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Immunoglubulin G (IgG) and its abnormal glycosylations are associated with carcinogenesis. The present study
investigates the relationship between cancer-derived IgG and clinicopathological characteristics in hepatocellular
carcinoma (HCC) and assesses the value of serum N-glycosylated IgG in diagnosing and monitoring hepatitis B virus
(HBV)-related HCC. Tissue microarray analysis of 90 HCC tissues showed that HCC patients with IgG immunopositivity
had higher levels of core-fucosylated a fetoprotein (AFP-L3), larger tumors, and a higher incidence of portal vein tumor
thrombus. HCC-derived IgG stimulated the growth of liver cancer cells in vitro. HCC patients presented a significantly
increased fraction of Lens culinaris agglutinin binding IgG (core-fucosylated IgG, IgG-L3) among total serum IgG. The
clinical diagnostic performance of serum IgG-L3% was evaluated in 3 case-control studies (1 training set and 2
validation cohorts), including 293 patients with HCC, 131 with liver cirrhosis, 132 HBV carriers, and 151 healthy controls.
IgG-L3% had better general diagnostic performance than AFP in the training set and validation cohort 1 (accuracy:
81.33–85.11% versus 63.33–78.61%). In validation cohort 2, where we aimed to assess the efficiency of IgG-L3% in
patients with AFP-negative HCC, the diagnostic accuracy of IgG-L3% was 72.54–73.60%. Finally, a longitudinal
evaluation based on 31 HCC patients demonstrated that IgG-L3% decreased in 24 patients after curative surgery. The
remaining 7 patients showed elevated IgG-L3% and post-operative recurrence. HCC patients with higher IgG-L3% had
poor survival during a 3-year follow up. We conclude that HCC-derived IgG is correlated with progressive behavior of
HCC. Therefore, elevated core-fucosylated IgG is a new diagnostic and prognostic marker in HBV-related HCC.

Introduction

Glycans are an integral component of glycoproteins and
significantly contribute to their structure and function.1 A recent
comprehensive report endorsed by the US National Academies
concluded that “glycans are directly involved in the pathophysiol-
ogy of every major disease” and that “additional knowledge from
glycoscience will be needed to realize the goals of personalized
medicine.”2 Population-based studies have shown that the com-
position of the human plasma N-glycome varies significantly
between individuals.3,4 Interestingly, the N-glycome from iso-
lated immunoglubulin G (IgG) was more variable than the total
plasma N-glycome,5 indicating that N-glycome analysis based on
total plasma glycans, which are released from many different

glycoproteins, might obscure signals from protein-specific regula-
tion of glycosylation.

IgG is one of the best-understood glycoproteins. Each CH2
domain of the fragment crystallizable (Fc) region of IgG heavy
chains carries a covalently attached biantennary N-glycan at the
highly conserved asparagine 297 residue.6 Structural details of
the attached glycans are of great physiological significance and
are associated with many pathological conditions.6,7 For exam-
ple, levels of galactose-deficient IgG are increased in liver fibrosis,
cirrhosis, and ovarian and lung cancer8-10 and increased core
fucosylated IgG was described as a diagnostic marker in ovarian
cancer.11 Additionally, individual variation in IgG glycosylation
changes during acute systemic inflammation was associated with
increased mortality risk. These data suggest that N-glycans of
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IgG might be a new marker for disease diagnosis and therapeutic
monitoring.

Although serum a-fetoprotein (AFP) has been widely
accepted as a screening marker for hepatocellular carcinoma
(HCC) in China, its diagnostic value is limited by rather poor
sensitivity and specificity.12 Testing for a heterotype of AFP, Lens
culinaris agglutinin (LCA)-reactive AFP (AFP-L3), can improve
the specificity13 but obviously cannot improve the sensitivity of
HCC diagnosis. Improved non-invasive biomarkers are still
required for early diagnosis of HCC. Elevated levels of serum
IgG, IgA, or IgM antibodies have been observed in patients with
HCC.14,15 These tumor-reactive Igs were interpreted as humoral
responses of the host to cancer growth.16 It has been confirmed
that these tumor-reactive antibodies are capable of binding to
normal and tumor associated antigens, including those of cell
surface and intracellular proteins.16-18 IgGs with unidentified
specificity might be directly secreted from cancer cells and are
involved in cancer cell survival and growth.19 However, the
potential association between IgG expression, its N-glycan
changes, and HCC diagnosis in patients has not been investi-
gated in greater depth.

