in the field of oral oncology research.

In in vivo model of oral squamous cell carcinoma mesenchymal
stem cells transplantation in combination with Cisplatin chemotherapy
attenuates tumor growth and improves survival rates. Based on the
results of our research we can recommend the start further research to
evaluate results of mesenchymal stem cells transplantation in

combination with conventional treatment methodology in humans.

Our study evaluated the use of only a combined approach in the
management of oral cancer in animals: chemotherapy with concomitant
stem cell transplantation. Therefore, for further studies, we recommend
the use of stem cells in tumor microenvironment only in combination

with chemotherapy.

Evaluation of the effectiveness of using mesenchymal stem cell

monotherapy in the management of oral cancer requires further studies.
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tumor tissue growth.
Conclusions

New oral squamous cell carcinoma iz vivo model established by
us is technically easy feasible and acceptable. This model
represents exact picture of specific tissue lesions as well as
imitates the functional in vivo picture of disease.

Locally injected mesenchymal stem cells accumulate in tumor
tissues. While systemicallyadministrated mesenchymal stem
cells, transfused in tail vein did not underwent homing in tumor
tissues.

Mesenchymal stem cells transplantation in combination with
cisplatin chemotherapy, significantly attenuates tumor growth,
which leads to increased survival rates and life expectancy of
experimental animals.

Mesenchymal stem cells implantation in tumor tissues increases
angiogenesis, which leads to decreased tissue hypoxia.
Mesenchymal stem cells transplantation with concurrent
chemotherapy increases tumor cell apoptosis. This finding can be
explained by better distribution of cisplatin due to increased

vascularization.

Practical recommendations

Oral squamous cell carcinoma athymic mouse model established

by us is significant and useful research method. This model can be used
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One of the important aspects of mesenchymal stem cells and
tumor cells interaction is the possible action of stem cells on tumor cell
apoptosis. It is well known that in tumor cells, which already
underwent DNA damage, apoptosis induction is suppressed. This
increases cell viability. In malignant tumor cells cell cycle down
regulatory agents are less active (or suppressed). In recent study was
demonstrated that apoptotic death level in tumor cells was significantly
increased after mesenchymal stem cells transplantation. Cell cycle
analysis showed tumor cell accumulation mostly in Go/G1 phase. RT-PCR
analysis also confirmed changes in cell cycle. Authors suggest that
apoptosis is associated with p21 and caspase 3 gene expression. Other
studies suggest that mesenchymal stem cells inhibitory effects can be
associated with FasL-induced apoptosis and cell cycle arrest. Despite of
published data further studies are still needed to clear mechanisms of
proliferative and inhibitory activity of mesenchymal stem cells.

Cisplatin is used in cancer therapy to induce tumor cell death.
Depending on cell type and concentration, cisplatin induces cyto-
toxicity and in addition, it damages tumors via induction of apoptosis,
mediated by the activation of various signal transduction pathways. The
results of our investigation of apoptosis in different experimental groups
demonstrated that in animals treated with cisplatin plus MSCs injection
the apoptosis value in tumor tissues is significant higher than in the
group treated only with Cisplatin. This finding can be explained by

better distribution of Cisplatin due to increased vascularization.

In conclusion, our study demonstrates that intra-tumorally in-
jected MSCs reduce inflammation, increase micro-vascularization, and
minimize hypoxia of orthotopic OSCC tissues. Moreover, combined

treatment with Cisplatin leads to higher apoptotic activity and reduced
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samples with TUNEL. Apoptotic cells are represented by a green color,
while the nuclei of viable cells by blue. The observation demonstrated
low or no apoptotic activity in the control group. In the Cisplatin +
MSC-treated animals, tumor tissues more often presented with apoptotic
cells. Viable cell communities in the tumor tissue mass presented as

»

small isles whereas necrotic areas created “dark” areas, where neither
apoptotic cell (green) nor viable cell (blue) fluorescent signals were

detected.

