Therapeutic mechanisms of granulocyte-colony stimulating factor
in methotrexate-induced parotid lesion in adult rats and possible
role of telocytes: A histological study
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ABSTRACT

Background: Worldwide, Methotrexate (MTX) is used to treat neoplastic and non-neoplastic diseases despite its severe
side-effects. One of these adverse effects is salivary dysfunction that can aggravate MTX mucotoxic effects. Such effects
interfere with the patients’ quality of life and increase morbidities and mortalities. Available treatments for salivary dysfunction
have many drawbacks. Mobilization of bone marrow haematopoietic stem cells (BMHSCs) by human Granulocyte-Colony
Stimulating Factor (G-CSF) used in many diseases showed promising results.

Aim of the work: To detect the therapeutic effect of G-CSF on MTX-induced parotid lesion highlighting its possible
mechanisms and the role of telocytes.

Materials and Methods: Forty-one albino rats were divided into 3 groups; control, MTX and Neupogen-treated groups. All
animals were weighed and sacrificed after 6 days. Parotid homogenates of 6 rats from each group were used to measure total
protein concentration, amylase activity and malondialdehyde (MDA) value. The right parotids of the remaining animals of
each group were processed to Paraffin blocks while, the left ones were processed to resin blocks. Paraffin sections stained
with Hematoxylin and Eosin and immunohistochemical stains for CD34 and platelet-derived growth factor receptor-alpha
(PDGFR-a) as well as resin semithin and ultrathin sections were examined. Body weight, biochemical results, number of
immune-positive cells, difference between numbers of CD34+ and PDGFR-o+ cells (stem cells number), acini and ducts
numbers and diameters were statistically analysed.

Results: MTX group revealed diarrhoea, decreased body weight in addition to, degenerated acinar and ductal cells, and
telocytes. However, Neupogen-treated group demonstrated almost normal histological features. Immunohistochemically, the
treated group showed significant increase in CD34+ cells, PDGFR-a + cells and stem cells number versus MTX group.
Conclusions: G-CSF had a therapeutic effect on MTX-induced parotid degeneration through its direct effects, BMHSCs
mobilization and telocytes preservation.
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INTRODUCTION Mucositis is one of the commonest chemotherapeutic
side-effects occurred as early as 24-48 h. It has been

Surgical removal of the tumour was the only available reported to upsurge patients’ weight loss, morbidities,
treatment for cancer patients during the last century. It hospital stay, cost of treatment and mortalities. Moreover,
was combined with increased morbidities and mortalities. oral mucositis causes oropharyngeal pain, dental caries,
Recently, use of chemotherapy led to better survival oral infections and bacteraemia besides taste, swallowing
rates!'). Thus, it has been widely used for curing different and phonation problems®!. Thus, it does not only affect
neoplasms either alone or accompanying surgery and/or patient’s nutrition and quality of life during and after
radiotherapy!?! despite its cytotoxicity to normal as well as treatment!® but also delays treatment completion and dose
cancer tissuestl. reduction!”.

Methotrexate (MTX) is a folic acid antagonist Saliva secreted by salivary glands acini and modulated
chemotherapeutic agent. Its efficacy, like other by duct cells has a vital role in maintaining oral tissue
chemotherapeutic agents, is often restricted by its severe integrity. It provides lubrication, digestion, enamel
side-effects!'. Folate or folinic acid supplements could preservation and antibacterial, antifungal and anti-
reduce its side-effects and therapeutic effects, as well. inflammatory functions by its different components!”- ®.
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The major salivary glands secrete 90% of the daily saliva
where 25% is produced by parotid gland®..

Salivary glands malfunction changes the composition
and/or decreases the amount of saliva leading to dry mouth
(xerostomia)'™ manifested clinically by oral mucositis!''.
Such malfunction was proven to occur with chemotherapy
and aggravate its secondary mucotoxic effects!'?. Drugs
used for salivary gland stimulation in xerostomia have
many adverse effects like excessive sweating, tremors,
nervousness and diarrhoeal’. So, an urgent need for
another effective treatment is essential.

Human Granulocyte-Colony  Stimulating Factor
(G-CSF), a haematopoietic cytokine, was reported to be
able to mobilize bone marrow haematopoietic stem cells
(BMHSCs)™. Thus, it is considered as a non-invasive,
convenient and less costly way for regenerative medicinet'*.

Telocytes are unique interstitial cells present in the
stroma of many organs!'® as heart, skeletal muscles,
lungs, gastrointestinal tract, salivary glands, urinary
system, meninges, uterus and skin!'”l. They have very long
prolongations named telopodes that form 3D network.
Such virtual network allows telocytes to communicate with
themselves, other parenchymatous cells, nerve endings and
blood vessels!'#l.

