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ABSTRACT

Background and objective: Mucoepidermoid carcinoma (MEC) includes a variety of
clinical, biological, and histological forms, all of which pose difficulties and challenges in terms
of diagnosis, grading, and treatment. Glucose transporter protein 1 (GLUT-1) is involved in the
glycolysis of tumor cells. This protein’s high expression in malignant neoplasms is linked to tumor
aggressiveness. P-Src belongs to a family of cytoplasmic tyrosine kinases and plays a role in tumor
initiation and progression. The study aims to predict the aggressiveness of different grades of MEC
through studying the expression of GLUT-1 and p-Src in five years of follow-up.

Materials and methods: Thirty paraffin blocks, included MEC from the pathology laboratory
of the Oncology Center Mansoura University were preceded for post-operative follow-up for at
least five years. Hematoxylin and eosin stained sections, tumors were scored and graded according
to WHO grading system 4th edition. Disease-free survival (DFS) and overall survival (OS) were
determined for each case. Immunohistochemical staining for the rabbit polyclonal antibody anti-
GLUT-1 and the rabbit polyclonal antibody anti p-Src were performed using a Dako Autostainer
with a Universal Staining System.

Results: A statistically significant correlation between GLUT-1 and p-Src expression with
tumor grades, DFS, and OS. Direct correlation between GLUT-1 and p-Src expression regarding
tumor grades, the living and dead status of the cases, recurrence, DFS, and OS.

Conclusion: GLUT-1 and p-Src might serve as good prognostic markers for MEC as their
expression is associated with tumor grades, DFS and OS, they might be considered promising
therapeutic targets for MEC.
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INTRODUCTION

Salivary gland tumors are uncommon in humans,
accounting for 5% of head and neck cancers and
0.3 percent of all cancers !'*!. Despite their rarity,
these neoplasms are heterogeneous, with at least
24 different histologic subtypes identified by the
World Health Organization (WHO), each with its
clinical presentation, metastasis, and recurrence
451 Mucoepidermoid carcinoma (MEC) is the
most frequent malignant salivary gland tumor in
adults and children ', The parotid gland is the most
common location, followed by the minor salivary
glands of the lip and palate 7. Tt is accounting for
10%—15% of all salivary gland tumors and 30% of
malignant salivary gland tumors ®'. MEC is more
common in women than in men, with the fifth
decade of life being the most common - '%1,

MEC
histological variability, which can render a diagnosis,

stands for clinical, biological, and
grading, and treatment more complicated "' Low-
grade tumors are firm, cystic masses that are well-
circumscribed and unencapsulated or partially
encapsulated under the microscope. Patients
describe a painless swelling that grows slowly.
On the other hand, high-grade tumors are solid,
poorly defined masses with infiltrative boundaries
fixed to surrounding tissues. Exclusively, in parotid
gland tumors patients typically describe a rapidly
developing painful swelling caused by facial nerve

involvement [,

According to WHO classification, MECs are
categorized into three histopathologic grades; low,
intermediate, and high grade based on relative
numbers of mucous, intermediate, and epidermoid
cells 31, Cut sections may reveal solid and cystic
parts; cystic gaps commonly contain mucinous
or hemorrhagic material, whereas solid portions
are grayish-white or brown in appearance 3.
Epidermoid/squamous cells are polygonal in shape,
with abundant eosinophilic cytoplasm and ovoid,
vesicular nuclei under the microscope. They create
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solid nests with intercellular bridging, and individual
cell keratinization is uncommon. Mucous cells are
found in low-grade malignancies and feature pale
to mildly basophilic cytoplasm with compressed
nuclei. If mucous secretions leak into surrounding
tissues, mucin pools and a foreign body giant-cell
reaction may develop. Intermediate cells vary in
size and feature a tiny, centrally placed nucleus with
little cytoplasm [13:141,

Low-grade tumors frequently have well-differ-
entiated glandular or cystic features and are lined
by a single layer of mucous-secreting cells. In-
termediate-grade tumors include small cystic gaps
lined by primarily columnar cells with surrounding
solid sections of intermediate and epidermoid cells.
There may also be papillary cystic infoldings, focal
invasion, mild cellular pleomorphism, and mitotic
figures. In high-grade tumors, typical solid nests or
sheets of cells are made mostly of epidermoid cells
with a minor cystic component. They also show
signs of invasion, necrosis, cellular pleomorphism,
and a higher number of mitoses '* 13, Low-grade tu-
mors, especially those in the early stage, and nodal-
free have a good prognosis 1.

