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The clinical significance of lipopolysaccharide
binding protein in hepatocellular carcinoma
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Abstract. Lipopolysaccharide binding protein (LBP) has
been reported to be associated with prognosis in colorectal
carcinoma and renal cell carcinoma; however, the clinical
significance of LBP in human primary hepatocellular carci-
noma (HCC) is inconclusive. We aimed to investigate the
clinical significance and prognostic value of LBP in human
primary HCC. In the present study, 346 patients with HCC
who underwent curative resection were retrospectively
analyzed. LBP protein expression was evaluated using western
blot analysis and immunohistochemistry. LBP scores collected
from immunohistochemical analysis were obtained by multi-
plying staining intensity and the percentage of positive cells.
An outcome-based best cutoff-point was calculated by X-tile
software. Moreover, Kaplan-Meier curves and Cox regres-
sions were used for prognosis evaluation. LBP was frequently
overexpressed in HCC compared with that in peritumor tissues
(five pairs by western blot analysis, P=0.0533; 77 pairs by
immunohistochemistry, P=0.0171), and LBP expression was
positively associated with tumor-node-metastasis stage and
tumor differentiation. Patients who had high LBP expres-
sion had decreased overall survival and time to recurrence
compared with patients with low LBP expression. Furthermore,
patients who were both serum o-fetoprotein positive and had
high LBP expression had poor prognoses. Univariate and
multivariate Cox analyses indicated that this combination was
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an independent prognostic factor [overall survival: Hazard
ratio (HR), 1.458; 95% confidence interval (CI), 1.158-1.837;
P=0.001; time to recurrence: HR,1.382; 95% CI, 1.124-1.700;
P=0.002]. In conclusion, LBP is highly expressed in HCC, and
high LBP expression combined with serum a-fetoprotein may
predict poor outcomes in patients with HCC following curative
resection.

Introduction

Hepatocellular carcinoma (HCC) is the most common primary
malignancy of the liver (1) and the fourth leading cause of
cancer-related deaths in China (2). HCC incidence rates are
highest in Eastern Asia and sub-Saharan Africa, but its preva-
lence is rapidly increasing in Western countries; for instance,
in the United States, the incidence rate of HCC has increased
from ~3% in 1980 to ~17% in 2012 (3). For early-stage HCC,
surgical resection resulted in improved overall survival (OS)
rates compared with local ablation therapy (LAT) or locore-
gional therapy (LRT) (4,5). However, recurrence rates after
surgery are 40-80% within 5 years, making recurrence the
leading cause of postoperative death among patients with
HCC (6-8). Although many studies have reported prognostic
markers for HCC, such as Capn4 (9), PEBP1 (10), CD24 (11)
and EZH2 (12), the accuracy and clinical application of these
markers are still limited. Therefore, developing novel effec-
tive biomarkers to classify patients with high risk of death or
recurrence will assist clinicians to select the best therapeutic
strategies for patients with HCC and provide personalized
therapy according to the predicted risk of survival or recur-
rence (13).

Lipopolysaccharide binding protein (LBP) is a serum
protein that is synthesized in the liver and involved in the
recognition, binding, and transport of the bacterial cell wall
compound lipopolysaccharide (LPS)/endotoxin (14,15), which
is a cell wall component of Gram-negative bacteria that plays
a crucial role in aggravating HCC (16,17). LBP is commonly
elevated in the liver and systemic circulation in patients with
chronic liver diseases due to the increased intestinal perme-
ability and bacterial translocation (18,19). LBP has also been
reported to be involved in the pathogenesis of sepsis (20).
The increased research into LBPs has led to an appreciation
of the diagnostic value of infection in patients with cancer
with febrile neutropenia (21) and its prognostic value in serum
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and tissue levels in colorectal carcinoma (22) and renal cell
carcinoma (23). However, the expression pattern and prog-
nostic value of LBP in HCC remains unclear. To address this
question, western blot analysis and immunohistochemistry
(IHC) were used to evaluate LBP expression in patients with
HCC following surgery, and then retrospectively explore its
prognostic value in this patient population.

