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a b s t r a c t

Oral cancer with high incidence rates is occurring in many countries including in India,

Pakistan, Bangladesh, Sri Lanka and Taiwan. Smoking, alcoholism, and betel nut chewing

are considered to be the main risk factors for oral cancer. Further, deaths from oral cancer

have increased year by year. Although several oral cancer-associated biomarkers have

been reported, very few useful biomarkers have been applied for early diagnosis. There-

fore, the investigation of oral cancer-specific biomarkers is urgently needed. We previously

investigated N-glycomes of oral cancer cells and patient plasma. We found that both mRNA

levels of FUT8 and core-fucosylated glycoproteins increase in cases of oral cancer relative

to normal cases. In this study we aim to discover novel core-fucosylated glycoprotein

biomarkers for oral cancer diagnosis with glycoproteomic approaches. First, forty plasma

samples obtained from the Human Bioinformation Bank of NCKUH were subjected to AAL

(Aleuria aurantia lectin) affinity chromatography. Core-fucosylated proteins were collected

and applied for LC-MS/MS followed by electrophoresis. Fourteen proteins were identified,

and expression levels of proteins in plasma were verified by western blot. Expression levels

of some glycoproteins were elevated in the oral cancer group, including ceruloplasmin,

haptoglobin, and leucin-rich alpha-2-glycoprotein 1 (LRG1). However, levels of some gly-

coproteins decreased in the cancer group, including apolipoprotein A-I (apo A-I) and

apolipoprotein A-IV (apo A-IV). Via ELISA analysis, we found that apo A-IV and apo A-IV/

total protein ratios were decreased in plasma accompanied with cancer stages. The

LRG1/total protein ratio was found to increase while plasma levels of LRG1 were not found

to differ between the oral cancer plasma and normal groups. An ROC curve analysis reveals
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strong diagnosis performance when combining apo A-IV levels and LRG1/total protein

ratios. Taken together, apo A-IV and LRG1, given their strong performance in detecting oral

cancer, can serve as useful biomarkers and may be used as a useful tool for oral cancer

screening and early diagnosis.

Copyright © 2019, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan

LLC. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Oral cancer, caused bymalignancies occurring in the oral cavity

and oropharynx, is a form of head and neck cancer accounting

for roughly 90 percent of cases of squamous cell carcinoma [1].

Smoking, alcoholism, and betel nut chewing, cultural practices

in Asian countries, are the main risk factors of oral cancers. In

Asia, oral cancer is one of the six most frequent cancers with

high incidence rates reported in many countries such as India,

Pakistan, Bangladesh, Sri Lanka and Taiwan [2,3]. Oral cancer is

believed tomainly occur in the elderly among those between 50

and 70 years of age. However, a shift toward younger cases has

recently been observed, with the percentage of patients below

40 years of age increasing to 17%. In terms of gender, men

present higher incidence rates than women in most of the

countries. In Japan, the male to female ratio is 1.45, that for

Pakistan is 1.5, and that for Yemen is 1.65, and Taiwan presents

the highest ratio of 10.5 [4]. According to the Taiwan cancer

registry, oral cancer is the fourth leading cause of mortality

among men with prevalence and incidence rates increasing

each year [5].While the five-year survival rate of oral cancer can

be improved with early diagnosis and treatment, physical ex-

aminations of oral cavities with biopsy confirmation remain as

the main screening and diagnosis methods used, leading to

delays in diagnosis and accounting for the majority of patients

with late-stage presentation [6]. Althoughmany screening tests

have been developed, such as Toluidine blue and Fluorescence

staining tests, Exfoliative cytology tests and Brush biopsies,

varying sensitivity to these examinations makes it difficult to

lower risks of dying from oral cancer [7]. Rather, by the time

they are identified, most oral and oropharyngeal cancers have

alreadymigrated to lymph nodes or to other areas [8]. Thus, the

development of effective screening tests that can detect oral

cancer early on is urgently needed.