High-grade and nodal metastasis, on the other
hand, have a worse survival rate. Survival and
prognosis have been linked to clinical stages and
histological grades °. The predictive variables
associated with MEC have not been adequately
studied until now "!. Several studies have failed to
improve the tumor’s prognostic criteria significantly
U7 As a result, more research on the MEC is critical
to developing improved prognostic predictions and
appropriate treatment regimens 1.

Glycolysis, commonly known as the Warburg
effect ') has been identified as an important
marker of human cancer. Several glycolytic genes,
including pyruvate kinase isozyme M2 (PKM2),
lactate dehydrogenase A (LDHA), hexokinase 2
(HK2), and glucose transporter (GLUT), are highly
expressed in malignant tumors and have been
associated with tumor aggressiveness 1?22l GLUT-
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1, one of the glucose transporters (GLUT) proteins,
is the primary glucose transporter found in all cells
of various tissues and organs. This protein regulates
glucose entry into cells and maintains homeostasis,
which is necessary for the organism’s vital functions.
In physiological conditions, increased metabolic
demand causes GLUT-1 expression levels to rise.
GLUT-1, on the other hand, has a role in tumor cell
glycolysis under pathological situations 232,

In various malignant neoplasms, increased
expression of this protein is linked to tumor invasion,
aggressiveness ¥ metastasis, and a low survival
rate 21, By enhancing tumor cell glycolysis,
GLUT-1 overexpression provides energy for cells
to spread to distant metastasis, as a result, inhibiting
the function of GLUT-1 could prevent tumor cells
from invading and migrating %31,

Src is a cytoplasmic tyrosine kinase involved in
the initiation and progression of tumors 2/, Multiple
signaling pathways can activate Src to become
phospho-Src (p-Src), and it can phosphorylate target
proteins to activate specific signaling pathways 3.
Src and intracellular signaling pathways thus play
an essential role in regulating vital cellular processes
like cell morphology, differentiation, adhesion,
migration, invasion, proliferation, and survival B4,
In recent research, Src family kinases have been
discovered to mediate a range of cancers ™, and
their activation has been linked to a more aggressive
Phosphorylated Src
enhances epithelial cell mechanical alterations such

neoplastic phenotype 4.

as migration, transformation, and invasion, others,
strengthen the relationship between Src activation
and tumor progression 13336,

Overexpression or activation of Src protein has
been documented in various human malignancies,
including breast, pancreatic, and colorectal can-
cer, and is frequently associated with poor clini-
cal outcomes P7. Src and p-Src expression were
also high in other malignant tumors like squamous
cell carcinoma of the tongue, rhabdomyosarcoma,
and Ewing’s sarcoma. This high expression was
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positively correlated with metastasis and clinical
stage but negatively correlated with post-operative
survival ¥, Although the molecular processes by
which cancer cells retain and cope with high lev-
els of promiscuous activated tyrosine kinases like
Src are unexplained 7', further research is needed
to validate p-Src’s function in tumor formation and
progression ¢!,

The study aims to predict the aggressiveness
of different grades of MEC through studying the
expression of GLUT-1 and p-Src in five years of

follow-up.
MATERIALS AND METHODS
This study was performed retrospectively,

patients diagnosed with MEC who had radical
surgeries between the years 2015 and 2020 at
Oncology Center, Mansoura University (OCMU),
Egypt, and proceeded for post-operative follow-up
for at least five years, after exclusion of cases with
insufficient material, only thirty patients met these
criteria. Paraffin-embedded specimens retrieved
from the pathology laboratory of the (OCMU) were
enrolled. Clinical, demographic, and follow-up data
were collected from patient reports.