In the present study, we investigated IgG expression in a
tissue array from 90 HCC patients. To determine the func-
tion and N-glycan changes of circulating IgG in hepatitis B
virus (HBV)-related HCC, we examined the effects of HCC-
derived serum IgG on cell proliferation in vitro. We then

analyzed serum IgG N-glycans using DNA sequencer-assisted
fluorophore-assisted carbohydrate electrophoresis (DSA-
FACE), LCA blotting, and immunoassay after LCA affinity
chromatography. Finally, the diagnostic performance and
prognostic value of N-glycosylated IgG were further assessed
in cross-sectional and longitudinal studies.

Results

IgG expression in liver cancer tissues and cell lines
Immunohistochemical staining for IgG in a tissue array con-

taining 90 HBV-related HCC paired tissues (tumor tissues [TT]
versus paired adjacent non-tumor tissues [ANTT], Fig. 1A)
revealed IgG immunopositivity in the cytoplasm in 42/90 cases
(in either TT or ANTT).

Next, we measured serum AFP levels and the percentage of
AFP-L3 compared to total AFP (AFP-L3%) in these HCC
patients. Compared to patients with negative IgG immunostain-
ing in liver tissue, patients with liver tissue positive for IgG (in
either TT or ANTT) had higher levels of serum AFP (Fig. 1B)
and AFP-L3% (P < 0.05, Fig. 1C).

In addition, we assessed the potential association between IgG
immunopositivity in liver tissue and 3 tumor clinical parameters
(tumor size, tumor capsule, and portal vein tumor thrombus
[PVTT]) in these HCC patients. Patients with liver tissue positive

Figure 1. IgG expression is associated with serum AFP levels, tumor size, and incidence of portal vein tumor thrombus in patients with HCC. (A) Immuno-
histochemical staining for IgG was performed in tissue array of HBV-related HCC including 90 paired samples of HCC carcinoma and adjacent noncancer-
ous liver tissue; the right panel shows representative tissues with positive IgG (a) and negative IgG (b) staining. (B, C) Serum AFP levels (B) and serum
AFP-L3% (C) were measured in HCC patients included in the tissue array with different levels of IgG. (D) The association between IgG immunopositivity
and tumor size/tumor capsule/PVTT was analyzed. *P < 0.05
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for IgG in TT/ANTT had a larger tumor size and a higher inci-
dence of PVTT than those negative for IgG in liver tissues
(Fig. 1D, P< 0.05).

Furthermore, IgG was detected in supernatants of cultured
SMMC-7721, MHCC97-H, and CSQT-2 cells, indicating that
these hepatoma cell lines can secrete IgG (Fig. 2). MHCC97-H
and CSQT-2, 2 hepatoma cell lines with higher metastatic activ-
ity, secreted 3 times more IgG than SMMC-7721 cells (Fig. 2).

IgG from sera of HCC patients promotes cancer cell
proliferation in vitro

To investigate the effect of IgG on the proliferation of HCC
cells, we treated 8 HCC cell lines (Huh7, Hep3B, HepG2,
HepG2.2.15, MHCC97-H, SMMC-7721, CSQT-2, and
MHCC97-L) with IgG isolated from sera of healthy volunteers
and HCC patients. CCK8 assay analyses showed that, compared
to treatment with IgG derived from sera of healthy individuals,
incubation for 72–96 h with IgG derived from HCC patients
significantly increased cell proliferation in Huh7, Hep3B,
HepG2, HepG2.2.15, and MHCC97-H cells (P < 0.05,
Fig. 3). Similar effects were observed in SMMC-7721 and
CSQT-2 cells, but without statistical significance. There was no
difference in proliferation of MHCC97-L cells after treatment
with the different IgGs.

