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Abstract

BACKGROUND: The salivary glands are one of the radiation sensitive tissues during radiotherapy in the
treatment of head and neck cancer. Within the first weeks of radiotherapy, the radiation causes progressive loss
of gland function, then continue throughout the later of the patient’s life.

AIM: The present work was designed to discover the potential effect of bone marrow-derived mesenchymal stem
cells (MSCs) injected locally and in decreasing the unwanted effects of radiation on rats salivary gland.

MATERIAL AND METHODS: 6 rats used as the control group (N) and 12 rats had a single radiation dose of
13Gy in the head and neck then, they were equally allocated into two groups: Irradiated only as a group (C),
Irradiated then treated with MSCs as a group (S). The animals were euthanised 7 days post radiation. Then,
submandibular salivary glands were cut up; the histological examination was done.

RESULTS: Histological examination of the treated group(S) shown an apparent improvement in the SG structure
and function compared to the irradiated group (C), this improvement represented mainly as preserving acini
diameter ( mean diameter in um group ( C ) 183.1 + 4.5, in group (S) 356.3 + 33.5 while, in (N) group 408.9 + 5.9)
and decrease in fibrotic areas in the gland ( mean fibrosis parentage in group ( C ) 26.5 £ 5.9 in (C ) group , in
group (S) 11.7 £ 4.13 while in (N) group 0.2 + 0.31).

CONCLUSION: BM-MSCs has revealed to be promising in mitigating the side effects of radiotherapy on salivary

glands structure.

Introduction

Xerostomia, which is hypofunction of the
salivary glands, is the greatest noteworthy undesirable
sequelae of radiotherapy in the management of head
and neck neoplasms [1]. Approximately, more than
500000 patients experience radiotherapy every year
all over the world, and as an outcome, the greater part
of these patients will encounter serious hypofunction
of the salivary glands (SGs) [2].

This could prompt an expansive series of
medicinal complications and symptoms, for example,
dry mouth, improper function of speaking, deglutition
and mastication, serious dental caries, dysgeusia and

satisfaction and increment the pain of a substantial
number of patients undergoing radiotherapy in the
head and neck area [3].

The obvious destruction of salivary glands as
a result to radiation treatment radiation-actuated SG
harm shows the necessity for progressively dynamic
measures through as well as directly after the prior
stage post-radiation, as opposed to managing
hypofunction till the point when permanent harm has
happened. Available approaches avoiding or limiting
damage to salivary glands as a result to radiation
incorporate the utilisation of defensive substances, for
example, amfostin or tempol, submandibular salivary
gland relocation surgically and reduction of the
radiation dosage conveyed to non-target typical

oral mucositis. These long-lasting complications tissues of the salivary glands [4], [5]. However, a
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developed to defend the salivary glands from damage
produced by radiotherapy.

Attention in the treatment approaches
intended to heal and additionally reestablish harmed
SGs is expanding, and with regards to tissue
engineering and regenerative medicine, these
approaches involve the re-grafting of autologous SG
cells [6], the embedding of engineered salivary glands
synthetically prepared [7], stem cell treatment [8], and
gene therapy [9]. Bone-marrow-derived mesenchymal
stem cells (BM-MSCs) were in recent times suggested
as probable applicants for the treatment of
hypofunction of salivary glands [10].

The present work was designed to discover
the potential effect of bone marrow-derived
mesenchymal stem cells injected locally and in
decreasing the unwanted effects of radiation on rats
salivary gland.

Material and Methods

Experimental animals and ethical

statement

The current study was done on 24 healthy
male albino rats, weight about 100 to 150 grams and
age ranged between 3 to 4 months. The sample size
was divided into 6 rats in each group. The animals
were obtained and housed under standardised
conditions with controlled temperature and humidity
(30-35%) and a 12-12 h light-dark cycle.

The rats had free access to standard rat chow
and tap water at the research animal house of
National Cancer Institute — Cairo, Egypt.

All aspects of the animal's care and
experimental protocols were reviewed and approved
by the ethical committee in the faculty of Oral and
Dental Medicine— Cairo University. Furthermore, the
protocol was by the recommendation of the National
Institutes of Health guide for the care and use of
Laboratory Animals (NIH Publications No. 8023,
revised 1978).

