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ABSTRACT

The paper presents the results of the histochemical study of the polyp tissue morphofunctional state associated with
the laser interstitial (1 to 10 W) thermotherapy. It suggested the laser induces apoptosis of the polyp tissue celsvia
mitochondrial pathway, which is supported by the positive staining for caspase 3 and is dose-dependent. The study
demonstrates that the inhibition of apoptosis by Bcl-xL occurs at the low laser intensity (1-5 W) and further (5-10
W) the process becomes unidirectional.
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INTRODUCTION

Despite the large number of scientific papers am e@tiopathogenesis, clinical picture, and moderthous of
diagnosis and treatment of polypoid and other Ipglpstic processes in the nasal cavity, there detively few
papers dealing with the morphology of these patjiold response mechanisms [1-5].

We attempted to elucidate the response mechanishe afasal polyp tissue during treatment with laadration (1-
10 W) via histochemical studies identifying thedksvof markers of apoptosis (caspase 3, Bcl-2)saitia.

MATERIALSAND METHODS

The morphological examination of nasal polyps wasfggmed in 15 patients with chronic polyp rhinasitis
(CPR). The tissues of the excised polyps (N=15¢dixn 10% neutral formalin "Histoline" ("Elementnhited",
Sankt-Petersburg, Russia) were sectionized andestaivith hematoxylin and eosin ("Reactiv Plus Ladit,
Arkhangelsk, Russia). The material was analyzedgugie microscope Axio Observer Al (Zeiss, BeiGermany)
with a digital camera AxioCam and software for mimmetric studies AxioVisionRel. 4.8. Statisticabpessing of
the obtained values was performed via MicrosoftedE2007.
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The immunohistochemical studies were performedguie 18 um polyp tissue cryosections accordingtdadard
methods [6]. The sections were washed in 1XPBS Q2B TritonX-100 used as a detergent. Antigenaedt was
performed in a hot 10 mM citrate buffer with pH=@ fLO minutes. In experiments to localize satb2iogenous
peroxidase was blocked by incubating the sectionshe 1.5% hydrogen peroxide in methanol for 15.min
Nonspecific binding was blocked by incubation ie th5% BSA solution in 1xPBS with 0.2% Triton foh8urs at
room temperature. The sections were then incubaithdorimary antibodies (1:200) diluted in 1.5% B8A1LXPBS
with 0.2% Triton overnight at +4°C. In our studye wsed the following primary antibodies to protefdATB2 (sc-
8137, Santa Cruz), Bcl-xL (sc-8392, Santa Cruzga@ed Caspase-80661, Cell Signaling).

For the immunofluorescent identification of actis@spase and Bcl-xL, the next day the sections weaished in
1xPBS and incubated with the corresponding fluaetg-labeled secondary antibodies (Alexa Fluor D&®key
Anti-Rabbit IgG Antibody and Alexa Fluor 555 Donkéyti-Mouse IgG Antibody) (1:400) for 2 hours atora
temperature. The sections were then washed in Lxd@®8iSput beneath the cover glass in MOWIOL contgni
DAPI as a nuclear stain.

For sath2 immunoperoxidase staining, after thebation in primary antibodies, the sections were alashed and
incubated with the corresponding antibodies lab&léd horseradish peroxidase (Horseradish Perogitlaveled

Donkey Anti-Mouse IgG Antibody) for 2 hours at rodemperature. The sections were then washed in $>d8l

the peroxidase activity was detected using a 3aBhishobenzidine (5 mg/ml) solution containing 0.088drogen

peroxide in 0.2M tris buffer (pH 7.54).

To identify possible ways of cell death, we used thethod of immunohistochemical determination othbo
apoptosis markers - active caspase 3, the mainuéxe@poptotic protease, and anti-apoptotic proBal-x| [7; 8].
We also evaluated the tumor marker satb2 thattmarsscription factor [6; 9]. Satb2 (special AT-risequence-
binding protein 2) is involved in the creation adecific chromatin structure establishing a platfdor binding the
rest of transcription factors [10; 11], so it caused as a criterion for the state of chromatin.

RESULTS

Previously [12], we showed that the laser intaadtifl to 10 W) thermotherapy had no influence ba structure
and physiology of epithelial glands. The therapeeffect is achieved due to the effects of radiatio the loose
connective tissue, which results in the migratidnlymmphocytes and eosinophils to the focus of imftaation,
changes in its structure (coarsening and thickeafrmpnnective tissue fibers) and, finally, redantin the volume
of the enlarged polyp tissue.