Expression of serum LCA-binding IgG (IgG-L3)is increased
in patients with HCC

In this study, high-affinity LCA-binding IgG is called IgG-L3
to discriminate it from hetero-IgGs without LCA affinity (L1)
and those with low affinity (L2). To validate the existence of a
core-fucosylated structure in IgG-L3, N-glycan profiles of IgG,
IgG-L3, and IgG-L3 lacking the core-fucose were analyzed by
DSA-FACE as described previously.26,27 IgG showed 7 main
biantennary glycans in the N-glycan profiling (Supplementary
Fig. S1). After core fucosidase digestion, all of the peaks except
for peak 5 (without core fucosylation) shifted one residue forward
in the N-glycan profiling, confirming that IgG-L3 is a core-fuco-
sylated IgG (Supplementary Fig. S1).

To assess the expression of IgG-L3 in patients with HCC, we
performed co-staining for LCA and IgG in liver tissues from
HCC patients. Significant co-staining of IgG and LCA was pres-
ent in cancer cells (Fig. 4A). To determine the levels of core-
fucosylated IgG (IgG-L3%, calculated as IgG-L3/total IgG £
100) in the circulation, we performed lectin (LCA) blotting for
IgG purified from sera of healthy volunteers, HBV carriers,
patients with liver cirrhosis (LC), and patients with HCC
(Fig. 4B). LCA blotting analyses revealed that IgG-L3% in sera
was significantly increased in patients with HCC compared to
healthy volunteers, HBV carriers, and patients with LC (P <

0.05, Fig. 4B). Immunoassay performed after LCA affinity chro-
matography showed similar results to the LCA-blotting
(Fig. 4C).

Serum IgG-L3% has better diagnostic performances than
AFP

To evaluate whether IgG-L3% is a potential diagnostic
marker for HCC, we measured serum IgG-L3% and AFP levels
in a training cohort including 120 patients and 30 healthy volun-
teers (HCC versus non-HCC: 60 versus 90, Fig. 5). Receiver
operating characteristic (ROC) curve analyses revealed that IgG-
L3% demonstrated 81.3% diagnostic accuracy for segregating
HCC from non-HCC, which was superior to AFP (78.0%). At
the cutoff value of 24.5%, IgG-L3% had significantly higher
diagnostic sensitivity compared to AFP (86.67 versus 66.67), but
slightly lower diagnostic specificity (77.78 versus 85.56) (Fig. 6A
left panel and Fig. 6C). Next, we compared the diagnostic effi-
ciency of IgG-L3% and AFP to identify HCC from LC (60 versus
30) in this patient cohort. IgG-L3% displayed 86.67% sensitivity
and 80.77% specificity compared with 66.67% and 56.67%,
respectively, for AFP only (Fig. 6B left panel and Fig. 6C).

To confirm these primary findings from a training cohort, we
generated a validation group including 170 patients and 30
healthy volunteers (validation set 1, Fig. 5). Consistent with the
training cohort, IgG-L3% demonstrated significantly higher
diagnostic accuracy than AFP in differentiating HBV-related
HCC from non-HCC and LC (for HCC versus non-HCC:
84.58% for IgG-L3% compared with 78.61% for AFP, Fig. 6A
right panel and Fig. 6C; for HCC versus LC: 85.11% for IgG-
L3% compared with 71.63% for AFP, Fig. 6B right panel and
Fig. 6C).