BM-MSCs Preparation

Six 6 weeks old male white albino rats (100-
120 g) were euthanised by cervical dislocation,
isolation of bone marrow was done in the Research
animal house of National Cancer Institute — Cairo,
Egypt. Bone marrow was harvested by flushing the
tibiae and femurs of rats with DMEM (GIBCO/BRL)
supplemented with 10% fetal bovine medium
(GIBCO/BRL). Nucleated cells were isolated with a
density gradient [Ficoll/Paque (Pharmacia)]. The cells
were then incubated in a CO, incubator at 37°C in 5%

humidified CO, for 12-14 days as a primary culture or
upon the formation of large colonies. When large
colonies developed (80-90% confluence), the cultures
were washed twice with phosphate buffer saline
(PBS), and the cells were trypsinised with 0.25%
trypsin in 1 mM EDTA (GIBCO/BRL) for 5 minutes at
37°C. After centrifugation, cells were resuspended in
PBS. MSCs in culture were characterised by their
adhesiveness, fusiform shape and by detection of
CD29, one of the surface markers for MSCs by RT-
PCR [11].

Experimental Design

The selected rats were randomised into 3
groups, one normal control group (N) and two
experimental groups. In experimental groups, rats
were anaesthetised by i.p. Injection of sodium
pentobarbital (Nembutal®, 40 mg/kg body weight) and
ketamine chloride (ketalar®, 40 mg/kg body weight)
then received a single radiation dose of 13 Gray (Gy)
to the head and neck region at the National Cancer
Institute, Cairo, Egypt, using linear accelerator
(Electa-precise T System) using 4 MeV electron beam
with 1 cm bolus( the source of radiation, the dose and
the time for evaluation were determined based on a
pilot study to generate salivary gland injury in rats in
response to regional radiation), then they were equally
subdivided to Irradiated only group (C) + (PBS),
Irradiated + mesenchymal stem cells (MSCs) group
(S). Group (S), received an injection with (1 x 10° cells
in 0.2 ml) in (PBS). The injection in both groups was
immediately after irradiation within the first hour using
a 1 ml insulin syringe with a needle size 27 gauge X
1/2 inch (BD Nokor™). It was at submandibular gland
through a horizontal incision in the neck to expose the
gland. Euthanasia by concussion occurred in day 7
after radiation. Then, submandibular salivary glands
collected and were fixed in 10% formalin for specimen
preparation and histological evaluation. Acini
diameters and area were assessed histologically in
the H & E section in addition to an assessment of
areas of fibrosis in Masson's trichrome MTC stained
sections.

Histological evaluation

The assessor was completely blind about the
sample groups during evaluation. The diameter of the
acini was assessed using Leica Quin 500 analyser
computer system (Leica Microsystems, Switzerland).
The cursor was utlised to draw a straight line
representing the length of the acinus in H & E stained
sections. The image analyser is calibrated
automatically to transform the measurement units
(pixels) produced by the image analyser program into
actual micrometre units. The length was estimated in
2 different acini in 5 different fields, in each specimen
using magnification (x 100). The area percentage of
MTC stain in the sections were analysed in 3 sections
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for each slide. At least 3 fields per section were
accounted for using CellSens dimensions software
(Olympus).

Statistical analysis

Statistical Package for Social Sciences
(SPSS) was used, Version 18.0 for Windows. As the
data following a normal distribution, ANOVA was
utilised to relate the values between the experimental
and control groups, followed by post hoc Tukey, if
results of ANOVA were significant. A p-value of < 0.05
was considered statistically significant.