Materials and methods

Patients, specimens, and follow-up. For the present study,
346 formalin-fixed paraffin-embedded (FFPE) HCC
specimens (10% neutral formaldehyde solution at room
temperature for 12-24 h) were retrospectively obtained from
patients (age, 22-77 years; male, n=302 and female, n=43)
who underwent surgical resection between December 2005
and December 2008 at the Eastern Hepatobiliary Surgery
Hospital (EHBH). Among them, 77 pairs of tumors and
adjacent non-tumor liver tissues (peritumor liver tissues,
distance between tumors and non-tumor tissue at least 2 cm)
were used to explore LBP expression. Additionally, LBP
expression was explored in low-grade dysplastic nodules
(LGDN, n=15), high-grade dysplastic nodules (HGDN, n=12)
and well-differentiated HCC (well-HCC, n=18) (Table S1) in
specimens obtained from patients (age, 7-79 years; male, n=31
and female, n=14) who underwent curative resection between
January 2005 and December 2011 at the EHBH. For western
blot analyses, five paired HCC and peritumor liver tissues (age,
28-84; male, n=3 and female, n=2) were obtained from EHBH
in July 2017 and frozen at -80°C. For diagnosis, hematoxylin
and eosin (H&E)-stained sections were reviewed by two
experienced hepatopathologists. H&E staining was performed
at room temperature and observed under a Leica DM IRE2
microscope (Leica Microsystems Imaging Solutions Ltd).
Diagnoses of HCC was based on the criteria proposed by the
World Health Organization (WHO) (24). The inclusion criteria
of the patients for the present study were: i) A diagnosis of
HCC consistent with histological diagnostic criteria of the
World Health Organization; ii) no pre-operative anticancer
treatment; and iii) No evidence of extrahepatic metas-
tases (25). LGDN, HGDN and well-HCC was diagnosed based
on previously described criteria (26). Briefly, hepatocytes in
LGDN appear normal or exhibit minimal nuclear atypia and a
slightly increased nucleus to cytoplasm (N:C) ratio, but mitotic
figures are absent. HGDN is characterized by cytologic and/or
structural atypia, but insufficient for a diagnosis of well-HCC.
Well-HCC was diagnosed based on the following criteria:
i) Increased cell density (more than twice compared with that
of the surrounding liver) with an increased N:C ratio; ii) irreg-
ular thin trabecular pattern of growth; iii) pseudoglandular
structures; iv) fat distribution change; v) unpaired arteries;
vi) intratumoral portal tracts; and vii) stromal invasion.

Each patient provided written informed consent, and the
institutional review board of EHBH approved the present study.
Overall survival (OS) time was defined as the interval between
surgery and death or the last follow-up. Time to recurrence
(TTR) was measured from the date of tumor resection to the
date of detecting a tumor recurrence or the last follow-up (27).
Patients were followed-up at the clinic every 3 months during
the first year after surgery and every 6 months thereafter until
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December 2013. Follow-up observations were performed
by two physicians who were blinded to the study. Abdomen
ultrasonography, chest X-ray and a test for serum a fetoprotein
(AFP, AFP (+), serum AFP>20 ng/ml; AFP (-), serum AFP
<20 ng/ml) concentration were used to monitor the patients
every 3 months during the first year after surgery and every
3-6 months thereafter. Serum AFP were determined on Roche
Modular E170 immunology analyzer (Roche Diagnostics
GmbH) with serum AFP test kits (cat. no. 11731327; Roche
Diagnostics GmbH). Magnetic resonance imaging or computed
tomography scanning of the abdomen were performed every
6 months or immediately after a recurrence was suspected (28).