Paraffin-embedded tissue was sliced into 4 ym
thickness. Hematoxylin and eosin (H&E) stained
sections from MEC were examined, and tumors
were scored and graded according to the WHO
grading system 4™ edition, 2017 ©. This system sets
up three grades of malignancy: low grade (twelve
cases), intermediate grade (ten cases), and high
grade (eight cases), based on the overall extent of
tumor cells. As a control group, six normal salivary
tissues from mucocele cases were retrieved from
the Oral Pathology Department, faculty of dentistry,
Mansoura University, Egypt. From each block, 4
pm thickness was cut and mounted on glass slides
previously prepared with an organosilane-based
adhesive (3-aminopropyl) triethoxysilane, Sigma
Chemical Co®, St Louis, MO, USA).
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Disease relapse-free patients or disease-free
survival (DFS) was computed from diagnosis until
the first incidence of local recurrence or metastasis
or last contact at the end of the study period. The
time from diagnosis to death or last contact was
referred to as overall survival (OS). The DFS and
OS for each case were determined.

Immunohistochemical staining for the rabbit
polyclonal antibody anti-GLUT-1 (GTX15309, Ge-
neTex®, San Antonio, TX, USA) 1:200 concentra-
tion and the rabbit polyclonal antibody anti p-Src
(Tyr527) (Cell Signaling Technologies, Danvers,
USA), 1:100 concentration. Dakocytomation, Car-
pinteria, CA, USA, provided a Dako Autostainer
with a Universal Staining System, and a Chem-
Mate™ DAKO EnVision™ detection kit. The
evaluation and scoring of the marker in the studied
samples consisted of the cells that exhibited brown
staining in their cytoplasm and cell membrane. Sec-
tions of lung carcinoma and colon carcinoma were
used as a positive control for GLUT-1 and p-Src
respectively. Negative control sections were incu-
bated without the primary antibody.

Evaluation of immunohistochemistry

The scoring of distribution and intensity of the
stain was evaluated as follows: The distribution
of stain was evaluated semi-quantitatively by
two observers (both authors) according to the
percentage of positively stained tumor cells in at
least five areas of hot spots at high power fields
(x 400) magnification and assigned to one of the
following categories: 1 =<25%, 2 = 25-75%, and
3 = >75%. The percentages of tumor epithelial
cells stained were graded with the exclusion of
nonspecific stromal cells reaction. The staining
intensity was scored as O indicating no staining,
1 indicating mild staining (faintly cytoplasmic
reaction visible only using a higher magnification
x 400), 2 indicating moderate staining (cytoplasmic
reaction visible only using a magnification x 100),
and 3 indicating strong staining (densely stained
reaction visible at low magnification x 40). By
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multiplying the presence intensity score by the
scoring of distribution; the total score for each case
was computed. Negative = 0, weak positive = 1 to
4, or strongly positive = >4 were used to categorize
the total scores "*!!. Positive and negative control
slides were included in each reaction. Six samples
of normal salivary gland tissue were taken from
patients with mucocele and immunohistochemically
analyzed as a control group, the same evaluation
criteria of markers expression in tumor cells were
applied in the control group.

RESULTS

This study was done on thirty cases of MEC with
different pathological grades; six cases of normal
salivary tissue obtained from mucocele, GLUT-1,
and p-Src expression were evaluated in different
cases.

Regarding age, site, gender, and tumor grades of
studied MEC cases

The age of the studied cases ranged from 41 to
70 years, with mean and standard deviation were
(SD) 56.4+9.7. The most prevalent site was the
palate, nearly one-third of the cases (10 cases 33%),
and the submandibular area was the least 3 cases
10%. Females were affected more than males; 16
(53%) cases were females versus 14 (47%) males.
According to WHO classification, Low grade
existed in 12 cases (40%), intermediate grade in 10
cases (33.3%), and high grade in 8 cases (26.7%)
(Fig.1) (Table I).

