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Role of aberrant glycosylation enzymes
in oral cancer progression

Bhairavi N. Vajaria, Kinjal A. Patel, Prabhudas S. Patel

Abstract:

BACKGROUND: Carcinogenesis, a multistep process involves sequential changes during neoplastic
transformation. The various hallmarks of cancer aid in cell survival, proliferation, and dissemination.
Aberrant glycosylation, a recently defined hallmark of cancer, is influenced by glycosylation enzymes
during carcinogenesis. Therefore, the present study measured o-2,3 and o.-2,6 sialyltransferase (ST),
sialidase, and a-L-fucosidase activity in patients with oral precancerous conditions (OPC) and oral
cancer patients.

SUBJECTS: The study enrolled 100 oral cancer patients, 50 patients with OPC, 100 healthy controls,
and 46 posttreatment follow-ups of oral cancer patients. Blood and saliva were collected from all
the participants.

MATERIALS AND METHODS: Sialidase activity was measured by spectrofluorimetric method,
a-2,3 and 0-2,6 ST by ELISA using biotinylated lectins, and a-L-fucosidase by spectrophotometric
method.

RESULTS: The results depicted increased levels of sialidase, o-2,3 and o-2,6 ST, a-L-fucosidase
in patients with OPC and oral cancer patients. Receiver operating characteristic curve indicated
significant discriminatory efficacy in distinguishing controls and oral cancer patients for serum
and salivary sialidase and a-L-fucosidase activity, and serum o-2,6 ST. Furthermore, serum and
salivary o-L-fucosidase activity and serum sialidase activity significantly distinguished controls and
patients with OPC. Serum and salivary sialidase, o-L-fucosidase, and serum o-2,3 ST activity were
higher in patients with metastasis as compared to nonmetastatic patients. Higher values of serum
a-L-fucosidase activity were significantly associated with low-overall survival.

CONCLUSION: The increased levels of enzymes correlated with tumor initiation, progression, and
metastasis in oral cancer patients. The alterations in glycosyltransferases/glycosidases thus support
the view of glycosylation as a hallmark of cancer.

Keywords:

Fucosidase, fucosyltransferase, glycosylation, glycosyltransferase, hallmark, oral cancer, saliva,
sialidase, sialyltransferase

Introduction hallmarks.!”! Glycosylation, the most

abundant posttranslational modification
of proteins, is also considered as a new
hallmark of cancer.?*?!

he development of a cancer phenotype

involves tumorigenesis and
ultimately metastasis. Initially, Hanahan
and Weinberg proposed six hallmark
capabilities for the understanding of
neoplastic process.!! Gradually, there were
subsequent additions of newly identified

Sialylation and fucosylation are the most
abundant forms of glycosylation known to
play a significant role in tumor formation
and metastasis.*”! Sialylation is regulated
mainly by sialyltransferase (ST) and sialidase
enzymes, which regulates the formation of
sialoglycoconjugates.”!Similarly, fucosylation
isregulated by fucosyltransferase (FUT) and
o-L-fucosidase enzymes, which regulate

This is an open access journal, and articles are
distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work
non-commercially, as long as appropriate credit is given and the
new creations are licensed under the identical terms.

How to cite this article: Vajaria BN, Patel KA,
Patel PS. Role of aberrant glycosylation enzymes in
oral cancer progression. J Carcinog 2018;17:5.