Protein extraction and western blot analysis. Western blot
analysis was performed according to a previous study (29).
Briefly, tissue samples were homogenized in a RIPA buffer
(Qiagen, Inc.) supplemented with a cocktail of proteinase inhib-
itors and with a cocktail of phosphatase inhibitors (both Roche
Diagnostics). Protein concentrations were determined using a
bicinchoninic acid kit (Pierce; Thermo Fisher Scientific, Inc.).
Proteins (20 pg/lane) were separated using 10% SDS-PAGE
and transferred to nitrocellulose membranes (Bio-Rad
Laboratories, Inc.). After blocking with 5% bovine serum
albumin/PBS at room temperature for 1 h, the membranes
were incubated with primary LBP antibody (anti-LBP anti-
body; 1:1,000 dilution; cat. no. abl69776; Abcam) and B-actin
(1:1,000 dilution; cat. no. 4970; Cell Signaling Technology,
Inc.) overnight at 4°C. After washing with Tween-20 (0.05%)
in PBS, the membranes were incubated with horseradish
peroxidase-conjugated goat anti-rabbit IgG antibody (1:2,000
dilution; cat. no. 7074; Cell Signaling Technology, Inc.) for 1 h
at room temperature. LBP and f-actin were detected using
ECL development solution (Pierce; Thermo Fisher Scientific,
Inc.). LBP and B-actin expression levels were determined
using Quantity One v4.6.2 software (Bio-Rad Laboratories,
Inc.). B-actin was used as a loading control.

Tissue microarray (TMA), IHC and scoring. For tissue micro-
array construction, H&E-stained samples were reviewed by
two experienced pathologists and the representative cores
were pre-marked in the paraffin blocks. A tissue cylinder with
a diameter of 1.5 mm was punched using a Manual Tissue
Microarrayer (Unitma Co., Ltd.) from the marked area of
each block and incorporated into a recipient paraffin block.
Sections (4-pm) were then placed on slides pre-coated with
3-aminopropyltriethoxysilane. Paraffin sections were depa-
raffinized with xylene and rehydrated through decreasing
concentrations of ethanol (100, 95, and 85% for 5 min each) at
room temperature. Antigens were retrieved using microwave
irradiation for 5 min in citric acid buffer (pH 6.0) at 100°C,
and slides were then cooled at room temperature for 120 min,
according to the protocol reported by Jin ez al (30) with minor
modifications. The slides were incubated with 3% H,O,/phos-
phate-buffered saline to block endogenous peroxidase activity,
and then non-specific binding sites were blocked using 100%
goat serum (Beyotime Institute of Biotechnology) for 1 h at
room temperature. Primary anti-LBP antibody (1:200 dilu-
tion; cat. no. HPAO01508; Sigma-Aldrich; Merck KGaA) was
used for IHC. Tissue antigens were detected with an EnVision
detection kit (cat. no. GK500705; Gene Tech Biotechnology,
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Figure 1. LBP expression levels in HCC and paired peritumor liver tissues. (A) Low LBP expression in paired peritumor liver tissue. (B) High LBP expression
in HCC tissue. (C) Low LBP expression in HCC tissue (x200). (D) LBP levels were significantly decreased in paired peritumor liver tissue compared with that
in HCC tissues (n=77; P=0.0171; paired t test). (E) LBP expression was detected using western blot analysis in five paired peritumor tissues and HCC tissues.
(F) Quantitation of LBP expression levels from western blot analyses showed that LBP expressions exhibited a trend for reduction in HCC tissues compared
with paired peritumor liver tissues (P=0.0533; paired t-test). Arrow indicates cytosolic LBP expression. P, peritumor tissue; T, tumor tissue; LBP, lipopolysac-

charide binding protein; HCC, hepatocellular carcinoma.

Co., Ltd.). Counterstaining with Hematoxylin was performed
for 5 min at room temperature and observed using a Leica DM
IRE2 light microscope. Negative control slides were created
for all assays and consisted of omitting primary antibodies.

For semi-quantitative evaluation of LBP from IHC, scoring
was performed as follows: Staining intensity was first scored
as 0, negative; 1 weak; 2, moderate; 3, high, and then the
percentage of positive cells was scored as 0, 0% positive; 1,
1-10% positive; 2, 11-50% positive; and 3, >50% positive. A
final score for each sample was obtained by multiplying the
scores for staining intensity and percentage of positive cells
scores to obtain LBP scores in HCC tissues.