This study aimed to detect the histological and
biochemical changes occurred in parotid gland secondary to
MTX, a chemotherapy model, and the potential therapeutic
effect of G-CSF on these changes in adult albino rats
pointing out its possible mechanisms and telocytes role.

MATERIALS AND METHODS

1) Animals

Forty-one adult male albino rats (200-220 g) were
treated according to Cairo University Animal Use
Committee guidelines. They were housed at the animal
house, Faculty of Medicine, bred in wire mesh cages at
2414 °C and normal light/dark cycle and provided with
ordinary rat chow with free water and food access.

II) Materials

Methotrexate (MTX): It was purchased from Hospira
Company (Maidenhead, UK) as vials for injection, each
contains 50 mg MTX.

Neupogen: It was purchased from F. Hoffmann-La
Roche Ltd, Basel. Kirin-Amgen Inc., Switzerland in the
form of 0.5 ml pre-filled syringe, each contains 300 pg
Filgrastim (recombinant-methionyl human G-CSF).

Anti-CD34 antibody: rabbit polyclonal antibody,
ab185732, abcam, Cambridge, UK.

Anti-Platelet-derived growth factor receptor-alpha
(PDGFR-0) antibody: mouse monoclonal antibody, C-9:
sc-398206, Santa Cruz Biotechnology, Inc., Heidelberg,
Germany.

1I1) Experimental design

The rats were divided into three groups and incidence
of diarrhoea was observed.

Group I (control group, 15 rats): The animals were
subdivided into three subgroups (5 rats each):

Subgroup IA: received no treatment.

Subgroup IB: received single intraperitoneal (IP)
injection of 1ml saline.

Subgroup IC: prepared as subgroup IB and 24h later the
rats were given subcutaneous (SC) injection of 0.5 ml of
5% glucose/day for 5 days.

Group II (MTX group, 13 rats): Each rat received
single IP injection of 40 mg/kg MTX freshly dissolved in
1 ml saline!'”! at day one of the experiment.

Group II (Neupogen-treated group, 13 rats): Each
animal was prepared as in group II then it received SC
injection of Neupogen as 50pug/kg/day freshly dissolved in
0.5 ml of 5% glucose for 5 days!'sl. Neupogen was given
24h after MTX administration as recommended by the
manufacturing company i.e. at the second experimental
day.

1V) Experimental procedure

After 6 days all animals were weighed then sacrificed
after anaesthetized with intraperitoneal ketamine (90 mg/
kg)/xylazine (15 mg/kg)?. The two parotids of each
animal were dissected and weighed.

1. Biochemical investigations: Parotid homogenates of
the two parotids of two rats from each control subgroup and
those of six rats from each other group were prepared?'l.
Total protein concentration®, amylase activity’®) and
value of malondialdehyde (MDA, a lipid peroxidation
indicator)® were measured at Biochemistry Department,
Faculty of Medicine, Cairo University.

2 Histological studies: The right parotids of the
remaining animals of each group were fixed in 10% formol
saline, kept for 24 h then processed to paraffin blocks. Six
micrometers-thick sections were cut and stained with:

a) Hematoxylin and Eosin (H&E)®,
b) Immunohistochemical staining?®! for:

CD34: BMHSCs, telocytes and endothelial cells
marker.

PDGFR-a: marker for telocytes.
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Sections for immunohistochemical stains were boiled
for 10 min in 10 mM citrate buffer (AP9003) at pH 6 for
antigen retrieval then incubated for 1h with the primary
antibodies. Ultravision detection system (TP-015-HD)
was used to complete immunostaining and Mayer's
hematoxylin (TA-060-MH) was used for counterstaining.
Citrate buffer, Ultravision detection system and Mayer's
hematoxylin were purchased from Labvision Thermo
Scientific, Fremont, California, USA.

¢) Electron microscopic study:

The left parotids were cut into small fragments (0.5-
1.0 mm?), prefixed in 2.5 % glutaraldehyde for 2 h then
postfixed in 1% osmium tetroxide in 0.1 M phosphate
buffer at pH 7.4 and 4 °C for 2 h. Dehydration and resin
embedding were done to obtain resin blocks?”. Semithin
(1 pm) and ultrathin (60-90 nm) sections were cut using
a Leica ultracut (UCT) (Glienicker, Berlin, Germany) at
Electron Microscope Research Unit, Faculty of Agriculture.
Semithin sections were stained with toluidine blue (1%)
and examined by light microscope while, ultrathin ones
were stained with uranyl acetate then lead citrate and
examined by transmission electron microscope [TEM]
(JEOL JEM-1400, Japan)®.

Telocytes and their telopodes were digitally coloured
blue, using Adobe Photoshop CC 2014, for their better
visualization.

d) Morphometric studies:

Ten non-overlapping fields from different sections of
each group were used to measure:

Mean number of CD34+ cells
endothelial cells) (x400).