For reprints contact: reprints@medknow.com

© 2018 Journal of Carcinogenesis | Published for Carcinogenesis Press by Wolters Kluwer - Medknow 1



Vajaria, et al.: Aberrant glycosylation enzymes in oral cancer

the formation of fucoproteins. One of the mechanisms
associated with altered glycosylation in cancer includes
altered glycosidase and glycosyltransferase enzymes,
which supports the view of Dall’Olio et al.¥! It has
been suggested that the relationship between altered
glycosylation and altered signal transduction is
bidirectional. The cancer-associated alterations in signal
transduction pathways lead to increased expression of
specific glycosyltransferase which is responsible for
altered glycosylation pattern.”’ The alterations of these
glycosyltransferase enzymes might be by dysregulation
at the transcriptional level, dysregulation of chaperone
function as well as altered glycosidase activity.'”! Our
recent review considered various aspects in view of
glycosylation as a new hallmark of cancer and effectively
summarized various studies on aberrant glycosylation
including alterations in glycosyltransferases and
glycosidases in various cancers. It also highlighted
the correlation of glycosylation with other various
hallmark capabilities involved in tumor progression
and malignant transformation.’! Earlier studies have
reported the altered expression of sialylation and
fucosylation enzymes in various cancers.>*! However,
most of the studies have used tissues or serum sample
source. Moreover, all sialylation and fucosylation enzyme
alterations have not been evaluated together in patients
with oral precancerous conditions (OPC), oral cancer
patients, and posttreatment follow-ups. According to
GLOBOCAN 2012, the estimated incidence of oral cancer
is 300, 373 (2.1%), and mortality is 145,353 (1.8%).' As
per recent reports, there is a changing trend in incidence
and prevalence of oral cancer with more youngsters
and women being affected by oral cancer."? The major
problem is metastasis which occurs even at the diagnosis
of the disease; however, it is left undetected due to the
lack of biomarkers early disease. There is also a need for a
noninvasive tool for early detection and easy monitoring
of oral cancer. Salivary diagnostics is getting increasing
attention due to its noninvasiveness, easy availability,
and possibility of repeated sampling during follow-ups
for clinically useful biomarker detention.'” The present
study was therefore focused on enzymes involved
in glycosylation and evaluated serum and salivary
sialidase, a-2,3 and a-2,6 ST, and o-L-fucosidase to
understand its utility in early detection and monitoring
of OPC and oral cancer.

Materials and Methods

Subjects

The study was approved by Institutional Review Board
of the Institute. Due consent was obtained from all the
participants to participate in the study. The participants
consisted of 100 healthy individuals (controls) who had
no major illness in the past, 50 patients with OPC and
100 histopathologically proven untreated oral cancer
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patients. The patients with OPC and oral cancer patients
were enrolled from the outpatients” department of the
Institute. Out of 50 patients with OPC, 39 patients were
with oral submucous fibrosis and 11 patients were with
leukoplakia. Pathological tumor, node, and metastasis
staging of malignant diseases was performed as per
the American Joint Committee on Cancer norms.!
The clinicopathological details of oral cancer patients
are as depicted in Supplementary Table 1. The patients
were followed after anticancer treatment. A total of
46 posttreatment follow-up samples were collected,
and they were divided into complete responders (CR)
and nonresponders (NR) based on the clinical and
radiological findings as described by Therasse et al.l'’]
CR (n = 38) were those who showed good response to
anticancer treatment and nonresponders NR (1 = 8), the
patients with the stable progressive disease or with no
response to anticancer treatment.

Fasting blood samples were collected by venipuncture
from all participants and serum was separated and
stored at —80°C until analyzed. For collection of saliva
spit, the participants were asked to rinse their mouth
with water and expel out. The patients were then asked
to spit unstimulated whole saliva into a 50 mL falcon
tube and the tube was put on ice, while more saliva in a
final volume of 5 mL was collected. Saliva was processed
immediately after sample collection. Saliva samples were
centrifuged at 2600 g for 15 min at 4°C, supernatant was
collected and after protease inhibitors addition,” the
samples were stored at —80°C until analyzed.

Methodology

Estimation of total proteins

Total protein levels from saliva supernatant were
determined using the Lowry’s method.!" Total protein
estimation from serum was performed by Biuret
method.[™!

Sialidase assay
Sialidase activity was performed by spectrofluorometric
method as described by Vajaria ef al.l"!

