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Introduction
Relevance of the problem

Malignant tumor is one of the most important medical and social problems both in
Georgia and in many countries of the world. More than 300,000 new cases of oral cancer are
diagnosed every year, and about 145,400 cases with lethal outcome are registered.

Among malignant tumors of the oral cavity, squamous cell carcinoma occurs in 80-
90% of cases. Currently, surgical methods, as well as chemotherapy, radiation therapy,
immunotherapy and their combinations are used for the treatment of oral squamous cell
carcinoma. Every above-mentioned method has its purpose and role in the cancer treatment
process. It should be noted that the surgical method is preferred in the treatment of oral
squamous cell carcinoma. However, after the radical excision of the carcinoma, the presence
of "residual” tumor cells is frequent, which becomes the reason for the recurrence. Since the
traditional systemic chemotherapy is characterized by toxicity, which damages not only
tumor cells, but also healthy cells and tissues that leads to the development of rather severe
side effects and suppression of the immune system, throughout the recent years, local drug
delivery systems have attracted great interest in clinical oncology. They can provide the
accumulation of pro-tumor drugs directly in the tumor, exert a prolonged effect of the drug
on tumor cells, and at the same time prevent the development of side effects caused by these
drugs. While working on developing such forms of treatment and systems, it is very
important to deliver the antitumor drug with high precision and to release the required
amount of the treatment substance encapsulated on the carrier in the desired tumor area. In
modern biotechnology, nanoparticles that are created with organic and inorganic materials,
biodegradable and biocompatible polymers and gels are used as carriers of chemotherapeutic
drugs. Biodegradable and biocompatible hydrogels loaded with antitumor drug allow the
maintenance of the required concentration of the active drug and provides a prolonged effect
locally, directly in the target organ or in its surrounding area. In addition, the use of such a

pharmaceutical form makes it possible to avoid multiple injections.



We hypothesized that a local drug delivery system created on the basis of hydrogel can
become a solution for destroying "residual" tumor cells in the tumor bed after the resection
of squamous cell carcinoma of the tongue, which in turn will help prevent the recurrence

and multiple injections.

The purpose and objectives of the research
The aim of the dissertation is to create a controlled local drug delivery system and determine
its effectiveness in the treatment of squamous cell carcinoma of the tongue in animals.
To achieve this goal, we have outlined the following tasks:
To create a biodegradable, two-layer, multi-component hydrogel based on fibrinogen-
thrombin and its use as a controlled local drug delivery system;
To load the carrier (CultiSpher) with an antitumor drug (cisplatin) and to place it in
the fibrin-thrombin hydrogel (bottom layer);
To isolate bone marrow stem cells and develop lyophilization method;
To place the lyophilized bone marrow stem cells on the carrier and to create the
upper layer of fibrin thrombin hydrogel;
To model squamous cell carcinoma of the tongue in animals;
To remove squamous cell carcinoma of the tongue and to cover the tumor cell with
hydrogel developed by us;
To evaluate the efficiency of hydrogel through animal observation, laboratory,
histological, immunohistochemical, radiological and scanning electron microscopy

methods.



Scientific Novelty

For the first time in the world, we have developed a biocompatible, biodegradable,
hydrogel-based two-layer local drug delivery system. The bottom layer of the hydrogel that
contains cisplatin-loaded carriers (CultiSpher) can destroy the "residual" tumor cells in the
wound after the tumor removal. The upper layer of the hydrogel is represented by the carrier
(CultiSpher) and the lyophilized bone marrow stem cells that are placed on it, and it
contributes to the rapid re-epithelialization of the wound. For the destruction of residual
tumor cells after the removal of squamous cell carcinoma of the tongue, the hydrogel was
used by us for the first time. Also, with the help of hydrogel, it was possible to prolong the
release of cisplatin in the tumor bed after excision of squamous cell carcinoma of the tongue

and reduce the side effects caused by cisplatin.

Practical Value
Biodegradable hydrogel that we developed can be used for covering tumor bed after
the removal of the tumor, which destroys "residual" mast cells and prevents loco/regional
metastases. In addition, the use of such form of drug allows to avoid multiple intravenous
injections and prevents side effects caused by the drug. The obtained result of the study will
significantly increase the effectiveness of the treatment of oncological patients. Hydrogel can

be used in combination with other cancer treatment methods.

