 5 weeks. The applied doses per
session were 80 J/cm? for a high and 40 J/cm? for a medium dose of UVAL. Thus, the average
cumulative doses over five weeks were 1200 J/cm? for high and 600 J/cm? for medium dose

treatments.
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Fig. No. 1. Special-purpose medical device “IMC-Light”

Phototherapy Course for the Established, Bleomycin-Induced Mouse Model of

Scleroderma

Forty-two DBA/2 line mice were randomly assigned to 6 groups (seven mice in each)

Group | (Healthy) — healthy animals;

Group 11 (Bleo) — control group with bleomycin-induced scleroderma;

Group 111 (BleoHighPT) — mice with an established scleroderma treated with a high
dose of UVAL,

Group IV (BleoMediumPT) — mice with an established scleroderma treated with a
medium dose of UVAL,

Group V (HealthyHighPT) — healthy mice treated with a high dose of UVAL,;

Group VI (HealthyMediumPT) — healthy mice treated with a medium dose of UVAL.

All mice were sacrificed at the end of experiment on week 8. A graphical illustration of the

study design is summarized in Fig. No. 2.
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Fig. No. 2. Design of the study. NaCl — sodium chloride; bleo — bleomycin; PT — phototherapy; high dose of
UVAL — 80 J/cm2 (3 times per week for 5 weeks); medium dose of UVAL — 40 J/cm? (3 times per week for 5

weeks); X — sacrifice of mice

Phototherapy Course for the Established, Bleomycin-Induced Mouse Model of
Scleroderma, when Bleomycin is Applied During the Whole Experiment
Forty-two DBA/2 line mice were randomly divided into the following 6 groups (7 animals in

each):

e Group | (Healthy 3w) — Mice injected with NaCl for 3 weeks;

e Group Il (Bleo 3w) — Mice injected with bleomycin for 3 weeks;

e Group Il (Healthy 8w) — Mice injected with NaCl for 8 weeks;

e Group IV (Bleo 3w + NaCl 5w) — Mice injected with bleomycin for 3 weeks and then
with NaCl for 5 weeks;

e Group V (Bleo 8w) — Mice injected with bleomycin for 8 weeks;
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e Group VI (Bleo 8w + UVAL) — Mice injected with bleomycin for 8 weeks and in
parallel treated with an average cumulative dose of 1200 J/cm? of UVAL for the last

5 weeks (the treatment group).

Mice from I, Il groups were sacrificed after 3 weeks and mice from Il1, IV, V, VI groups —

after 8 weeks. A graphical illustration of the study design is summarized in Fig. No. 3.

Time in weeks I I I I I

Group | NaCl
Healthy3w

Groupll Bleomycin
Bleo3w

Group Il NaCl
Healthy8w

Bleo3w + Bleomycin NaCl
NaClsw

Group V Bleomycin

Bleo8w

Group VI | | I ;I:c;‘;c;]__:_'_“_‘;I;-_;;;I__;_-;r _____ .

Bleosw + UVAL | | | | | | |

Fig. No. 3. Design of the study. NaCl —sodium chloride; bleo — bleomycin; w — week; UVAL —ultraviolet A1,

X —sacrifice of mice
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2.4. Histological and Immunohistochemical Analyses
The skin samples analysis in the established, bleomycin-induced mouse model of scleroderma

consisted of the following elements:

- A histological dermal thickness analysis;

- Ahistological analysis of mast cells infiltration;

- An immunohistochemical analysis of active caspase-3 for the evaluation of apoptosis;
- An immunohistochemical analysis of p53 and Ki-67 proteins for the evaluation of

carcinogenesis.

The skin samples analysis in the established, bleomycin-induced mouse model of
scleroderma, when bleomycin is applied during the whole experiment, consisted of the

following elements:

- A histological dermal thickness analysis;
- Animmunohistochemical analysis of matrix metalloproteinase-1 (MMP-1) and matrix

metalloproteinase-3 (MMP-3);

- An immunohistochemical analysis of collagen type | and collagen type IlI.
Histological Dermal Thickness Analysis

Skin samples were stained with hematoxylin and eosin (H&E) in accordance with the standard
protocol. The histological preparations were photographed using an Olympus BX51
microscope (Olympus Corporation, Inc.,Tokyo, Japan) with a Nikon DXM 1200 camera
(Nikon Instruments, Inc., New York, USA). Dermal thickness was evaluated by measuring
the distance (um) between the epidermal-dermal junction and the dermal-subcutaneous fat
junction at four different points of skin sections stained with H&E. The quantitative analysis
was made using NIS ELEMENTS software v.BR 2.30 (Nikon instruments, Netherlands).
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Histological Analysis of Mast Cells Infiltration

Skin samples were stained with toluidine blue for the analysis of mast cells. Stained
histological sections were photographed using a Nikon “Eclipse TE2000” microscope (Nikon,
Tokyo, Japan) with a Nikon DS-Fi2 high-definition color camera head (Nikon, Tokyo, Japan).
Violet (red-purple) color cells containing metachromatic cytoplasmic granules were counted
in four random grids under a magnification of x 200. The mean number was calculated. The
mast cell density was expressed as the average of mast cell count/high power field. The
quantitative analysis was made using NIS ELEMENTS software v.BR 2.30 (Nikon

instruments, Netherlands).
Immunohistochemical Analysis

Immunohistochemical staining was performed manually by using DAKO Envision + System-
Peroxidase Kit (Glostrup, Denmark) following the protocols of the manufacturer. The
dilutions and positive control groups of the used primary antibodies are summarized in Table
No. 1. Stained sections were photographed using a Nikon “Eclipse TE2000” microscope
(Nikon, Tokyo, Japan) with a Nikon DS-Fi2 high-definition color camera head (Nikon, Tokyo,
Japan).

The quantification of p53 and Ki-67 proteins was performed with open-source software
ImageJ® Fiji (National Institutes of Health, Maryland, US) along with the Immunoratio
(version 1.0c, Institute of Biomedical Technology, University of Tampere, Findland) plug-in,

available at http://153.1.200.58:8080/immunoratio/ [17]. The Immunoratio plug-in calculated

the percentage of the positively stained nuclear area by using a color deconvolution algorithm
[18] in 4 fields for each specimen. The results were represented as the mean percentage (%)
of positive nuclei (brown pixels) to negative nuclei (blue pixels) + standard deviation.
Immunoreactivity to active caspase-3, MMP-1, MMP-3, collagen type | and collagen type 111
was characterized by brown cytoplasmic staining and evaluated individually following image
segmentation. ImageJ® Fiji software (National Institutes of Health, Maryland, US) was used
for morphometric analysis [17]. The digital images were processed by the color deconvolution

(H&E DAB-diaminobenzidine) technique [18]. The mean percentage staining of the
16
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demarcated area (positive pixels were equal to the areas of diaminobenzidine staining) related
to the total area of each field (total pixels) was evaluated. This technique was performed in 4
fields for each specimen. Results were represented as the mean percentage (%) of stained area

+ standard deviation.