10 ul enzyme source (serum/saliva supernatant) was
taken for the assay. Finally, the released fluorescent
substrate 4-methylumbelliferone (MU) was recorded
spectrofluorometrically using excitation at 365 nm
and fluorescence emission at 450 nm. The results were
expressed as mU/mg protein.

Biotinylation of lectins

Biotinylation of lectins Sambucus nigra agglutinin
and Maackia amurensis agglutinin (Sigma, USA) was
performed according to the procedure of sulfo-NHS
Biotinylation kit (Pierce, IL, USA). Biotin conjugated
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lectins were used for detection of a-2,6 and o-2,3 linkage
specific STs.

02,6 and o.-2,3 sialyltransferase activity

Serum and salivary o-2,6 and o-2,3 ST activities were
assessed by ELISA method as described by Hakomori
et al. and Yeh and Cummingsm, respectively.' The
absorption of microplate was read at 405 nm. The results
were depicted as mU/mg protein.

o-L-fucosidase activity

a-L-fucosidase activity was measured using
spectrophotometric method as described by Vajaria
et al.*120 ul of enzyme source (serum/saliva supernatant)
was used in the assay. The enzyme activity was
expressed as a specific activity: MU/mg protein. The
unit was defined as micromoles of product formed per
minute per mg of protein.

Statistical analysis

Statistical analysis was performed using SPSS statistical
software version 15.0. Student’s independent ‘t'-test
was performed to compare the levels between
different groups. Student’s Paired ‘t’-test was
performed to compare levels in pretreatment (PT)
and CR, and PT and NR groups. Receiver operating
characteristic (ROC) curves were constructed to
analyze the distinguishing capability of the markers
and also to obtain an optimal cutoff point for survival
analysis. Kaplan-Meier’s survival analysis was used
to analyze the correlation of the markers with overall
survival and significance of differences in survival
rates was analyzed by Log-rank test. The values
were expressed as the mean + standard error of
mean and “P” < 0.05 was considered as statistically
significant.

Results

Serum and salivary enzymes are progressively
increased from controls, patients with oral
precancerous conditions and oral cancer patients
Figure 1a, b and Table 1 depict levels of serum and
salivary sialidase, 0-2,3 ST, a-2,6 ST, and a-L-fucosidase
enzymes in controls, patients with OPC and oral
cancer patients with a statistical significance of the
alterations. It was observed that the levels of serum
and salivary sialidase activity depicted an increasing
trend from controls to patients with OPC to oral cancer
patients. In addition, serum and salivary levels could
significantly (P < 0.0001) discriminate controls from oral
cancer patients. Moreover, salivary sialidase activity
significantly (P = 0.002) distinguished patients with OPC
and oral cancer patients. Our broadened view was to
study glycosylation enzymes from serum, saliva, and
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Figure 1: (a) Levels of serum sialidase, 0-2,3 and o:-2,6 sialyltransferase and
a-L-fucosidase enzymes in controls, patients with oral precancerous conditions
and oral cancer patients. The values are expressed as mean + standard error of
mean in mU/mg protein. (b) Levels of salivary sialidase, 0-2,3 sialyltransferase,

02,6 sialyltransferase, and a-L-fucosidase enzymes in controls, patients with oral
precancerous conditions and oral cancer patients. The values are expressed as
Mean + standard error of mean in mU/mg protein

Table 1: Statistical significance of the enzymes
levels for discriminating controls, patients with oral
precancerous conditions and oral cancer patients