Basic theses for dissertation defense
Unlike the hydrogels available in the medical market of the world, the hydrogel that
we developed has a multi-component, two-layer structure represented by collagen
carriers loaded with fibrinogen, cisplatin and lyophilized bone marrow stem cells

(CultiSpher);



With the hydrogel, after the removal of squamous cell carcinoma of the tongue, it is
possible to deliver cisplatin to the tumor bed with high-precision and to provide a
prolonged release of the pre-tumor drug placed on the carrier for the destruction of
residual tumor cells;

Local delivery system of pre-tumor drug in the tumor bed significantly increases the
effectiveness of treatment, prevents loco/regional recurrences and reduces side effects
caused by cisplatin;

The use of lyophilized bone marrow stem cells added anti-inflammatory and
antimicrobial properties to the hydrogel, which promotes rapid re-epithelialization of
the wound;

Hydrogel is biologically safe, biodegradable, biocompatible with oral tissues and

meets all requirements for local drug delivery systems.

Approbation of the study

At each stage of the study, the obtained results were reported at the following
congresses and conferences: the 5th International Conference on Dental Science and
Education & Surgery, and the 5th International Surgery and Surgeons Meet (New York, USA
2019). At the symposium dedicated to the memory of Academician Nino Javakhishvili
("Conversations on Morphology" (Tbilisi 2021); I International Conference "Translational

and Clinical Medicine" Tbilisi 2022;

Materials and methods
The first part of the research was to develop the method of creating a multi-
component hydrogel. The hydrogel developed by us consists of two layers: the internal layer

of the hydrogel was formed using PEG-fibrin gel and cisplatin-loaded collagen carrier



(CultiSpher). Peg-fibrin gel was used to form the external layer of the hydrogel, in which a

collagen carrier (CultiSpher) and lyophilized BMSCs were placed.
Creating an internal layer of the hydrogel

An internal layer of the gel was created by slightly modifying a previously published
protocol for creating polyethylene glycol (PEG)-fibrin gel, which was developed by Zhang et
al. TBS (40 mg/ml; pH 7.8) and 250 pl PEG were added to 500 pl commercially purchased
fibrinogen (Sigma-Aldrich). The acquired compound was then placed in a Falcon® 24-well
Companion Plate (Falcon; Corning Life Sciences) and incubated at 37°C for 20 min. The
compound that was generated through this method was called pegylated fibrinogen (PGF).
After incubation, carriers (CultiSpher) were placed in PGF, on the surface of which the
antitumor drug cisplatin was placed. To obtain the final product, after placing the PGF in the
wound, 52 U/ml thrombin diluted in saline solution (Sigma-Aldrich) was added. While
merging of these two components, a glutinous mass was formed and it became thick within
5-6 seconds, which presented itself as a transparent soft hydrogel. It should be noted that, in
our study, in order to convert PGF into pegylated fibrin hydrogel, we were adding 52 U/ml

of thrombin during the wound treatment.
Preparation of cisplatin-loaded CultiSpher microcarrier

A commercially purchased dried three-dimensional collagen-gelatin carrier
(CultiSpher) with a size of 100 microns was placed in phosphate-buffered saline (PBS) for
one hour for hydration. After hydration, foamed collagen microcarriers (CultiSpher), 7.0 ml
of anti-tumor drug solution Cisplatin Solution (50mg/100 ml), (KOSAK FARMA, Turkey),
the main components of which are divalent platinum and 3.0 ml of 1% sodium citrate, were
placed in the cell shaker spinner flask (Sigma-Aldrich) and stirred gently for 4 h (at 40 rpm).
Subsequently, the solution was transferred to a 50-ml Falcon test tube (Falcon; Corning Life

Sciences), where 15 ml cisplatin solution was added, and subsequently centrifuged at a



10,000 x g . After removing the supernatant part of the carriers was sent for morphological

studies, and the other part, after lyophilization and sterilization was stored until further use.
Creating an external layer of the hydrogel

Peg-fibrin gel was also used to create the external layer of the hydrogel, in which the

carrier (CultiSpher) and lyophilized bone marrow stem cells (BMSCs) were placed.
Obtaining BMSCs and placing them on the surface of a carrier (CultiSpher)