(excluding

Mean number of PDGFR-o+ cells (x400).

Mean difference between numbers of CD34+ and
PDGFR-o+ cells (BMHSCs mean number) (x400).

Mean number of acini and ducts in H&E stained
sections (x100).

Mean diameter of acini and ducts in H&E stained
sections (x100).

This was done using Leica Qwin-500 LTD-software
image analysis computer system (Cambridge, England)
at Histology Department, Faculty of Medicine, Cairo
University.

e) Statistical analysis:

The morphometric and the biochemical measurements
were statistically analysed using “IBM SPSS statistics 21”

and the data were reported as mean +standard deviation
(SD). One-way analysis of variance (ANOVA) followed
by “Tuckey” post-hoc test were used to determine the

statistical significance (P <0.05 was considered significant)
29)

RESULTS

General observations

No deaths were noticed in all rats during the
experiment. However, there were diarrhoea and
significantly decreased body weight in MTX group
(Table 1).

All control subgroups showed similar biochemical
and histological results so, they were collectively named
control group.

Biochemical results and statistical analysis

MTX group revealed a significant increase in MDA
level and a significant decrease in unstimulated parotid
weight, total protein and amylase activity versus groups
I and III (Table 1).

1) Histological results:
Control group (group I):

H&E stained sections showed normal parotid gland
histological structure. It appeared formed of lobes and
lobules separated by delicate connective tissue (CT)
septa. The parotid parenchyma consisted of closely
packed purely serous acini and duct system comprised
of intralobular (intercalated and striated) and excretory
ducts. The striated ducts (SDs) were the most prominent
intralobular ducts while the intercalated ducts (IDs) were
hardly recognized being compressed in-between the
acini (Figs. la & 1b).

In semithin sections, the acini were surrounded by a
clear basement membrane and their cells showed apical
uniform dense secretory granules also detected in IDs.
Moreover, SDs revealed basal striations and occasional
dark cell extending from the basement membrane to the
lumen. There were blood vessels within CT septa and
myoepithelial cells enclosed between their basal laminae
and those of the intralobular ducts (Fig. 1c¢).

Immunohistochemically stained sections
demonstrated some CD34+ cells including endothelial
cells, stem cells and telocytes with their characteristic
prolongations (Fig. 1d), besides, the positive
immunoreaction for PDGFR-a in telocytes and their
telopodes (Fig. le).

Ultrastructurally, the serous acini appeared rounded
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with narrow lumina and lined by pyramidal cells. These
cells have basal regular oval nuclei with peripheral
heterochromatin and prominent nucleoli, basal closely
packed parallel cisternae of rough endoplasmic reticulum
(rER), scattered mitochondria of different shapes and
sizes and apical uniform homogenous electron-dense
granules. Their lateral borders showed interdigitations
and junctional complex around the lumen. Blood vessels
and nerve trunks were also demonstrated in CT.

The intercalated ducts were lined with cubical cells
with central rounded nuclei and prominent nucleoli, little
organelles and few apical electron-dense granules. They
have lateral interdigitations with junctional complex
around the lumen and apical few microvilli. Myoepithelial
cells, intraepithelial lymphocytes and dendritic cells with
their characteristic nuclear indentation were noticed.
Furthermore, SDs were lined with high cuboidal cells
with central rounded euchromatic nuclei. Their lateral
borders were almost straight; however, the basal borders
demonstrated complex infoldings enclosing rod-shaped
mitochondria and the apical borders showed numerous
microvilli. Dark cells with many processes were
observed in some SDs (representing another type of duct
cells or duct cells at a different functional stage).

Telocytes were seen in CT around acini and ducts as
solitary triangular cells with large euchromatic nuclei
and prominent nucleoli, little cytoplasm full of rER and
mitochondria. They had long moniliform prolongations
(telopodes) with thin fibrillar segments (podomers) and
thick segments (podoms) surrounding the organelles
(Figs. 11-1j).

MTX group (group II):

Examination of H&E stained sections revealed
glandular disorganization with wide CT septa and
acinar amalgamation. These septa enclosed dilated
congested blood vessels, mononuclear infiltration and
multiple adipocytes. The acinar and ductal cells showed
shrunken darkly stained nuclei and multiple cytoplasmic
vacuolations. Moreover, the intralobular ducts could
not be differentiated into IDs and SDs. Furthermore,
intralobular and excretory ducts demonstrated epithelial
lining disruption and luminal dilatation with retained
secretions (Figs. 2a & 2b).

Semithin sections revealed irregular acinar and ductal
nuclei, almost absent secretory granules and cytoplasmic
vacuolations that, in some cells, joined together into large
vacuoles replacing the whole cells and displacing their
nuclei. The acinar basement membranes were disrupted
and the blood vessels were dilated and congested. Mast
cells with their specific metachromatically stained

granules were observed within CT septa near the blood
vessels where some of their granules appeared dispersed
in these septa (Fig. 2c).