Figure 2. HCC cells secrete IgG. IgG in supernatants of 3 hepatoma cell
lines, MHCC97-H, CSQT-2 and SMMC-7721, was measured as described
in Patients and Methods.
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IgG-L3% has high diagnostic accuracy in HCC patients
with low serum levels of AFP

To assess whether IgG-L3% has diagnostic potential in HCC
patients with low serum levels of AFP, we enrolled validation
study cohort 2 including 123 HCC patients with serum AFP lev-
els �20 ng/mL, 71 patients with LC, 72 HBV carriers, and 91
healthy volunteers. In line with the training cohort and validation
cohort 1, the serum IgG-L3% value gradually increased from
lowest values in healthy volunteers and HBV carriers to patients
with LC, and was significantly higher in HCC patients with
serum AFP levels �20 ng/mL (Fig. 7A). ROC analyses revealed
that the areas under the curves (AUCs) of IgG-L3% were 0.795
(95% confidence interval [CI]: 0.748–0.842, for HCC versus
non-HCC Fig. 7B and 7D), and 0.711 (95% CI: 0.630–0.792,
for HCC versus LC, Fig. 7C and 7D).

HCC patients with a high value of serum IgG-L3% have
poor prognosis

The final aim of this study was to assess whether IgG-L3% is a
potential prognostic marker in a cohort of 31 HCC patients who
had received surgery. Six months after radical operation,

IgG-L3% values were reduced in 24 of 31 patients and increased
in 7 patients (P D 0.003, Fig. 8A). All 7 patients with increased
IgG-L3% value suffered postoperative recurrence.

We divided 55 HCC patients in the training set into 2 groups
according to the median value of IgG-L3% (28.02%) before sur-
gery. After 36-month follow up, Kaplan-Meier test showed that
the overall survival rate in patients with high IgG-L3% value was
significantly lower than that in patients with low IgG-L3% value
(P D 0.023, Fig. 8B).

Discussion

Glycoproteins are predominantly produced by hepatocytes
and B lymphocytes.20,21 Some hepatocyte-produced glycopro-
teins and their glycosylated forms have been intensively stud-
ied and used as disease markers.12,13,22 Among these proteins,
a core-fucosylated heterogeneous form of AFP (AFP-L3) is
used as a HCC surveillance marker.13 Although false positiv-
ity of serum AFP in HCC surveillance was partially improved
by combined diagnosis of AFP and AFP-L3, there remains a

Figure 3. IgG from HCC sera stimulates proliferation of HCC cells in vitro. Eight HCC cell lines were treated with IgG purified from sera of HCC patients
(HCC-IgG) or healthy individuals (Healthy-IgG) by protein G/A spin columns. Cell proliferation was evaluated over 5 days by CCK8 assay. *P < 0.05
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30–40% chance of false-negative findings using this com-
bined marker in HCC identification.12,13 AFP is also unsatis-
factory for monitoring HCC recurrence after curative surgery
in AFP-negative cases. In this study, we focus on another
major type of glycoprotein, IgG, which accounts for nearly
half of the glycoproteins in plasma, and address the following
questions: 1) Is IgG produced in HCC tissue? 2) What is the
function of the HCC-derived IgG? 3) What are the structural
features of IgG? 4) Is there an increase in core-fucosylated
IgG (IgG-L3) HCC? 5) What is the clinical performance of
IgG-L3 in HCC monitoring?

Using HCC tissue array and HCC cell lines, we confirmed
that IgG was secreted from malignant hepatocytes. Functional
analysis demonstrated that HCC-derived IgG promotes prolifer-
ation of several hepatoma cell lines. These findings are quite simi-
lar to a previous study showing that both autocrine and paracrine
effects of IgG promote the growth of liver cancer cells.19 In addi-
tion, HCC patients with positive IgG staining had worse clinical
pathological characteristics including a higher frequency of
PVTT, greater tumor size, and higher levels of AFP-L3%. Con-
sistent with these findings, HCC cells with high metastatic capac-
ity, e.g., MCCH97-H, secreted more IgG. These results suggest

Figure 4. IgG-L3% is increased in HCC. HCC tissues were co-stained for IgG and LCA. (A) A representative liver tissue sample. (B, C) Serum IgG-L3 was
measured with IgG LCA-blotting (B) and scattering immunoassay after LCA chromatography (C) as described in Patients and Methods. *P < 0.05, **P <

0.01, ***P < 0.001.
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that HCC-produced IgG is associated with the progression of
HCC. It is therefore likely that measuring serum IgG levels in
patients would be helpful in the diagnosis of HCC.