Discussion

The results derived from some studies showed that MSCs affect
tumor angiogenesis, by the ability to increase significantly the number of
o-SMA-positive cells as well as by secreting proangiogenic factors and
differentiation into endothelial cells.In contrast with these results, a
recent study demonstrated that the MSCs under certain conditions can
be capable of inhibiting capillary growth.We demonstrated that in cases
of MSCs in- tra-tumoral injection there were strongly developed micro-
vessel structures in contrast to the group without MSCs injection where
no significant level of microangiogenesis was demonstrated. We have
also studied the hypoxia status of tumor tissues, which is important in
tumorigenesis since it has been reported that intra-tumoral hypoxia
activates hypoxia-inducible factors (HIFs) and this way promotes the
metastatic process. Our results of micro-vessel formation and hypoxia
studies demonstrated the link between hypoxia and the status of
angiogenesis: increased vascularization leaded to improvement of tissue

oxygenation and a decrease of hypoxia status.
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To evaluate the influence of MSCs on angiogenesis, tumor tissues
were tested for CD31 endothelial cell marker. IHC survey demonstrated
no significant micro-vascularization values in the tumor tissues of both
the control and Cisplatin-treated animal groups, while in the MSC
injected group, IHC showed strongly developed micro-vessel structures
in tumor tis- sues after three weeks of treatment. No expression of CD31
was detected in tumor tissues after four days of MSC intra- tumoral
injection. To quantify the vascular density in tissues, the Image] software
program was used. We have performed anti-CD31 staining without
counterstaining (hematoxylin). Minimal staining color intensity was
taken, and the areas of three stained slides were digitally calculated with
software. According to this study, 4.5 + 1.3% of MSC injected tissue area
was positive to CD31 staining, whereas vascular density was 0.4 + 0.3%

and 0.4 + 0.1% in control and Cisplatin-treated tissues, respectively.

We investigated the status of hypoxia in the same tissues. Tumor
tissues testing for carbonic anhydrase with anti-carbonic anhydrase 9
showed sever hypoxia in the control and cisplatin- treated groups, while
in the group of Cisplatin + MSC- treated animals, the hypoxia status of
tumor tissues was minimal and presented as small isles of hypoxia. To
quantify the hypoxia in tissues, the Image] software program was used.
Minimal staining color intensity was taken, and the areas of three
stained slides were digitally calculated with software. Analysis
demonstrated significantly reduced (= 8 fold) reduction of tissue hypoxia
in Cisplatin + MSC-treated animal tumors (11.2 + 7.5% of tissue area),
compared to control (83.6 + 7.2%) and Cisplatin (70.8 + 8.2%) treated

tissues.

As the morphological analysis revealed necrotic areas in the

tumor tissues, we decided to investigate the apoptotic activity in these
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value of tumor growth was with more than 30 mm? less compared to
other groups) (statistically not significant), while no difference in size
between tail vein and control group was revealed. In the group treated

with Cisplatin (Cis+ MSC), the average size of tumors was 98.9 + 7.65

mm3, which was significantly different compared to Cisplatin only
(148.6 + 10.15) and control (171.4 + 13.76) groups.

Morphological analysis

Morphological assessment in the control group showed the
presence of invasive cancer that had developed in mucosal and
submucosal layers, which had peripherally spread to other oral tissue
structures. Squamous cell carcinoma presented as homogenous
parenchyma consisting of low-differentiated, polymorphic cells. It was
characterized by a sarcomatoid growth pattern and was out- lined with a
connective tissue shell—“capsule”. For better observation of cancer
epithelium, we utilized immunohistochemical staining using anti-human
epithelial cell antigen antibody, which positively stained OSCCs. Normal
epithelium of mice was devoid of staining. The same morphological
features as seen in the control group were found in the group that had
MSCs injected into mouse tail veins. In the group of intra-tumoral
injection of MSCs, the tumor tissues presented with a more organized
architectural structure were poorly outlined and revealed the existence

of connective tissue basal layers.

In the Cisplatin-treated group, the morphological picture of the
tumors was like the ones in the control group, while in the Cisplatin-
treated + MSCs intra-tumorally injected group the tumor tissues were

less outlined and the presence of necrotic areas were detected.
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concurrent with Cisplatin. The life expectancy of all 15 mice (100%) was

6 weeks.