Table No. 1. Primary antibodies for immunohistochemical analysis

Antibody (description) Manufacturer Dilution Positive control tissue
(catalog number)
Anti-caspase 3 antibody (rabbit Abcam 1:500 Human tonsil tissue
polyclonal to active caspase 3) | Cambridge, United
Kingdom
(ab44976)
Anti-Ki67 antibody (mouse anti- | Spring Bioscience, 1:200 Human tonsil tissue
Human Ki-67 antibody [Clone Pleasenton,
Sp6]) us
(M3064)
Anti-p53 antibody (rabbit Abcam 1:200 Human breast adenocarcinoma
polyclonal to p53) Cambridge, United tissue
Kingdom
(ab31333)
Anti-MMP1 (matrix Thermo Fisher 1:600 Human breast adenocarcinoma
metalloproteinase-1; rabbit Scientific, Illinois, tissue
polyclonal) United States
(PA5-27210)
Anti-MMP3 (matrix Abcam, 1:100 Human gastric
metalloproteinsase-3; rabbit Cambridge, United adenocarcinoma tissue
monoclonal) Kingdom
(ab52915)
Anti-Collagen Type | (rabbit Abcam, 1:300 Human salivary gland tissue
polyclonal) Cambridge, United
Kingdom
(ab34710)
Anti-Collagen Type 11 (rabbit Thermo Fisher 1:400 Mouse placenta tissue
polyclonal) Scientific, Illinois,
United States
(PA1-85323)
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2.5. Statistics

SPSS Statistics software (v. SPSS16) system package for Windows software was used for
statistical analysis. Continuous data were expressed as mean + standard deviation. Continuous
variables were compared by a non-parametric Mann-Whitney U test. Statistical significance

was expressed by a P-value < 0.05.

3. RESULTS

3.1. Narrowband UVA1 Phototherapy in the Established, Bleomycin-Induced Mouse
Model of Scleroderma

First, we evaluated the dermal thickness differences in all the groups of experiment. The mean
dermal thickness of mice with bleomycin-induced scleroderma (group I1) was 598.95 + 55.74
pum, whereas it was only 179.34 + 25.30 um in the group of healthy mice (P < 0.05). After
narrowband UVAL phototherapy on mice with scleroderma (groups Il and 1V), the
histopathological skin examination showed both the thinning of skin layers and the reduced
number of irregular fibroblasts with less cellular infiltration between the collagen bundles
(Fig. No. 4). The dermal thickness of mice with scleroderma, treated with high and medium
dose of UVAL, was lower (group Il —272.94 + 113.20 um; group 1V —393.95 £ 125.87 um;
P <0.05) in comparison to the thickness of non-irradiated animals (group Il — 598,95 + 55.74
um). Thus, the skin thickness reduction by 54% and 34% after irradiation with the cumulative
doses of 1200 J/cm? and 600 J/cm?, respectively, was observed. There were no statistically
significant differences in the mean dermal thickness between the healthy mice (group | —
179.34 £ 25.30 um) and the UV Al-treated healthy mice (group V —208.71 £ 48.99 um; group
VI —175.51 + 32.83 pm).
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Fig. No. 4. The evaluation of dermal thickness. a) H&E-stained sections of the skin; magnification x 20; scale
bar — 100 um. The arrow indicates the length between epidermal-dermal and dermal-subcutaneous fat layers;
b) Quantification of the dermal thickness (um).The graph shows the mean (xSD) results obtained from the 7
mice of each group. *P < 0.05; H&E — hematoxylin and eosin; bleo — mice with bleomycin-induced
scleroderma group; healthy — healthy mice control group; highPT — high-dose phototherapy; mediumPT —

medium-dose phototherapy; SD — standard deviation

Mast cells might be the link between the inflammation and fibrosis in the pathogenesis of SSc
[19]. A histological examination after a toluidine blue stain (pH 2.0) highlighted the mast
cells, which were distinguished by a violet/red-purple color (Fig. No. 5). The dermal mast
cells density was significantly higher in mice with scleroderma as compared to that in the
healthy mice group (23.29 + 3.09 and 6.71 £ 1.98, respectively; P < 0.05). After irradiation
with high and medium dose of narrowband UV A1 on mice with scleroderma, the density of
mast cells was reduced to 10.71 = 1.80 and 12.57 + 2.23, respectively (P < 0.05). The
infiltration of mast cells did not differ between non-irradiated and UV Al-treated healthy mice
groups (group 1 — 6.71 + 1.98; groups V and VI: 5.86 £ 1.07 and 6.57 + 1.13, respectively).
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Fig. No. 5. The infiltration of mast cells. a) Histopathological views representing infiltration with dermal mast
cells; toluidine blue staining; magnification x 20; scale bar — 50 um; b) Count of mast cells. The mean number
of cells counted under magnification of a x 200 high power field in 4 random grids. The graph shows the mean
(xSD) results obtained from the 7 mice of each group. *P < 0.05; bleo — mice with bleomycin-induced
scleroderma group; healthy — healthy mice control group; highPT — high-dose phototherapy; mediumPT —
medium-dose phototherapy; SD — standard deviation

An impaired apoptosis process is suggested to be involved in the pathogenesis of SSc [20].
Caspase-3 is the main executor of apoptosis and can be activated via both intrinsic and
extrinsic apoptotic signaling pathways [21]. The mice with scleroderma exhibited a
significantly higher level of active caspase-3 expression as compared with that in the healthy
control group (9.87 + 1.57% and 4.26 + 1.45% respectively; P < 0.05). After irradiation with
cumulative doses of 1200 J/cm? and 600 J/cm? of UVAL on mice with scleroderma, the
expression of active caspase-3 was significantly (P < 0.05) higher (17.24 + 3.30% and 17.10
+ 4.43%, respectively) as compared with that in the control Il group (9.87 + 1.57%). The
expression profile of active caspase-3 in the skin did not differ between healthy and UVAL1-
treated healthy mice groups (group | — 4.26 + 1.45 %; group V and group VI: 3.99 £ 1.21%
and 4.17 + 1.18%, respectively) (Fig. No. 6).
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Fig. No. 6. Active caspase-3 immunohistochemistry (IHC). a) Representative images of active caspase-3 in all
the groups of the experiment; IHC staining; x 20 magnification; scale bar — 50 um; b) Percentage of active
caspase-3 expression; x 20 magnification. The graph shows the mean (xSD) results obtained from the 7 mice
of each group. *P < 0.05; bleo — mice with bleomycin-induced scleroderma group; healthy — healthy mice
control group; highPT — high-dose phototherapy; mediumPT — medium-dose phototherapy; SD — standard

deviation

TP53 or p53 is a tumor suppressor gene and its mutations are involved in the development of
cancer [22]. After 3 weeks of bleomycin injections, the mice with scleroderma exhibited a
significantly higher level of p53 expression as compared with that in the healthy control group
(26.69 + 6.03% and 4.57 + 3.26%, respectively, P < 0.05). The percentage of p53 positive
cells after high and medium dose of UVAL treatment in bleomycin-induced scleroderma
(groups 11l and 1V) were 28.25 + 6.16% and 27.02 + 5.57%, respectively (Fig. No. 7).
However, these expressions did not significantly differ from the control group II, which had
received bleomycin without phototherapy (P > 0.05). After treatment with a high and medium
dose of UVAL in healthy mice (groups V and V1), the percentage of p53 positive cells in the
skin were 5.73 + 3.40% and 5.43 +* 1.86%, respectively. The protein expression in skin
samples did not differ between healthy (group 1) and UVAl-treated healthy mice (groups V
and VI).
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Fig. No. 7. p53 immunohistochemistry (IHC) a) Representative images of p53 nuclear expression in all the
groups of the experiment; IHC staining; x 10 magnification; scale bar — 100 um; b) Percentage of p53 positive
cells to total cell population; x 20 magnification. The graph shows the mean (xSD) results obtained from the
7 mice of each group; bleo — mice with bleomycin-induced scleroderma group; healthy — healthy mice control
group; highPT — high-dose phototherapy; mediumPT — medium-dose phototherapy; SD — standard deviation