Our previous research confirmed a significant increase in core
fucosylation catalyzed by a-1,6-fucosyltransferase (FUT8) in
HCC tissues and portal vein tumor thrombus tissues.23 The
expression level of Fut8 was highly correlated with tumor size
and the presence of satellite nodules, whereas FUT8 knockdown
suppressed the proliferation, migration, and invasion of
MHCC97-H cells.23 This study indicated that structural changes
mediate the procarcinogenic properties of glycoproteins. In line
with this hypothesis, we found that the fraction of LCA-binding
IgG (called IgG-L3 in this study) compared to total IgG was sig-
nificantly elevated in sera of HCC patients compared to non-
HCC controls (HBV carriers and patients with liver cirrhosis).

To evaluate the clinical diagnostic performance of IgG-L3%,
3 sets of case-control studies (training, validation 1, and valida-
tion 2) were designed. We focused on (1) the general diagnostic
performance of IgG-L3% in HCC; (2) the capacity of IgG-L3%
to discriminate HCC from LC, a disease in which AFP might be
positive and nodular changes similar to HCC might be seen in
imaging examination; (3) the efficacy of IgG-L3% in identifying
AFP-negative HCC (validation 2). We demonstrated that IgG-
L3% had better general diagnostic performance for HCC than
AFP in both the training set and validation set 1. Furthermore,
IgG-L3% was much better than AFP in discriminating HCC
from LC. More interestingly, the diagnostic accuracy of IgG-
L3% in detecting AFP-negative HCC was 70.9–72.5%. These

results suggest that more than two-thirds of cases of AFP-negative
HCC can be identified by determination of IgG-L3%. Therefore,
IgG-L3% is an improved serum marker for HCC diagnosis in
clinical practice.

In parallel to the above cross-sectional observations, we con-
ducted a longitudinal evaluation. The decrease in IgG-L3% after
curative surgery and elevation in IgG-L3% in cases of postopera-
tive recurrence suggest that IgG-L3% is also a useful marker for
monitoring the therapeutic response and recurrence of HCC.
Furthermore, in a 36-month follow-up study, HCC patients
with higher levels of IgG-L3% had a significantly worse overall
survival rate. In 7 cases of HCC in which IgG-L3% was extraor-
dinarily increased after curative surgery, a higher incidence of sat-
ellite nodules (3 of 7 cases) and adjacent tissue adhesion (3 of 7
cases) and a greater tumor size were detected. The worse clinico-
pathological characteristics of these 7 patients further support the
prognostic value of IgG-L3% for HCC.

To examine clinical applicability, we performed a methodo-
logical evaluation of IgG-L3%. Both inter- and intra-coefficient
of variation were less than 7%, indicating excellent stability and
reproducibility (Supplementary Table 1).

This study has several interesting points: First, the autocrine
effect of IgG inmalignant hepatocytes correlated with clinical path-
ological behavior of HCC with the demonstration that IgG had a
growth-factor like proliferative effect on liver cancer cells. Second,
the method for detection of core-fucosylated IgG (IgG-L3) is more
feasible than that for other circulating glycoproteins like fetuin A,
haptoglobin, and a1-acid glycoprotein,24-26 because the amount of

Figure 5. Recruitment and exclusion process for the clinical study population.
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IgG-L3 is above the common detection limit after LCA affinity iso-
lation. Third, the superiority of IgG-L3% in discriminating HCC
from liver cirrhosis and in diagnosing AFP-negative HCC was
clearly demonstrated. Furthermore, longitudinal monitoring of
IgG-L3% after treatment and postoperative recurrence might help
clinicians to assess the treatment response and establish a follow-up
strategy.