Statistical analysis. Optimal LBP cut-off point for survival
analysis was obtained by X-tile (version 3.6.1; Rimm Lab; Yale
School of Medicine) as previously reported by Camp et al (31).
LBP expression level in HCC and paired peritumor tissues
were analyzed using paired t-test. LBP expression level
between more than two groups of TNM, tumor differentiation
and tumor grade (based on the pathological diagnosis report)
were analyzed using one-way ANOVA and least significant
difference post-hoc test for multiple comparisons. y* tests
were used to compare qualitative variables. A cut-off point
derived from 346 cases using The Mantel Cox log-rank test
on X-tile was used to determine the statistical significance of
the association between LBP expression and patient survival.
SPSS standard version 13.0 (SPSS Inc.) was used to determine
associations between variables, univariate survival analysis,
and multiple Cox proportional hazards regression (forward,
conditional likelihood ratio). P<0.05 was considered to indi-
cate a statistically significant difference.

Results

LBP is expressed in tumor tissues. To investigate LBP expres-
sion in patients with HCC, 346 paraffin blocks from patients
with HCC were used to determine LBP expression as scores.
IHC results demonstrated that LBP was primarily cytosolic.
As shown in Fig. 1, LBP was rarely expressed in peritumor
liver tissues (Fig. 1A), but frequently overexpressed in HCC
tissues (Fig. 1B); some HCC tissues were negative for LBP
(Fig. 1C). IHC results of 77 paired tumor tissues and peritumor
liver tissues showed that LBP was highly expressed in tumor
tissues (Fig. 1D; P=0.0171).

LBP scores in peritumor tissues were 0, 27 cases; 1,
3 cases; 2, 10 cases; 3, 16 cases; 4, 12 cases; 6, 7 cases, and 9,
2 cases. In tumor tissues the scores were 0, 20 cases; 1, 7 cases;
2, 13 cases; 3, 5 cases; 4, 8 cases; 6, 18 cases, and 9, 6 cases.
For further confirmation, LBP expression was analyzed in five
paired tumor and peritumor tissues using western blot analysis.
As presented in Fig. 1E and F, due to the very low number of
samples (n=5 pairs), no significant differences were observed
between tumor tissues and peritumor liver tissues, although
there was a trend for high LBP in tumor tissues (P=0.0533).
Taken together, these results indicate that LBP is highly
expressed in tumor tissues compared with that in peritumor
liver tissues.

Clinicopathologicalfeatures of patients with HCC. Subsequently,
univariate and multivariate Cox analyses were used to determine
the prognostic significance of LBP and the clinicopathological
parameters in the 346 HCC cases (Table I). Univariate analysis
showed that serum AFP (P=0.001), liver cirrhosis (P=0.006),
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Table I. Univariate and multivariate analyses of factors associated with OS and TTR in patients with hepatocellular carcinoma.

(0N} TTR

Univariate Multivariate Univariate Multivariate
Clinicopathological factors P-value HR 95% Cl1 P-value  P-value HR 95% Cl P-value
Sex (male vs. female) 0.665 0.611
Age, years (<50 vs. >50) 0.988 0.947
HBsAg (positive vs. negative) 0.148 0.107
Serum AFP, ng/ml (<20 vs. >20) 0.001* 0.003*
Liver cirrhosis (yes vs. no) 0.006* 1550 1.060-2.268 0.024* <0.001* 1.680 1.191-2.369 0.003*
TNM (I vs. II vs. [II-IV) <0.001* 1514 1.188-1.929 0.001* <0.001*
Child-Pugh (A vs. B) 0.251 0.266
Tumor size, cm (<5 vs. >5) <0.001* 1.671 1.192-2.343 0.003* <0.001* 1.564 1.181-2.071 0.002*
Tumor number (single vs. multiple) <0.001* <0.000* 1950 1.437-2.646 <0.001*
Tumor differentiation (well vs. 0.012° 0.014*
moderate vs. poor)
Vascular invasion (no vs. yes) 0.004* 0.019*
LBP (low vs. high) 0.008* 0.002*
LBP/AFP [LBP low/AFP (-) vs. LBP  <0.001* 1458 1.158-1.837 0.001* <0.001* 1.382 1.124-1.700  0.002*

high/AFP (-) or LBP low/AFP (+) vs.
AFP (+) and LBP high]