For obtaining BMSCs, 20 Lewis inbred laboratory rats of both sexes weighing 200-250
g were used. Animals were euthanized with thiopental sodium (MilliporeSigma) with an
intraperitoneal dose of 200 mg/kg. The lower extremities were amputated after being treated
with 70% ethanol solution. Femurs, which were cleared of muscle tissues, were resected in
the epiphysis and diaphysis areas. After the aspiration of bone marrow, it was dissociated
with sodium citrate, ethylene diamine tetraacetic acid (EDTA) and Dullbeco's solution. The
mononuclear fraction was isolated by density gradient method using Ficoll Paque Plus (GE
Healthcare Bio-Sciences). A small fraction of isolated mononuclear cells were placed in a
Neubauer chamber. Cell yield and their viability were determined under the microscope
using trypan blue. The second part of the cells (3.0 x 10°), together with microcarriers
CultiSpher-S, were placed in 12 wells of a Falcon 24-well Companion Plate (Falcon; Corning
Life Sciences) and incubated for 1 h. DMEM, 10% FBS (MilliporeSigma), 50 U/ml penicillin
and 0.05 mg/ml streptomycin was used as the cell culture medium. An orbital shaker (110
rpm), onto which a plate was placed, was then introduced into the incubator. The cells were
co-cultured with CultiSpher-S for 7 days. The culture medium was changed every 3 days.
Upon culture, CultiSpher-S and BMSCs were placed in a freeze-drier for lyophilization
“Power Dry PL 6000 Freeze Dryers” (Heto Labware) and then stored under sterile conditions

at a room temperature until further use. To convert the pegylated fibrinogen into the



hydrogel as well as during the formation of the first layer, thrombin was added directly

during the wound treatment.
Study of the anatomical features of the rat's oral cavity

Before creating a squamous cell carcinoma model, the anatomical features of the oral
cavity and tongue of the rats were studied. For this purpose, the anatomical research
methods such as soft tissue layered dissection, injection of colored and X-ray contrasting dyes
into blood vessels, transillumination blood vessels to determine the capillary network of the
tongue were used. A morphometric study of the tissues of the tongue was also performed.
Under general anesthesia, the animals underwent laparotomy. After separating the aorta and
inferior vena cava, X-ray contrast solution (cardiotrast) with the red latex (NAIRIT-L3) was
inserted in the aorta, and blue one in the inferior vena cava. Blood vessels were visualized
with transillumination stereoscopic microscope MBS-9 LOMO (Russia) using halogen light
source OS-100 (Russia) optical fiber lighting, and for radiological examination with (DVS-
100) visiograph, Diox (DigiMed) x-ray machine, and orthophos (SL 3D) computed

tomography.
Rat model of squamous cell carcinoma of the tongue

Based on the results of the anatomical study, 60 Lewis line white laboratory rats of
both sexes (age, 8 weeks; weight, “250 g) were selected for modeling the squamous cell
carcinoma of the tongue. The animals were acquired from the vivarium of Aleksandre
Natishvili Institute of Morphology, Tbilisi State University. All studies were conducted in
accordance with international standards (Directive 2010-63-EU on the Protection of Animals
Used for Scientific Purposes, 2010; Guide for the Care and Use of Laboratory Animals, 8th
ed., 2011) according to IACUC guideline.

For establishing a model of squamous cell carcinoma of the tongue in rats, 4-

Nitroquinoline 1-oxide (4NQO) (MilliporeSigma) has been used, which is a water soluble



tumorigenic quinoline compound. Once a week, the solution (1 mg/5 1) was prepared that
was dissolved with the drinking water to acquire the solution with the concentration of
0.001%. The solution was placed in the bottles and given to the rats for 8 weeks. After 50-55
days from the creation of a model of squamous cell carcinoma, 95% of rats have developed a
well-defined carcinoma in situ on the surface of the tongue the presence of which was

confirmed by histopathological and immunohistochemical methods.

Methods of treatment of squamous cell carcinoma of the tongue in rats

All surgical procedures on animals were performed under the general anesthesia,
intraperitoneally with ethaminal-sodium (30mg/kg). The animals were divided into 3

equivalent groups.

After tumor modeling, the animals of the first group (n = 20) served as the controls and were

observed without treatment.

At 2 months after the initiation of the animal model, 85% of squamous cell carcinoma was
removed in the animals of the second group, and the 0.5 cm diameter wound was closed with

knotted atraumatic sutures (5.0 Ethicon, Inc.; Johnson & Johnson).

In the animals of the third group, at 2 months from the beginning of modeling, 85% of
squamous cell carcinoma tumor was also removed, and our hydrogel was introduced into the
0.5 cm diameter wound. Table 1 shows the types of surgical interventions, groups and the

numbers of experimental animals.