Glycosylation is an important regulatory mechanism

involved in several biological processes, including those of cell

proliferation, differentiation, inflammation, cell-cell interac-

tion and carcinogenesis. The progression of malignancies

such as cancer development and metastasis is considered to

be associated with glycosylation alterations of cell surface

proteins [9e11]. As aberrant glycosylation occurs, it can

influence many physiological and pathological events,

contributing to cancer progression aswell as angiogenesis and

metastasis. Glycans alterations of malignancies take multiple

forms such as those of over or underexpression, truncation,

modified branching, precursor accumulation and less

commonly the appearance of novel structures [12]. In oral

cancer, the dysregulation of the N-glycosylation-regulating

gene, DPAGT1, which controls the N-glycosylation of E-cad-

herin and alters gene coexpression networks among DPAGT1,

Wnt and E-cadherin, has been proven to be a major cause of

oral cancer progression [13,14]. Wei-ling, Lin et al. also

revealed that oral cancer migration can be promoted by the

glycosylation of Lewisy antigen on epidermal growth factor

receptors [15]. Moreover, sialylation and fucosylation, which

are considered to be the two of most commonly occurring

cancer-associated changes in N-glycosylation [16], have been

found to be associated with oral cancer [17e19].

Glycoproteomics, different from proteomics and glyco-

mics, involves the study of protein glycosylation, which is

involved in several physiological functions and biological

processes. Glycoprotein enrichment and proteomics technol-

ogies are integrated to systematically identify and quantify

glycoproteins in sample mixtures. Mass spectrometry, which

is commonly used to identify proteins and to characterize

glycan structures, has played a crucial role in the determina-

tion of the mass of glycopeptide and glycoprotein sequencing

[20]. Owing to the considerable complexity of biological sam-

ples, the constitution of glycans of a single glycoprotein is too

limited to detect directly. Thus, lectins and hydrophilic affinity

gel for glycoprotein enrichment are always used prior to mass

spectrometry for the identification of glycan and glycopep-

tides [21]. In recent years, it has been of great interest to apply

glycoproteomic technological strategies to clinical trans-

lational research and especially to glycoprotein biomarkers.

In our previous studies we found that fucosylation and

especially core-fucosylation is enhanced in oral cancer cells

relative to normal gingival keratinocytes [22]. We have also

identified several serum N-glycans that can serve as valuable

biomarkers for oral cancer diagnosis [23]. To further identify

novel biomarkers for the early diagnosis of oral cancer, core-

fucosylated serum glycoproteins of normal volunteers and

patients were purified by lectin chromatography, and the

alteration of glycoproteins was analyzed by electrophoresis

andmass spectrometry. The identified glycoproteinswere then

verified by western blotting and finally validated by ELISA.

2. Materials and methods

2.1. Plasma samples

This study was approved by National Cheng Kung University

Hospital Institutional Review Board. Plasma samples of oral

cancer patients (N ¼ 40, test group; N ¼ 71, validation group;

Supplementary Table 1) were obtained from the National

Cheng Kung University Hospital Human Bioinformation Bank.
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Cancer-free healthy volunteers (N ¼ 40 of 40 years of age and

above; N ¼ 15 of under 40 years of age) were recruited and

venous blood was collected into Becton Dickinson (BD) EDTA-

treated tubes (lavender tops) in cooperation with the Health

Examination Center over two months. Each volunteer subject

to routine health examination within the normal physiolog-

ical range fasted for 8e12 h and was sampled in the morning.

Blood sampling was executed by a professional medical

technologist. All blood samples were centrifuged at 3000 rpm

for 10 min and upper liquid (plasma) was transferred into

clean microcentrifuge tubes stored at �80 �C immediately

after collection. Samples with hemolysis, lipemia and icteric

that could have generated invalid data were excluded.

2.2. Aleuria aurantia lectin (AAL) affinity
chromatography

To purify core fucosylated plasma proteins, 500 ml 50% slurry

of A. aurantia lectin conjugated agarose beads (Vector Labo-

ratory) was added to the columns. Before coupling with

plasma samples, beads were rinsed 3 times throughout the

column volume with TBS buffer (pH 7.4) to remove sugars

added to stabilize lectins in the storage buffer. Pooled plasma

samples of 500 ml were subjected to the lectin columns with

TBS buffer diluted 2 times after the depletion of albumin and

Immunoglobulin G. Mixtures in the columns were incubated

overnight at 4 �C and were quickly mixed on the rotor. The

separation of unbound plasma proteins was performed by

rinsing column volumes with TBS wash buffer 5 times. To

elute out the glycoproteins bound to the lectin beads, simple

sugar (L-fucose 100mM)was used as an elution buffer andwas

added to the column with 1 h of 4 �C incubation, and this was

followed by 10 rounds of column volumes of elution buffer

addition to the columns. Finally, the eluted target proteins

were collected and concentrated through Amicon® Ultra

centrifugal filters (Millipore).