*P<0.05. HBsAg, hepatitis B surface antigen; AFP, a-fetoprotein; LBP, lipopolysaccharide binding protein; OS, overall survival; TTR, time to

recurrence.

tumor-node-metastasis (TNM) stage (P<0.0001), tumor size
(P<0.0001), tumor number (P<0.0001), tumor differentiation
(P=0.012), vascular invasion (P=0.004), LBP (P=0.008), and
the LBP/serum AFP combination (P<0.0001) were significant
prognostic factors for OS time. Similarly, serum AFP (P=0.003),
liver cirrhosis (P<0.0001), TNM stage (P<0.0001), tumor size
(P<0.0001), tumor number (P<0.0001), tumor differentiation
(P=0.014), vascular invasion (P=0.019), LBP (P=0.002), and
the LBP/serum AFP combination (P<0.0001) were signifi-
cant prognostic factors for TTR using univariate analysis.
Furthermore, multivariate Cox analyses showed that, liver
cirrhosis (HR,1.550; 95% Cl, 1.060-2.268; P=0.024), TNM (HR,
1.514; 95% Cl1 1.188-1.929; P=0.001), tumor size (HR, 1.671; 95%
Cl, 1.192-2.343; P=0.003), and the LBP/serum AFP combination
(HR, 1.458; 95% Cl, 1.158-1.837, P=0.001) were independent
prognostic factors for OS time. Liver cirrhosis (HR, 1.680;
95% Cl, 1.191-2.369; P=0.003), tumor size (HR, 1.564; 95%
Cl, 1.181-2.071; P=0.002), tumor number (HR, 1.950; 95% Cl,
1.437-2.646; P<0.0001), and the LBP/serum AFP combination
(HR, 1.382;95% (1, 1.124-1.700; P=0.002) were also independent
prognostic factors for TTR. While there are many parameters
associated with outcomes in patients with HCC, including LBP,
our results showed that the combination of LBP and serum AFP
is a novel valuable prognostic factor for OS time and TTR.

Prognostic value of LBP expression in patients with HCC.
Kaplan-Meier curves were used to further determine the
association between LBP score and prognosis. LBP scores in
HCC tissues ranged from O to 9, 40.7% (141/346) were 0, 59.3%
(205/346) were 1-9. X-tile analysis of 346 cases showed that

the best cut-off point for survival analysis was 2. Thus, if an
THC score of HCC tissue was <2, the patient was classified as
low-LBP; if the score was >2, the patients was classified as
LBP-high. As shown in Fig. 2, OS time and TTR were signifi-
cantly worse (P=0.007 and P=0.002, respectively) in the high
LBP expression group (n=113) compared with thatin the LBP-low
expression group (n=233). Probability of post-operative survival
demonstrated that the mean OS time for patients with HCC with
high LBP levels was 41 months compared with 58 months for
those with low LBP expression (Fig. 2A). The mean TTR for
patients with HCC with high LBP levels was 29.1 months; for
those with high LBP levels, it was 42.2 months (Fig. 2B). The
representative LBP expression for shortest the OS time and TTR,
and longest OS time and TTR is shown in Fig. S1. Furthermore,
the 346 patients with HCC were classified into three groups
according to LBP expression and serum AFP status: i) Group I,
AFP (+) and LBP high (n=80); ii) group II, AFP (+)/LBP-low or
AFP (-)/LBP-high (n=186); and iii) group I1I, AFP (-)/LBP-low
(n=80). Kaplan-Meier analysis demonstrated that patients in
group I (AFP (+)/LBP-high) had the shortest OS time (mean,
35.4 months) and TTR (mean, 25.0 months), whereas patients in
group III had the longest OS time (mean, 69.6 months) and TTR
(mean, 50.3 months) (Fig. 2C and D).

