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ABSTRACT
BACKGROUND: The problem of recurrence, generalization, or metastasis of lung cancer remains relevant to this day, despite 
the advances in diagnostic and therapeutic methods of treatment. The main method of localized lung cancer treatment is 
surgery. The volume of resection is determined by the location of the tumor, its spread to surrounding tissues and the status 
of lymph node damage. However, even after removal of a large part of the lung, metastatic foci may remain in healthy tissue. 
To improve the effectiveness of diagnostics during surgery, fluorescence-navigated surgery can be used, based on the use of 
fluorescent dyes, which enables to see even small clusters of malignant cells in the early stages of tumor process development.
AIM: To develop a drug for fluorescence-navigation surgery based on aptamers and fluorescent gold nanoclusters (fluorescence 
excitation wavelengths are 365–410 nm, emission wavelengths are 615–650 nm).
MATERIALS AND METHODS: The object of the study is primary cultures of non-small cell lung cancer. Liposomes 
functionalized with DNA aptamer LC-17 were used to deliver gold nanoclusters stabilized with glutathione (GSH-AuNC) or 
bovine serum albumin (BSA-AuNC) to lung cancer cells. Electron microscopic images of the synthesized nanoclusters were 
obtained using transmission electron microscopy. Analysis of the efficiency of tumor cell binding to aptamer-functionalized 
liposomes containing nanoclusters was performed using flow cytometry Lung adenocarcinoma tissue was used to evaluate 
the efficiency of fluorescent nanoclusters.
RESULTS: The diameter of BSA-AuNC and GSH-AuNC nanoclusters was 1.8±0.5 nm and 1.5±0.3 nm, respectively. When 
exciting by light with a wavelength of 365 nm, the maximum fluorescence emission for BSA-AuNCs was 655 nm, and for GSH-
AuNCs — 613 nm. The fluorescence quantum yields for BSA-AuNCs and GSH-AuNCs were 6% and 14%, respectively. LC-17 
aptamer-functionalized liposomes with included GSH-AuNC and BSA-AuNC effectively bound to lung adenocarcinoma cells 
and stained them.
CONCLUSION: The possibilityl of using gold nanoclusters stabilized by GSH-AuNC and BSA-AuNC for fluorescence-guided 
surgery is demonstrated.
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АННОТАЦИЯ
Обоснование. Проблема рецидивирования, генерализации или метастазирования рака лёгкого до настоящего време-
ни остаётся актуальной, несмотря на развитие диагностических и терапевтических методов лечения. Основной метод 
лечения локализованного рака лёгкого — хирургический. Объём резекции определяется локализацией опухоли, её 
распространением на окружающие ткани и статусом поражения лимфоузлов. Однако даже после удаления большой 
части лёгкого в здоровой ткани могут оставаться метастатические очаги. Для улучшения эффективности диагностики 
при операции может применяться флуоресцентно-навигационная хирургия, основанная на использовании флуорес-
центных красителей, позволяющая видеть даже небольшие скопления злокачественных клеток на ранних стадиях 
развития опухолевого процесса.
Цель. Разработка препарата для флуоресцентно-навигационной хирургии на основе аптамеров и флуоресцентных на-
нокластеров золота (длины волн возбуждения флуоресценции — 365–410 нм, длины волн эмиссии — 615–650 нм).
Материалы и методы. Объект исследования — первичные культуры немелкоклеточного рака лёгкого. Для доставки 
золотых нанокластеров, стабилизированных глутатионом (GSH-AuNC) или альбумином бычьей сыворотки (BSA-AuNC), 
к клеткам рака лёгкого использовали липосомы, функционализированные ДНК-аптамером LC-17. Электронно-
микроскопические изображения синтезированных нанокластеров получали с помощью просвечивающей электронной 
микроскопии. Анализ эффективности связывания опухолевых клеток с функционализированными аптамерами липо-
сомами, содержащими нанокластеры, проводили методом проточной цитометрии. Для оценки эффективности флуо-
ресцентных нанокластеров использовали ткань аденокарциномы лёгкого.
Результаты. Диаметр нанокластеров BSA-AuNC и GSH-AuNC составил 1,8±0,5 и 1.5±0.3 нм, соответственно. 
При возбуждении светом с длиной волны 365 нм максимум эмиссии флуоресценции для BSA-AuNC составил 655 нм, 
а для GSH-AuNCs — 613 нм. Квантовые выходы флуоресценции для BSA-AuNC и GSH-AuNC составили 6 и 14%, со-
ответственно. Функционализированные аптамером LC-17 липосомы с включёнными в них GSH-AuNС и BSA-AuNС 
эффективно связывались с клетками аденокарциномы лёгкого и окрашивали их.
Заключение. Показана потенциальная возможность использования золотых нанокластеров, стабилизированных 
GSH-AuNC и BSA-AuNC, для флуоресцентно-навигационной хирургии.