Immunohistochemical results

GLUT-1
brown staining throughout the cytoplasm and/or
cell membrane of the tumor cells. The erythrocytes
had brown staining and were considered an internal

immunoreaction was observed as

positive control. The expression was noticed in
20 cases (67%), the reaction was patchy in low
grade, and intermediate grade (Fig. 2,3), the highest
expression existed in high-grade tumors (Fig.4).
weak GLUT-1 expression in normal salivary
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Fig. (1): Photomicrograph showing (a) low-grade mucoepidermoid carcinoma with numerous cystic spaces and mucous cells. (b)

high grade with minimal cystic spaces. (x 200)

tissue adjacent to tumor cells was observed in
acini; moreover, normal salivary tissue from
mucocele revealed a negative reaction for GLUT-
1 (Fig.5). Regarding low-grade MEC, the staining
distribution was negative in seven cases (70 %) and
low expression in five cases (45.5%), moreover,
intermediate grade MEC revealed; negative
expression in three cases (30 %), low expression
in five cases (45.5%) and high expression in two
cases (22.2%). Meanwhile, all cases of high-grade
MEC were positive, statistically highly significant
(P=0.001), the staining distribution was low
expression in one case (9.1%), and high expression

in seven cases (77.8%). There were statistically

significant correlations (P=0.001) between the
marker GLUT-1 expression and tumor grades, DFS,
and OS (Tables 11, III, and IV)

TABLE (I): Age, gender, site, and tumor grades of
the studied cases:

Age 41 to 70 years 56.4+9.7
Male 14(46.7%)
Gender
Female 16(53.3%)
Buccal mucosa 4(13.3%)
Palate 10(33.3%)
Site Parotid 9(30.0%)
Retromolar area 4(13.3%)
Submandibular 3(10.0%)
low 12(40.0%)
MEC . .
intermediate 10(33.3%)
grade
high 8(26.7%)

Fig. (2): Photomicrographs of low-grade mucoepidermoid carcinoma with numerous cystic spaces revealed patchy and low GLUT-

1 expression in between the cystic spaces. (x 100)
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Fig. (4): Photomicrograph Of GLUT-1 expression in high-grade mucoepidermoid carcinoma revealed (a) epidermoid cells without

cystic spaces and high expression (b) cytoplasmic expression in epidermoid cells. (¢) clear cells and membranous expression
(x 40, x 400 and x 200 respectively).
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Fig. (5): Photomicrograph showing (a) salivary tissue adjacent to the tumor showing positive GLUT 1 expression in acinar cells
and blood capillaries which is considered as the internal positive control, (b) normal salivary tissue from mucocele noted
vascular reaction only and negative GLUT-1 expression. (x 200)

TABLE (II): GLUT-I expression concerning clinicopathological parameters:

Glut 1 P
negative expression low expression high expression

Age 53.9+10.0 57.0+10.0 57.1+£9.7 0.7

Male 5 50.0% 5 45.5% 4 44 4% 1.00
Gender

Female 5 50.0% 6 54.5% 5 55.6%

Buccal mucosa 3 30.0% 1 9.1% 0 0.0% 0.93

Palate 2 20.0% 5 45.5% 3 33.3%
Site Parotid 3 30.0% 3 27.3% 3 33.3%

Retromolar area 1 10.0% 1 9.1% 2 22.2%

Submandibular 1 10.0% 1 9.1% 1 11.1%

low 7 70.0% 5 45.5% 0 0.0% <0.001*
MEC grade intermediate 3 30.0% 5 45.5% 2 22.2%

high 0 0.0% 1 9.1% 7 77.8%

alive 10 100.0% 8 72.7% 7 77.8% 0.56
Alive/ dead

dead 0 0.0% 3 27.3% 2 22.2%

No 8 80.0% 8 72.7% 3 33.3% 0.26
Recurrence

Yes 2 20.0% 3 27.3% 6 66.7%
DFS 44 3+7.1° 38.844.1° 21.9+5.0° <0.001*
(N 47.0+1.5° 46.3+2.0°" 37.8+4.72 <0.001*

Data expressed as mean+SD SD: standard deviation P: Probability

* Indicate significance in mean (P<0.05)
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TABLE (II): GLUT-1 expression concerning DFS:
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Glut 1 Mean®
Estimate Std. Error 95% Confidence Interval
Lower Bound Upper Bound
negative expression 54.525 2.701 49.231 59.819
low expression 42.100 1413 39.330 44870
high expression 24.208 2.239 19.820 28.597
Overall 45919 3.052 39.936 51.901
Chi-Square P
Negative expression & low expression 1.560 212
Log Rank (Mantel-Cox)  Negative expression & high expression 16.322 <0.001*
Low expression & high expression 17.732 <0.001*
P: Probability *: significance <0.05
TABLE (IV): GLUT-1 expression concerning OS:
Chi-Square P
Log Rank (Mantel-Cox) negative expression & low expression 5.786 016*
negative expression & high expression 4.390 036*
low expression & high expression 4.805 028%*