In particular, in groups, where laser radiation &fto 10 W was used, we detected the expanding akas
coagulation, as well as growing randomness an#tehiag of connective tissue fibers (Fig. 1).

As seen in Fig. 1, laser radiation causes sigmifidestructive changes in the loose connectivadissid we need to
find out the mechanism of this process — eitheptgsis or necrosis. To identify a particular medsanof various-
intensity laser radiation influence, we used théhme of immunohistochemistry.

When stained with DAPI, no experimental group shibtee differences in the amount of fragmented nuglso,
there was no positive response to satb2 (Fig. 2).
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Fig. 1. Polyp tissuein the group, where laser radiation of 9 W was used. I n the polyp stroma, you may see alaser exposure area, in which
coar se fiber s of connective tissue and ar ea of necr otic changes predominate (indicated by a large arrow). In the ar ea of the minimum
laser exposure, you may see eosinophilicinfiltration (indicated by small arrows). Hematoxylin and eosin. M agnitude x 200

Fig. 2. Polyp tissuein thegroup, wherelaser radiation of 1 W wasused. You may see a negative response to satb2. Magnitude x 200

The split activated form of caspase 3 is a key @thee apoptotic protease and therefore it was ahdee the
detection of apoptosis [13; 14]. In contrast, Btlig involved in the regulation of apoptosis anghmesses it [15;
16], that is why this protein is considered on¢hef key elements in the survival of cells.

Due to positive staining for the activated caspasapoptosis was detected in groups with diffetasgr radiation
intensity (1-10 W) (Fig. 3).
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A B

Fig. 3. Polyp tissuein the group, where laser radiation of 1 W (A) and 10 W (B) wasused. Thereisa positive response to apoptosis (you
may see caspase 3 as green dots) and Bcl-xL , which showsthe synthetic activity of the glands (pink color). Bcl-xL staining and active
caspase 3. Magnitude: A) x 100, B) x 200

Also in groups, where a low laser dose was usésl\(dy, we found Bcl-xL positive staining (Fig. 4).

A B
Fig. 4. Polyp tissuein the group, where laser radiation of 1 W (A) and 5W (B) wasused. A) Thereisa positive response to caspase 3
(green dotsand the areain the middle) and Bcl-xL, which shows the synthetic activity of the glands (pink color). B) You may see alaser
coagulation area with strongly positive staining for caspase 3. Bcl-xL staining and caspase 3. Magnitude: A) and B) x 100

Fig. 5B shows a laser coagulation area that hasoagdy positive reaction to caspase 3, which iglaxed by the
activation of apoptosis rather than necrosis dubdédow radiation intensity (only 5 W).

Also the use of laser of 5-10 W showed no pos#iaining for Bcl-xL.
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DISCUSSION

The results obtained indicate the following. Fitse laser radiation in these doses causes apsptoshe loose
connective polyp tissues. Most likely, apoptosisadsivated via caspase 3. The activation of apaptog laser
radiation has long been known [17], but do not ébrtipat caspases can be activated in proliferdyimghocytes as
well [18]. The version that apoptosis is carried via caspase 3 is supported by the fact that thmber of cells
positively stained for caspase 3 grows as the siterof the laser radiation increases, whereasattivation of
lymphocytes by laser is not dose-dependent [19].

Also note that when the low-intensity laser radiatis applied you may observe the control of apsiptby the
inhibition via Bcl-xI. However, when the dose igmificant (5-10 W), the process becomes unidireetio

As a working hypothesis, which explains the morplygl of changes in the polyp tissue due to an irseréa the
radiation dose, we may suggest that the first &dfecomponent of this mechanism are laser-activéitedblasts
that produce cytokines and modulate the structdirthe connective tissue by producing mucopolysagdba.
Cytokines produced by the activated fibroblasteaetteosinophils and lymphocytes to the focus @ainmation,
which is confirmed by our observations [12]. Eogihits, in turn, increase vascular permeability &adodilatation,
which further positively affects the regenerationgess.

As shown by our results, most likely, the polypstis cell death under laser radiation occurs throthgh
mitochondrial pathway. This process is dose-depstraled evidenced by positive staining for caspase 3
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