Ключевые слова: аптамер; флуоресцентные золотые нанокластеры; липосомы; флуоресцентно-навигационная 
хирургия; рак лёгкого.
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BACKGROUND
Currently, despite the development of the diagnostic 

and therapeutic methods of the lung cancer treatment 
methods, the problem of its recurrence, generalization, 
or metastatic spread remains relevant. The non-small 
cell lung cancer (NSCLC) recurrence rate in the late 
postoperative period is about 45% [1], and its localization 
varies depending on the disease stage. Thus, 73% of cases 
can show distant metastases, 19% can show locoregional 
ones, and 7% can show both types of metastases 
combined [2].

The primary treatment method for the localized lung 
cancer is surgery. The extent of resection is determined by 
the tumor localization, its spread into the adjacent tissues, 
and the lymph nodes’ lesion status. In cases of malignant 
lesions of the lobar or primary bronchi, bronchoplastic 
surgery is possible [3]. Nevertheless, even after resection 
of a large part of a lung, metastatic foci can remain in 
the healthy tissue because of their insufficient size and 
degree of malignancy to be visually different from it.

The malignant cells continue their mitosis after therapy, 
which leads to locoregional recurrencies and metastatic 
spread into distant organs. To improve the intraoperative 
diagnosing, the fluorescent dye-based fluorescence-
guided surgery (FGS) can be used. This procedure allows 
surgeons to see small clusters of malignant cells at the 
low tumor stages.

To this date, many FGS studies using different 
molecular complexes of fluorescent dyes with specific 
ligands, such as antibodies, peptides, or aptamers, have 
been performed. Some products are already undergoing 
clinical or preclinical trials [4].

The infrared dyes have become especially popular in 
FGS due to their low background fluorescence and deep 
penetration of radiation. The limitations inherent to such 
dyes include the necessity of specialized equipment; 
besides, when using the infrared FGS mode, surgeons 
can visualize only the fluorescence of the dye, which 
makes the topography of tissues eye-imperceptible. The 
antibodies or peptides used in the available targeted dyes 
for fluorescence-guided diagnostics are immunogenic and 
can cause severe allergic reactions in patients [5].

Consequently, the development of the new targeted 
fluorescent complexes with the surgery-optimal optical 
characteristics — high specificity, high tumor fluorescence 
to background ratio, and low toxicity — is relevant.

In this study we present the liposome- and aptamer-
based conjugates delivering in a targeted way the gold 
nanoclusters into tumor that can excite and emit in the 
range of porphyrin-IX (excitation: 400–410 nm, emission: 
650–710 nm). Such dyes can be visualized using surgical 
fluorescent microscopes or by naked eye under ultraviolet 
excitation. A substantial advantage of the dyes emitting in 
this range is the absence of the tissues’ autofluorescence, 

which ensures a better contrast of the stained tumor 
areas.

The aptamers are the preferrable targeting agents due 
to their low immunogenicity, small sizes (favoring their 
penetration into tissues and rapid clearance), availability, 
and simple chemical synthesis and modifications [6].

The fluorescent gold nanoclusters (AuNCs) are ultra-
small (1–3 nm) complexes of organic ligands-stabilized 
gold atoms. AuNCs have the properties that make them 
promising agents for the intraoperative fluorescent 
diagnostics. The advantages of AuNCs are the relatively 
simple synthesis, high photostability, the possibility of 
the fluorescence emission spectral tuning, and a large 
Stokes shift. AuNCs are less toxic than inorganic quantum 
dots. The best studied and characterized nanoclusters 
are the gold nanoclusters stabilized with glutathione 
(GSH-AuNCs) and bovine serum albumin (BSA-AuNCs), 
which have higher quantum efficiencies of fluorescence 
compared with other nanostructures of this type [7, 8].