Table 1. Types of operative intervention, groups and number of experimental animals.

Experimental Number of Types of surgical inverventions

animal groups | experimental

animals
I 20 Modeling squamous cell carcinoma or the tongue of the
rat without treatment
II 20 Modeling squamous cell carcinoma or the tongue of the
rat. Tumor excision. Wound closed with knotted sutures
III 20 Modeling squamous cell carcinoma or the tongue of the

rat. Tumor excision. Wound covered with a

biodegradable, two-layer hydrogel

After the surgery, all animals were placed in standard vivarium conditions and euthanized at

the following time points: 1, 3, 5, 7, 14, 18, 25, 30, 60, 90, and 120 days.

Methods of the histological and immunohistochemical research

For histological study, the tissue material of the rat tongue taken at different time
points after the surgery were obtained for histological examination that was fixed in 10%
neutral formalin and then embedded in paraffin, and was cut into 5 micron thick slices. After
paraffinization and rehydration, the tissue was stained with hematoxylin-eosin and Mason’s

Trichorome (Bio-Optica, Italy).

For the histopathological studies, the tongue tumor and its surrounding tissues were
fixed in 10% neutral buffered formalin for 24 h at room temperature, embedded in paraffin
and cut into 5-pm thick slices. After deparaffinization and rehydration, the tissues were

stained with hematoxylin and eosin (Leica Biosystems Newecastle Ltd.), and Masson's




trichrome (Bio-Optica Ltd.) at a room temperature for 35 min in accordance with the
manufacturers' protocols. Immunostaining was performed with anti-p63 (incubation time, 20
min; clone 7JUL; dilution 1:25; cat. no. PA0103; Leica Biosystems Newcastle Ltd.), anti-Ki67
(incubation time, 20 min; clone MM1; dilution 1:200; cat. no. PA0118; Leica Biosystems
Newrcastle Ltd.), anti-cyclin D1 (incubation time, 20 min; clone EP12; dilution 1:50; cat. no.
PAQ046; Leica Biosystems Newecastle Ltd.), and anti-E cadherin (incubation time, 20 min;
clone 36B5; dilution 1:25; cat. no. PA0387; Leica Biosystems Newcastle Ltd.). Antibody
identification was performed with the manual staining method using the Novolink DAB
Polymer Detection system (incubation time, 20 min; cat no. RE7260-CE; Leica Biosystems
Newcastle Ltd.) in accordance with the manufacturer's recommendations. Endogenous
peroxidase activity was neutralized using the Peroxidase Block reagent [3—4% (v/v) hydrogen
peroxide; Novolink DAB Polymer Detection system; cat. no. RE7260-CE; Leica Biosystems
Newecastle Ltd]. To reduce non-specific binding of primary antibody Novocastra Protein
Block reagent was used (0.4% casein in phosphate-buffered saline, with stabilizers, surfactant
and 0.2% Bronidox L as a preservative; Novolink DAB Polymer Detection system). As the
secondary antibody, rabbit anti-mouse IgG (<10 pg/ml) in 10% (v/v) animal serum in Tris-
buffered saline/0.1% ProClin™ 950 was used (Novolink DAB Polymer Detection system). All
reactions for immunohistochemistry were performed at room temperature. The samples
were next observed under a light microscope. For image capture, the LAS V4.0 (Leica
Microsystems Ltd.) software was used. Images than was analyzed using Image] v1.51
(National Institutes of Health). Percentage of positive nuclei were counted using the
ImmunoRatio macros plugin for Image]. Intensity of cytoplasmic staining was evaluated by a

4-tier visual scoring method (0, no staining; 1+, weak; 2+, moderate; and 3+, strong).
Scanning electron microscopy

For the scanning electron microscopy, after the removal, the tongue tissues of the rat

were placed in the freeze-drier. After the freeze-drying, the surface of the tongue was coated



with gold using the vacuum technology, and it was visualized with JEOL JSM-65 10 LW
scanning electron microscope (JEOL, Ltd., Tokyo, Japan). The electron microscopy images
were taken at various magnifications, and micro-X-ray spectral analysis was carried out both

from the point area of the sample, as well as from a certain area of its surface.