LBP expression in aggressive tumor tissues. The y* test was
used to identify associations with LBP expression with different
variables. First, the associations between clinicopathological
variables and LBP expression in patients with HCC (n=346)
were investigated. The results showed that LBP expression in
HCC tissues was associated with TNM stage (P=0.035) and
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Figure 2. Kaplan-Meier curves for OS time and TTR in patients with HCC. (A) Probability of post-operative survival showed that the mean OS time for patients
with HCC with high LBP levels was 41 months compared with 58 months for those with low LBP expression. (B) The mean TTR for patients with HCC with
high LBP levels was 29.1 months; for those with high LBP levels, it was 42.2 months. Patients with HCC and serum AFP (+)/LBP high expression had poor
(C) OS time and (D) TTR compared with that in patients with AFP (-)/LBP-low; AFP (-)/LBP high, or AFP (+)/LBP-low. n=346 cases. TTR, time to recurrence;
OS, overall survival; AFP, a fetoprotein; HCC, hepatocellular carcinoma; LBP, lipopolysaccharide binding protein.

LBP score

| P=0.057 | B P=0.003
1
P=0.933 P=0.049 P=0.121 P=0.014

LBP score

1-1v

Well
TNM stage

Moderate
Tumor differentiation

Poor

P=0.0001

P=0204 _ p-0.014

10

LBP score

e & o @

LGDN

HGDN Well-HCC
Tumor grade
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tiated tissues. (C) LBP expression was gradually increased in LGDN, HGDN and well- HCC. One-way ANOVA and least significant difference post-hoc test
was used for multiple comparisons. HCC, hepatocellular carcinoma; LBP, lipopolysaccharide binding protein; LGDN, low-grade dysplastic nodules; HGDN,
high grade dysplastic nodules; well-HCC; well-differentiated.

tumor differentiation (P=0.011), but was not associated with
sex, age, Hepatitis B surface antigen (HBsAg), serum AFP,
liver cirrhosis, Child-Pugh class, tumor size, tumor number and
vascular invasion (all P>0.05; Table IT). Based on these % test

results, LBP expression was further analyzed in subgroups of
TNM stage and tumor grade. Results showed that LBP expres-
sion in tumors with TNM stage I1I-IV were higher compared
with that in stage I and II tumors; however, there were no
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Table II. Relationship between LBP expression and clinico-
pathological features in hepatocellular carcinoma.

LBP

Variable Low (n=233) High (n=113) P-value

Sex 0.160
Male 200 103
Female 33 10

Age, years 0.389
<50 104 56
>50 129 57

HBsAg 0.640
Negative 44 19
Positive 189 94

Serum AFP, ng/ml 0.117
<20 88 33
>20 145 80

Liver cirrhosis 0.068
No 69 23
Yes 164 90

TNM 0.035*
I 79 34
II 124 52
III-1V 30 27

Child-Pugh class 0.452
A 214 101
B 19 12

Tumor size, cm 0.113
<5 116 46
>5 117 67

Tumor number 0.073
Single 187 81
Multiple 46 32

Tumor differentiation 0.011*
Well 21 6
Moderate 201 92
Poor 11 15

Vascular invasion 0.254
No 91 37
Yes 142 76

Association between LBP expression level and variables was
performed using * analysis. “P<0.05. HBsAg, Hepatitis B surface
antigen; LBP, lipopolysaccharide binding protein; AFP, a-fetoprotein.

statistically significant differences between LBP expression
in TNM stages I and II and between I and III-IV (Fig. 3A).
LBP score was significantly higher in poorly differentiated
tumors compared with that in well-differentiated (P=0.003)
and moderately differentiated (P=0.014) tumors (Fig. 3B).
LBP expression was gradually increased in LGDN, HGDN
and well-HCC, respectively (HGDN vs. well-HCC, P=0.014;
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LGDN vs. well-HCC, P=0.0001; Fig. 3C). The representative
LBP expression for each stage of TNM, tumor differentiation,
and tumor grade is shown in Fig. S2.