Immunohistochemically, there were many CD34
immunopositive stem cells, endothelial cells and telocytes
(Fig. 2d). Additionally, there were few PDGFR-o+
telocytes with their unique long prolongations (Fig. 2e).

Ultrathin sections of acini and IDs showed irregular
nuclei with chromatin clumping, multiple vacuolations
that sometimes joined together and became of variable
shapes and sizes, reduced size and content of secretory
granules and ruptured apical borders with cytoplasmic
remnants in their lumina. Additionally, the acini revealed
dilated rER, swollen mitochondria with degenerated
cristae and interior vacuolations. Moreover, stagnant
secretion was noticed in IDs that were surrounded by
myoepithelial cells. The SDs demonstrated thinning of
their epithelial lining with loss of basal infoldings and
mitochondrial swelling and degeneration. Furthermore,
there were cytoplasmic vacuolations and rupture of SDs’
apical borders with subsequent cytoplasmic escape to
the lumen that was filled with stagnant secretions. The
dark cells were noticed in some SDs. Telocytes appeared
with condensed irregular shrunken and/or fragmented
nuclei, cytoplasmic vacuolations and reduced organelles.
Dilated congested blood vessels, adipocytes, thick
fibrous septa and increased collagen fibers surrounding
fibroblasts were also noticed (Figs. 2f-2h).

Neupogen-treated group (group II1):

Sections stained with H&E (Figs. 3a & 3b) and
toluidine blue (Fig. 3c¢) and those examined by TEM
(Figs. 3f & 3g) showed apparently normal histological
features except for the presence of few vacuolations,
pyknotic nuclei and degenerated mitochondria,
congested blood vessels in addition to multiple adjacent
acinar lumina.

Immunohistochemical study showed multiple CD34+
stem cells and telocytes (Fig. 3d). In addition, there was
observable increase in PDGFR-o+ telocytes with their
characteristic prolongations (Fig. 3e).

Morphometric results:

CD34+ cells were significantly increased in group 11
versus group I and in group III versus group II; however,
PDGFR-a+ cells revealed significant decrease in group
IT compared to groups I and III . Moreover, BMHSCs
number showed significant increase in group II compared
to group I and in group III compared to group II. In
addition, MTX group revealed significant increase in
acinar and ductal diameters and significant decrease in
their numbers versus other groups (Table 1).
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Table 1: Mean value + SD of body & unstimulated parotid weight, biochemical & morphometric parameters in all groups

Parameters Group [ Group II Group IIT
Mean body weight (g) 226.2+11.8 149.4+10.06° 205.8+29.3%
Mean unstimulated parotid weight (mg) 211.2+6.5 174.449.35* 202.249.3°
Mean value of MDA (nmoL/mg tissue) 2.19+0.4 14.8+1.4* 3.1+0.4°
Mean value of total protein (mg/mg tissue) 86.9+4.11 55.8+£3.9* 80.7+10.3°
Mean value of amylase activity (1 /mg tissue) 217.4+4.08 124.843.38* 208.9+12.6°
Mean number of CD34+ cells 12.6£1.17 14.9+1.19* 22.6+1.89®
Mean number of PDGFR-a+ cells 7.8+0.7 5.3+1.05* 6.9+1.19°
Mean difference between CD34+ &PDGF- a numbers 4.8+1.13 9.6+1.4* 15.7+1.9%
Mean number of acini 86.5+6.3 44.14+2.9* 77.7£12.6°
Mean number of intralobular ducts 7.2+1.31 4.0+£0.9* 5.8+1.4°
Mean diameter of acini (um) 32.1+4.45 46.9+7.4* 37.6+4.2°
Mean diameter of intralobular ducts (um) 39.114£5.5 55.7£7.19* 45.4+6.3°

a: P <0.05 as compared to group L.
b: P <0.05 as compared to group II.
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Fig. 1: Light microscopical photomicrographs of the control sections showing: a: Parotid’s lobe (L) and lobules (Lu) separated by delicate
connective tissue (CT) septa containing excretory ducts (ED) [H&E, x200]. b: The lobule consists of closely packed purely serous acini
(A) and intralobular duct system of intercalated (ID) and striated (SD) ducts [H&E, x400]. c: The acini (A) appear with clear basement
membranes (arrow head), and apical uniform dense secretory granules (g), that are also detected in intercalated duct (ID). Striated duct
(SD) exhibits basal striations (thick arrow) and darkly stained cell (D), extending from the basement membrane to the lumen. Notice the
myoepithelial cells (curved arrows) enclosed between their basal laminae and those of the intralobular ducts. Blood vessels (BV) can also
be noticed [Toluidine blue, x1000]. d: Some CD34 immune-positive cells (endothelial cells, stem cells and telocytes) (wavy arrows) are
detected. Some of these cells show long prolongations suggesting that they are telocytes (T). Notice the presence of acini (A), duct (D) &
blood vessel (BV) within the septa (CT) [anti CD34 immunohistochemical stain, x1000]. e: Some PDGFR-o+ cells (wavy arrows) are present
around the acini (A) & in the septa (CT). Ducts (D) can also be seen [anti PDGFR-0 immunohistochemical stain, x1000].