Aim. To develop a product for FGS based on aptamers 
and fluorescent gold nanoclusters (fluorescence excitation 
wavelengths: 365–410 nm, emission wavelengths: 615–
650 nm).

MATERIALS AND METHODS

Study design
The flow cytometry used primary cultures of lung 

adenocarcinoma. To visually evaluate the binding of 
complexes, postoperative tissues of lung adenocarcinoma 
were used.

The study included the samples from 4 patients with 
NSCLC. The detailed description is presented in Table 1, 
all the diagnoses are morphology-confirmed.

Study duration and setting 
The gold nanoclusters were received and defined in 

the Institute of Biochemistry and Physiology of Plants and 
Microorganisms (IBPPM) of the Federal Research Center 
Saratov Scientific Center of the Russian Academy of 
Sciences. The studies were carried out from March 2021 
to December 2023. The complexes of nanoclusters in 
aptamer-modified liposomes were received on the basis 
of the Laboratory of Numerical Controlled Medicines and 
Theranostics of the Federal Research Center Krasnoyarsk 
Science Center of the Siberian Branch of the Russian 
Academy of Sciences January to March 2024. The analysis 
of the complexes binding to the primary cultures and 
postoperative materials was performed from March 2024 
to May 2024 on the basis of the Laboratory of Biomolecular 
and Medical Technologies of the Krasnoyarsk State 
Medical University named after Professor V. F. Voyno-
Yasenetsky under the Ministry of Health of the Russian 
Federation.
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Study object
The tumor tissues were obtained from NSCLC patients, 

who received radical surgeries in the A. I. Kryzhanovsky 
Krasnoyarsk Regional Clinical Oncology Dispensary. 
Before sampling, written informed consents to analyze the 
postoperative materials in the Research and Development 
Laboratory were obtained from all the patients. The tumor 
tissues were aseptically resected and placed into cooled 
DMEM with penicillin and streptomycin. The samples 
were delivered to the laboratory within two hours after 
resection for the further investigation and cultivation of 
cells.

The study used the LC-17 DNA-aptamer to the NSCLC 
tumor cells [9]. The aptamer’s specificity to the tissue 
cells, circulating tumors, and plasma proteins was pre-
studied [10, 11].

Cell isolation and cultivation
The tumor tissues were washed in the DMEM. The 

tissues were minced, the vessels, necrotic foci, and 
thrombi were removed. The resulting tissues were 
dissociated using a dosage device. Then the suspension 
was filtered through a 70-µm filter and sedimented 
twice by centrifuging at 2000 rpm for 5 minutes. The 
sediment was resuspended in 2 mL of DPBS, then 
covered with 3 mL of lymphocytes separation media, and 
centrifuged for 10 minutes at 2000 rpm. The cell layer 
at the lymphocytes separation media/DPBS interface 
was collected and transferred into a sterile tube with 
DPBS, and then centrifuged for 5 minutes at 2000 rpm. 
The sediment was transferred into a cultivation tube or 
container with the medium (DMEM, 10% of plasma fetal 
calf serum, 20 μg/mL of insulin, 10 μg/mL of transferrin, 
25 nmol/L of sodium selenite, 100 U/mL of antibiotics, and 
1 ng/mL of epidermal growth factor) and cultivated in an 
atmosphere with 5% CO2 at 37°C. When the cells reached 
confluence, they were dispersed with the Trypsin-Versene 
regenerant solution for subcultivation of cells. The cells 
were washed in a Ca2+ and Mg2+-containing phosphate 
buffer by centrifuging for 3 minutes at 2500 rpm and 
cultivated in the cultivation medium containing DMEM, 5% 
of plasma fetal calf serum, 20 μg/mL of insulin, 10 μg/mL 
of transferrin, 25 nmol/L of sodium selenite, and 100 U/mL  
of antibiotics.