2.3. In-gel digestion of proteins separated by SDS-PAGE
for mass spectrometry (MS) analysis

Excised gel bands with targeted proteins were cut into small

pieces and applied by enzyme digestion according to the

following procedure. After the elimination of Coomassie blue

dye via rinsing with 100 mM NH4HCO3/CH3CN (1:1 v/v), pro-

teins in gel pieces were reduced through the addition of

dithiothreitol (DTT) (10 mM final). Alkylation was performed

by adding iodoacetic acid (20 mM final) and by incubating the

samples for 30 min at room temperature in the dark followed

by the addition of CH3CN to dehydrate the gel pieces. Trypsin

solution (20 ng/ml) was then added to the gel samples at a 1:50

(w/w) ratio, and reactions were incubated at 37 �C for over 5 h.

Enzymatic digestionwas quenched through the addition of 1%

formic acid/2% CH3CN, and digested peptides were dried in a

speed-vac prior to mass analysis [24].

2.4. Liquid chromatographyemass spectrometry
(nanoflow LC�MS/MS)

High-resolution, high-mass accuracy nanoflow LC�MS/MS

was performed with a combined linear quadrupole ion trap

(LTQ) and Fourier transform ion cyclotron resonance (FT-ICR)

mass spectrometer (LTQ-FT system, Thermo Fisher Scientific,

Waltham, MA) equipped with a nanoelectrospray ion source

(New Objective, Woburn, MA), an Agilent 1100 Series binary

high-performance liquid chromatography pump (Agilent

Technologies, Palo Alto, CA), and a Famos autosampler (LC

Packings, San Francisco, CA). Each digested peptide solution

was injected onto a self-packed precolumn (150 mm

ID � 20 mm, 5 mm, 200 �A). Chromatographic separation was

performed on a self-packed reverse-phase C18 nanocolumn

(75 mm ID � 150 mm, 5 mm, 100 �A) using 0.1% formic acid in

water (mobile phase A) and 0.1% formic acid in 80% acetoni-

trile (mobile phase B). This was done by applying a linear

gradient from 5% to 40% mobile phase B for 40 min at a flow

rate of 300 nl/min provided across a flow splitter by the HPLC

pumps. Electrospray voltage was applied at 2 kV, and the

capillary temperature was set to 200 �C. A scan cycle was

initiated with a full-scan survey MS spectrum (m/z 300e2000);

this was performed with the FT-ICR mass spectrometer at a

resolution of 100,000 (at m/z 400). The 10 most abundant ions

detected in the scan were subjected to MS/MS analysis

performed in the LTQ mass spectrometer. Ion accumulation

(Auto Gain Control target number) and the maximal ion

accumulation time for full scanning and MS/MS modes were

set at 1 � 106 ions, 1000 ms and 5 � 104 ions, 200 ms, respec-

tively. Parameters for collision-induced dissociation were set

at 35% normalized collision energy, 0.3 activation Q, and 30ms

activation time [24].

2.5. Data evaluation and statistics

The identified protein data obtained via mass spectrometry

were exported to a table form with information on the mo-

lecular weights, intensities and analyzed scores of the protein

candidates. When comparing the duplicated results, proteins

with the top three analyzed scores were chosen and we

assessed potentiality based on previous studies. Fromwestern

blot results, relative abundances of plasma proteins for two

groups were first evaluated through a ManneWhitney U test.

For the ELISA results, the statistical significance of two groups

was determined using through a student's t test. The analysis

described above was conducted using GraphPad Prism

(version 5.0, GraphPad Software, Inc.) while considering a

р-value of & 0.05 as statistically significant. The receiver-

operator characteristic (ROC) curve analysis was conducted

with MedCalc (MedCalc Software bvba) and optimal cut-off

values were set according to the Youden's index (J).