TEM photomicrographs illustrating: f: Rounded serous acini (A) with narrow lumen (L) lined by pyramidal cells having basal regular oval
nuclei (N) with peripheral heterochromatin and prominent nucleoli (ne). Note the presence of apical uniform homogenous electron-dense
granules (g). CT septa (CT) with a blood vessel (BV) and a nerve trunk (n) are observed [x3000]. g: The acinar cells show basal closely
packed parallel cisternae of rER (*) & scattered mitochondria (arrow heads) of different shapes and sizes. Additionally there are lateral
interdigitations (right-angled arrow) and junctional complex (thin arrows) around the lumen (L). Part of telocyte consisting of podomer (pe)
and podom (P) (digitally colored blue) is clearly seen [x10000]. h: Transition between an acinus and ID showing acinar cells (A) with basal
rER (*) & apical secretory granules (g). The cubical cells of intercalated duct (ID) have central rounded nuclei (N) with prominent nucleoli
(ne), little organelles and few apical electron-dense granules (g). Additionally, the lateral borders show interdigitations (right-angled arrow)
with junctional complex (thin arrow) around the lumen (L). Few apical microvilli (wavy arrow) are also noted. Myoepithelial cell (My), intra-
epithelial lymphocyte (Lm), dendritic cell (de) with their characteristic nuclear indentation are noticed. Parts of telocytes & their telopodes
(te) (digitally colored blue) can be seen [x4000]. i: Striated duct (SD) is lined with high cuboidal cells with central rounded euchromatic
nuclei (N). Almost straight lateral borders (right-angled arrow) & numerous apical microvilli (wavy arrow) projecting into the lumen (L) are
demonstrated. Moreover, there are dark cells (D) with many processes within the lining of the SD [x2500]. j: The basal borders of the striated
duct demonstrate complex infoldings (thick arrow) enclosing rod-shaped mitochondria (arrow head). Part of the euchromatic nucleus (N) of
SD is noted. Part of a triangular telocyte (digitally colored blue) shows large euchromatic nucleus (N) with prominent nucleolus (ne), little
cytoplasm full of rER (*) and mitochondria (arrow head) and part of its thick segment surrounding the organelles (podoms) (p). Notice the
presence of a thin fibrillar segment (podomers) (pe) of another telocyte [x8000].
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Fig. 2: Light microscopical photomicrographs of MTX group’s sections showing: a: Disorganized lobules (Lu) with acinar amalgamation
separated by wide CT septa (CT). These septa have dilated congested blood vessel (BV), inflammatory infiltration (In), multiple adipocytes
(Ad) and excretory duct (ED). This ED shows epithelial disruption (bifid arrow) and luminal dilatation with retained secretions (S). Note
that the intralobular ducts (D) are dilated, cannot be differentiated into IDs and SDs and show stagnant secretion (S) and epithelial disruption
(bifid arrow) [H&E, x200]. b: Cells lining the acini (A) and (D) show shrunken darkly stained nuclei (thin arrows), and multiple cytoplasmic
vacuolations (V). Furthermore, epithelial disruption (bifid arrow) of the intralobular ducts can be demonstrated. Dilated congested blood
vessel (BV) and multiple adipocytes (Ad) are also seen [H&E, x400]. c: Acini (A) and intralobular ducts (D) exhibit irregular nuclei (N),
almost absent secretory granules and presence of cytoplasmic vacuolations (V) that in some cells, coalesce together into large vacuoles
replacing the whole cells and displacing their nuclei (dN). In addition, there are disrupted basement membrane (arrow head) & dilated
congested blood vessel (BV). Metachromatically stained mast cells’ (mc) granules (mg) are observed within CT septa (CT) near the BV
where some of their granules appeared dispersed in these septa [Toluidine blue, x1000]. d: Many CD34 immuno-positive cells (endothelial
cells, stem cells and telocytes) (wavy arrows). Few of these cells show the characteristic telopodes of telocytes (T). Notice the presence of a
blood vessel (BV) within CT septa (CT) [anti CD34 immunohistochemical stain, x1000]. e: Few PDGFR-o+ cells (wavy arrows) with their
characteristic prolongations are seen within CT septa (CT) [anti PDGFR-a immunohistochemical stain, x1000].