There are some limitations of this study: 1) Isolation of total
serum LCA-binding glycoproteins is required for IgG-L3%
detection. This procedure is time consuming compared to highly
automatized clinical detection; 2) Only 2 clinical medical centers
were involved in this clinical evaluation. As a consequence, both
the cohort size and the follow-up duration should be extended in
future studies; 3) The regulatory mechanisms for IgG production
by malignant hepatocytes and the signal transduction pathway of
this HCC-derived IgG must be elucidated.

In summary, core-fucosylated IgG in HCC is correlated with
worse clinical pathological features of HCC. HCC-derived IgG
induces the proliferation of liver cancer cells. The elevation of
core-fucosylated IgG (IgG-L3%) is a promising new alternative
marker as a complement to AFP for HCC diagnosis and dynamic
management. Expanded clinical validations and the mechanisms
of production, function, and regulation of the altered N-glycosy-
lated IgG require further investigation.

Patients and Methods

Patients
Patients and healthy volunteers were enrolled from Shanghai

Eastern Hepatobiliary Surgery Hospital (EHBH) and Shanghai
Changzheng (CZ) hospital. The protocol of this clinical study

Figure 6. IgG-L3% has better HCC diagnostic efficacies than AFP. The area under the curve (AUC) shows diagnostic efficacies of IgG-L3% and AFP (A):
HCC versus non-HCC; (B): HCC versus LC) in the training set (left panel) and validation 1 cohort (right panel). (C) Sensitivity, specificity, and accuracy of the
2 parameters. AFP, a-fetoprotein; HCC, hepatocellular carcinoma; LC, liver cirrhosis.
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was approved by the Ethics Committees of EHBH and CZ hos-
pital. Written informed consent was obtained from all partici-
pants. The clinical study population is shown in Figure 5. A
total of 976 candidates participated in the present study.

Inclusion criteria were as follows: HCC was defined on the
basis of abdominal ultrasonography, dynamic computed tomog-
raphy (CT) scanning, or MRI characteristics combined with
AFP, and was confirmed by histopathology.27 The diagnosis of
LC was based on histopathology of liver biopsy and clinical, labo-
ratory, or imaging evidences.28 Patients with cirrhosis who had

increased serum AFP concentrations were required to have
undergone imaging measurement by multiple methods (ultraso-
nography, CT, or MRI) to exclude hepatic mass for at least 3
months before enrollment. HBV carriers were defined by positive
serum hepatitis B surface antigen (HBsAg) for at least 6 months
with normal liver function before enrollment. The healthy con-
trols were recruited from individuals undergoing a routine physi-
cal examination in the hospital who had normal liver
biochemistry and no history of various liver diseases or malignant
diseases.

Figure 7. IgG-L3% shows good diagnostic efficacy in identifying HCC with serum AFP � 20 ng/ml. (A) IgG-L3% was determined in different groups of
patients in validation 2 cohort: healthy volunteers, HBV carriers, LC, and HCC with AFP � 20 ng/mL. (B-C) AUC shows the diagnostic efficacy of IgG-L3%
in discriminating HCC from non-HCC (B) and LC (C). Detailed sensitivity, specificity and accuracy of the 2 parameters are presented in (D). ***P < 0.001.
AFP, a-fetoprotein; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; LC, liver cirrhosis
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A total of 148 patients were
excluded according to the follow-
ing exclusion criteria: patients
infected with hepatitis A virus,
hepatitis C virus, hepatitis D
virus, hepatitis E virus, human
immunodeficiency virus, Epstein-
Barr virus, or cytomegalovirus;
patients who had a history of
other solid tumors, alcohol con-
sumption >30 g/day, metastatic
liver cancer, autoimmune liver
disease, drug-related liver disease,
alcoholic hepatitis, obstructive
jaundice, other causes of chronic
liver disease, renal inadequacy or
blood diseases.