In the present study, both LBP expression level and the
combination of LBP expression level and serum AFP level
were significant prognostic factors for both OS time and TTR
(Fig. 2). The prognostic value of LBP in the different status of
serum HBsAg and liver cirrhosis was further explored (Fig. S3).
The results demonstrated that a high level of LBP might indi-
cate poor prognosis for OS time and TTR in patients who are
HBsAg-positive but not for patients who are HBsAg-negative.
Similar results were observed in patients with liver cirrhosis
(Fig. S4). In addition, in the HBsAg positive group, the OS
rate and TTR rate was worse in AFP (+)/LBP high patients
compared with AFP (-)/LBP low patients, whereas no signifi-
cant differences were observed in the HBsAg negative group
(Fig. S5). In the liver cirrhosis and non-cirrhosis group, the
OS and TTR rates were worse in AFP (+)/LBP high patients
compared with AFP (-)/LBP low patients (Fig. S6). Thus,
measurement of both LBP and serum AFP may provide useful
prognostic information for patients with HCC.

Discussion

The primary function of LBP is to act in the recognition,
binding, and transport of the LPS (14,15). LBP has previ-
ously been associated with the pathogenesis of sepsis (20),
and with the prognosis of colorectal carcinoma and renal
cell carcinoma (22,23). However, the prognostic role of LBP
in HCC and its expression in HCC tumor tissues and peri-
tumor liver tissues has not been reported, to the best of our
knowledge. In the present study, LBP expression in peritumor
liver tissues was weak overall only nine cases (11.6%; 9/77)
strongly expressed LBP in non-tumor liver tissues (scores of 6
or 9), whereas LBP was strongly expressed in tumor tissues in
24 cases (31.1%, 24/77, scores of 6 or 9). Quantified analysis
of LBP expression by western blot analysis further reveals
that LBP was overexpressed in tumor tissues compared with
peritumor liver tissues (Fig. 1E and F). Furthermore, as shown
in Fig. 3B, LBP was highly expressed in poorly differentiated
tumors compared with that in well- or moderately differenti-
ated tumors, suggesting high LBP expression might reflect
poor differentiation status of HCC.

Hepatocarcinogenesis is a complex and multistep process
from preneoplastic lesions, including cirrhosis, LGDNs and
HGDN to early- and well-differentiated HCC (32). Therefore,
exploring molecular pathogenesis during this multistep
process, may assist in understanding how the critical transition
happens during HCC initiation at a molecular level. As shown
in Fig. 3C, LBP expression levels gradually increased in order
of LGDN, HGDN and well-HCC; thus, LBP expression may
partially reflect HCC initiation and progression.

Serum AFP is a common serum biomarker for HCC
diagnosis (33). However, due to its low sensitivity and speci-
ficity (33-35), Golgi protein 73 (36), vitamin K or antagonist-11
(PIVKA-II) (37) were proposed as new serological biomarkers
for diagnosing of HCC. Since then, many studies have focused
on using AFP and PIVK A-II to predict prognosis (38,39). The
prognosis of patients with HCC might also be predicted by
molecular classification. Biomarker-based classes of HCC
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would be useful to predict prognosis and design clinical trials
for targeted therapy (40). Although progress in clinical predic-
tive biomarkers has been made (11,25,41), the clinical utility of
these biomarkers for predicting the prognosis of HCC patients
is still unclear.

The present study has some limitations. First, because
of its retrospective nature and mono-center design, a multi-
center and prospective study should be performed to further
evaluate the prognostic value of LBP in HCC. Second, as
LBP has been proposed as a diagnostic serum biomarker for
ovarian cancer (42), Kawasaki disease (43), and rheumatoid
arthritis (44), the diagnostic and prognostic role of serum LBP
in patients with HCC should be explored by further research.
Finally, the mechanism of LBP overexpression in patients with
HCC, and whether LBP could be a therapeutic biomarker for
patients with HCC should be evaluated in the future.

In conclusion, the present study is the first to report that
LBP is overexpressed in HCC tissues, and that LBP status may
indicate the aggressiveness of HCC, and the prognosis of HCC
patients after surgery. Significant differences in the prognosis
of patients with HCC stratified by the combination of LBP
expression and serum AFP was also found.
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