TEM photomicrographs of MTX group’s sections demonstrating: f: An acinus (A) with ruptured apical border and cytoplasmic remnants
(curved arrow) in its lumen ( L), irregular nuclei (N) with clumped chromatin (thin arrow), multiple vacuolations (arrow heads) that sometimes
fuse together and become of variable shapes and sizes. Moreover, there are dilated rER (wavy arrows) and swollen mitochondria (bifid
arrows) with degenerated cristae and interior vacuolations. Notice the reduced size and contents of secretory granules (g). Thick fibrous septa
(CT) with increased collagen fibers surrounding fibroblast (F) are also demonstrated [x5000]. g: The intercalated duct (ID) has rupture apical
border with cytoplasmic remnants (curved arrow) in its lumen that contains stagnant secretion (S). It also reveals irregular nuclei (N) with
chromatin clumps (thin arrow), multiple vacuolations (arrow head) that sometimes fuse together giving vacuoles of different shapes and sizes
and diminished size and content of secretory granules (g). Additionally, degenerated telocytes with their characteristic telopodes (te) (digitally
colored blue) shows cytoplasmic vacuolations (arrowhead), reduced organelles and condensed, irregular, shrunken and/or fragmented nuclei
(TN). Myoepithelial cell (My) is seen around the ID. Note the existence of adipocytes (Ad) and dilated blood vessel (BV) [x2000]. h: Striated
duct (SD) with epithelial thinning and basal infoldings loss (E), cytoplasmic vacuolations (arrowhead) and mitochondrial swelling and
degeneration (bifid arrows) are noted. Additionally, there is ruptured apical border (curved arrow) with cytoplasmic escape to the lumen (L)
that filled with stagnant secretions (S). Moreover, there is thick fibrous septa (CT) reveals dilated congested blood vessels (BV), and telopode
(te) (digitally colored blue). Note the presence of dark cell (D) within the duct epithelium [x3000].
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Fig. 3: Light microscopical photomicrographs of group III sections illustrating: a & its higher magnification b: Apparently, normal histological
picture of the acini (A) & striated duct (SD), except for the presence of few vacuolations (V) and dark nuclei (thin arrows) [H&E, x200 &
x400]. ¢ Acini (A), intercalated duct (ID) and striated duct (SD) look apparently normal. Congested blood vessels (BV) can be seen [Toluidine
blue, x1000]. d: Multiple CD34 immune-positive cells (stem cells and telocytes) (wavy arrows) are noted around the acini (A) & ducts (D)
within the CT septa (CT). Some of these cells have prolongations suggesting that they are telocytes (T) [anti CD34 immunohistochemical
stain, x1000]. e: Observable increase in PDGFR-a immune-positive telocytes with their characteristic telopods (wavy arrows) around the
acini (A) & ducts (D) within the septa (CT) [anti PDGFR-o immunohistochemical stain, x1000].

TEM photomicrographs of group III sections showing: f: Multiple lumina (L1-5) of multiple nearly normal acini. However, degenerated
mitochondria (bifid arrows) and vacuolations (arrowheads) can be noticed. Telopode (te) (digitally colored blue) is also seen [x2500]. g: Acini
(A) and intercalated duct (ID) with few vacuolations (arrow heads) and triangular shaped telocyte with their telopodes (te) (digitally colored
blue) are demonstrated. While degenerated mitochondria (bifid arrows) are obviously seen in striated duct (SD) [x2000].
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DISCUSSION

Oral mucositis, a major chemotherapy side-effect,
badly affects patient’s nutrition and quality of life
during and after treatment. It may be as severe as
limiting the chemotherapeutic doses and increasing
morbidities and mortalities!® 2. Salivary dysfunction
was reported secondary to chemotherapy and
exaggerate chemotherapy-induced mucositis!'?.

In this study, MTX was used as a chemotherapy
model widely used in several neoplasms treatment
as acute leukaemias and lung and breast cancers!'?.
It is also recommended for non-neoplastic diseases
as psoriasis and autoimmune diseases as rheumatoid
arthritis3),

Additionally, the parotid gland, which is the largest
major salivary gland that accounts for more than 50%
of stimulated saliva secretion®*'!, was chosen. Besides,
it is less affected by drugs as the time taken for the
drug to reach its maximum concentration in parotid’s
saliva is longer than that in submandibulart!.

MTX group revealed diarrhoea with a
significantly decreased body weight. This weight
loss is consistent with what stated to occur following
other chemotherapies’® 3! and could attributed to
mucositis occurred 24-48 h after chemotherapy!
with its subsequent diarrhoea and decrease in food
consumptiont®*,

In addition, there was glandular degeneration
determined by marked vacuolations in almost all acinar
and ductal cells and complete replacement of some
acinar cells by large vacuoles. Such findings might
be explained by the accumulation of lipid droplets
which were stated by authors of previous studiesi**
3] to be unutilized fatty acids resulted from cellular
dysfunction. They added that, these fat droplets
might coalesce together forming a large vacuole and
consequently lipid degeneration and cellular death.
Similarly and as a result of acinar basement membrane
loss, this merge might occur between cells of adjacent
acini leading to acinar amalgamation. A parallel finding
was listed in rats’ small intestine following MTXU6L.