The Ki-67 antigen is a high molecular weight protein and a marker of proliferation. An
increased epidermal Ki-67 expression is a sign of hyperproliferation and altered cells
differentiation, which might play a role in the cutaneous carcinogenesis [23]. The nuclear
expression of Ki-67 in proliferating keratinocytes is stained in a brown color in the
immunoperoxidase histochemical reaction (Fig. No. 8). In the healthy skin (group 1), the
percentage of Ki-67 positive cells was 50.43 + 2.64%. The number of these positive cells was
reduced to 36.14 + 3.02% in the skin of the control group Il after bleomycin injections,
reflecting the reduced proliferation of keratinocytes (P < 0.05). The percentage of the Ki-67
positive cells after high and medium dose of UVAL treatment in bleomycin-induced
scleroderma (groups Il and 1V) were 35.43 + 3.26% and 37.29 £ 2.81%, respectively. The
results did not differ from the control group Il that received bleomycin without phototherapy
procedures. The effect of a high and medium dose of UVAL on the Ki-67 expression in the
skin of healthy mice (groups V and VI: 50.14 + 1.95% and 49.43 £ 1.40%, respectively) did
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not differ when compared to the expression of protein in the skin of healthy mice without
phototherapy (group | —50.43 = 2.64%).
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Fig. No. 8. Ki-67 immunohistochemistry (IHC). a) Representative images of nuclear expression of Ki-67 in
all the groups of the experiment; IHC staining; x 20 magnification; scale bar — 50 um; b) Percentage of Ki-67-
positive cells to total cell population; x 20 magnification. The graph shows the mean (£SD) results obtained
from the 7 mice of each group. *P < 0.05; bleo — mice with bleomycin-induced scleroderma group; healthy —
healthy mice control group; highPT — high-dose phototherapy; mediumPT — medium-dose phototherapy; SD
— standard deviation

3.2. Narrowband UVAL Phototherapy in the Established, Bleomycin-Induced Mouse
Model of Scleroderma, when Bleomycin is Applied During the Whole Experiment

First, we assessed the dermal thickness differences in the healthy and mice with scleroderma
groups. After bleomycin injections that spanned a period of 3 and 8 weeks, the dermal
thicknesses were significantly (P = 0.002) higher (group 1l —433.69 + 54.37 um and group V
— 497.43 + 57.83 um, respectively) as compared to that of the healthy controls (group | —
166.04 + 25.29 um and group Il — 178.18 £ 42.35 um, respectively). The 3 weeks of
bleomycin injections and the following 5 weeks of NaCl did not cause any spontaneous

regression of dermal fibrosis (group 1V —443.87 + 41.77 pm; group Il — 433.69 + 54.38 um;
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P =0.482). Dermal thickness in mice injected with bleomycin for 8 weeks and irradiated with
UVAL for the last 5 weeks was significantly lower than that in mice challenged only with
bleomycin for 8 weeks (group VI —253.96 + 31.83 um and group V — 497.43 £ 57.83 um,
respectively; P = 0.002). Furthermore, treatment with 1200 J/cm? of UVAL in parallel with
profibrotic stimulus of bleomycin resulted in a lower dermal thickness as compared with pre-
existing fibrotic changes in the group 1V observed after 3 weeks of bleomycin injections
(group VI - 253.96 £ 31.83 um and group IV —443.87 +41.77 um; P = 0.002) (Fig. No. 9).
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Fig. No. 9. Evaluation of dermal thickness. Left panel (a — f): representative images of H&E-stained sections
of the skin; original magnification x 20; scale bar — 100 um. The arrow indicates the length between epidermal-
dermal and dermal-subcutaneous fat layers. a) Healthy 3w — mice injected with NaCl for 3 weeks; b) Bleo 3w
— mice injected with bleomycin for 3 weeks; c) Bleo 3w + NaCl 5w — mice injected with bleomycin for 3
weeks and then with NaCl for 5 weeks; d) Healthy 8w — mice injected with NaCl for 8 weeks; e) Bleo 8w —
mice injected with bleomycin for 8 weeks; f) Bleo 8w + UVA1 — mice injected with bleomycin for 8 weeks
and in parallel treated with an average cumulative dose of 1200 J/cm? of UVAL for the last 5 weeks (the
treatment group). Right panel (g): quantification of the dermal thickness (um). The graph shows the mean
(xSD) results obtained from the 7 mice of each group. *P < 0.05; SD — standard deviation; NaCl — sodium
chloride; bleo — bleomycin; w — week; UVAL — narrowband ultraviolet A1
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To evaluate the impact of UVAL on collagen metabolism in pre-established, bleomycin-
induced dermal fibrosis, the expressions of MMP-1, MMP-3, collagen type | and collagen

type Il immunohistochemically in all the groups of the experiment were assessed.

After 3 and 8 weeks of bleomycin injections, the mice with scleroderma exhibited
significantly lower levels of MMP-1 and MMP-3 than those assessed in the healthy control
groups (both P < 0.05). The expressions of MMP-1 (15.31 + 2.37%) and MMP-3 (23.58 +
3.04%) in the skin of mice treated with bleomycin for 8 weeks and irradiated with UVAL for
the last 5 weeks were significantly (P = 0.002) higher as compared to the expressions in the
skin of non-irradiated mice after bleomycin injections during 3 or 8 weeks (group I1V: MMP-
1-4.40 + 1.26%; MMP-3 —5.42 + 1.34%; group V: MMP-1 — 2.66 + 0.59%; MMP-3 — 4.55
+ 1.85%) (Fig. No. 10 and Fig. No. 11).
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Fig. No. 10. Matrix-metalloproteinase-1 (MMP-1) immunohistochemistry (IHC). Left panel (a — d) —
representative images of IHC staining; positive staining of MMP-1 appears as brown color; original
magnification x 40; scale bar — 50 um; a) Healthy 8w — mice injected with NaCl for 8 weeks; b) Bleo 3w +
NaCl 5w — mice injected with bleomycin for 3 weeks and then with NaCl for 5 weeks; c) Bleo 8w — mice
injected with bleomycin for 8 weeks; d) Bleo 8w + UVAL — mice injected with bleomycin for 8 weeks and in
parallel treated with an average cumulative dose of 1200 J/cm? of UVAL for the last 5 weeks (the treatment
group). Right panel (e) — The mean percentage staining of MMP-1/high-power field (%). The graph shows the
mean (£SD) results of 4 fields obtained from the 7 mice of each group. *P < 0.05; SD — standard deviation;

NaCl — sodium chloride; bleo — bleomycin; w — week; UVA1 — narrowband ultraviolet Al
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Fig. No. 11. Matrix-metalloproteinase-3 (MMP-3) immunohistochemistry (IHC). Left panel (a — d) —
representative images of IHC staining; positive staining of MMP-1 appears as brown color; original
magnification x 400; scale bar — 50 um; a) Healthy 8w — mice injected with NaCl for 8 weeks; b) Bleo 3w +
NaCl 5w — mice injected with bleomycin for 3 weeks and then with NaCl for 5 weeks; ¢) Bleo 8w — mice
injected with bleomycin for 8 weeks; d) Bleo 8w + UVAL — mice injected with bleomycin for 8 weeks and in
parallel treated with an average cumulative dose of 1200 J/cm? of UVAL for the last 5 weeks (the treatment
group). Right panel (e) — The mean percentage staining of MMP-3/high-power field (%). The graph shows the
mean (xSD) results of 4 fields obtained from the 7 mice of each group. *P < 0.05; SD — standard deviation;