Preparation of liposomes
To prepare the liposomes, a lipid mixture containing 

cholesterol, L-α-phosphatidylcholine, and stearylamine (kit 
for liposomes, Sigma-Aldrich, Germany) was used. The L-α-
phosphatidylcholine/stearylamine/cholesterol molar ratio 
in the mixture was 63:18:9, respectively. The liposomes 
were prepared using the thin film hydration method with 
subsequent sonication. The lipids were initially dissolved 
in 5 mL of chloroform/methanol mixture (3:1). The solvent 
was evaporated in a rotary evaporator to obtain a dry 
film of lipids. Then the dry film of lipids was hydrated by 
adding 50 mL of DPBS (pH 7.4) at ambient temperature for 
10 minutes. Following the hydration, the liposomes were 
ultrasonicated for 30 minutes at 25°C to ensure the correct 
mixing and formation of liposomes. The resulting liposomes 
were stored at 4°C for subsequent use.

Functionalization of liposomes
The liposomes were functionalized with the LC-17 

aptamer, modified with cholesterol at the 3’-end, and methyl 
fluorescein f (FAM) at the 5’-end, at a final concentration of 
0.5 µM. To incorporate the aptamer into the lipid layer of 
liposomes, the sample was incubated at 60°C for one hour. 
Once incubated, the mixture was immediately placed on ice 
for 5 minutes to restore the aptamer’s conformation.

Synthesis and characterization of fluorescent 
gold nanoclusters

All the synthesis glassware was pre-washed with aqua 
regia (HCl/HNO3=3:1), and then rinsed with ethanol and water. 
To synthesize the glutathione-based fluorescent AuNCs (GSH-
AuNC), the following technique was used. 1.5 mL of 100 mM of 
reduced glutathione solution and 43.5 mL of H2O were mixed in 
a glass vial and stirred. Then the resulting solution was spiked 
with 5 mL of 20 mM HAuCl4. The resulting mixture was stirred 
for 2 minutes. After that the reaction mixture was incubated in a 
thermostat for 24 hours at 70°C without stirring. To synthesize the 
albumin-stabilized fluorescent gold nanoclusters (BSA-AuNCs), 
the following technique was used. 25 mL of 38.4-mg/mL BSA 
and 25 mL of 11.6-mM HAuCl4 were mixed in a glass vial. The 
mixture was intensively stirred in a magnetic stirrer for 2 minutes.  
At the next stage, the reaction mixture was spiked with 2 mL of 
1 M NaOH. Then the reaction mixture was heated at 90 °C for 
45 minutes with intensive stirring.

Table 1. Postoperative tissue samples included in the study

Test Sample type Histological type Stage

Flow cytometry Primary culture

Adenocarcinoma T4N3M0

Adenocarcinoma T3N2M0

Adenocarcinoma T4N2M0

Visual assessment Postoperative tissue Adenocarcinoma Т3N0M0
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The electron microscopy images of the synthesized 
nanoclusters were obtained using the transmission 
electron microscopy. The microscopic images were 
obtained using the Libra-120 (Carl Zeiss, Germany) 
microscope in the Simbioz Center for Collective Use 
of Research Equipment in Physicochemical Biology 
and Nanobiotechnology of the Institute of Biochemistry 
and Physiology of Plants and Microorganisms, Russian 
Academy of Sciences (IBPPM RAS). The fluorescence 
excitation and emission spectra of the synthesized 
nanodyes were recorded using the Cary Eclipse (Agilent, 
USA) spectrofluorometer.

Introduction of nanodyes (GSH-AuNС  
and BSA-AuNС) into LC-17 
 aptamer-functionalized liposomes

The liposomes were incubated with nanoclusters in a 
shaker at 4°C for 12 hours. This allowed the fluorophores 
to enter into liposomes. After loading nanoclusters, the 
liposomes were transferred into a dialysis sac and put 
into a Ca2+- and Mg2+-containing phosphate buffer for 
5 hours at 4°C to remove the excessive fluorophores 
that did not enter into liposomes. To destroy the existing 
aggregates and ensure the uniform distribution of 
liposomes, the suspension was placed in an ultrasonic 
bath for 30 minutes.

Analysis of efficiency of binding of tumor cells 
with nanoclusters-containing  
and aptamer-functionalized liposomes

The binding of the gold nanoclusters-containing 
liposomes with the lung cancer cells was analyzed using 
the FC-500 (Beckman Coulter Inc., USA) flow cytometer. The 
culture-derived lung cancer cells were pre-incubated with 
1 ng/μL of yeast RNA for 30 minutes in a shaker at ambient 
temperature.