P: Probability *: significance <0.05

P-Src was observed in 21 cases (70%), and it was
expressed in the cytoplasm and/or cell membrane
of the tumor cells. High expression was observed
in 11 cases, while low expression was detected in
10 cases. Regarding low-grade MEC, the staining
distribution was negative in seven cases (77.8 %)
and low expression in five cases (50%), moreover,
MEC

expression in two cases (22.2 %), low expression

intermediate  grade revealed; negative

in five cases (50%) and high expression in three

cases (27.3%). Meanwhile, all cases of high-grade
MEC (eight cases) were highly positive expression,
statistically highly significant (P=0.001). Therefore,
high-grade MEC expressed higher expression of
p-Src than low and intermediate ones (Fig.6,7).
Normal salivary tissue from mucocele revealed a
negative reaction for p-Src. There were statistically
significant correlations (P=0.001) between the
marker expression and tumor grades, DFS, and OS
(Tables V, VI, and VII).
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TABLE (V): P-Src expression concerning clinicopathological parameters:

p-Src
P
negative expression low expression high expression
Age 54.3+9.8 57.1+10.6 56.4+9.6 0.82
Male 5 55.6% 5 50.0% 4 36.4%
Gender 0.63
Female 4 44 4% 5 50.0% 7 63.6%
Buccal mucosa 4 44.4% 0 0.0% 0 0.0%
Palate 2 22.2% 4 40.0% 4 36.4%
Site Parotid 2 22.2% 3 30.0% 4 36.4% 0.23
Retromolar area 0 0.0% 2 20.0% 2 18.2%
Submandibular 1 11.1% 1 10.0% 1 9.1%
low 7 77.8% 5 50.0% 0 0.0%
MEC grade intermediate 2 22.2% 5 50.0% 3 27.3% <0.001%*
high 0 0.0% 0 0.0% 8 72.7%
alive 9 100.0% 9 90.0% 7 63.6%
Alive/ dead 0.16
dead 0 0.0% 1 10.0% 4 36.4%
No 7 77.8% 8 80.0% 4 36.4%
recurrence 0.1
Yes 2 22.2% 2 20.0% 7 63.6%
DFS 43.7+7.8° 40.3+4.5° 24.6+7.7 <0.001*
(O 46.6+2.1° 46.4+1.6° 39.6+5.9* <0.001*
Data expressed as mean+SD SD: standard deviation P: Probability

* Indicate significance in mean (P<0.05)
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Fig. (6): Photomicrograph revealed low cytoplasmic expression of p-Src in low-grade mucoepidermoid carcinoma with numerous
cystic spaces and mucous cells. (x 200)
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Fig. (7): Photomicrograph of p-Src expression in high-grade mucoepidermoid carcinoma revealed (a) high cytoplasmic and
membranous immunoreaction (b) Higher magnification of the previous section. (x 100 and x 400 respectively).

TABLE (VI): p-Src expression concerning DFS:

p-Src Mean®
Estimate Std. Error 95% Confidence Interval
Lower Bound Upper Bound
negative expression 53.604 3278 47.179 60.029
low expression 45.667 1.778 42.182 49.151
high expression 27.540 2.579 22.486 32.594
Overall 45919 3.052 39.936 51.901
Chi-Square P
negative expression & low expression 135 714
Log Ragl;g\/lantel— negative expression & high expression 9.713 002%
low expression & high expression 12.629 <0.001%*
P: Probability *: significance <0.05
TABLE (VII): p-Src expression concerning OS:
Chi-Square P

Log Rank (Mantel-Cox) negative expression & low expression 1.667 197

negative expression & high expression 8.066 005*

low expression & high expression 4.777 029%

P: Probability *: significance <0.05
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GLUT-1 and p-Src correlations

There was a statistically significant correlation
between GLUT-1 and p-Src expression regarding
tumor grades, living and dead status of the cases,
recurrence, DFS, and OS (Table VIII), as well as
between both markers’ expressions in the studied
cases (Table IX).