Parameters Controls Controls Patients with

versus versus oral  OPC versus

patients with cancer oral cancer
OPC patients patients
Serum sialidase P=0.076 P<0.0001 P=0.064
Salivary sialidase P=0.184 P<0.0001 P=0.002
Serum o-2,3 ST P=0.482 P=0.456 P=0.516
Salivary 0-2,3 ST P=0.463 P=0.280 P=0.777
Serum o-2,6 ST P=0.418 P=0.534 P=0.703
Salivary 0-2,6 ST P=0.593 P=0.045 P=0.045
Serum P<0.0001 P<0.0001 P=0.422

a-L-fucosidase

Salivary P=0.088 P=0.001 P=0.310

a-L-fucosidase
OPC: Oral precancerous conditions, ST: Sialyltransferase

tissues. In connection with our present results, we have
earlier studied glycosylation enzymes from tissues.l>']
Our earlier data have indicated significant (P = 0.05)
increased levels of sialidase activity in malignant tissues
as compared to adjacent normal tissues. In the present
study, the results depicted an increasing trend of serum
and salivary 0-2,3 and o.-2,6 ST from controls to patients
with OPC to oral cancer patients. Furthermore, the levels
of a-2,3 and a-2,6 ST were found to be significantly
elevated (P < 0.0001) in saliva as compared to serum.
Salivary o-2,6 ST significantly (P = 0.045) distinguished
controls and oral cancer patients, and patients with OPC
and oral cancer patients (P = 0.045). Our earlier study
in a different group of participants has shown that the
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levels of tissue 0-2,6 and a-2,3 ST were significantly
elevated in malignant tissues as compared to adjacent
normal tissues.” In the present study, serum and salivary
o-L-fucosidase activity was significantly (P < 0.0001 and
P = 0.001, respectively) higher in oral cancer patients
as compared to controls. Serum o-L-fucosidase also
showed significantly higher levels (P < 0.0001) in patients
with OPC as compared to controls. Earlier results
from our laboratory have also indicated that tissue
o-L-fucosidase activity was significantly (P < 0.001)
higher in malignant tissue as compared to adjacent
normal tissues.! The results from our laboratory have
also indicated significantly (P < 0.05) elevated serum
FUT (P < 0.05) in patients with OPC and oral cancer
patients in comparison with controls.!

Receiver operating characteristic curve analysis of
the enzymes exhibited significant discriminatory
efficacy between controls, patients with oral
precancerous conditions and oral cancer patients
ROC curve analysis of the enzymes is shown in Table 2.
The data analysis depicted significant discriminatory
efficacy of serum sialidase activity (P = 0.0001), salivary
sialidase activity (P <0.0001), serum ¢-2,6 ST (P = 0.0010),
serum o-L-fucosidase activity (P < 0.0001), and salivary
o-L-fucosidase activity (P < 0.0001) in distinguishing
between controls and oral cancer patients. ROC curve
analysis also indicated significant discriminatory
efficacy of serum sialidase activity (P = 0.0184), serum

o-L-fucosidase activity (P < 0.0001), and salivary
o-L-fucosidase activity (P = 0.0118) in distinguishing
controls and patients with OPC. Moreover, ROC curve
analysis could significantly distinguish patients with
OPC and oral cancer patients by means of the alterations
in levels of serum sialidase activity (P = 0.0528), salivary
sialidase activity (P = 0.0002), serum o.-2,6 ST (P = 0.0026),
and salivary o-L-fucosidase (P = 0.0025).

The glycosylation enzymes levels were increased with
the disease advancement

As shown in Table 3, it was observed that the levels
of serum and salivary fucosidase activity, serum and
salivary sialidase activity, and salivary o-2,3 ST and 0.-2,6
ST were higher in advanced stage as compared to early
stage disease. It was observed that the levels of salivary
sialidase activity were significantly (P = 0.045) higher in
metastatic disease as compared to nonmetastatic disease.
Earlier studies from our laboratory have also indicated
that tissue 0-2,6 and a-2,3 ST enzyme activities were
increased from Stage I to Stage IV of disease.”

