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uggested to play important roles in the proliferation, differentiation, invasion and

metastasis of malignant cells. Glycan species can be analyzed and characterized

ng mass spectrometry and the profiling of these molecules when they are secreted

or shed from cancer cells is also performed. Hence, some glycoproteins have been

sted as biomarkers of human carcinomas such as ovarian cancer, breast

er and HCC(16-19). Of note, changes to the N-linked glycan modification of
roteins occur during the tumorigenesis and progression of HCC lesions.
owever, the correlation between the N-glycan profile and tumor-associated

istics such as the degree of malignancy and prognosis has not been
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eviously evaluated in HCC. Recently, we developed a novel glycomics method that
cilitates high-throughput and large scale glycome analysis using an automated
an purification system, SweetBlot. This approach enables us to profile serum
ans quantitatively. Using this quantitative N-glycomics procedure via
lotting technology, which is both highly accurate and can be conducted on a

large scale, we have previously evaluated the potential of using N-glycans as markers
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rognosis and recurrence of HCC (20).

In our current study, we haye evaluated preoperative blood samples from a
atient cohort from which we purified serum N-glycans using our glycoblotting
method (21, 22). We performed N-glycan profiling using mass spectrometry to search
for factors related to prognosis and recurrence by analysis of patient outcomes in 369
consecutive HCC cases that had undergone a primary curative hepatectomy at our
facility. We sought through this screen to correlate N-glycan levels on

glycoproteins with the clinicopathologic characteristics and the outcomes of HCC.

Methods

Between April 1999 and March 2011, 369 consecutive adult patients

a hepatectomy procedure for HCC at our center and this sample

%) were hepatitis B virus surface antigen-positive, 119 (32.2%) were hepatitis C

virus ‘antibody-positive, and 120 (32.5%) were designated as F4 based on the New
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a Classification system (23). The preoperative serum AFP and PIVKA-II levels

simultaneously measured in the patients using standard methods at least two

Experimental procedures

=

Serum N-glycomics via glycoblotting

Hepatol
Paiglosy



Hepatology

Toshiya Kamiyama 10

N-glycans from serum samples were purified by glycoblotting using

lotGlycoH. These are commercially available synthetic polymer beads with

ensity hydrazide groups (Sumitomo Bakelite Co., Ltd., Tokyo, Japan). All

ures utilized the SweetBlot automated glycan purification system containing a

6 well plate platform (System Instruments Co. Ltd. Hachioji, Japan).

ymatic degradation of serum N-glycans
Each 10 pL serum sample aliquot was dissolved in 50 pl of a 106 mM solution
monium bicarbonate containing 12 mM 1,4-dithiothreitol and 0.06%

panesulfonic acid, 2-hydroxyl-3-myristamido (Wako Pure chemical Industries

sof the enzyme at 90°C for 10 min. After cooling to room temperature, the N-glycans
released from the tryptic glycopeptides by incubation with 325 U of PNGase F

ew England BioLabs, Ipswich, MA) at 37°C for 6 h.

N-glycan purification and modification by glycoblotting

H
cpglony

Page 10 of 41



Page 11 of 41 Hepatology

Toshiya Kamiyama 11

Glycoblotting of sample mixtures containing whole serum N-glycans was

ed in accordance with previously described procedures. Commercially

capped by acetylation. After capping, the reaction solution was removed
er a vacuum and the beads were serially washed with 2 x 200 ul of 10 mM HCI,
iethyl amine in methanol and dioxane. This is a pre-treatment for sialic acid
dification. On-bead methyl esterification of carboxyl groups in the sialic acids was

out with 100 pl of 100 mM 3-methyl-1-P-tolyltriazene (Tokyo Chemical
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dustry Co., Tokyo, JAPAN) in dioxane at 60°C for 90 min to dryness. After methyl
sterification of the more stable glycans, the beads were serially washed in 200 1l of
e, water, 1% triethyl amine in methanol, and water. The captured glycans were

ubjected to a trans-iminization reaction with BOA (O-benzylhydroxylamine)

ized glycans under a vacuum.