NaCl — sodium chloride; bleo — bleomycin; w — week; UVA1 — narrowband ultraviolet Al

The immunohistochemical staining for collagen type | and type Il demonstrated the
immunopositivity of the proteins in all dermal layers (Fig. No. 12 and Fig. No. 13). The
expressions of collagen type I (72.33 £ 3.48%) and type 111 (62.15 * 8.37%) were significantly
(P = 0.002) elevated in the skin of mice with scleroderma after 8 weeks of bleomycin
injections (group V) as compared to those in the skin of healthy mice (group Il1: collagen type
I and type Il — 51.24 + 7.91% and 39.95 £ 4.47%, respectively). The mean percentages of
collagen type I (59.65 + 5.33%) and type 111 (44.41 £ 6.27%) were significantly (P = 0.002)

lower in the skin of mice with prolonged injections of bleomycin after UVAL phototherapy
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(group VI) as compared to that in the skin of non-irradiated mice with scleroderma (groups
IV and V).
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Fig. No. 12. Collagen type | immunohistochemistry (IHC). Left panel (a — d) — representative images of IHC
staining; positive staining of collagen type | appears as brown color; original magnification x 40; scale bar —
50 um; a) Healthy 8w — mice injected with NaCl for 8 weeks; b) Bleo 3w + NaCl 5w — mice injected with
bleomycin for 3 weeks and then with NaCl for 5 weeks; ¢) Bleo 8w — mice injected with bleomycin for 8
weeks; d) Bleo 8w + UVAL — mice injected with bleomycin for 8 weeks and in parallel treated with an average
cumulative dose of 1200 J/cm? of UVAL for the last 5 weeks (the treatment group). Right panel (e) — The mean
percentage staining of collagen type I/high-power field (%). The graph shows the mean (xSD) results of 4
fields obtained from the 7 mice of each group. *P < 0.05; SD — standard deviation; NaCl — sodium chloride;
bleo — bleomycin; w — week; UVAL — narrowband ultraviolet Al
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Fig. No. 13. Collagen type 11l immunohistochemistry (IHC). Left panel (a —d) — representative images of IHC
staining; positive staining of collagen type Il appears as brown color; original magnification x 40; scale bar —
50 um; a) Healthy 8w — mice injected with NaCl for 8 weeks; b) Bleo 3w + NaCl 5w — mice injected with
bleomycin for 3 weeks and then with NaCl for 5 weeks; ¢) Bleo 8w — mice injected with bleomycin for 8
weeks; d) Bleo 8w + UVAL — mice injected with bleomycin for 8 weeks and in parallel treated with an average
cumulative dose of 1200 J/cm? of UVAL for the last 5 weeks (the treatment group). Right panel () — The mean
percentage staining of collagen type Il1/high-power field (%). The graph shows the mean (£SD) results of 4
fields obtained from the 7 mice of each group. *P < 0.05; SD — standard deviation; NaCl — sodium chloride;

bleo — bleomycin; w — week; UVAL — narrowband ultraviolet Al
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4. DISCUSSION

The aim of the present study was to evaluate the efficacy and safety of narrowband (365 = 5
nm) ultraviolet Al (UVAL) for the dermal fibrosis treatment in the bleomycin-induced mouse
model of scleroderma. A histological analysis was performed for the evaluation of the dermal
thickness and mast cells density. The expressions active caspase-3, p53, Ki-67, MMP-1,

MMP-3, collagen types I and 111 were assessed by immunohistochemical analyses.

In the first phase of the study we successfully induced an experimental model of systemic
sclerosis in DBA/2 mice by repeated injections of bleomycin for 3 weeks. The phototherapy
course with high and medium doses of narrowband UVAL was started after the last injection
of bleomycin. The histological analysis revealed that cumulative doses of 1200 J/cm? and 600
Jicm? of narrowband UVAL effectively reduced the dermal thickness in a bleomycin-induced
mouse model of scleroderma, and the impact was dose-dependent. Thus, dermal thickness
was reduced by 54% in the high-dose and by 34 % in the medium-dose UVAL groups after

the phototherapy as compared to the skin thickness of the control groups without irradiation.

The impact of narrowband UV A1 on mast cells density was evaluated in the healthy and mice
with scleroderma skin. Abundant dermal mast cells as well as its’ degranulation in mice with
scleroderma group indicate the important role of mast cells in the pathogenesis of systemic
sclerosis by promoting both inflammation and fibrosis [19, 24]. We observed the decrease of
dermal mast cells infiltration in mice with scleroderma after phototherapy. It proves the direct
effect of narrowband UVA1 on the mast cells, which are one of the pathogenic factors in
systemic sclerosis, especially in the early phase of the disease. The induction of apoptosis is
confirmed by the increased expression of active caspase-3 in the deep dermal layers after
UVAL phototherapy. UVAL-induced apoptosis of inflammatory cells is considered as one of
the mechanisms of action of phototherapy [25, 26]. On the contrary, a histological analysis of
skin samples in UVALl-treated healthy mice did not show any changes in the count of mast
cells. This phenomenon can be explained as the resistance of the normal mast cells to UVA1-

induced apoptosis [27, 28].
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The second objective of the study was to evaluate the safety of narrowband UVAL
phototherapy for the dermal fibrosis treatment in the bleomycin-induced scleroderma model.
As described by Khodaeiani et al., the high prevalence of the p53 protein and Ki-67 antigen
immunoreactivity in malignant skin lesions support their pathogenic role in the cutaneous
carcinogenesis [29]. Our results did not show any significant increase of neither p53 nor Ki-
67 proteins after medium and high doses of UVAL phototherapy as compared with the groups
of non-treated mice. However, it would be reasonable to exclude the carcinogenic risk in

future research by using a gene expression analysis.

Patients with SSc exhibit a long-standing, established dermal fibrosis with ongoing
pathogenic mechanisms. Because of this, effective antifibrotic treatment should target both
the degradation of excessive extracellular matrix components and stop any further
accumulation of collagen. Thus, the objective of the second phase of the study was to evaluate
the impact of high-dose of 365 = 5 nm UVAL on the dermal fibrosis in the established,
modified model of scleroderma. So, we initiated the phototherapy procedures after 3 weeks
of bleomycin injections and continued the irradiation every second day for 5 weeks
maintaining a prolonged administration of bleomycin. The cumulative doses of 1200 J/cm?
of UVAL diminished the dermal thickness by 49 % and 43 % in comparison with the control
groups, which were challenged only with bleomycin for 8 and 3 weeks, respectively. After
the phototherapy course, dermal thickness was relatively lower than the pre-existing fibrotic

changes.