Statistical analysis of survival rates in different groups was made
using the GraphPad Prism™ 5 software (GraphPad Software) and
survival curves were constructed by using the Kaplan-Meier method.
Despite the fact that the results were not statistically significant (because
of small number of data) clear tendency of better survival rates in

animals injected in tumor tissues with MSCs was observed.

Bioluminescent analysis of mesenchymal stem cells transplanted in

experimental animals

In order to investigate biodistribution of mesenchymal stemm
cells transplanted in experimental animals, luminescent visualization of
stem cells transduced by Luciferase was performed. Luminescent
examination showed that in luminescent signal was not detectable in the
tumor area in the animal group where stem cells were injected
intravenously into the tail vein. A soft luminescent signal was detected
in lungs and kidneys. In the case of locally injected MSCs, luminescent

analysis showed concentrations of MSCs in the tumor area.

In vivo Tumor growth after mesenchymal stem cells transplantation

After the animals were sacrificed, tumor tissues were collected
and their volume was calculated. The group with MSC inoculum in the

tumor showed marked difference in the size of the tumor. The average
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Figure 2 analyze demonstrated positivity of stem cells absolute majority
to mesenchymal markers and negativity to hematopoietic markers (data

not shown).
Cisplatin in vitro effect on cancer cells

In order to assess the activity of chemotherapy agent cisplatin
against cancer cells used in our experiments, in vitro vitality and growth
assay was performed. Cell staining (trypan-blue) demonstrated that only
62% (+2.5%) of cells were viable 24 hours after 0.5 mcg/mL cisplatin
administration. 24 hours after 0.25 mcg/mL cisplatin administration the
viability of cells was 78.2 + 1.8% (in both cases P< .05) (data not shown).
Cell growth was determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetra- zolium bromide (MTT) chemical agent. Cell expressed
formazan solubilization was performed by isopropyl alcohol. The optical
ratio was measured with a microplate reader at 570 nm wavelength. 24
hours after 0.25 mcg/mL cisplatin administration cancer cells growth
was 80% and after 48 hours - 65%. After 0.5 mcg/ mL Cisplatin action,
cell growth was 68% (after 24 hours) and - 58% (after 48 hours) (P < .05)

(data not shown).
Survival analysis

Only 40% of the population in the control group had a life
expectancy of 6 weeks. Having learned about the physical condition of 2
animals, they were excluded from the experiment. In the group of
experimental animals that were injected with cisplatin, one mouse died
on the 3rd day after the start of chemotherapy, and the other - on the
6th week. Life expectancy of 60% of the animals was 6 weeks. Different

picture was observed in the group of mice were MSC were injected
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detect human cancer (epithelial) cells in mice organism. This experiment
clearly revealed human origin of the invasive cancer and metastatic

tissues.

Proliferation activity assessment

One of the main characteristics of cancer aggressiveness is a proliferation
activity of tumor cells. To analyze proliferation of the in vivo grown
tumors, we carried out immunohistochemistry experiments using anti-
Ki67 antibody. This study revealed moderate proliferation activity of
orthotopic OSCC cells. To identify proliferation rate of these tumors,
quantification of imunohistochemical data for each specimen was
performed. We have counted mitotic cells in three different random
microscopic ocular fields (200x magnification) and calculated overall mean
number of proliferative cells. Our analysis revealed proliferation rate of
cancer cells with 55,7 + 4,7 mitotic cells/microscopic field (mean =+

standard error of the mean).

Vascularisation of oral squamous cell carcinoma

One of the most important pathophysiological factors in neoplasia
is a vascular development of the malignant tissue. To analyze the micro
vessel density of the in wvivo grown OSCC tissues, we utilized
immunohistochemistry assay using anti-CD31 antibody. With this marker
of endothelial cells, we have identified week development of vascular
architecture in these orthotopic tumors). As for comparison we can see

healthy oral mucous vascular structure of the mouse.