TABLE (VII): Correlation of GLUT-1 & p-Src

expression and  clinicopathological

parameters of the studied cases:

Glut 1 p-Src

r 091 059
Age

P 634 757

r 045 .160
Gender

P 813 399

r 215 323
Site

P 255 082

r 709 779
MEC grade

P <0.001* <0.001*

r 247 406
Alive/ dead

P 189 026*

r 377 369
Recurrence

P 040* 045*

r -815 =725
DFS

P <0.001* <0.001*

r -.730 -.540
oS

P <0.001* 002*

r: Spearman’s correlation coefficient

P: Probability *: significance <0.05
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DISCUSSION

Neoplastic cells have several characteristics that
enable them to maintain higher metabolic activity.
To proliferate and survive, malignant cells require
energy provided by glucose % 1. This elevated
need for glucose is supplied by a specific group of
transport molecules known as GLUTs, which
transfer glucose into neoplastic cells . GLUTSs are
maintained in specialized endosomes in cells, and
when activated, they become an integral protein
plasma membrane, allowing glucose uptake to
begin. Hormones and metabolic signals regulate
them 4?1 and GLUT-1 is the most well-studied
transport molecule in this family, which shows a
higher expression in neoplastic cells. Malignant
cells have a greater GLUT-1 expression level,
which explains their increased glucose consumption
to enhance tumor growth 43461,

The role of the proto-oncogene Src and its family
of kinases has been elucidated over many years; it
interacts with different receptor tyrosine kinases
and participates in various cellular pathways to
regulate cell differentiation, adhesion, migration,
proliferation, invasion, and angiogenesis, as well as

chemoresistance 47591,

Thirty MEC cases were included in the current
study. The immunohistochemical markers GLUT-
1 and p-Src were assessed in different pathological
grades. In 20 cases, GLUT-1 expression was found
to be positive (67 %) This was in line with Demasi et

TABLE (IX): Correlation of both markers’ expressions in the studied cases:

Glut 1
negative expression low expression high expression P
No %o No % No %
negative expression 7 70.0% 2 18.2% 0 0.0%
p-src low expression 3 30.0% 7 63.6% 0 0.0% <0.001%*
high expression 0 0.0% 2 18.2% 9 100.0%

P: Probability *: significance <0.05
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al 2010 BY, who observed positive immunoreaction
in more than half of their cases; however, Pereira
et al 2016 B Kato et al 2007 P2, and Ayala et al
2010 B3 reported GLUT-1 positivity in 90-95 % of
OSCC cases. Higher GLUT-1 expression is linked
to elevated glucose utilization in tumor cells with
increased cellular metabolism, as well as some
normal tissues such as erythrocytes, endothelial
cells in cerebral arteries, and fetal cells, according
to Kato et al 2007 52,

According to Haber et al 1998 ¥ Kato et al 2007
521 "and Ayala et al 2010 ¥, GLUT-1’s cytoplasmic
and membranous expression in the current study
may support its function of facilitating and
maintaining glycolysis in the cells. Furthermore,
when stimulated by cellular differentiation, division,
nutritional deficiency, hypoxia, and malignant
transformation, Sanchez-Romero et al 2016 3
reported that cytoplasmic expression of GLUT-1
represents enhanced glucose transport. There will
be a receptor unmasking at the cell membrane
level after induction. When demand rises, GLUT-
1 is translocated from the cytoplasm to the cell
membrane. More GLUT-1 messenger ribonucleic
acid is synthesized to match the requirement, and
this
explains why GLUT-1 has a higher cytoplasmic and
membranous expression >,

cytoplasmic GLUT-1 concentration rises;

GLUT-1 in the present study was found to be
observed in salivary tissue adjacent to tumor cells,
this could be because this tissue was exposed to the
same carcinogenic conditions (field cancerization),
as the tumor cells, making it at risk of malignant
transformation. However, normal salivary tissue
used as a control showed no Glute-1 expression,
which could explain why these cells could still rely
on predomination on oxidative phosphorylation for
energy supply and no need for excess energy by
glycolysis.