An excessive accumulation of extracellular matrix is a consequence of imbalance between
the activity of MMP-1, MMP-3 and the synthesis of collagen types | and Ill. An augmented
deposition of collagens in the skin and internal organs leads to the development of progressive
fibrosis which is extremely dangerous for the maintenance of normal functions [30]. Besides
a broad range of the other substrates, MMP-1 (collagenase-1) degrades the extracellular fibers
comprised from types | and Il collagen, while MMP-3 (stromelysin-1) is responsible for
collagen type IlIl degradation [31, 32]. Hence, the reduced activity of matrix-
metalloproteinases results in a lesser extent of matrix breakdown and plays a role in SSs

pathogenesis. In our study, the high-dose of UVAL induced the 5.8- and 5.2-fold increase in
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MMP-1 and MMP-3 expressions, whereas after phototherapy the expressions of type | and
type Il collagen decreased by 1.2- and 1.4-fold in the pre-established, bleomycin-induced
scleroderma model as compared to that in non-irradiated mice. Reduced collagen types | and
I11 expressions after UVAL therapy might be associated with the induction of a higher activity
of collagen-degrading enzymes, or else, with an impaired de novo synthesis of collagen [33].
After narrowband UVAL phototherapy, the expressions of collagen type | and Il were
relatively lower than the levels before the irradiation despite the prolonged injections of
bleomycin. Overall, the cumulative doses of 1200 J/cm? of 365 + 5 nm UVAL not only
prevented the progression of fibrosis, but also induced the regression of existing fibrotic
changes in the established, bleomycin induced animal model of fibrosis, when bleomycin was

applied during the whole experiment.

5. CONCLUSIONS

1. The cumulative doses of 1200 J/cm? and 600 J/cm? of narrowband UV A1 significantly
diminish the dermal thickness in the established, bleomycin-induced animal model of
fibrosis.

2. The cumulative doses of 1200 J/cm? and 600 J/cm? of 365 + 5 nm UVAL reduce the
mast cells infiltration and expression of active caspase-3 in scleroderma skin using the
established, bleomycin-induced animal model of fibrosis.

3. 365 + 5 nm UVAL phototherapy with cumulative doses of 1200 J/cm? and 600 J/cm?
does not cause any increased expression of p53 and Ki-67 proteins in the scleroderma
skin using a bleomycin-induced animal model of fibrosis.

4. The narrowband UVA1 phototherapy with cumulative doses of 1200 J/cm? and 600
Jlem? reduce the accumulation of collagen types | and Il as well as increase the
expression of matrix metalloproteinase-1 and matrix metalloproteinase-3 in the
established, bleomycin-induced animal model of fibrosis, when bleomycin is applied
during the whole experiment.

5. The cumulative doses of 1200 J/cm? of narrowband UVAL not only stop the

progression of fibrosis, but also induce the regression of existing fibrotic changes in
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the established, bleomycin-induced animal model of fibrosis when bleomycin is

applied during the whole experiment.

6. SANTRAUKA (SUMMARY IN LITHUANIAN)

Ivadas

Sistemine skleroze (SS) — viena i sunkiausiy ir fataliSkiausiy autoimuniniy reumatiniy ligy,
nuo kurios dazniausiai nukenéia gana jauni, darbingo amziaus zmonés [1]. Nepaisant
sisteminio gydymo, pacienty kasdieninés veiklos funkcijos iSlieka apribotos del galtiniy, ypac
ranky, progresuojancio odos pazeidimo. Ankstyvas odos fibrozés gydymas yra biitinas ne tik
del paciento diskomforto pojiicio, bet ir deél velyvy komplikacijy: judesiy amplitudés
sumazejimo, kontraktiiry, negyjan¢iy zaizdy bei kalcinaty susidarymo. Todél ne tik
sisteminis, bet ir lokalus gydymas turi biiti nepavéluotas ir kompleksinis. Ta¢iau neinvazinio,
nemedikamentinio gydymo galimybés stabdyti odos fibrozés progresavima yra ribotos.

Per paskutinius du deSimtmecius fototerapija ultravioletiniais spinduliais (UV) tapo viena i§
odos ligy, tokiy kaip atopinis dermatitas, psoriazé, dilgéliné, niezulys, neinvazinio gydymo
galimybiy [3, 4]. Fototerapijos vieta gydant SS néra aiskiai apibrézta. Tyrimais parodyta, kad
ultravioletiniai A1 (UVA1) 340-400 nm bangos ilgio spinduliai pasizymi uzdegima
slopinanc¢iu ir imunomoduliaciniu poveikiu [4]. Su lokalia skleroderma ar SS serganciais
pacientais atlikta keliolika studijy, i§ kuriy tik trys kontrolinés, ir jose jvertintas UVAL
klinikinis poveikis [6-8]. Pateiktose studijose buvo naudojamas platus UVAT1 spinduliuotés
spektras (340—400 nm), kartais apimantis tiek ultravioleting A2 (bangos ilgis < 340 nm), tiek
regimosios spinduliuotés sritis (bangos ilgis > 400 nm).

Plati spektriné UV AT sritis reaguoja su daugeliu chromofory 0doje, taip sukeldama skirtingus
imuninius atsakus [13]. Tad plataus UVA1 spinduliuotés spektro naudojimas gali biti susijes
su didesne Salutiniy reakcijy, tokiy kaip eritema ar piktybiniy naviky iSsivystymas, rizika,
silpnesniu terapiniu poveikiu ir mazesne spinduliuotés skvarba j audinius. Sio tyrimo metu
buvo isSkelta hipoteze, kad siauro spektro UVAT1 spinduliuote gali biiti veiksminga ir saugi
fototerapijos rusis odos fibrozei gydyti. [vertinus fizikines UVALI ir optines odos savybes,
siaurajuostés 365 = 5 nm UV A1 spinduliuotés fotonai, pasiekdami tikrosios odos sluoksnius,
tiesiogiai ir selektyviai veikty kolageno ir elastino sankaupas su mazesniu Salutiniy reakcijy

32



pasireiSkimo dazniu. Iki Siol néra atlikta tyrimy, kuriais biity jvertintas siaurajuostés UVAI
spinduliuotés poveikis odos fibrozei.

Tyrimai su gyviinais leidZia jvertinti naujo gydymo metodo veiksminguma ir saugumag bei
gyvo organizmo atsaka j fototerapija [15]. Siems tikslams pasirinktas eksperimentinis
bleomicinu sukeltas SS modelis, naudojant DBA/2 linijos peles. Moksliniame darbe buvo
tirtas 365 £ 5 nm UVAI antifibrozinis efektyvumas, fototerapijos jtaka fibroziniy pokyciy
regresijai ir fibrozés progresavimui bei karcinogenezés iSsivystymui bleomicinu sukeltuose

SS peliy modeliuose.

Mokslinio darbo tikslas
Itirti siauro spektro (365 = 5 nm) ultravioletinés A1 (UVAT) spinduliuotés poveik; fibrozés

procesui ir sauguma sisteminés sklerozes (SS) eksperimentiniuose gyviiny modeliuose.

Mokslinio darbo uzdaviniai

1. Ivertinti siaurajuostés UVAI spindulivotés dideliy ir vidutiniy doziy poveikj
skleroderminés odos storiui, putliyjy lasteliy infiltracijai ir aktyvios kaspazés-3
raiSkai, taikant bleomicinu sukeltg susiformavusios fibrozés gyviny model;.

2. Istirti siaurajuostés UVAI1 spinduliuotés dideliy ir vidutiniy doziy poveikj
karcinogenezés 1$sivystymui, naudojant bleomicinu sukeltg susiformavusios fibrozeés
gyviny modelj.