Research Results
Results of anatomical research

Anatomical studies have shown that, just like the human tongue, the tongue of the
white lab rat has a tip, a body, and a base. The tongue has the dorsal, ventral, and lateral
surfaces. The dorsal surface of the tongue is covered by partially keratinized stratified
squamous epithelium which contains a large number of different papillae: filiform,

fungiform, conical and circumvallate papillae.

The lamina propria is located under the epithelial layer, and is separated from it by
the basal membrane. The muscles of the tongue of the rat are represented as longitudinal,

transverse and vertical muscles.

In the anatomical study of the head and neck of the rat, our main attention was
focused on the characteristics of blood vessels. Anatomical study has shown that the right
common carotid artery (a. Carotis communis dextra) is an extension of the truncus
brachiocephalicus, while the left one protrudes directly from the aortic arch. Both arteries
run cranially and are located in parallel to the trachea at the level of the lower edge of the
thyroid gland. At this level, they are divided into internal and external carotid arteries. The

external carotid artery lies medial and superficially to the internal carotid artery.

Based on the aim of the work, the topographical anatomy of the blood vessels of the

tongue of the rat was of major interest to our research. The tongue of the rat was supplied



with blood by a branch of the external carotid artery - the tongue artery, which in turn was
divided into the dorsal and deep arteries of the tongue. The sublingual artery was also singled
out from the tongue artery. Branches of the tongue artery were followed by veins of the
same name. Anatomical studies have shown that the head and neck venous system of the rat
was different from the head and neck venous system of a human. The external jugular vein
can be considered as the major neck vein of the rat. It was formed by the junction of the
cranial veins of snout and the caudal veins of snout. The branches of the cranial vein of the
snout were presented by veins of the upper lip and lower lip, submental, laryngeal and
sublingual veins. The branches of the caudal veins of snout were represented by the
superficial temporal and maxillary veins. Also, the branches of the caudal veins of snout were
the ophthalmic vein, which joined the superficial temporal vein, the transverse vein of
snout, and the cheek veins. The external jugular vein was directed caudally and joined the
subclavian vein. The internal jugular vein was formed by the junction of the maxillary and
mandibular veins. Also, the branches of the internal jugular vein were the veins of the
occipital, throat, thyroid gland and the neck part of the veins of the esophagus. The internal

jugular vein joined the superior vena cava.

The muscles of the tongue were innervated by the sublingual nerve (n. hypoglossus),
while the sensitive innervation of the front 2/3 of the mucous membrane was carried out by
the tongue and intermediate nerves (n. Lingualis et n. Intermedius), and the back surface by

the glossopharyngeal nerve (n. glossopharyngeus).

Studies have also shown that the anatomical and histological structure of the human
and rat tongue was very similar, but there were some differences. For example, the human
mucosa was represented by a non-keratinized multi-layered epithelium, while in the rat it
consisted of a keratinized epithelium. The thickness and number of layers were also
different, which was related to the characteristics of the food. The shape and size of human

and rat tongues were also different, which was also related to food. Based on the above, it can



be concluded that the white laboratory rat can be used to model various pathologies of the

oral cavity, in particular, to model squamous cell tumors of the tongue.
Treatment of the squamous cell carcinoma of the rat

The studies have demonstrated that after 60 days from the modeling of squamous cell
carcinoma of the tongue, carcinoma in situ is developing in 95% of the rats. Histological
study results have revealed the loss of polarity of epithelial cells, nuclear pleomorphism and
hyperchromatism. Also, abnormal keratinization of individual cells (dyskeratosis),
cytological disorganization and abnormal mitoses without the invasion of submucosa were

noted. There were inflammatory cells in the connective tissue.

Throughout first five months after the modeling, all animals of the first group have
died at various time points. The main cause of death was the progression of squamous cell

carcinoma and its invasion into the surrounding tissues.

All animals of the second group have died after three months from the removal of the
carcinoma. The main cause of death was carcinoma that developed from residual tumor cells

invading the surrounding tissues of the tongue.

In the third group of animals, 6 (30%) animals have died after three months from the
removal of carcinoma. The cause of death was the carcinoma, which developed from residual
tumor cells invading the surrounding tissues of the tongue. The other 14 (70%) animals have
remained under observation. The maximal observation period of these animals was 150 days.
The table 1 shows the viability of animals after modeling and treatment. Tables 2 and 3 show

the rate of tumor growth and the change in body weight of animals.
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Table 1. The viability of animals after modeling

and treatment

Table 2. The dynamics of development of carcinoma

in the animals of the group 1, 2 and 3.