The alterations in enzymes levels showed significant
correlation with treatment outcome

The enzymes levels were compared between PT, CR, and
NR patients and results are in bar charts [Figure 2a and b].
The statistical significance of the data is documented in
Table 4. It was observed that levels of serum sialidase,
salivary a-2,3 ST, salivary a-2,6 ST, and serum

Table 2: Receiver’s operating characteristics curve analysis of enzymes to discriminate between controls,
patients with oral precancerous conditions and oral cancer patients

Groups compared Serum Salivary Serum Salivary Serum Salivary Serum Salivary
sialidase sialidase = @¢-2,3ST ¢-2,3ST 0-2,6 ST 0-2,6 ST o¢-L-fucosidase «o-L-fucosidase
activity activity activity activity

Controls versus oral

cancer patients
Cutoff 0.00034 0.0272 0.0027 0.5904 0.0034 0.0708 2.3x10° 30.0x10°®
AUC 0.774 0.833 0.589 0.507 0.649 0.588 0.695 0.689
Significance P=0.0001 P<0.0001  P=0.0578 P=0.8864 P=0.0010 P=0.0608 P<0.0001 P<0.0001
Sensitivity (%) 66.7 72.41 - - 60.49 76.32 54.0 62.0
Specificity (%) 89.3 80.77 - - 67.16 41.89 721 69.4

Controls versus patients

with OPC
Cutoff 0.00031 0.0161 0.0042 0.1043 0.0046 0.114 2.3x10° 20.0x10°®
AUC 0.677 0.640 0.549 0.594 0.511 0.515 0.703 0.633
Significance P=0.0184 P=0.0764 P=0.3854 P=0.1043 P=0.8429 P=0.7865 P<0.0001 P=0.0118
Sensitivity (%) 76.0 80.0 - - - - 64.4 72.2
Specificity (%) 60.7 50.0 - - - - 74.4 46.2

Patients with OPC versus

oral cancer patients
Cutoff 0.00034 0.0219 0.0030 0.1922 0.0030 0.112 3.2x10-° 30.0x10°®
AUC 0.667 0.749 0.577 0.589 0.650 0.602 0.506 0.652
Significance P=0.0528 P=0.0002 P=0.1388 P=0.1068 P=0.0026 P=0.0599 NS P=0.0025
Sensitivity (%) 66.7 79.3 - - 44.44 43.4 - 64.1
Specificity (%) 84.0 64.0 - - 83.72 79.1 - 68.5

ST: Sialyltransferase, OPC: Oral precancerous conditions, AUC: Area under the ROC curve, ROC: Receiver’s operating characteristics, NS: Not significant
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35.78+6.69
P=0.048 (1 vs. 4)

2.435+0.108

0.1116+0.00827
P=0.141 (1 vs. 4)

0.003970.00046
P=0.137 (1 vs. 4)

0.3747+0.09085

0.00445+0.00049

P.

0.0367+0.0042

P.

0.00039+0.000031

Nonmetastatic

(4)

0.001 (1 vs. 4)
2.726+0.170
P<0.0001 (1 vs. 5)

=

P:

0.422 (1 vs. 4)
0.4089+0.1046

P=

0.374 (1 vs. 4)
0.00386+0.00038

=

0.001 (1 vs. 4)
0.064+0.0183
P<0.0001 (1 vs. 5)

=

P=0.002 (1 vs. 4)

37.54+2.89
P=0.010 (1 vs. 5)

0.1164+0.01615
P=0.176 (1 vs. 5)

0.00333+0.00029

0.00044+0.000045
P<0.0001 (1 vs. 5)

Metastatic (5)

P=0.015 (1 vs. 5)

0.339 (1 vs. 5)

P=

0.374 (1 vs. 4)

P=0.620 (4 vs. 5)

0.136 (4 vs. 5)

P=0.769 (4 vs. 5)

P=0.390 (4 vs. 5)

0.822 (4 vs. 5)

P=

0.081 (4 vs. 5)

P=

0.045 (4 vs. 5)

P=0.405 (4 vs. 5)