3. Results

3.1. Purification and identification of core fucosylated
glycoproteins from albumin/IgG depleted plasma

In this study, A. aurantia lectin (AAL), which specifically rec-

ognizes fucose residues linked to N-acetylglucosamine, was

chosen to capture core fucosylated glycoproteins. To obtain a

sufficient volume of plasma glycoproteins of a certain glyco-

sylation type from one individual, pooled plasma was used in

the enrichment step. Plasma samples were sorted into three
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groups: a normal group (N), an oral cancer group without

regional lymph nodemetastasis (O1) and an oral cancer group

with regional lymph node metastasis (O2). Since albumin and

immunoglobulin G were the most abundant proteins that can

interfere with lectin-glycoprotein binding efficiency, both

were depleted prior to lectin chromatography. Equal amounts

(20 mg) of core fucosylated protein were loaded into SDS-PAGE

gel and glycoproteins were separated by molecular weight

into multiple protein bands visualized by Coomassie Blue

staining (Fig. 1A). In comparing the three groupswe found that

differences in patterns of the proportions of protein bands,

and protein bands with significant differences between

groups were then selected and identified. The experiments

were done in duplicate. After in-gel digestion followed by

mass spectrometry analysis, raw data with identified protein

information were exported to the table forms. First, we elim-

inated laboratory contaminant proteins such as keratin and

trypsin. Albumin, hemoglobin and immunoglobulin were

excluded as well. Second, data collected from the duplicate

experiments were compared and proteins overlapping in both

datasets were selected. Then, selected proteins were filtered

based on glycosylation features of the proteins with core

fucose. Finally, 14 protein candidates were preliminarily

assessed by reference consultation and are listed in Table 1.

A further analysis was conducted on seven protein candidates

through random selection (Table 2).

3.2. Western blot analysis of protein candidates

To evaluate differences in candidate proteins in plasma among

the normal and cancer groups, seven candidate proteins were

further analyzed bywestern blot. The results show that protein

levels of ceruloplasmin, haptoglobin and leucine-rich alpha-2-

glycoprotein 1 were significantly higher in the oral cancer

plasma than in the normal group with p-values of less than

0.001, 0.01 and 0.01, respectively (Fig. 1BeD). In contrast,

apolipoprotein A-I and apolipoprotein A-IV levels in the oral

cancer groupwere significantly lower than those of the normal

group with p-values of less than 0.05 and 0.01, respectively

(Fig. 1E, F). However, hemopexin and apolipoprotein A-II pre-

sented no significant differences in either group. To evaluate

the expression changes of these plasma glycoproteins, vol-

umes of candidate proteins between the normal and cancer

groups were further analyzed by ELISA analysis.

3.3. ELISA analysis of protein candidates

To confirm levels of ceruloplasmin, haptoglobin, leucine-rich

alpha-2-glycoprotein 1, apolipoprotein A-I and apolipopro-

tein A-IV observed through western blot analysis, 40 normal

volunteers (19 males and 20 females) and 40 oral cancer

plasmas were subjected to ELISA analysis. Haptoglobin (Hpt),

which is used to define conditions of hemolysis, is also

an acute-phase reactant (increasing levels of infection and

inflammation). Haptoglobin levels in the plasma showed no

discrepancies by gender. However, relative to the normal

group, the oral cancer group showed significantly lower levels

of haptoglobin. By comparison, among the cancer stages we

found that only stage IV showed significantly lower levels, and

no differences were observed in early stages (Fig. 1G).

Apolipoprotein A-IV (Apo A-IV) is the main circulating apoli-

poprotein, and an assessment of plasma through chylomi-

crons reveals very low levels of low-density lipoproteins

(VLDL) and HDL. No differences by gender were found.