Table 3. The change in body weight of animals.



It should be noted that in animals of the first group, 60 days (two months) after
modeling, a well-differentiated squamous cell carcinoma with signs of keratin formation has
developed. Carcinoma cells were characterized by pleomorphic hyperchromatic nuclei and
an altered nucleus/cytoplasm ratio. The base membrane was discontinuous. Tumor invasion
was slow in the muscle fibers of the tongue. On the histological image, pearl-colored

granules were clearly visible.

Compared to the animals of the first group, in the animals of the second group, the
rate of tumor growth was slightly inhibited through 24 days after the surgery. However, after
30-35 days, the tumor began to progress rapidly. Wound suture failure has developed in all
animals from 5 to 7 days after the surgery. The wound surface was covered with fibrin fibers,
necrotic tissue and abundant polynuclear neutrophils. In animals of this group, complete re-
epithelialization of the wound was not detected after three months from the surgery.
Considering the abovementioned, it can be concluded that 14 (70%) cases of highly
differentiated squamous cell carcinoma of the tongue were detected within three months
after the surgery. In other animals of this group, epithelial dysplasia with varying degrees of
atypia was observed at different time points. The immunohistochemical studies have shown
high expression of cyclin d1 and low expression of e-cadherin. Additionally, high expression

of Ki-67 and p-63 was also evident.

The wounds have healed in all surviving animals of the third group after 20-25 days
from the removal of tumor and the application of hydrogel. No local/regional recurrence of
the tumor was detected throughout 150 days. There were no metastases in the liver, lungs
and kidneys. Three days after the wound was covered with the hydrogel, it changed from
translucent to dark brown. Necrotic tissue surrounded by inflammatory cells, neutrophils
and fibroblasts was observed under the hydrogel. After 4-6 days, there was an excess of

connective tissue between the CultiSpher that was placed in the wound. On the day 8,



together with inflammatory cells, the granulation tissue fragments and fibroblasts were
observed in the wound. On days 9-10, the wound was filled with fibroblasts and connective
tissue. The carriers were trapped in the newly formed connective tissue. Many blood vessels
were observed around the carriers. On the 12 day, the process of epithelization initiation
was noted, which included the approximation of the wound margins, which was manifested
in the formation of organized collagen, increased number of fibroblasts and vascularization.
The carriers were located in the hydrogel both on the surface of the wound and in the depth
of the wound. After 14 days, the inflammatory process was less pronounced. More than half
of the wound was covered with epithelium, and in part, pink granulation tissue was
observed. The carriers were going through resorption. In the animals of the third group,
complete epithelization of the wound developed on 20-25 days after the beginning of
treatment. Immunohistochemical methods have revealed low expression of cyclin d1 and

medium expression of e-cadherin.

Energy dispersive X-ray microspectral analysis has shown that the collagen
microcarriers (CultiSpher) that were placed in the peg-fibrin gel were diffusely distributed
both on the surface of the gel and in the thickness of the gel without any damage. The
platinum nanoparticles placed on them were 10.7-11.2 nm in size and had a cylindrical
shape. Energy dispersive X-ray microspectral analysis showed that peg-fibrin gel contained
29.1 pg of platinum nanoparticles. As for bone marrow stem cells and their role in the
process of rapid wound healing, we would like to mention that based on earlier studies
conducted at the Department of Experimental Anatomy of the TSMU , it was confirmed that
BMSCs contain growth factors and cytokines such as vascular endothelial Growth factor
(VEGF), platelet-derived growth factors (PDGF), transforming growth factor-p1 (TGF-p1),
TGF-3, TGF alpha, fibroblast growth factor and others, which promote cell proliferation,
migration, differentiation after placement in the wound, and as a result, the rapid

regeneration of the wound.



Analysis of the study results

For many years, fibrin/thrombin gel has been widely used in surgical practice as a
biologically active dressing for rapid wound re-epithelialization. Recently,
fibrinogen/thrombin gels have found significant applications in tissue engineering and
oncology. However, it has been reported that fibrinogen affects tumor growth and metastasis
in vivo. Additionally, three-dimensional fibrin gel promotes the selection and growth of
tumorigenic cells. According to the data of other authors, the in situ condensation of an
anticancer drug into fibrin gel enables effective inhibition of tumor cell growth. For
example, the fibrinogen-thrombin pad has been effectively used in clinical practice in the
surgical treatment of cancer of the upper part of the gastrointestinal tract. Currently, the
bioresorbable polymer carriers of fibrinogen-based micro- and nanostructures are effectively
used for creating targeted drug delivery systems. It should also be noted that fibrinogen has
successfully been used as a 5-fluoroaracil carrier for cancer drug delivery applications. It has
also been reported that fibrin glue enhances antitumor performance in models of

subcutaneous and abdominal metastasis of murine colorectal cancer.