3. Ivertinti siaurajuostés UVA1 spinduliuotés dideliy doziy poveikj fibroziniy pokyciy
iSsivystymui ir fibrozés regresijai, taikant bleomicinu sukelta susiformavusios

fibrozés gyviiny modelj, kai bleomicinas skiriamas visg eksperimento laikotarpj.
Mokslinio darbo naujumas

e Siame moksliniame darbe pirma karta buvo jrodyta, kad siauro spektro UVAI1 (365 +

5 nm) spinduliuoté ne tik sustabdo odos fibrozés progresavima, bet ir sukelia jau
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buvusiy fibroziniy pokyc¢iy regresija bleomicinu sukeltame susiformavusios fibrozés
gyviny modelyje.

e Gauti rezultatai rodo, kad siaurajuostés UVAI1 dideliy ir vidutiniy (atitinkamai
suminés 1 200 Jicm? ir 600 J/cm?) doziy fototerapija nesukelia padidéjusios
karcinogenezés rizikos sisteminés sklerozés gyviny modelyje.

e Sukurtas specialiosios paskirties medicinos prietaisas ,,IMC-Light, kuris bus
naudojamas klinikiniame sistemine skleroze serganciy pacienty tyrime (prietaisas yra

jregistruotas Europos medicininiy prietaisy duomeny banke).

Ginamieji teiginiai
1. Siaurajuosté¢ UVAI fototerapija sumazina skleroderminés odos storj, sustabdo
fibrozés progresavimag ir sukelia fibroziniy pokyc€iy regresijg bleomicinu sukeltame
susiformavusios fibrozés gyviiny modelyje.
2. Siaurajuost¢ UVAI1 spinduliuoté nesukelia padidéjusios karcinogenezés rizikos

bleomicinu sukeltame SS gyviiny modelyje.

Tyrimo medziaga ir metodai

Gyviinai

Gavus Valstybinés maisto ir veterinarijos tarnybos (VMVT) leidimus atlikti bandymus su
gyviinais (Nr. G2-15 ir G2-42), eksperimentams buvo pasirinktos 84-ios DBA/2 linijos 6-8
savaiCiy peliy patelés. DBA/2 linijos pelés buvo pasirinktos d¢l didelio jautrumo bleomicinu
(BLM) sukeltam fibrozés modeliui [34]. Viso eksperimento metu gyvinai buvo laikomi
numatyta tvarka, remiantis Europos Sgjungos direktyva ir kitais norminiais bandomuyjy
gyviiny naudojimo eksperimentams aktais.

Eksperimentinis peliy sisteminés sklerozés modelis

Odos fibrozé buvo sukelta vietinémis BLM (bleomicino sulfatas i§ Streptomyces verticillus,
vaistiné forma — milteliai; gamintojas — Sigma-Aldrich Chemie GmbH, Steinheim, Vokietija)
injekcijomis j apibrézta 1 cm? peliy nugaros plota. I§ pradziy nuo pazyméto ploto depiliaciniu
kremu (Veet®, Anglija) buvo pasalinti plaukai. BLM tirpintas 0,9 % natrio chlorido (NaCl)
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tirpale ir injekcijoms naudotas 0,5 mg/ml koncentracijos BLM [16]. Poodinés 100 pl BLM
injekcijos buvo leistos | penkis taskus pazymétoje nugaros srityje kas antrg dieng (5 pav).
Injekeijy kurso trukmé — 3 arba 8 savaités. Kontroliniy grupiy gyviinams skirtos poodinés 100

pl 0,9 % NaCl injekcijos.

Fototerapija

Bendradarbiaujant su Vilniaus universiteto Fizikos fakulteto Kvantinés elektronikos katedros
mokslininkais, Valstybiniame moksliniy tyrimy institute Inovatyvios medicinos centre
sukurtas specialiosios paskirties medicinos prietaisas ,,IMC-Light“. Fototerapijos prietaisas
sudarytas i§ 20 Sviesos diody (angl. Light emitting diode — LED), skleidzian¢iy UVAI
spinduliuote, kurios bangos ilgis — 365 + 5 nm, o0 galios tankis — 21 mW/cm?. Fototerapijos
kursas — 15 procediry (3 kartai per savaite, trukmé — 5 savaités). Vienos procediiros metu
skiriama vidutiné — 40 J/cm? arba didel¢ — 80 J/cm? UVA1 dozé (suminés dozés — 600 J/cm?

arba 1 200 J/cm?).

Fototerapijos kurso schema bleomicinu sukeltos susiformavusios fibrozés peliu
modelyje
DBA/2 linijos pelés suskirstytos ;1 6 grupes (po 7 gyviinus kiekvienoje):
o [ grupé (Sveikos) — sveiky peliy grupé;
o I grupé¢ (BLM) — pelés, kurioms BLM sukelta sisteminé skleroz¢;
e [II grup¢ (BLM+1200UVA1) — pelés, kurioms BLM sukelta sisteminé skleroze,
gydytos didelémis, 1 200 J/cm?, UVA1 dozémis;
o [V grupé (BLM+600UVA1) — pelés, kurioms BLM sukelta sisteminé skleroze,
gydytos vidutinémis, 600 J/cm?, UVA1 dozémis;
eV grupé (Sveikos+1200UVA1) — sveikos pelés, gydytos didelémis, 1 200 J/cm?,
UVAI1 dozémis;
e VI grupé (Sveikos+600UV A1) — sveikos pelés, gydytos vidutinémis, 600 J/cm?,
UVAI dozémis.
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Fototerapijos kurso schema bleomicinu sukeltos susiformavusios fibrozés peliuy

modelyje, kai bleomicinas skiriamas visg eksperimento laikotarpi

DBA/2 linijos pelés suskirstytos 1 6 grupes (po 7 gyviinus kiekvienoje):

I grupé (Sveikos 3sav) — trijy savaiciy sveiky peliy kontroliné grupé;

IT grupé (BLM_3sav) — peliy, kurioms BLM sukelta sistemin¢ skleroze, grupé, kai
bleomicinas buvo skirtas tris savaites;

IIT grupé (Sveikos_8sav) — astuoniy savaiciy sveiky peliy kontroliné grupé;

IV grupé (BLM_3sav+NaCl S5sav) — pelés, kurioms BLM sukelta sisteming¢ skleroze,
kai BLM buvo leidziamas tris savaites, paskui Kitas penkias savaites — natrio chlorido
tirpalas;

V grupé (BLM_8 sav) — aStuoniy savaiciy peliy, kurioms BLM sukelta sisteminé
sklerozé, grupé, kai bleomicinas buvo skirtas aStuonias savaites;

VI grupe (BLM_8sav+1200UV A1) — pelés su BLM sukelta sisteminé skleroze,
kurios paskutines penkias eksperimento savaites buvo gydytos didelémis, 1200

Jlcm?, siaurajuostés UVA1 dozémis, kartu veikiant BLM visas a$tuonias savaites.

Histologiné ir imunohistocheminé analizé

Tyrimai bleomicinu sukeltos susiformavusios fibrozés modelyje:

Histologiné odos storio ir putliyjy lasteliy infiltracijos analizg.

Imunohistocheminé aktyvios kaspazés-3 raiskos analizé (apoptozés jvertinimas).
Imunohistocheminé p53 ir Ki-67 baltymy raiskos analizé (karcinogenezés rizikos
jvertinimas).

Tyrimai bleomicinu sukeltos susiformavusios fibrozés modelyje, kai bleomicinas
skiriamas visg eksperimento laikotarpj:

Histologiné odos storio analizé.