Compared to the normal group, oral cancer patients tended to

present lower levels of apo A-IV in plasma. Further, a com-

parison of the cancerous and normal groups shows that with

the exception of stage I, the other three stages show a signif-

icant decrease in apo A-IV levels with p-values of less than

0.001, 0.01, and 0.001 (Fig. 1H). Moreover, it has been noted that

volumes of total proteins in plasma tend to be lower when

malignancies occur. A significantly decreased total amount of

plasma proteins was also found in oral cancer patients with

decreasing trends following cancer progression (Fig. 1I). To

eliminate the influence of reduced total protein levels found in

the patients, ratios of candidate proteins to total plasma

proteins were calculated and subjected to data analysis. We

found that the proportion of haptoglobin in all proteins

showed no significant differences while absolute quantities

of haptoglobin were lower in oral cancer plasma than in the

normal group. Although LRG1 presented no significant

changes in absolute quantities across the two groups, ratios of

LRG1/total protein gradually and significantly increased with

cancer progression (Fig. 1J). Further, apolipoprotein A-IV with

decreased absolute quantities in oral cancer plasma signifi-

cantly decreased in proportions of proteins and gradually

declined with cancer progression (Fig. 1K).

3.4. ROC curve analysis

According to the results of the ELISA analysis, apolipoprotein

A-IV and LRG1 are two biomarkers that may cause significant

alterations in plasma levels or in proportions of total proteins

in oral cancer plasma. To evaluate the diagnostic performance

of these two biomarkers for oral cancer diagnosis, an ROC

curve analysis was performed. As is shown in Fig. 2A, the

diagnostic performance of plasma levels of apolipoprotein

A-IV in detecting oral cancer is supported by our results: AUC

(area under the curve) ¼ 0.868, sensitivity ¼ 82.5%, and

specificity ¼ 73.6% with a significance level P (Area ¼ 0.5) of

<0.0001. An ROC curve analysis of LRG1/total protein ratios

was also performed and diagnostic performance in detecting

oral cancer is supported by the following results: AUC ¼ 0.814,

sensitivity ¼ 75%, and specificity ¼ 78.9% with a significance

level P (Area ¼ 0.5) of <0.0001 (Fig. 2B). An ROC curve analysis

of the combination of apo A-IV/total protein and LRG1/total

protein ratios was also conducted and the highest AUC of

0.913 with 85% sensitivity and 88.24% specificity was observed

(Fig. 2C). To verify the performance of the combination for

detecting early stages of oral cancer, stages I and II were iso-

lated and compared to the normal group. The results show

that the combination of apo A-IV and LRG1/total protein ratios

presents an AUC of 0.889 with 83.3% sensitivity and 89.7%

specificity for early stages of oral cancer (Fig. 2D).

3.5. Validation of LRG1/total protein and
apolipoprotein A-IV

To validate the role of LRG1/total protein and apolipoprotein A-

IV in oral cancer diagnosis, an independent validation group
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Fig. 1 e (A) SDS-PAGE analysis of core-fucosylated plasma proteins with Albumin/IgG depletion followed by AAL lectin

chromatography with Coomassie staining. Core fucosylated protein purified from normal (N)/oral cancer without lymphatic

metastasis (O1)/oral cancer for the lymphatic metastasis group (O2). Different proportions of proteins were compared and

protein bands with strong variations among groups were excised (arrows) followed by MALDI-TOF MS identification. The

relative abundance of (B) ceruloplasmin, (C) haptoglobin, (D) LRG1, (E) apolipoprotein A-I, and (F) apolipoprotein A-IV in

normal (N) and oral cancer patients (P) analyzed by western blot. Statistical results for different cancer stages of

(G) haptoglobin, (H) APO-AI, (I) total protein, (J) LRG1/total protein, and (K) APO-A IV/total protein levels in plasma.

***, p < 0.001; **, p < 0.01; *, p < 0.05 relative to normal results.
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with seventy-one OSCC patients (Supplementary Table 1) and

seventeen normal volunteers was used to evaluate the sensi-

tivity and specificity of apolipoprotein A-IV. Levels of LRG1 and

LRG1/total protein increased with oral cancer stages (Fig. 3A,

B). Based on the cutoff value set for the test group, the per-

formance of the validation group exhibits 77.0% sensitivity

with the detection of 53 of 69 cancer patients and 100% spec-

ificity with no normal volunteers falsely identified as cancer

patients (Fig. 3C). The ROC curve of the validation group also

shows strong performance with an AUC of 0.973.