Results

Microscopic examination of the normal group
showed the normal histological structure of
submandibular salivary gland that composed of the
mixed serous-mucous acinus, the serous acinus
forms serous demilune around mucous acinus and
intercalated ducts, the later were lined by simple
cuboidal epithelium and surrounded by myoepithelial
cells with limited periductal and perivascular fibrous
connective tissue. Meanwhile, examination of the
stem cells treated group (S) showed relatively well
preserved histological structure compared to
irradiated only group (C), this presented in the
detected changes in acini diameter in the MSCs group
(mean 356.3 + 33.5 ym) is significantly higher than in
irradiated only group (mean 183.1 + 4.5 ym) but did
not reach the normal group (mean 408.9 + 5.9 um, P
value < 0.05). The irradiated only group showed
necrosis of the ductal lining epithelium with apoptosis
that was less commonly observed in the stem cells
treated group.
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Figure 1: Photomicrographs of rat submandibular salivary gland a)
and b) control group showing normal gland composed of mixed
secretory units with intercalated ducts (H & E); c) Control group
showing normal fine connective tissue stroma (MTC); d) Stem cells
treated group showing well preserved histological structure of the
gland (H & E); e) Stem cells treated group showing less periductal
fibrosis (arrow) (H & E); f) Stem cells treated group showing less
periductal and perivascular fibrosis by (MTC); g) Irradiated group
showing ductal necrosis (stars) (H & E); h) Irradiated group showing
diffuse fibrosis periductal, perivascular and around acini (arrow) (H
& E); i) Irradiated group showing diffuse fibrosis periductal,
perivascular and around acini (MTC)

Also, fibrosis was evaluated in tissue sections
stained with Masson's trichrome (MTC) stain;
irradiated group showed significant diffuse periductal
and perivascular fibrosis that was extending into the
lobules in-between the acini (area of fibrosis 26.5 *
5.9) compared to the treated group (area of fibrosis
11.71 £ 1.8, P value < 0.05) Figure 1, and 2.

Fibrosis area (%
Acinar diameter 3 )

a s

Rodiated group Stemcell treated Hormal
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Figure 2: Bar charts representing A) changes in mean acini
diameter among the groups, while B) changes in the percentage of
fibrosis among the groups; Values are the Means * standard
deviation *(P-value < 0.05), a, b and c indicate significant
differences between values

Discussion

Our results demonstrate that intraglandular
transplantation of BM-MSCs during the early post-
radiation phase mitigates SG damage following head
and neck radiation at a single dose of 13 Gy. Many
former studies utilised a dosage of 15 Gy to examine
the outcome of stem cell in the management of
radiation brought SG destruction [1], [10], [12], [13]. In
the current study, we designated dose of 13 Gy based
on a pilot study to detect the lowest dose that induces
detectable histopathological changes after single dose
during different time points in the first week after
regional irradiation. The same dose was used in the
model created by Fang et al., [14]. We choose to use
intraglandular route this was by [10], [15] to ensure
homing and detect the early changes and the ability of
the treatment to preserve the structure. We found that
radiation caused a remarkable decrease in the acinar
field area as well as acinar diameter, a remarkable
increase in fibrosis and a significant decrease in
proliferation activity. However, in the stem cells
treated animals, these changes were significantly
decreased with obvious preservation of the normal
structure — the definite underlying mechanisms
explaining the role of BM-MSCs in the protection of
radiation-induced SG damage controversial. Paracrine
effects, trans-differentiation and/or cell fusion and
angiogenesis may be involved in the protection of SG
structure [4], [5], [16]. On the one hand, Lombaert et
al. found that transplanted BM-MSCs could engraft in
the damaged SGs inducing repair by paracrine
stimulation preserving glands function and structure
[17].

Similarly, the findings of Tran et al., that BM
Soup was as effective as whole live BM cells in
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repairing irradiated-SG, suggesting a paracrine effect
of BM cells on SGs [12]. Recently, a study by Fang et
al. reported that injections of BM soup within 3 weeks
after irradiation could preserve 90-100% of salivary
flow in irradiated mice [14]. The paracrine actions of
MSCs, via secreting anti-inflammatory, anti-apoptotic
agents and increase expression of proliferation-
promoting factors, have been suggested to have a
role in tissue repair in many diseases [18], [19], [20],
[21], 22], [23]. On the other hand, few studies showed
that intravenous transplantation of BM-MSCs [24], or
intraglandular injection with BM-MSCs co-cultured
with acinar cells [25] could preserve the function of
SGs post radiation via transdifferentiation into
glandular cells. These studies used mixed cells so
that the type of cells that improves the SG function is
not identified.

In conclusion, immediate transplantation of
BM-MSCs after regional radiotherapy has shown to be
effective in preserving the salivary gland morphology
and function, minimizing the side effects of radiation
on normal salivary glands.
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