Kolageng skaidanc¢iy fermenty (MMP-1 ir MMP-3) ir kolageno I ir III tipy sankaupy

imunohistocheminé analizé.
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Statistiné analizé

Rezultaty statistin¢ analizé buvo atlikta naudojant SPSS v. 16.0 programa. Duomenys isreiksti
kaip vidurkis + standartinis nuokrypis (SD). Tolydiesiems kintamiesiems (odos storis,
putliyjy lasteliy infiltracija, kaspazés-3, p53 baltymo, Ki-67 baltymo, MMP-1, MMP-3, | ir
III tipy kolageno raiSkos) palyginti naudotas Mano ir Vitnio testas. Duomenys laikyti
statistiSkai reikSmingais, kai P < 0,05.

Rezultaty aptarimas

Sie tyrimai buvo atlikti tikintis netolimoje ateityje siaurajuoste UVA1 pritaikyti sistemine
skleroze sergantiems pacientams gydyti. Siekiant jvertinti, ar $is gydymo metodas yra
veiksmingas ir saugus, Siame moksliniame darbe buvo tirtas siaurajuostés UVA1 (365 £ 5
nm) spinduliuotés poveikis bleomicinu sukeltos susiformavusios fibrozés ir bleomicinu
sukeltos susiformavusios fibrozés, kai bleomicinas skiriamas visg eksperimento laikotarpj,
gyviiny modeliuose. Atlikus histologinius ir imunohistocheminius tyrimus, buvo jvertintas
siaurajuostés UVAT1 poveikis odos storiui, putliyjy lasteliy infiltracijai, aktyvios kaspazés-3,
p53 ir Ki-67 baltymy raiskai, kolageno I ir I1I tipo kiekiui bei juos skaidan¢iy fermenty MMP-
1 ir MMP-3 raiskoms.

Pirmame tyrimo etape DBA/2 linijos peléms poodinémis bleomicino injekcijomis
buvo sukelta sisteminé sklerozé. Paskui gyviinams buvo skirtas penkiy savaiciy siaurajuostés
UVAL fototerapijos kursas, sukaupiant dideles (suminé dozé — 1 200 J/cm?) arba vidutines
(suminé dozé — 600 J/cm?) spinduliuotés dozes. Nustatyta, kad dideliy ir vidutiniy doziy
UVAL fototerapijos kursas reikSmingai sumazina skleroderminés odos storj, o antifibrozinis
efektas yra tiesiogiai priklausomas nuo dozés. Histologinés analizés rezultatai parodé, kad
365 £ 5 nm UVAI neturi jtakos sveikos odos storiui ir struktiirai.

Siekiant jvertinti fototerapijos veikimo mechanizmo grandis, buvo tirtas UVAI1
poveikis uzdegiminiy lasteliy infiltracijai. Yra zinoma, kad putliosios Igstelés dalyvauja
sisteminés sklerozés patogenezéje ir yra vienos i$ fibrogeneze skatinanéiy faktoriy [19]. Po
dideliy ir vidutiniy UVAL1 fototerapijos doziy buvo stebétas sumazéjes putliyjy lasteliy
sankaupy kiekis sklerodermingje peliy odoje. Tad 365 £ 5 nm UV AL sukélé patogenetiniy
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uzdegiminiy lgsteliy apoptoze, tai patvirtina ir padidéjes aktyvios kaspazés-3 raiskos kiekis
po fototerapijos kurso peliy, kurioms buvo skleroderma, odoje. Svarbu paminéti, kad
Skleroderminiai fibroblastai, esantys giliuosiuose odos sluoksniuose yra atspariis apoptozei,
dél to islicka aktyvis ir toliau gausiai gamina tarplgstelinio matrikso komponentus [20].
Aktyvios kaspazes-3 raiSkos nustatymas giliuosiuose odos sluoksniuose yra ¢ia vykstancios
apoptozés zymuo [35]. Tai leidZia daryti prielaida, kad suplonéjes odos storis gali biiti susijes
su sumazéjusiu putliyjy lasteliy, fibroblasty skai¢iumi ar paciy lasteliy aktyvumu dél
siaurajuostés UVA1 sglygotos apoptozés. Taciau $iy tyrimy duomenimis dermos sluoksnyje
tam tikros rusies Igsteliy apoptozé po UVAI fototerapijos negali biiti paaisSkinta, todél reikia
tolesniy tyrimy in vitro, pavyzdziui, naudojant skleroderminius fibroblastus.

Siekiant nustatyti, ar siaurajuosté UV AT fototerapija nesukelia padidéjusios piktybiniy
procesy rizikos, buvo jvertinta karcinogenez¢ skatinanciy p53 ir Ki-67 baltymy raiSka
sveikoje ir sklerodermingje gyviiny odoje. Imunohistocheminés analizés duomenys parodée,
kad dideliy ir vidutiniy doziy 365 = 5 nm UVAI fototerapija nesukélé reikSmingai
padidéjusios p53 ir Ki-67 baltymy raiSkos nei sveiky, nei peliy, kurioms buvo skleroderma,
grupiy odoje. Be abejo, norint visiSkai atmesti UVA1 salygojamg karcinogeneze,
imunohistocheminés reakcijos rezultatams patvirtinti biity tikslinga atlikti geny ekspresijos
analize [29].

Kadangi pacientams, sergantiems sistemine skleroze, budingi jsisenéje fibroziniai
pokyc¢iai su besitesianciu fibroze skatinan¢iu patogenetiniu mechanizmu, veiksmingas
antifibrozinis gydymas turéty ne tik skatinti kolageno degradacija, bet ir sustabdyti tolesnj
tarplastelinio uzpildo kaupimagsi. Tad antrame mokslinio darbo etape buvo atlikti tyrimai,
siekiant jvertinti siaurajuostés UVAI1 dideliy doziy poveikj susiformavusiai fibrozei,
naudojant bleomicinu sukeltg susiformavusios fibrozés modelj, tgsiant bleomicino injekcijas.
Histologinés analizés duomenys parodeé, kad po dideliy doziy 365+ 5 nm UV A1 fototerapijos,
kartu skiriant bleomicing visg eksperimento laikotarpj, peliy su skleroderma oda suplongjo

net labiau nei prie§ gydyma buve fibroziniai pokyciai.
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Fibrozés patogenezéje svarbiausios proteazés yra MMP-1 (kolagenazé-1) ir MMP-3
(stromelizinas-1), kuriy susilpnéjes aktyvumas ir sumazéjes kiekis lemia padidéjusj I ir 111
tipo kolageno kaupimgsi [31, 32]. Sickiant jvertinti siaurajuostés UVA1 poveikj kolageno
metabolizmui, buvo atlikti tyrimai su pirminiais antiktinais pries MMP-1, MMP-3, kolageno
I ir III tipus. Nustatyta, kad peliy, veikty bleomicinu aStuonias savaites ir paskutines penkias
eksperimento savaites gydyty didelémis siaurajuostés UVA1 spinduliuotés dozémis, odoje
buvo reik§mingai padidéjusi MMP-1 ir MMP-3 raiska, palyginti su grupe peliy, kurioms
skirtas tik bleomicinas visas aStuonias savaites. Gauti rezultatai taip pat patvirtino, kad
suminés 1 200 J/cm? UVAI fototerapijos dozés statistiskai reik§mingai sumazina kolageno I
bei Il tipo kiekius skleroderminéje odoje, nepaisant bleomicino skyrimo per visa
cksperimento laikotarpj. Imunohistocheminés analizés duomenys atspindi, kad tiek
padidéjusi kolageng skaidanciy fermenty raiska, tiek susilpnéjusi kolageno sintezé lemia
kolageno sankaupy sumaz¢jimg po fototerapijos.