Although the apo A-IV to total proteins ratio also shows a

decreasing trend, statistical significance was only observed in

late stages (Fig. 4A, B). Compared to the test group, the ratio of

apo A-IV to total proteins for the validation group exhibits

poor performance in discriminating oral cancer. Based on the

cutoff value set for the test group, the performance of the

validation group exhibits 92.9% sensitivity with the detection

of 66 of 71 cancer patients and 82.3% specificity with only 3 of

14 normal volunteers being falsely identified as cancer pa-

tients (Fig. 4C). The ROC curve of the validation group also

shows good performance with an AUC of 0.972.

4. Discussion

Oral cancer the sixth most frequently diagnosed for a cancer

with a high incidence rate reported in many countries and

with prevalence rates increasing each year [2]. However, the

diagnosis of oral cancer is currently only confirmed by open

biopsy. Although biopsy is effectively used to diagnose oral

cancer, it involves obvious defects such as invasiveness [25].

Therefore, effective biomarkers assisted by screening and

diagnosing oral cancers are in urgent need of development.

Biomarkers, which are defined as biological molecules in body

fluids, are important and useful tools for distinguishing

between health and the presence of disease. Although there is

still no specific biomarker for oral cancer, many oral cancer-

associated biomarkers have been identified in recent years.

Table 1 e List of candidate proteins identified by glycoproteomic approaches and correlations with other diseases in
literatures.

Glycoprotein MW(kD) Score Associated disease Protein levels/
Altered glycoforms

Detection technique

Haptoglobulin 45 997 Pancreatic cancer fucosylation MALDI-TOF, immunoblot

sialylation LC-MS/MS

Oral squamous cell carcinoma up-regulated ELISA

Ceruloplasmin 122 101 Hepatocellular carcinoma (HCC) core fucosylation LC-MS/MS

Pancreatic cancer sLeX increase LC-ESI-QTOF

Leucine-rich

alpha-2-glycoprotein

1 (LRG1)

38 105 Pancreatic cancer up-regulated MDLD

Ovarian cancer up-regulated ELISA, RT-PCR, WB, MS

Hemopexin 51 355 Hepatocellular carcinoma fucosylated HPLC, LC MS/MS, Lectin FLISA

Apolipoprotein-AI 30 242 Bladder cancer increased expression MS, Western blot

Liver fibrosis down regulated MALDI-TOF/TOF

Apolipoprotein A-II 11 96 Cholangiocarcinoma up-regulated SELDI-TOF-MS, ELISA, WB

Apolipoprotein A-IV 45 333 Ovarian cancer decrease of conc. ELISA

Zinc-alpha2-glycoprotein 34 87 Breast cancer increase of conc. IHC

Hepatocellular carcinoma (HCC) up-regulated MALDI-TOF-MS

CD5 antigen-like 38 62 Hepatocellular carcinoma (HCC) increase of conc. ELISA, LC-MS/MS

Alpha2-macroglobulin 163 217 Liver fibrosis up-regulated MALDI-TOF/TOF

Bone meta in prostate cancer decrease of conc. EIA

Galectin-3 binding protein 65 95 Behçet's disease increased expression ELISA

galectin-mediated tumor

cell aggregation

Alpha-1-acid glycoprotein 40 121 Lymphoma; Ovarian tumor fucosylation MALDI-TOF, LDA

Lung adenocarcinoma N-linked glycosylation,

increased expression

MALDI-TOF/TOF

Hepatocellular carcinoma increased expression HPLC, Western blot

Alpha 2-HS Glycoprotein 43 102 Breast Cancer up-regulated MS, Immunoblot

Hypopharyngeal squamous

cell carcinoma

up-regulated MALDI-TOF/TOF MS,

WB, ELISA

Apolipoprotein C-III 10 108 Papillary thyroid carcinoma down-regulated SELDI-TOF-MS, HPLC,

LC-MS/MS

Gastric cancer up-regulated MS

Table 2 e Seven protein candidates were further verified
by western blot analysis.