ST: Sialyltransferase, SEM: Standard error of mean

a-L-Fucosidase
= a-2,6 ST
=
14
*
a-2,3ST
Sialidase*10-2
E 0.0000 0.0200 0.0400 0.0600
mU/mg protein
a-L-Fucosidase
a-2,6 ST
< 4
= mPTc
z CR
»
a-2,3 ST =PTn
mNR
Sialidase*10-1
0.0000 0.2000 0.4000 0.6000 0.8000 1.0000
b mU/mg protein

Figure 2: (a) Serum a-L-fucosidase, 0-2,3 and c:-2,6 sialyltransferase and
sialidase in PT, complete responder and nonresponders patients. The values are
expressed as mean + standard error of mean in mU/mg protein PTc: Pretreatment
levels of CR, PTn: Pretreatment levels of nonresponders. (b) Salivary
o-L-fucosidase, o-2,3 and 0.-2,6 sialyltransferase and sialidase in pretreatment,
complete responder and nonresponders patients. The values are expressed as
mean + standard error of mean in mu/mg protein PTc: Pretreatment levels of CR,
PTn: Pretreatment levels of nonresponders

o-L-fucosidase activity were significantly (P = 0.034,
P=0.010, P=0.001, and P = 0.034, respectively) decreased
in CR as compared to PT levels. Serum o-2,6 ST activity
was observed to be significantly (P = 0.012) decreased in
CR while levels were significantly (P = 0.024) elevated
in NR as compared to PT levels.

Survival analysis was also performed for all the
enzymes, and ROC cutoff was used as an optimal
cutoff point for calculating overall survival. Our study
revealed that higher values (above ROC cutoff) of serum
o-L-fucosidase activity were significantly (P = 0.023)
associated with lower overall survival as depicted in
Table 5.

Discussion

Sialylation and fucosylation enzymes being the key
players in regulating glycosylation machinery of the cell
the study was focused on enzymes involved sialylation
and fucosylation in patients with OPC and oral cancer
patients. The results depicted an increasing trend of
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serum and salivary sialidase activity from controls to
patients with OPC to oral cancer patients and significantly
discriminated controls and oral cancer patients.
Furthermore, salivary sialidase activity significantly
distinguished patients with OPC and oral cancer patients,
which was also supported by ROC curve analysis. In
concordance with our results, Reuter et al. have reported
elevated levels of sialidase activity in oral secretions of
patients with upper aerodigestive tract tumors.'® Our
results also depicted significantly increased levels of
sialidase activity in malignant oral cancer tissues as
compared to adjacent normal tissues. Previous studies
have observed higher sialidase activity or different
sialidases such as Neuraminidase (Neu) 1, Neu2, Neu3,
and Neu4 in various cancers.”?!I The elevated levels of
sialic acid in cancer patients might be due to increased
sialidase activity. In a different study, we have also
reported increased salivary total sialic acid in patients
with OPC and oral cancer patients."! Increased sialic
acid also contributes to the process of metastasis. We
observed higher levels of serum and salivary sialidase

Table 4: Statistical significance of the enzyme levels
for discriminating pretreatment, complete responders
and nonresponders follow-up patients

Parameters PT versus CR PT versus NR
Serum sialidase P=0.034 P=0.376
Salivary sialidase P=0.059 P=0.193
Serum 0-2,3 ST P=0.107 P=0.812
Salivary 0-2,3 ST P=0.010 P=0.993
Serum 0-2,6 ST P=0.012 P=0.024
Salivary 0-2,6 ST P=0.001 P=0.314
Serum o-L-fucosidase P=0.034 P=0.081
Salivary o-L-fucosidase P=0.306 P=0.450

ST: Sialyltransferase, PT: Pretreatment, CR: Complete responders, NR:
Nonresponders

activities in patients with LN-metastasis and advanced
disease as compared to patients without LN-metastasis
and early-stage disease, respectively. Earlier studies
have documented the significant difference in serum
and tissue sialidase activity between different tumor
grades of tumor in breast cancer.*? It was interesting
to note that serum and salivary sialidase activity were
significantly decreased in CR as compared to PT levels
and the salivary sialidase activity was elevated in NR
as compared to their corresponding PT levels. It was
remarkable that levels increased before clinical detection
of recurrence and decreased in patients with remission.
To the best of our knowledge, there are no studies on
serum and salivary sialidase activity in posttreatment
follow-ups of oral cancer patients.