Siame moksliniame darbe buvo patvirtinti ginamieji teiginiai, kad siaurajuosté 365 +
5nm UVAI fototerapija sumaZzina skleroderminés odos storj, sustabdo fibrozés progresavima
ir sukelia fibroziniy pokyc¢iy regresijg bleomicinu sukeltame susiformavusios fibrozés gyviny

modelyje, nesukeliant padidéjusios karcinogenezés rizikos.

ISvados

1. Suminés 1 200 J/em? ir 600 J/cm? siaurajuostés UVAT spinduliuotés dozés statistiSkai
reikSmingai sumaZzina odos stor] bleomicinu sukeltame susiformavusios fibrozés
gyviny modelyje.

2. 365 + 5 nm UVALI fototerapija didelémis (1 200 J/cm?) ir vidutinémis (600 J/cm?)
dozémis sumazina putliyjy lasteliy infiltracijg ir padidina aktyvios kaspazés-3 raiska
skleroderming¢je odoje, naudojant bleomicinu sukeltg susiformavusios fibrozés gyviiny
modelj.

3. Taikant 365 £ 5 nm UVALI fototerapija suminémis 1200 J/cm? ir 600 J/cm? dozémis
neaptikta karcinogeneze lemianciy p53 ir Ki-67 baltymy raiskos gyviiny, kuriems

bleomicinu sukelta SS, odoje.
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4. 365+ 5 nm UVALI fototerapija suminémis 1 200 J/cm? dozémis sumazina I ir III tipy
kolageno sankaupas ir padidina matrikso metaloproteinazés-1 ir matrikso
metaloproteinazés-3 raiskg gyviiny odoje, naudojant bleomicinu sukelta
susiformavusios fibrozés modelj, kai bleomicinas skiriamas visa eksperimento
laikotarpj.

5. Suminés 1 200 J/cm? siaurajuostés UVA1 fototerapijos dozés ne tik sustabdo fibrozés
progresavimg, bet ir sukelia jau buvusiy fibroziniy pokyciy regresija bleomicinu
sukeltos susiformavusios fibrozés gyviiny modelyje, bleomicing skiriant visg

eksperimento laikotarpi.

Praktiné nauda

Pasaulyje autoimuninéms ligoms gydyti kasmet yra patvirtinami nauji veiksmingi gydymo
metodai ar medikamentai, taiau SS gydymas kol kas yra neiSsprestas uzdavinys tiek
Klinicistams, tiek mokslininkams. Pacienty, serganciy SS, sisteminio ar lokalaus gydymo
galimybés yra ribotos. Sio mokslinio darbo rezultatai parodé, kad 1 200 J/cm? ir 600 J/cm?
siaurajuostés UVAI1 spinduliuotés dozes statistiSkai reikSmingai sumaZina odos stor]
bleomicinu sukeltos susiformavusios fibrozés modelyje, nesukeliant padidéjusios
karcinogeneze lemian¢iy baltymy raiskos. Be to, dideliy doziy, 1 200 J/cm?, 365 + 5 nm
UVAL fototerapija ne tik sustabdo fibrozés progresavima, bet ir sukelia jau buvusiy fibroziniy
poky¢iy regresija susiformavusios fibrozés modelyje, kai bleomicinas skiriamas visg
eksperimento laikotarpj. Tad $i fototerapijos rtsis gali biiti viena i§ neinvazinio gydymo
galimybiy odos fibrozei mazinti.

siekiant gydyti odos fibrozg, taikant 365 + 5 nm UV A1 spinduliuotg. Valstybiné akreditavimo
sveikatos priezitiros veiklai tarnyba prie Sveikatos apsaugos ministerijos suteiké leidima
naudoti specialiosios paskirties medicinos prietaisg ,,IMC-Light klinikiniame tyrime,
vyksian¢iame Vilniaus universiteto ligoninés Santaros klinikose. Akreditacijos duomenys ir

suteiktas leidimas (D2-11748 - (5.19) (Nr. S8-5)) yra jregistruoti Europos medicininiy
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prietaisy duomeny banke EUDAMED,; klinikinio tyrimo identifikacijos Nr. (CIV-ID): CIV-
15 - 10-013898.

Sio neinvazinio metodo pritaikymas kasdieningje klinikinéje praktikoje biity svarbus Zingsnis
sprendziant sudétingas SS gydymo problemas. O dél savo gery techniniy parametry ir
saugumo, siaurajuostés UV AL spinduliuotés prietaisas gali pakeisti ir plataus UVA1L spektro

prietaisus, skirtus atopiniam dermatitui, psoriazei ir kitoms odos ligoms gydyti.
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gimnazija
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Studijos ir stazuotés uZsienyje

2004-2005 m. Medicinos krypties studijos Madrido Komplutensés (Complutense)
universitete, Madridas, Ispanija (Erasmus programa).

2010 m. lapkritis—2011 m. vasaris. Reumatologijos rezidenttiros studijos, Florencijos
universiteto ligoniné, Florencija, Italija (Erasmus programa).

2012 m. vasaris—2012 m. balandis. Rotary fondo ,, Tarptautiniai mainai“ (angl. Rotary
International Group Study Exchange) praktika ligoninéje, Niukaslas (Newcastle),
Australija.

Dabartiné narysté profesinése, mokslinése organizacijose:

Organizacija Pareigos
Lietuvos reumatology asociacija Naré
Europos antireumatinés lygos jaunyjy Darbo grupés naré
reumatology tinklas (EMEUNET, angl. Emerging 2013-2017 m. Lietuvos atstové
European League Against Rheumatism network)

Kalbos
Angly k. — puikiai; ispany k. — labai gerai; rusy k. — pradmenys.
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10. CURRICULUM VITAE

Name, last name: Diana

Karpec

Date of Birth: 10 February, 1984
Phone no: +370 679 20 369
E-mail: karpecdiana@gmail.com

Professional Experience

Institution

Date

Position

Vilnius University

Hospital Santaros klinikos

2013—present

Rheumatologist

Baltic American Clinic

2013—present

Rheumatologist

State Research Institute
Centre for Innovative
Medicine

2013—present

Junior research fellow

Education

Institution

Graduating year

Degree

Field of study

Vilnius University
Faculty of Medicine

2013—present

Doctoral studies

Vilnius University 2013 Rheumatologist Rheumatology
Faculty of Medicine residency training
Lithuanian University 2009 Doctor of medicine Medicine
of Health Science (MD)
Faculty of Medicine
Lithuanian University 2008 Medical qualification Medicine
of Health Science
Faculty of Medicine
Kaunas Jesuit 2002 Secondary Education

Gymnasium
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Professional Training and Internships

2004-2005 — Medical qualification studies at University Complutense of Madrid, Madrid,
Spain (Erasmus Socrates program);

November 2010-January 2011 — Rheumatology residency training program at Florence
University Hospital, Florence, Italy (Erasmus Socrates program);

February 2012—April 2012 — Rotary International Group study exchange program,
Newcastle, Australia.

Activities
Organization Position
Lithuanian Rheumatology Association Member
Emerging EULAR Network Member
2013 — 2017 country liaison
Languages

Lithuanian — native; English, Spanish — fluent; Russian — basics.
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