Protein name Mascot
score

Mol. wt Peptide
matches

Apolipoprotein A-I (Apo A-I) 113 30,759 10

Apolipoprotein A-II (Apo A-II) 96 11,168 3

Apolipoprotein A-IV (Apo A-IV) 333 45,371 24

Ceruloplasmin (Cp) 228 122,128 22

Haptoglobin (Hpt) 336 45,177 23

Hemopexin (HPX) 55 51,643 8

Leucine-rich

alpha-2-glycoprotein 1 (LRG1)

105 38,154 8
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For example, ITGA3 (integrin a3) and IGTB4 (integrin b4) have

been found to be useful genomic biomarkers associated with

distant metastases and with the prognosis of oral cancer [4].

The cluster of differentiation factor 34 (CD34) serves as an

angiogenetic marker that can importantly predict recurrent

cases of oral cancer [26]. Salivary biomarkers are currently

more appealing due to the simplicity and noninvasiveness of

obtaining saliva samples. However, the complexity of oral

cavity environments containing diverse substances from in-

ternal and external environments complicates the study and

sample pretreatment of saliva and no criteria to apply before

clinical laboratory tests have been developed. Therefore, bio-

markers of serum/plasma samples that can be quickly adop-

ted in clinical laboratories are still indispensable in addressing

oral cancer. Many oral cancer-associated biomarkers have been

found in serum/plasma, including Cyclin D1 [27], C-reactive

protein [28], and matrix metalloproteinase enzymes-3 (MMP-

3) [29]. In our study, we used glycoproteomics to filtrate core

fucosylated plasma glycoproteins as a first step to find oral

cancer biomarkers based on different features.

Glycosylation, as one of the most abundant post-

translational modifications, is believed to efficiently regulate

protein activities. Aberrant glycosylation may lead to

cancer development. Core fucosylation catalyzes by a1,6-

Fucosyltransferase (Fut8), which transfers GDP-fucose to the

innermost GlcNAc residue of hybrid and complex ofN-glycans

via a1,6-linkages. Kang Shao et al. found that lower levels of

core fucosylation of E-cadherin are related to lung cancer

progression by inducing an epithelialemesenchymal

transition-like process in lung cancer cells [30]. Xiangchun

Wang et al. claimed that core fucose influences EGFR-

mediated signal transduction, which regulates cell growth,

differentiation, and migration [31]. In cases of oral cancer,

correlations to core fucosylation have not been identified.

Fig. 2 e The ROC curve and diagnostic performance of (A) apolipoprotein A-IV, (B) the LRG1 to total protein ratio, (C) the ROC

curve and the diagnostic performance of combining apolipoprotein A-IV with LRG1 relative to the total proteins ratio, and

(D) the ROC curve and the diagnostic performance of combining apolipoprotein A-IV and LRG1 relative to the total protein

ratio in differentiating the normal group from early cancer stages.
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Previously we found that core-fucosylated N-glycans are

highly expressed on the cell surfaces of oral cancer cells

relative to primary human oral keratinocytes (HOK) through

an analysis of cell surface glycans [32]. Moreover, higher core

fucosylation N-glycans have been obtained from plasma of

oral cancer patients relative to normal volunteers. Therefore,

core fucosylated glycoproteins contributing to the alteration

of core fucosylation N-glycans levels in plasma are major

targets as potential plasma protein biomarkers.

The detection of plasma protein biomarkers together with

their protein glycans, which may take different glycosylation

forms in different forms of cancer, may be more specific to a

given disease. Asazawa H. et al. achieved a high levels of

specificity in distinguishing chronic liver disease by detecting

serum fucosylated haptoglobin (Fut-Hpt) [33]. LRG1, a secreted

glycoprotein first isolated from plasma, has been identified

from multiple malignancies with aberrant expressions. LRG1

has been reported to regulate endothelial TGFb signaling,

promoting angiogenesis [34]. It has also been noted that LRG1

is associated with cell proliferation, apoptosis inhibition and

epithelial-mesenchymal transition in cases of colorectal

cancer [35,36]. Although biological functions of oral cancer

remains unknown, we found the proportion of LRG1 to

proteins to increase significantly in oral cancer plasma.

Interestingly, while men present lower levels of LRG1 than

women, this cannot be verified since due to insufficient cancer

plasma samples obtained from women, we cannot determine

whether women present the same results as men. Indeed, it

remains unclear whether alterations of LRG1 shown in our

results are associated with the angiogenesis of oral cancer

cells or with other molecular mechanisms. More studies must

therefore be conducted on this point. In addition, LRG1 is a

glycoprotein with five potential glycosylation sites that may

take different glycosylation forms and which may be secreted

by different cells [37]. Therefore, it is worth to further inves-

tigating different glycosylation forms of LRG1 that may

present more specific results for oral cancers.