Phenotype assay of stem cells

Phenotype assay was performed by FACS analyze. As shown on
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demonstrated different pattern of growth by the time. By the end, 8
from the 10 mice displayed orthotopic formation of the tumor (80%). In
two animals there were no visual signs of tumor. After 3 weeks of
growth, tumors have been resected and their volume calculated
(LxWxH). The mean volume of these 8 studied tumors in 3 weeks was
146mm3. We have also studied dissemination of the cancer in nude
mice. 5 from 8 animals (62%) displayed metastatic growth of cancer cells
in neighbor and extended organs (including liver n=1, and lung n=1).
Morphology of the intact/healthy mouse oral cavity was exposed
by normally arranged different tissue layers, with well-structured
keratin nests and squamous cell islets. Hematoxylin-Eosin staining
displayed invasive cancer cells developed in mucosa and submucosa
layers of the oral cavity, which peripherally demonstrated growth into
the mouth tissue structures. Orthotopic tumor tissues consisted with
lowly differentiated, polymorphic cells, creating homogenic
parenchymal which was characterized with sarcomatoid pattern of
growth and was partly encapsulated with connective tissue. Remarkably
we also observed strong local inflammatory cell infiltration at the
peripheral parts of the cancer tissues. As it is known malignancies of oral
cavity are used to invade in peripheral nerve fibers, which is followed by
pain syndrome and several innervation related dysfunctions.
Interestingly we revealed direct contact of HSCCs to the peripheral

nerves of the mouth.

Orthotopic and metastatic tumor verification

To verify our morphological observation, we performed
immunohistochemistry analysis of orthotopic cancer and metastatic (liver)
tissues using anti-Human Epithelial Cell Antigen antibody. This antigen is

only expressed in human epithelial cells. Thus with this marker we could
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incubation with secondary antibodies, specific protein expression was
observed by peroxidase reaction. Quantification of results was performed
using Image] software (NIH). Immunofluorescent analysis (TUNEL
assay, Abcam) was also performed to detect apoptotic cells in tissue

sections.
Statistical analysis

The parametric and non-parametric statistical analyses were done by
Student's and Mann-Whitney tests using the GraphPad PrismTM 5
software (GraphPad Software). Results are presented as mean + SD. Each
experiment represents a minimum of three performed. Statistical
analysis of survival rates in different groups was made using the Kaplan-
Meier method (GraphPad Software).

Ethical statement

All "Principles of laboratory animal care" (NIH publication No. 86-23
revised 1985) were followed as well as all statements in regard to the
national law on the Protection of Animals. All surgical interventions on
animals were conducted under general anesthesia. All pricipals of aseptic

and antiseptic were strictly followed.

Results and discussion

Results of in vivo oral squamous cell carcinoma model

Approximately 2 weeks after the HSCCs transplantation, tumors

were visible from the external side of the mice “cheek”, which
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method while cell growth by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) chemical agent (Sigma-Aldrich,
Germany). Cell expressed formazan solubilization was performed by
isopropyl alcohol. The optical ratio was measured with a microplate

reader (Thermo Scientific) at 570 nm wavelength.

In vivo bioluminescent analysis

In order to assess the localization of mesenchymal stem cells, in vivo
bioluminescent analysis of laboratory mice was performed utilizing stem
cells infected with retroviral luciferase vector (Technische Universitit
Miinchen, Munich, Germany). Transient transpection with retroviral
vector was performed by LipofectAMINE 2000. The retrovirus-
containing supernatant was used to infect stem cells. After 48 hours, the
transduced cells were selected by 1 g/ml G418 containing cell medium.
In vivo bioluminescence documentation was performed with ultra low-
noise, high sensitivity cooled CCD camera. Signal monitoring was done
with Living Image ® software program. After MSC implantation, D-
luciferin was administrated i.p. (3mg/mouse) to anesthetized mice. 15
minutes after D-luciferin administration, luminescence pictures were

captured from both dorsal and ventral views.