We observed an increasing trend of serum and salivary
o-2,3 and 0-2,6 ST from controls to patients with OPC to
oral cancer patients. The a-2,3 and 0-2,6 ST levels were
significantly elevated in saliva as compared to serum.
Salivary o-2,6 ST significantly distinguished patients
with OPC and oral cancer patients. ROC curve analysis
indicated that serum o-2,6 ST significantly distinguished
patients with OPC and oral cancer patients. Our study
on a different group of patients has also indicated
significantly elevated levels of a-2,6 and «-2,3 ST in
malignant tissues as compared to adjacent normal
tissues. Several studies have documented de-regulated
expression of serum/tissue ST enzyme in various cancers
such as colorectal, liver, gliomas, and oral cancer.[>?>!
Our earlier reports have reported increased ST3GALI
mRNA expression in malignant oral cancer tissues as
compared to adjacent normal tissues, which depicted
it is important role in oral cancer pathogenesis.! The
increased mRNA expression of ST3GALI indicated

Table 5: Kaplan—Meier’s Survival analysis of enzymes involved in glycosylation

Parameters ROC cutoff ROC cutoff Below cutoff Above cutoff Log rank Significance
(AUC) sensitivity/specificity ~ survival estimate survival estimate (mantel Cox)
P (months)+SEM (months)+SEM 72

Serum sialidase 0.00034 (0.774) 66.7%/89.3% 37.583+7.719 41.697+2.842 0.335 P=0.563

activity P=0.0001

Salivary sialidase 0.0272 (0.833) 72.4/80.8 41.750+5.099 39.932+3.437 0.204 P=0.652

activity P<0.0001

Serum 0-2,3 ST 0.0027 (0.589) 33.3%/90.9% 39.565+3.330 40.2+2.798 0.002 P=0.964
P=0.0578

Salivary 0-2,3 ST 0.5904 (0.507) 21.43%/96.92% 39.0+2.337 40.5+4.209 0.319 P=0.572
P=0.8864

Serum 0-2,6 ST 0.0034 (0.649) 60.5%/67.2% 38.014+2.977 39.155+2.589 0.117 P=0.732
P=0.0010

Salivary 0-2,6 ST 0.0708 (0.588) 76.35%/41.9% 39.465+3.535 39.587+2.332 0.131 P=0.718
P=0.0608

Serum 2.3x107° (0.695) 54.0%/72.1% 41.40+1.72 35.91+2.89 5.190 P=0.023

a-L-fucosidase P<0.0001

Salivary 30x10° (0.689) 62.0%/69.4% 38.62+3.73 39.26+2.29 0.089 P=0.765

a-L-fucosidase P<0.0001

ST: Sialyltransferase, ROC: Receiver’s operating characteristics, SEM: Standard error of mean, AUC: Area under the ROC curve
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the elevation of ST activity in oral cancer patients. We
observed higher levels of salivary a-2,3 ST in patients
with LN-metastasis/advanced disease as compared to
the patients without LN-metastasis / early disease. Earlier
studies have found higher serum/tissue ST activity in
metastatic disease in various cancers.>*!

The progress made in the development of drugs
inhibiting glycosylation may also prove wonders in the
inhibition of cancer metastasis and invasion. There is
much advancement in inhibitors of ST and FUT, which
plays an important role in inhibiting overall sialylation
process.?! Our recent review also summarized the details
on inhibitors of pathways of sialylation.!"” The inhibitors
included various lithocholic derivatives, fluorinated
analogs, and other glycomimetics and inhibition using
antisense or small hairpin RNA. Glycosyltransferases
have been reported as potent drug targets for inhibiting
glycosylation.””! Various STs and FUTs subtypes are
involved in the formation of SLe* antigens. Studies
have shown that alterations in tumor antigens play an
important role in tumorigenesis.?**!