Then the cell mixture was incubated for 30 minutes 
at ambient temperature with the GSH-AuNС- and BSA-
AuNС-containing liposomes bound to LC-17 aptamer. To 
avoid the non-specific binding of the lung cancer cells 
with liposomes, the mixture was washed by centrifuging 
at 3000 rpm for 5 minutes. The findings were analyzed 
using the Kaluza® 1.1 (Beckman Coulter Inc., USA) 
software.

Postoperative tissue staining
To evaluate the efficiency of the fluorescent 

nanocomplexes, the Т3N0M0 adenocarcinomal tissue of 
the right lung middle lobe was used. The diagnosis was 
morphology-confirmed. The nanocomplexes were applied 
onto the lung tissue; to visualize the binding, an ultraviolet 
radiation source was used. Upon 3 minutes after staining, the 
tissue was three times washed with phosphate buffer; and 
the luminescence was evaluated.

Ethical review
The study was approved by the Ethics Committee of 

the Krasnoyarsk State Medical University (Confirmation 
No. 37/2012 of 01/31/2012).

Statistical analysis
The morphometric parameters of nanoclusters were 

obtained by calculating the ensemble of 200 nanoclusters 
in the electron microscopy images. The findings were 
presented as the arithmetic mean and its standard 
deviation (M±SD).

The findings were statistically processed using the 
Statistica 7.0 Software. The hypothesis of the statistical 
significance of differences between samples was checked 
using the Mann–Whitney test.

RESULTS

Characteristic of synthesized nanodyes
Various methods are used to obtain gold 

nanostructures, including the traditional chemical 
techniques of condensation and the environment-
friendly “green” approaches, when gold is regenerated 
using plant extracts [12, 13]. The AuNC synthesis 
involved using organic ligands (L-glutathione and 
bovine serum albumin), which acted simultaneously as 
regenerating and stabilizing agents. Figure 1, a, b shows 
the transmission electron microscopy images and the 
fluorescence spectra of the synthesized nanoclusters. 
The estimate of the sizes of at least 100 particles in 
the transmission electron microscopy images found 
that the respective BSA-AuNC and GSH-AuNC diameters 
were 1.8±0.5 and 1.5±0.3 nm. At the excitation with  
a 365-nm wavelength light, the maximal emissions of 
fluorescence were 655 nm for BSA-AuNC and 613 nm 
for GSH-AuNC. The calculated quantum efficiencies of 
fluorescence for BSA-AuNC and GSH-AuNC were 6 and 
14% respectively.

Creation of liposomes with aptamer-based 
incapsulated dyes

In this study, the BSA-AuNC and GSH-AuNC gold 
nanoclusters were incapsulated into liposomes with 
LC-17 aptamer. This allowed ensuring the delivery 
of the nanoparticles to the lung cancer cells. This 
technique has several advantages compared with 
the direct binding of aptamers to nanoclusters via 
functional groups. First, this enhances the intensity 
of fluorescence, as each liposome can carry several 
fluorophore molecules. Second, the toxicity reduces, 
as the dyes are not in direct contact with the patients’ 
blood or tissues. Third, the complexes’ circulation time 
elongates, their stability improves, and their targeted 
delivery is ensured.
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To visualize the aptamer-to-liposomes binding, the tertiary 
structure of the LC-17 aptamer was constructed (Figure 2, a). 
The complete aptamer–liposome–gold nanocluster complex 
is shown in Figure 2, b.

Evaluation of efficiency of binding of nanodyes 
incapsulated in aptamer-functionalized 
liposomes with tumor cells and tissues ex vivo

The efficiency of the binding of the nanodyes 
incapsulated in aptamer-functionalized liposomes was 
evaluated by flow cytometry using FC-500 (Beckman 
Coulter, USA) cytometer. The BSA-AuNC and GSH-AuNC 
nanoclusters demonstrated fluorescence in the red 
spectral range, while the FAM-labeled aptamer showed it 
in the green spectral range. Hence, the fluorescent signal 
was detected in two channels: FL1 for FAM, and FL4 for 
BSA-AuNC and GSH-AuNC.

To evaluate the efficiency of the nanoclusters’ binding 
with biological samples, the primary lung cancer cultures 
from postoperative material were obtained.

Figure 3 shows that the fluorescent signals from the lung 
cancer culture cells themselves were not detected; however, 
when stained with the complexes that contained the LC-17 
aptamer and the GSH-AuNС and BSA-AuNС nanodyes, they 
showed fluorescence in the FL1 and FL4 channels.