HCC tumor tissues (TT) and
paired adjacent non-tumor tissues
(ANTT) from 90 HBV-related
HCC patients were used for tissue array studies. A total of 745
patients were enrolled in a training set and 2 validation cohorts.
The training cohort of 150 patients (including 60 with HBV-
related HCC, 30 with HBV-associated LC, 30 HBV carriers,
and 30 healthy controls) was recruited in EHBH and CZ hospi-
tals from 2009 to 2010. The 60 HCC patients were followed up
for 36 months after radical surgery. Validation 1 cohort, includ-
ing 110 patients with HBV-related HCC, 30 with LC, 30 HBV
carriers, and 30 healthy controls, was recruited from 2010 to
2011. Validation cohort 2 enrolled 123 patients with HBV-
related HCC with negative serum AFP (AFP �20 ng/mL), 71
with LC, 72 HBV carriers, and 91 healthy controls from 2011 to
2013. A further cohort of 31 HCC patients was recruited for
monitoring of treatment by radical surgery from June 2013 to
May 2014. Clinicopathological characteristics of these patients
are summarized in Supplementary Tables 2–5.

Cells
Human liver cancer cell lines SMMC-7721, Huh7, Hep3B,

HepG2, and HepG2.2.15 were obtained from the Shanghai
Institute of Cell Biology, Chinese Academy of Sciences.
MHCC97-H and MHCC97-L were purchased from the Liver
Cancer Institute of Fudan University.29 CSQT-2 cell line derived
from portal vein tumor thrombus of HCC was gifted from the
cell bank of EHBH.30 All of the above cell lines were authenti-
cated by detection of AFP in the supernatant of cell cultures. In
addition, Hep3B and HepG2 were authenticated by short tan-
dem repeat profiling by Beijing Microread Gene Technology
Company. Cells were used within 6 months of receipt.

Tissue array construction, immunohistochemistry, and
immunofluorescence analyses

Fresh HCC tumor tissue (TT) and paired adjacent non-tumor
tissue (ANTT) were fixed immediately in 10% buffered forma-
lin, dehydrated in increasing concentrations of alcohol, and
embedded in paraffin. Tissue array chips were constructed

containing 90 matched pairs of HCC TT (odd columns) and
ANTT (even columns) with 1.5 mm/specimen.

Tissue array sections (4 mm) were deparaffinized in serial eth-
anol dilutions. After antigen retrieval, the slides were incubated
in peroxidase blocking reagent (Dako, S2001) for 1 h and with
rabbit anti-human IgG antibody (Abcam, ab6759) overnight at
4�C. For immunohistochemistry, slides were washed with PBS
and EnVision peroxidase (Dako, K4001) was applied for 1 h at
room temperature. Sections were developed with diaminobenzi-
dine for 5 min. Hematoxylin was used for counterstaining. Two
pathologists who were blinded to sample identities qualitatively
and quantitatively assessed immunohistochemical staining.
Immunohistochemical staining of IgG was further validated in
routine HCC slides.

For co-immunofluorescence staining of IgG and LCA in
HCC tissues, slides were incubated with FITC-labeled LCA (a
specific core-a-1,6-fucosylated structure binding protein, Vector
laboratories, FL-1041) and rabbit anti-human IgG (Abcam,
ab6759) overnight at 4�C. Alexa633-donkey anti-rabbit IgG
(Molecular Probes/Invitrogen, A-21082) was used as secondary
antibody. Samples were mounted using Dako-Cytomation Fluo-
rescent Mounting Medium (Dako, S302380–2). Confocal
microscopy was performed as described previously.31

Enzyme-linked immunoabsorbent assay (ELISA)
IgG in supernatants of HCC cells was detected using a com-

mercial ELISA kit (RayBiotech, Norcross, GA; ELH-IGG).
Fresh culture medium was used as blank control. The experi-
ments were performed in triplicate.