Another explanation of such vacuolations might be
mitochondrial swelling®*” identified in both acini and
ducts. Further clarification could come from altered
secretory materials detailed in another study®? where
there were electron-lucent granules and significantly
decreased PAS density in acinar and ductal cells.

Additionally, there was acinar enlargement
supported by significantly increased diameter in this
group versus control group. Such enlargement was
presumed to be due to accumulation of fat droplets

and/or mitochondrial swelling. Another explanation
for this enlargement was the glandular dysfunction and
failure of secretion with subsequent accumulation of
the secretory granules in the acinar cellst™”l.

This MTX-induced acinar and ductal cell death
was assumed to be due to apoptosis, which was
supported in our study by the presence of shrunken
dark irregular acinar and ductal nuclei in addition to,
chromatin clumping in some acinar and ID nuclei.
More reinforcement came from the demonstrated
rER dilatation and mitochondrial swelling and
degeneration which were considered as cellular
changes preceding apoptosis®®. This assumption was
strengthened previously by denser Fas (apoptotic
marker) immunoreaction in submandibular gland
following MTX[% and increased number of apoptotic
bodies following chemotherapy!®..

Acinar and ductal cell deaths following MTX were
proved to be replaced by CT!'?3%), This was supported
in our results by glandular disorganization, widening
of the fibrous septa with numerous adipocytes and
increased collagen fibers in ultrathin sections.

All these previous findings might be elucidated by
MTX-induced oxidative stress (OS). It was evidenced
to reduce intracellular glutathione-based antioxidants
and produce oxygen free radicals during its intracellular
metabolism. This oxidant/antioxidant imbalance leads
to lipid peroxidation followed by organelles and
plasma membranes lysis?**%. Such lipid peroxidation
was enforced by significantly increased MDA value,
acinar and ductal cell membrane rupture and ductal
epithelial discontinuity in MTX group.

This parotid damage could be enlightened by
another mechanism where MTX binds to dihydrofolic
reductase preventing the change of folic to folinic acid
(its active form). This, in turn, hinders nucleic acids,
amino acids and proteins synthesis with consequent
membrane damage, cellular death and altered salivary
secretion*!!, Such mechanism was supported by the
marked reduction obtained in acinar and ID secretory
granules size and content, significant decrease in
total protein, amylase activity and acini and ducts’
numbers. These were followed by significant drop of
the unstimulated parotid weight despite the detected
acinar enlargement and ductal dilatation.

The demonstrated duct system dilatation was
enforced by significantly increased diameter in group
II. It was similarly reported in former studies!'* 3%
attributed to MTX negative effect on myoepithelial
cells embracing the ducts. This led to the stagnant
secretion detected in this group and consequently
salivary dysfunction, failure of saliva ejection into
the mouth and xerostomia®. In addition, SDs could
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not be distinguished clearly. Most probably, this was
due to the detected epithelial height reduction and
loss of basal infoldings. These findings were reported
formerly!"®! and could be explained by MTX-induced
degeneration of these cells.

The determined marked dilatation and congestion
of the blood vessels were equally reported following
MTX and S5-flourouracil' #!. These inflammatory
reactions could aim to transport more blood to the
degenerated tissues*. Accordingly, inflammatory
reactions "such as mononuclear infiltration and the
presence of mast cells with dispersed granules within
the thickened septa" could be explained.

Telocytes were deteriorated by MTX, as well. Their
degenerative features are concomitant with those
identified previously in cases of systemic sclerosis,
cyclophosphamide-induced premature ovarian failure
and psoriasis**#7), It was presumed to be due to MTX-
induced blocking of protein synthesis and/or OS as
telocytes were proved to be affected by OSM¥. This
deterioration was supported by the significant decrease
of PDGFR-a+ cell in group II.

Unexpectedly, CD34+ cells showed significant
increase in group II which could be clarified by that
CD34 is a marker for both telocytes and BMHSCs.
BMHSCs are able to home to the site of lesion by
certain signals produced by the injured tissues!*.
Such homing was enforced by significant increase
in BMHSCs number in MTX group. This significant
increase in stem cell number did not only compensate
the significant decrease in PDGFR-a+ cell but also
resulted in significant increase in CD34+ cells.