Morphological analysis

Paraffin-embedded tissue sections (2-3 um thick) were de-
paraffinized in Xylene and rehydrated in progressively decreasing
concentrations of ethanol. For tissue morphological assay, hematoxylin-
eosin staining was utilized. For specific molecular expression assay, a
standardized immunohistochemical staining method was used. As
primary antibodies, rabbit anti-CD31 (1:100), rabbit anti-carbonic
anhydrase 9 (1:100) (all from Abcam, Cambridge, UK) were used. After
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incubation with secondary antibodies, specific protein expression was

observed by peroxidase reaction.
Primary mesenchymal stem cells isolation and cultivation

Mesenchymal stem cells were isolated from the femoral and tibial bone
marrow of C57BL/6N mice (Charles River, USA) (n = 8). Bone marrow
mononuclear cells were isolated by Ficoll gradient and re-suspended in a
MSC medium: alpha-minimum essential medium (x-MEM)
(Gibco/Invitrogen). Cells were maintained at 37°C in a humid chamber
with 5% CO2 and 95% air atmosphere. Culture medium was changed
daily during the first three days to remove non-adherent cells. In the
experiments, only adherent cells cultured for no more than four passages

were used.
Flow cytometry

To verify phenotype of MSC, flow cytometry assessment method was
applied (using “Human Mesenchymal Stem Cell Verification Flow Kit”
(R&D), University Hospital TSU). According to this analysis, cultured
cells were positive to CD90, CD73, CD105, CD44 and negative to CD45,
CD34, CD11b, CD79A, HLA-DR surface molecules expression (data not
shown). Utilizing these methods, we used two out of three standards of

minimal criteria for MSC identification.
In vitro vitality and growth assay

In order to test efficacy of chemotherapy agent Cisplatin on
cancer cells used in our experiments we performed in vitro vitality and
growth assay. Two different doses of Cisplatin (0.25 and 0.5 pg/mL) were
utilized. Cell vitality was determined by the trypan-blue staining
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model established by us. We have used athymic Crl: NU-Foxnlnu
(NU/NU) nude mice (Nu/Nu Nude Mouse, Charles River, Wilmington,
USA). Animals were divided into one control and two experimental
groups. In control and first experimental group 15-15 animals were
placed; in second experimental group 30 animals were placed and group

was divided into two subgroups.

As soon as the tumor was observed (9 to 13 days after injection),
the chemotherapeutic agent cisplatin (5 mg/kg, in every 10 days, 3
injections) was injected i.p. in animals of first and second experimental

groups (n = 45). Three weeks after tumor cell implantation, cultivated

MSCs (1 x 106 cell/100 pL PBS suspension) were administered in second
experimental group (n = 30) in two ways. In first subgroup (n=15) MSCs
were administrated in tail vein. In second subgroup (n=15) MCSs were
injected directly intra-tumorally. In the Cisplatin group, only PBS
solution without MSCs intra-tumoral injections were performed (n =
15). In the control group, only PBS solution without Cisplatin treatment
and MSCs intra-tumoral injections were performed (n = 15). Animals
underwent surveillance for 3 weeks (or until they showed signs of
extreme poor health/or died) and afterward were sacrificed. The size of
grown orthotopic tumors was measured, and the volume was calculated
(LxHxW).

Tumor tissues were preserved in formaldehyde for further
analyses. Paraffin-embedded tissue sections (2-3 pm thick) were
deparaffinized in Xylene and rehydrated in progressively decreasing
concentrations of ethanol. For tissue morphological assay, hematoxylin-
eosin staining was utilized. For specific molecular expression assay, a

standardized immunohistochemical staining method was used. After
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To establish in vivo mouse tumor model were performed in
athymic Crl: NU-Foxnlnu (NU/NU) nude mice (Nu/Nu Nude Mouse,
CharlesRiver, Wilmington, USA), which are the best laboratory animals
in oncology research. Heterozygotes animals from this line do not
undergo thymus depended maturation and their immune system is
partially compromised. Oral Squamous Cancer Cell line (OSCC) was
primarily isolated from human head and neck tumor tissue and were
cultivated with standard methodology. Finally, transplantation

suspension 1x106 cells in 50 pl PBS was prepared.

In Nu/Nu mice (N=10) under general anesthesia with Isoflurane
cell suspension was injected into the buccal submucosal layer of the oral
cavity of athymic nude mice using a 26-gauge needle. After 3 weeks,
animals were sacrificed. Grown orthotopic tumors and metastasis were
measured, photo documented and preserved in formaldehyde for further

analyses.