)I-TOF and TOF/TOF analysis

The N-glycans purified by glycoblotting were directly diluted with
0-4-hydroxycinnamic acid diethylamine salt (Sigma-Aldrich) as ionic liquid
matrices and spotted onto the MALDI target plate. The analytes were then subjected
to MALDI:TOF MS analysis using an Ultraflex time-of-flight mass spectrometer III

‘(Brucker Daltonics, Billerica, MA) in reflector, positive ion mode and typically

otopic peak of each glycan was normalized using 40 M of internal standard

lisialyloctasaccharide, Tokyo Chemical Industry Co., Tokyo, JAPAN) for each status,

and its concentration was calculated from a calibration curve using human serum
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Hepatectomy

. Anatomical resection is defined as a resection in which lesion(s) are
pfetely removed on the basis of Couinaud’s classification (segmentectomy,
sectionectomy, and hemihepatectomy or more) in patients with a tolerable functional
e. Non-anatomical partial, but complete resection was achieved in all of our
RO resections were performed whilst the resection surface was found to be

gically free of HCC. The indocyanin green retention rate at 15 minutes was

“measured in each case to evaluate the liver function reserve, regardless of the

CC:irecurrence

For the first two years after the hepatectomy procedure, the HCC patients in
ohort were monitored every three months using liver function tests,

easurements of the tumor markers AFP and protein induced by PIVKA-II, and also

by ultrasonography and dynamic computed tomography. At two years post-surgery,
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computed tomography was performed only once in 4 months. If recurrence

uspected, both computed tomography and magnetic resonance imaging were

ed, and if necessai'y, computed tomography during angiography and bone

scintigraphy were undertaken. This enabled a precise diagnosis of the site, number,

b

size, and invasiveness of any recurrent lesions.

The specificity, the sensitivity, cut-off and AUC (area under the curve) values
lected N-glycans are shown in Table 1. This ROC (receiver operating
-acteristics) analysis was carried out using R version 2.12.1. The patient survival
and disease-free survival rates (DFS) were determined using the Kaplan-Meier
method and compared between groups by the log-rank test. Univariate analysis of
as also performed, and selected variables using Akaike's Information
terion (AIC) (25) were analyzed with the Cox proportional hazard model for
/mul ariate analysis. Statistical analyses were performed using standard tests (X?,
t)w where appropriate using StatView 5.0 for Windows (SAS Institute Inc., Cary,

ignificance was defined by a P value of < 0.05.

8

Results
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ing of human serum glycoforms and ROC analysis in HCC patients and
al controls

N-glycan profiles of blood samples from our HCC cohort were obtained by
I-TOF MS analysis utilizing the high throughput features of the instrument. We
thereby identified 67 N-glycans from which we selected molecules that showed
statistical differences by ROC analysis between HCC and disease-free individuals
yrmal controls, NC) comprising living related liver transplantation donors. Glycans
with an AUC value greater than 0.80 were selected for analysis (Table 1) and box plots
e selected molecules (14 in total) are shown in Figure 1. Clear differences in

distribution of these factors are evident between the NC and HCC patients. The
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iate analysis and multivariate analysis of overall patient and disease-free

these cut-off values. The PS and DFS measurements associated with the selected 14
d N-glycans were evaluated by univariate analysis. The P values for the PS

‘associated with G2890, G1708, G3195, G3560, G2114, G1809, G3341, G1362

3865 were all less than 0.05. The DFS P values for G28390, G1708, G3195,

ildsPugh classification, AFP, AFP-L3, PIVKA-II, tumor number, tumor size,
«differentiation, microscopic portal vein invasion, microscopic hepatic vein invasion,
oscopic vascular invasion and Stage were found to be significantly associated
: \Ehe PS rate. When the same analysis was undertaken for the DFS rate by
iate analysis, albumin, indocyanin green retention rate at 15 minutes,

Child-Pugh classification, AFP, PIVKA-II, tumor number, tumor size, differentiation,
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copic portal vein invasion, microscopic hepatic vein invasion, macroscopic
lar invasion, Stage and non-cancerous liver were found to be significantly

ted with this measure (Table 3) 5.

ysis. G3560 were found to be independent risk factors for PS (Tables 4) and
G2890 for DFS (Tables 5).
The PS rates of HCC cases with low serum G3560 levels at 5 years were

“8@.5% and of high serum G3560 at 5 years were 40.4%. The DFS outcomes

microscopic portal vein invasion, microscopic hepatic vein invasion, macroscopic
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ar invasion and Stage (Table 6). In comparing the low and high G3560 HCC
s, significant differences were found in albumin, Child-Pugh Classification,
tive procedures, AFP, AFP-L3, PIVKA-II, tumor number, tumor size,
differentiation profiles, microscopic portal vein invasion, microscopic hepatic vein

vasion, macroscopic vascular invasion and Stage (Table 6).