P-Src was expressed in the cytoplasm and cell
membrane of tumor cells in the present study. This
agreed with Yeatman et al 2004 ", Lieu & Kopetz
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2010 B, and Hu et al 2015 P, who reported that
SRC is a proto-oncogene encoding for the tyrosine
kinase that is found in the cell membrane as well as
the cytoplasm. There have been a few studies that
have described the role of p-Src in salivary gland
cancers. Src activation in salivary gland tumors is
regulated by CCR7 (chemokine receptor 7) and
CCL19 (chemokine specific ligand 19); according
to Xu et al 2019 B/, activated Src affects cell
adhesion and cytoskeleton, resulting in increasing
the ability of the salivary gland tumor cells to invade
and migrate.

The current study  reported that high-grade
MECs showed higher GLUT-1 expression than
intermediate and low-grade MECs; the difference
in expression was statistically significant. This
was consistent with Gillies & Gatenby 2007 381,
as their findings suggested that in MEC, some
intermediate-grade tumor cells and all high-grade
cells have a lot of energy, so there was a lot of need
for increased glycolysis to compensate for this.
Furthermore, Gatenby & Gillies 2008 1*°! discovered
that enhanced glycolysis resulted in increased
acidosis, which encouraged tumor cell invasion,
degradation of extracellular matrix, and promotes
angiogenesis. On the other hand, low-grade tumors
do not experience the same environmental changes
as higher-grade tumors; therefore, their cells
continue to rely on oxidative phosphorylation for
energy. This was following Costa et al 2008 ! and
Miles & Williams 2008 ¢!l where they reported
lower micro vessel density in high-grade MEC
compared to low-grade MEC, indicating hypoxic
stimulation to promote glycolysis.

In the present study, GLUT-1 expression in
low and intermediate grades was observed to be
in focused areas and uneven pattern, which agreed
with Gatenby & Gillies 2008 %!, who explained this
condition as irregular glycolysis has been linked to
cyclic hypoxia, as cells that are hypoxic at one time
may no longer be hypoxic minutes later 62631,
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In the current investigation, increased p-Src
expression was statistically significantly correlated
with tumor grades, which was consistent with Park et
al 1993 14 and Cartwright et al 1994 13! who reported
that Src kinases were downregulated in completely
differentiated cells in colon cancer. Although Weber
et al 1992 %% reported that the highest levels of
Src activity in human colon tumors occurred in
moderately to well-differentiated tumors, and the
levels appear to be normal in poorly differentiated
colon tumors, the interpretation for this is that
poorly differentiated tumors are biologically more
aggressive than well-differentiated tumors.

Increased p-src expression was linked to illness
relapse in the current study, which was consistent
with previous research in HNSCC, Yang et al
2004 ©1 and Johnson et al 2005 % increased
GLUT-1 and Src activity is thought to operate as an
integrator of divergent signal transduction pathways,
enhancing a variety of tumor-promoting actions
such as carcinogenesis, invasion, and metastasis.
Moreover, Src is frequently hyperactivated in
cancer cells, facilitating tumor progression to
metastasis by promoting epithelial to mesenchymal
transition (EMT) 1, as well as Src signaling has
been shown to regulate E-cadherin-associated EMT
in pancreatic cancer cells ",

Higher p-Src expression was linked to DFS and
OS in the current study, which was consistent with
previous research in breast and cervical cancer 7%,
Other researchers investigated the involvement of
SRC in cancers as cervical cancer, breast cancer,
and liver cancer, reported that high SRC expression
was linked to positive nodal status, reduced DFS,
and overall survival (OS) in these various tumor
types >, Moreover, SRC expression was linked
to prolonged DFS and OS in patients with squa-
mous cell carcinoma of the tongue ™!. Higher lev-
els of p-Src were related to shorter relapse-free sur-
vival in patients with hepatic metastasized colorectal

cancer 71,

(383)

CONCLUSION

GLUT-1 and p-Src might serve as good
prognostic markers for MEC as their expression is
highly correlated with tumor grades, DFS and OS,
therefore, the histopathologic grading is not the
only method of detecting the aggressiveness of the
MEQC, in addition, a necessity for long term follow-
up is recommended. GLUT-1 and p-Src might be
considered promising therapeutic targets for MEC.
More research is needed to verify if normally
apparent salivary gland tissue adjacent to tumor
cells is at risk of malignant transformations.
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