Sera IgG purification
Sera of HCC patients and healthy controls were collected

from EHBH. Serum IgG was purified using protein G plus/pro-
tein A-agarose column suspension (Calbiochem-Novabiochem
Corp., IP10) according to the manufacturer’s instruction. The
purity of the IgG was assessed by 10% SDS-PAGE.

Figure 8. HCC patients with a high serum level of IgG-L3% show poor prognosis. (A) IgG-L3% was measured
in 31 HCC patients before and 6 months after radical surgery. (B) Kaplan-Meier analysis of overall survival
time in 55 HCC patients with 3-year follow-up.
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Cell proliferation assay
Cancer cells were seeded in a 96-well plate at 1£ 103 cells/mL

and incubated overnight at 37�C in Dulbecco’s minimal essential
medium (DMEM) with 2.5% FCS. The supernatant was dis-
carded and IgG (1 g/mL) purified from HCC sera was added to
the culture for a further 120 h. Cell proliferation was determined
by CCK8 assay (Dojindo; CK04). IgG (1 g/mL) from healthy
controls was used as control.

Quantitative analysis of serum IgG-L3 by lectin blotting
Serum total IgG was purified using protein G plus/protein A-

agarose suspension (Calbiochem-Novabiochem Corp., IP10).
Lectin blotting was performed as described previously.32 Briefly,
10 mg of IgG was subjected to 12% SDS-PAGE and then electro-
transferred onto nitrocellulose membranes. The membranes were
blocked overnight and incubated sequentially with 5 mg/mL bio-
tinylated LCA and IRDye 800 cw conjugated streptavidin
(LI-COR Biosciences, 926–32231) at room temperature. Fluores-
cent bands were detected and quantified using the Odyssey Infra-
red Imaging System (LI-COR Biosciences).

Quantitative analysis of serum IgG-L3 with immunoassay
LCA-binding glycoproteins were obtained using agarose-

bound LCA affinity chromatography (Beijing Hotgen Biotech,
China). Total IgG and IgG-L3 were quantified by nephelometric
immunoassay (BNII, Siemens, Germany). The IgG-L3% was
calculated as IgG-L3/total IgG £ 100. In addition, the intra- and
inter- assay variations were assessed at 2 levels (low, high) to con-
firm that this assay was reliable (Supplementary Table 1). All
measurements were conducted in duplicate.

Validation of the core-fucosylated structure of IgG-L3 by
DSA-FACE

The IgG-L3 fraction was obtained by LCA column affinity
chromatography followed by protein G plus/protein A-agarose
column chromatography. a-1, 6-Fucosidase (bovine kidney,
GKX-5006; Glyko) was used to cleave the core-fucose of
IgG-L3. Total serum glycoproteins, serum IgG, IgG-L3, and
IgG-L3 lacking core-fucose were analyzed for N-glycan structure
with DSA-FACE as described previously.33,34 The results were
analyzed using the GeneMapper v3.7 software (Life Technolo-
gies Corporation).

Diagnostic performance evaluation of IgG-L3%
Diagnostic specificity, sensitivity, accuracy, and AUCs with

95% confidence interval were used to evaluate the diagnostic per-
formance of IgG-L3% for HCC after ROC curve analyses.
Longitudinal treatment monitoring and prognostic value of
IgG-L3% for HCC patients were also evaluated.

Statistical analysis
Statistical analysis was performed with SPSS for Windows

(version 16.0). Differences between 2 independent groups were
tested with the Mann-Whitney U test (continuous variables and
non-parametric analyses). ROC curves were constructed to assess
sensitivity, specificity, and respective AUCs with 95% CI. We
investigated the optimum cutoff value for diagnosis by maximiz-
ing the sum of sensitivity and specificity and minimizing the
overall error (square root of the sum [1-sensitivity]2 C [1-speci-
ficity]2). We compared IgG-L3% before and after surgical resec-
tion in HCC using the independent samples t test and the paired
t test. P values lower than 0.05 (2-sided) were considered to be
significant.
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