Discussion
The N-glycan profiles of a large cohort of HCC patients were obtained in our
study by MALDI-TOF MS analysis and 67 of these molecules were thereby
quantified. Of this group of factors, 14 N-glycans showed higher relative peaks in the
patients compared with normal controls and were cho‘sen for further analysis.
ese selected molecules were assessed for any correlation with surgical outcomes in
ohort (i.e. prognosis and recurrence) by univariate and multivariate
alysis. G3560 N-glycan was found to be significant prognostic factor and G2890
7N-glycan was found to be significant recurrence factor for this disease. Moreover,
G2890 and G3560 were found to strongly correlate with a number of well-known
mor-related prognostic and recurrent factors. These results show that quantitative
glycoblotting based on whole serum N-glycan profiling is a potent screening approach

for novel HCC biomarkers, and that the G3560 and G2890 N-glycans are promising
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we refer to as glycoblotting is far more rapid and accurate as evidenced by the

number of N-glycans detected in our current analysis. This chemoselective glycan

ent technology known as glycoblotting was developed in our laboratory to

oligosaccharides derived from glycoproteins in an effective and quantitative

accuracy using a calibration curve of human serum standards. The analysis of

obtained 67 glycans profile was performed using this new developed technology. The
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It has been reported that AFP is the most significant tumor marker and

ndependent predictor of prognosis for HCC (26), even in patients who have received a
epatectomy (27). Although high levels of AFP in cases of fully developed HCC, or in
rum of the host, are known to be associated with more aggressive behavior, and
increased anaplasis (28), AFP can also cause apoptosis in tumor cells (29). Moreover,
been suggested that AFP regulates the immune response and induces either

atory or inhibitory growth activity (30). On the other hand, it is well known that

rvival and recurrence. On the other hand, AFP and many important tumor markers,
h as carcinoembryonic antigen, carbohydrate antigen 125 and carbohydrate
éfl 19-9, are glycoproteins, and this means that the glycan profiles in serum are
red by the onset of cancer. Indeed, the profiling of serum glycans has been

&

performed previously as a screen for distinct potential glycan biomarkers of ovarian
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and breast cancer (18, 19). Hence, we surmised that highly specific

otein markers of HCC should be detected by monitoring the serum

pathological factors of this disease, the clinical course after hepatectomy, or

prognosis and recurrence. In our current study in contrast, we analyzed a far larger
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and the distribution of gender and infection of hepatitis B and C virus were
difference between NC and HCC patients. However, the selected 14 serum N-glycans
uantified by our MALDI-TOF MS analysis and compared with NC by ROC

is. These were statistically different between HCC and NC with respect to the

is without hepatocellular carcinoma.
The most important adverse prognostic factor for liver resection and

lantation in HCC has been found to be microscopic venous invasion(5).

ever, microscopic portal invasion is not diagnosed preoperatively, and is revealed

only by pathological examination. New biomarkers which are more strongly
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ciated with prognosis and recurrence of HCC than AFP, AFP-L3 or PIVKA-II are
ore highly desirable. Our current data show that the N-glycans G2890 and
correlate closely with well-known tumor-related prognostic and recurrent

5 such as tumor number, size, microscopic portal vein invasion, microscopic

and PIVKA-II (Table 6). Moreover, when G2890 and G3560 were
ultaneously included in multivariate analysis for PS and DFS with AFP, AFPL3
and m—II, p-values of G2890 and G3560 were lower than AFP, and AFPL3 and
-II were not selected as valuables by AIC. We demonstrate that these are novel
ndent prognostic factors for HCC that are related to the survival and

ence of this disease and that show a lower P-value than other established

‘tumor factors. Hence, we predict that G2890 and G3560 will prove to be markers that
eratively predict HCC tumor malignancy including microscopic portal vein
/’invasion, and the PS and DFS rates more accurately and with more potency than the

ore:well-known biomarkers.
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Figure legends

Figure 1. Box plots of the disease-free individuals (NC) and HCC patients for the

d 14 N-glycans. The dotted lines in the graphs represent the cut-off values

rmined in this analysis. These graphs were drawn using R version 2.12.1.
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