Paraffin-embedded tissue sections (2-3 um thick) were
deparaffinized in Xylene and rehydrated in progressively decreasing
concentrations of ethanol. For tissue morphological assay, hematoxylin-
eosin staining was utilized. For specific molecular expression assay, a
standardized immunohistochemical staining method was used. As
primary antibodies, rabbit anti-human epithelial cell antigen, mouse
anti-Ki67 (dilution 1:100), rabbit anti-CD31 (1:100), (all from Abcam,
Cambridge, UK) were used. After incubation with secondary antibodies,

specific protein expression was observed by peroxidase reaction.
Experimental design

Experiments were performed in the squamous cell carcinoma
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stem cell transplantation on the development of oral squamous
cell carcinoma. Also the efficacy of mesenchymal cell
transplantation as adjuvant method in combination with

chemotherapy has been evaluated.
Main topics to be defended

Based on conclusion made after analysis and synthesis of research

results following main statements are presented to be defended:

- Xenograft model established by us represents morphologic
picture of specific tissue lesions as well as creates functional
imitation of disease. Model can be used for experimental studies
in the field of oral oncology.

- Transplantation of MSCs in oral squamous cell carcinoma tissues
with concurrent chemotherapy with Cisplatin attenuates tumor
growth. This leads to improved survival rates of experimental
animals.

- Improved attenuation activity rate on tumor growth for
combined chemotherapy with MSCs transplantation compared
with monotherapy with Cisplatin can be explained with

increases apoptotic activity in tumor tissues.

Research methodology, methods, materials

In vivo model of oral squamous cell carcinoma
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maliginisation processes of oral lesions. According to our research
hypothesis our goal was to establish xenograft animal model of oral
squamous cell carcinoma and to evaluate in these model transplantation
of mesenchymal stem cells as alternative/adjuvant treatment method for

oral malignant pathologies.
To achieve the goals of our research we set following objectives:

- To establish standardized model of disease by means of
transplantation in laboratory animals human squamous cell
carcinoma cells (xenograft animal model).

- Chemotherapy of experimental animals beginning from tumor
visualization till euthanasia of animals according to timeframe of
experimental protocol. Transplantation of MSCs adjuvant to
chemotherapy in tissues adjacent to tumor.

- Evaluation of clinical parameters and life expectancy of
experimental animals.

- Morphological and molecular evaluation of obtained tissue
specimens.

- Statistical analysis of results.
Importance and novelty of research

- As a result of our research effective xenograft animal model of
oral squamous cell carcinoma is established, which is technically
feasible and can be successfully used for oncology research.

- For the first time in experiments has been evaluated effect of

combination of conventional chemotherapy with mesenchymal
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Oral squamous cell carcinoma (OSCC) accounts for 90% of all
oral malignancies. It is the 11* most frequent cancers worldwide. In
2018 354 864 new cases were registrated and ¥ of these cases are in
developing countries. Conventional treatment for Oral squamous cell
carcinoma consists of surgical excision, chemotherapy and radiotherapy.
These methods have many adverse effects. Radiotherapy for instance,
can cause irreversible damage of salivary glands and jaw bones.
Oncotherapy has huge psychological impact on patient. That is why
new and improved treatment strategies are required to be developed at

tissue, cell, and molecular levels.

Recent studies on animal models have demonstrated MSC
migration toward primary and metastatic tumor locations. In recent
years, numerous studies have been conducted to investigate the role of
MSCs on tumor growth, but reported results are very discrepant. Some
studies demonstrated that, when applied locally MSCs interact with the
residing host cells. MSCs interplay with immune cells and reduce
inflammatory cytokines. According to another studies MSCs directly or
indirectly regulate cell proliferation, differentiation, immune tolerance,
angiogenesis and metastasis formation. Thus the exact mechanisms of
stem cells interaction on tumor tissues is not yet clear and further

research is needed.

Research hypothesis, goals and objectives

The aim of our research was to test the hypothesis that
mesenchymal stem cells in combination with Cisplatin can affect tumor
growth and can improve patients overall condition and life expectancy.

We decided to study in experimental animals the role of stem cells in
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