Telocytes affection in this group was supposed to
exaggerate the acinar and ductal cells degeneration,
where it was reported that telocytes were able to control
the intercellular signalling. This control is mediated by
their long prolongations 3D network that interacts with
the other telocytes, different parenchymatous cells,
nerve endings and blood vessels. Such interaction occur
either directly through paracrine and/or juxtacrine
signals or indirectly through microvesicles shedding
which transfer proteins, RNA and microRNAI'8.,

Moreover, telocytes are present in adult stem cell
niches surrounding the stem cells with their telopodes,
which allows telocytes to communicate with these
stem cells either directly or indirectly and nurse them
via controlling their extracellular milieu homeostasis
and presenting physical and informational support!*°.
This is mediated by their various intercellular signals
and shed microvesicles?®!l. Accordingly, telocytes are
called stem cell helpers where they play an important
role in stem cells tissue regenerative processi®> 3,

Bearing in mind that this nursing effect could be
lost with degeneration of telocytes, it could be assumed
that the degenecrated telocytes might exaggerate
tissue stem cells injury proved to occur following
chemotherapy®. This assumption is consistent with
that suggested in cases of psoriasist*’). Such adult stem
cells injury was, subsequently, suggested to augment
the parotid gland degeneration as it was documented
that these stem cells within their niches coordinate the
tissue renewal in different organs!>*

In this study, G-CSF was used to mobilize BMHSCs
as reported beforel's. Maximum mobilization was
specified to occur after 4-6 daysP%. Thus, this agent
was used, in this work, for 5 days.

Group II1I rats showed improvement of their general
conditions proved by the stoppage of diarrhoea and
body weight significant increase versus group II and
non-significant decrease than control group. Moreover,
there was almost normal parotid gland histological
architecture except for the presence of few pyknotic
nuclei, vacuolations and congested blood vessels
besides multiple adjacent lumina which indicated
that some acini were still amalgamated. Furthermore,
MDA level significant decrease versus group II and
non-significant increase than group I were detected.
This, in turn, could indicate decrease lipid peroxidation
and cellular injury.

Such parotid preservation was reflected on its
function where significant increase in unstimulated
parotid weight, acini and ducts’ number, total protein
and amylase activity versus group II and their non-
significant decrease than control group were found.
Additionally, there were acinar and ductal diameters
significant decrease than MTX group and non-
significant increase versus group [. These findings
are supported by the previously reported therapeutic
effect of G-CSF on liver, kidney and brain lesions
and irradiated salivary glands!'> 3% Such G-CSF
preservative influence was explained by its BMHSCs
mobilizing effect!’” supported in this work by
BMHSCs significant increase in Neupogen-treated
group compared to MTX group.

Stem cells could support the injured tissues via
anti-inflammatory, immunosuppressive, anti-apoptotic
and antioxidant effects in addition to consumption of
pro-apoptotic and inflammatory molecules®!!. They
could also reinforce tissue stem cells to proliferate
and replace the damaged cells®”. These BMHSCs
reparative effects might occur through paracrine
secretion of trophic factors as cytokines, chemokines
and growth factorst?.

In group III, G-CSF was given 1 day after MTX
administration, then these animals were sacrificed 6
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days after MTX. Based on that BMHSCs mobilization
started after 3 days of G-CSF treatment and reached
its maximum after 5 days!'¥ and MTX-induced
salivary gland lesion occurred as early as 2 days!'.
It was proposed that BMHSCs mobilization was
started to occur 4 days after MTX administration i.e.
2 days after induction of parotid lesion and reached
its maximum after 6 days of MTX administration i.e.
day of sacrifice. Therefore, the approximately perfect
parotid histological preservation in group III was not
only due to mobilized BMHSC:s but also due to G-CSF
itself. This suggestion was stated previously while
treated renal ischemia by G-CSFP7). Furthermore, this
is supported by the anti-apoptotic, anti-inflammatory,
immunomodulatory and lipid peroxidation inhibiting
effects of G-CSF62-64,

Telocytes preservation detected in this group
was suggested to result from protective effects of
G-CSF and/or mobilized BMHSCs. It was backed by
PDGFR-o+ cells significant increase than MTX group
and non-significant decrease than control group. Such
significant increase of PDGFR-a+ cells and BMHSCs
in group III versus group II could explain CD34+ cell
significant increase in the same group compared to
MTX group.

The preserved telocytes were supposed to support
the parotid acini and duct system through controlling
their extracellular milieu by their prolongations
communicating network!'®. In addition, telocytes
nursing effect on tissue stem cells could similarly
occur with the mobilized BMHSCs. Accordingly, a
communicating network formed between BMHSCs,
nerve endings, blood vessels, acinar and ductal cells
transmitting BMHSCs trophic factors to these cells.
Thus, conservation of telocytes could be another way
for G-CSF preservation effects.

CONCLUSION

MTX, a chemotherapy model, induced parotid gland
degeneration through OS and/or decreased protein
synthesis. G-CSF could treat this gland via BMHSCs
mobilization in addition to its anti-apoptotic, anti-
inflammatory and lipid peroxidation inhibition effects as
well as telocytes preservation.
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