To evaluate the binding of the resulting nanostructure with 
the lung cancer tissue, the ex vivo tumor was divided into 
several parts and stained with one of the liposomes/nanodyes 
complexes or phosphate buffer for control (Figure 4).

Figure 4 shows that no autofluorescence of tumor 
was observed. The GSH-AuNС-containing LC-17 aptamer-
functionalized liposomes were bound to the tumor tissue; 
this was confirmed by the visually red luminescence 
under ultraviolet light. The BSA-AuNС-containing  

Fig. 1. The transmission electron microscopy images and the fluorescence spectra of the synthesized nanoclusters. a — 
transmission electron microscopy image of the BSA-AuNCs (scale bar is 20 nm); b — fluorescence spectra of the BSA-AuNCs; 
c — BSA-AuNCs suspension under ultraviolet lamp irradiation (365 nm); d — transmission electron microscopy image of the 
GSH-AuNCs (scale bar is 20 nm); e — fluorescence spectra of the GSH-AuNCs; f — GSH-AuNCs suspension under ultraviolet 
lamp irradiation (365 nm).
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or molecule specific to the lung adenocarcinoma folate 
receptor alpha [15, 16].

Thus, for example, C.H. Li et al. used the AS1411 
aptamer-functionalized GSH-AuNC with diatrizoic 
acid (AS1411-DA-AuNC) to stain tumors in animal 
models [17]. In the above study, the aptamer was 
directly conjugated with AuNC using 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDC). However, 
this approach to conjugation has its limitations due to 

Fig. 3. Flow cytometry of lung cancer cells stained with liposomes containing GSH-AuNСs or BSA-AuNСs associated with the 
LC-17 aptamer.

Fig. 2. The tertiary structure of the aptamer. a — the LC-17 aptamer model; b — a diagram depicting the LC17-liposome–
gold nanoclaster.

LC-17 aptamer-functionalized liposomes stained the 
tumor tissue as well.

DISCUSSION
FGS has not, yet, become wide-spread when resecting 

the main and metastatic tumor foci. Nevertheless, there are 
studies that confirm the promising outlook of this method, 
such as using the methylene blue, indocyanine green, 
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the rapid hydrolysis of EDC in aqueous medium and 
to the fact that many gold nanoclusters are subject to 
biodegradation and aggregation in biologic medium.

The novelty of the approach proposed in this study 
consists in the original design of the complex consolidating 
the following three components:
• lung cancer cells-specific aptamer 
• liposomes
• albumin- or glutathione-based fluorescent 

nanoclusters characterized by large Stokes 
shifts and relatively high quantum efficiencies of 
fluorescence.
From an oncology and health economics perspective, 

using the fluorescent methods of tumor visualization —
at the diagnostic stage and during the radical resection 
of tumor — will allow avoiding the early recurrences 
of disease and repeated surgeries, reducing the 
number of the adjuvant antitumor therapy courses by 
increasing the radicality of the surgical treatment. Such 
approach to treatment will result in substantial savings 
on the healthcare costs and better quality of patients’ 
lives. Noteworthy is that the greater diversity of the 
fluorescence inducers will extend the FGS range to other 
malignant neoplasms surgery areas and achieve more 
beneficial surgery outcomes for patients.

CONCLUSION
One of the most vital problems of surgery in lung 

cancer patients is visualization of not only the tumoral 
foci but also of the micrometastases as the malignant 
cells remaining in tissue continue proliferating, inducing 
recurrencies and disease progression. This study has 
investigated the possibility to use the BSA-AuNC and 
GSH-AuNC dyes-loaded and LC-17 aptamer-modified 
liposomes to identify tumoral foci during surgery. The 
possibility to visualize the tumor tissue during surgery 

was simulated with the postoperative material of  
a patient with lung adenocarcinoma using an ultraviolet 
radiation source. The potential possibility to integrate 
the BSA-AuNC and GSH-AuNC nanoclusters at the 
preoperative diagnostic stage to identify the metastatic 
foci with FGS was shown. Overall, the approach being 
developed has the potential to alter the treatment 
strategy for patients with NSCLC, considering both the 
criteria for radical surgery and alternative non-invasive 
treatment methods such as antitumoral and radiation 
therapies.
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