In this study we found that true amounts of apolipoprotein

A-IV and relative amounts of LRG1 are significantly altered in

the plasma of oral cancer patients. Previous studies have

noted that decreased plasma levels of apo A-IV are related to

ovarian cancer [38], but biological functions associated with

cancer progression remain unknown. It has been reported

that apo A-IV, which is synthesized primarily by the intestines

with minor synthesis from the liver, is related to chylomi-

crons, a high-density lipoprotein (HDL) of the lipid transport

systemwith a large lipoprotein-free fraction in plasma. Due to

its anti-oxidative and anti-inflammatory properties and

Fig. 3 e Comparison of LRG1/total protein levels of the oral cancer validation group across normal cases and different cancer

stages. (A) LRG1/total protein levels in plasma. (B) LRG1/total protein levels divided by levels of total protein in plasma.

(C) The ROC curve and diagnostic performance of LRG1/total proteins in the validation group.
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mediation of reverse-cholesterol transport, apo A-IV has been

identified as a promising therapeutic target of metabolic dis-

ease [39]. It is interesting that though apo A-IV is mainly

synthesized in the intestines, substantial alterations were

found in the oral cancer group while only slight alterations

were found in the colon cancer group. Both the test group and

validation group exhibited high levels of sensitivity and

specificity in differentiating normal cases from cases of oral

cancer. Although it is not specific to oral cancer, apo A-IV may

still serve as a biomarker for oral cancer screening and

diagnosis.

Some discrepancies between the western blot and ELISA

results were found in this study. While haptoglobin was found

in higher volumes in the cancer group analyzed by western

blot, a declining trend was found in the cancer group through

ELISA testing. Ceruloplasmin was found at higher levels in

cancer patients by western blot analysis, but no difference was

found between normal and cancer groups by ELISA testing.

Apolipoprotein A-I was downregulated in cancer plasma by

western blot analysis, but no differences between the groups

was found via ELISA testing. The above phenomena were

observed for the following reasons. (1) Different quantification

methods were applied for the two analyses. Ceruloplasmin

studied by western blot, a relative quantification method,

exhibitedupregulation in the cancer groupwhilenodifferences

were found from the ELISA test by absolute quantification.

However, after division by total proteins, the relative abun-

dance derived from the ELISA results presents an increasing

trend. (2) The sample size of the normal group used for western

blot test was too small, generating inaccurate results. From

western blot data for haptoglobin we observe high levels of

dispersionamong cancer patients but not for the normal group,

which only included eight individuals while both groups with

more samples presented high levels of dispersion in ELISA re-

sults. In apolipoprotein A-I, while higher levels of dispersion

were found in cancer patients than in normal group in both

analyses, the healthy and cancer groups were considered to be

the same population through a statistical comparison with a

larger sample size conducted via ELISA analysis.

Finally, core fucosylated glycoproteins in plasma were

purified using a glycoproteomic approach and were identified

by LD-MS/MS. After a comparative analysis by western blot

and ELISA, two glycoproteins, apolipoprotein A-IV and LRG1,

were found to be potential biomarkers of oral cancer. Plasma

quantities of apolipoprotein A-IV and the proportion of LRG1

to total proteins were found to significantly differ between

normal and oral cancer plasmas. The diagnostic performance

of both shows high levels of sensitivity (83.3%) and specificity

(89.7%) with an AUC of 0.889 for stages I and II. Hence, we

suggest that alterations of these two plasma biomarkers may

Fig. 4 e Comparison of apolipoprotein A-IV levels of the oral cancer validation group for normal cases and different cancer

stages. (A) Apolipoprotein A-IV levels in plasma. (B) Apolipoprotein A-IV quantities divided by the amount of total protein in

plasma. (C) The ROC curve and diagnostic performance of apolipoprotein A-IV in the validation group.
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serve supportive tools of oral cancer screening, increasing the

efficiency of early diagnosis.
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