It was observed that the levels of serum and salivary
0-2,6 ST along with salivary a-2,3 ST were found to
be significantly decreased in CR as compared to PT
levels. The results strengthened our earlier studies in a
different group of participants that depicted significantly
decreased levels of serum o-2,6 ST and o-2,3 ST in CR
as compared to PT levels.”! The result highlights the
importance of STs in treatment monitoring of oral cancer
patients during follow-ups.

Our study revealed a significant increase in serum and
salivary a-L-fucosidase activity in patients with OPC
and oral cancer patients. The results also highlighted
its usefulness in treatment monitoring of oral cancer
patients. The ROC curve analysis revealed that serum
and salivary o-L-fucosidase activity could significantly
discriminate controls and oral cancer patients as well as
controls and patients with OPC. Salivary o-L-fucosidase
activity also significantly distinguished patients
with OPC and oral cancer patients. The alterations in
patients with OPC signify its usefulness in screening
for early detection of disease. The increased activity of
o-L-fucosidase in serum/tissues is reported in various
malignancies.>*#! Qur earlier study has correlated
serum and salivary o-L-fucosidase activity with total
sialic acid."*! The present study also observed the higher
activity of serum and salivary a-L-fucosidase activities
in advanced and metastatic disease as compared to early
and nonmetastatic disease, respectively. Increased serum
o-L-fucosidase activity has been earlier observed to be
correlated with stage of disease.**! A significant decrease
in serum o-L-fucosidase activity was noticed in CR as
compared to the corresponding PT value. In concordance

Journal of Carcinogenesis - 2018, 17: 5

with our data, previous investigations have also reported
decreased serum a-L-fucosidase activity after treatment
in cancer.*®! Ayude ef al. have observed significant
clinical utility of serum o-L-fucosidase activity in
diagnosis, prognosis, early detection of recurrence and
overall management of colorectal cancer.* Our study
revealed that higher values of serum a-L-fucosidase
activity were significantly associated with lower
overall survival. However, there is a dearth of reports
on correlation with overall survival in oral cancer
patients. Our earlier study has documented alterations
in serum and tissue FUT in oral cancer patients. Similar
alteration was also observed in other cancers.* In the
present study, we observed alterations of sialylation and
fucosylation enzymes in serum and saliva, which was an
extension of our earlier work which reported increased
levels in tissues. The levels were observed to be increased
in saliva as compared to serum; this increase might be
due to direct contact of saliva with oral cancer lesions.

Conclusion

Our study revealed alterations in glycosylation enzymes
in serum, saliva, and tissues of patients with OPC and
oral cancer patients, which highlights that the changes
in serum/tissues are also reflected in saliva. Thus, it
signifies the importance of altered glycosylation enzymes
in diagnosis, prognostication, and treatment monitoring
and serves as clinically relevant biomarker in oral cancer.
It may hold up the conception that glycosylation is a
new hallmark of cancer. Further, the mechanism of the
altered enzymes leading to altered glycan structures
responsible for controlling cellular cancer phenotype
can be evaluated.
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Supplementary Table 1: Clinicopathological details of

oral cancer patients

Clinical details

Oral cancer
patients (n=100)

Disease site
Buccal mucosa
Oral tongue
Alveolus

Other sites (lip, central arch, hard palate,
floor of mouth, retromolar trigone, and
gingivobuccal sulcus)

Multiple sites
Histopathology
Squamous cell carcinoma
Verrucous carcinoma
Lymph node metastasis
No/yes
Undefined
Stage of disease
Early disease (I+II)
Advanced disease (ll1+IV)
Undefined
Tumor differentiation
Well
Moderate
Poor
Undefined

45

21
8

18

97

56/34
10

(16+16) 32
(08+54) 62
6

33
57
5
5