Based on the goals of our study, it was necessary to develop a gel that, over a period of
time, could release anticancer drugs locally which in turn would lead to the destruction of
residual tumor cells after the tumor removal and the acceleration of the wound healing

process.

The hydrogel that was developed has demonstrated the effectiveness of destroying
residual tumor cells after resection of the squamous cell carcinoma of the tongue.
Importantly, in 80% of the animals that were treated with our method, the suppression of
tumor growth was notable for 150 days without tumor recurrence. Additionally, in the
majority of animals, at 20-25 days from tumor removal and introduction of MCPFTG into
the wound, complete epithelialization of the wound was observed. Scanning electron

microscopy demonstrated that CPtCS was placed in the MCPFTG without being damaged,



and was evenly distributed both on the surface and within the gel. The platinum cisplatin
nanoparticles with a size of 10.7-11.2 nm had a cylindrical and oval shape. It should be noted
that after it was placed in the wound, the quantity of platinum nanoparticles did not change

for 5 months, and consequently they exhibited a long-term effect on residual tumor cells.

We confirmed that CultiSpher-S microcarrier can become an in vivo trap for residual
tumor cells after it has been removed. The porous structure of the microcarrier allows the
attachment and migration of tumor cells both on the surface and the inner structure of the
microcarrier, and the cisplatin-loaded microcarrier is expected to destroy tumor cells.

We also confirmed that the internal layer of hydrogel that directly contacted the
surface of the wound could release cisplatin locally over a certain period of time, and destroy
any residual tumor cells. The external layer of the hydrogel consisted of Cultispher
microcarrier and freeze-dried BMSCs. Cultispher-S filled the wound cavity by creating a
three-dimensional structure, and the paracrine factors of dried BMSCs enhanced the wound
re-epithelialization process. The possibility of using freeze-dried BMSCs for the treatment of
non-healing wounds has been discussed in detail in our previous publications. For example,
freeze-dried stem cells have been used effectively in the treatment of radiation-induced non-
healing wounds. This study confirmed that freeze-dried BMSCs retained their unique
paracrine factors and improved clinical healing and re-epithelialization of non-healing
wounds. Stem cell therapy for the treatment of non-healing chronic wounds has
demonstrated positive therapeutic potential in a number of preclinical and clinical studies.
As mentioned in the literature review, mesenchymal stem cells contain keratinocyte growth
factor, epidermal growth factor, endothelial growth factor and others. However, it should be
noted that until now there is no conclusive answer regarding the exact mechanism by which
BMSCs paracrine factors have a positive effect on wound healing. The mechanism by which
hydrogel inhibits the growth of tumor cells is not fully explained, and it requires additional

studies to understand the mechanism of tumor growth suppression by hydrogel.



Conclusion

e The developed hydrogel can be effectively used to prevent the development of
loco/regional metastasis after tumor removal;

e After tumor removal, the hydrogel maintains required concentration of cisplatin in the
tumor bed and enables the prolonged effect locally, directly on the residual tumor cells;

e Regulation of the release of the drug from the biodegradable hydrogel (from several days
to several months) is possible by modifying the chemical and physical properties of the
gel by changing the density of hydrogel nanofibers;

e Hydrogel can be used in combination with other methods of treatment of squamous cell
carcinoma of the tongue;

e Hydrogel reduces side effects caused by cisplatin and enhances its antitumor activity;

e Administration of the hydrogel directly into the tumor or into the tumor bed after its

removal can prevent multiple injections;

Practical recommendations

The practical value of the study was that the local, targeted introduction of the
hydrogel into the wound after the removal of the tumor would cause the maintenance of the
necessary concentration of cisplatin and prolonged effect on the residual tumor cells. The use
of such form of drug would enable the prevention of multiple intravenous injections. The
hydrogel can be used in combination with other treatment methods. The acquired results of

the study will significantly increase the efficacy of the treatment of oncological patients.
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