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Abstract: Fructose-1,6-bisphosphatase-1 (FBP1), a gluconeogenesis regulatory enzyme, catalyzes the hydrolysis
of fructose 1,6-bisphosphate to fructose 6-phosphate and inorganic phosphate. FBP1 has been reported to be
downregulated in human hepatocellular carcinomas. However, the prognostic value of FBP1 expression in hepato-
cellular carcinoma patients is still unclear. Here, we investigated the prognostic value of FBP1 expression in liver
cancer patients. FBP1 mRNA expression was determined in tumor tissues and non-tumor tissues by real-time PCR.
For evaluation of the prognostic value of FBP1 expression to each clinicopathologic factor, Kaplan-Meier method
and Cox’s Proportional Hazard Model (univariate analysis and multivariate analysis all were used) were employed. A
simple risk score devised by using significant variables obtained from Cox’s regression analysis for further predict-
ing the HCC patients’ prognosis. We observed reduced FBP1 mRNA level in cancerous tissues in comparison to non-
cancerous tissues. FBP1 expression was also significantly correlated with age, histological grade and tumor stage.
More importantly, Kaplan-Meier analysis showed that patients with high FBP1 expression had longer disease-free
survival and overall survival compared with those with low expression of FBP1. Cox’s regression analysis indicated
that FBP1 expression, histological grade, and tumor stage might be significant prognostic factors for disease-free
survival and overall survival. Finally, we found that patients whose total score >1 and >2 are more likely to relapse
and die than patients whose total score <1 and <2. FBP1 expression in liver tumors is a potential prognostic tool
for patients. The risk scoring system is useful in predicting survival of liver cancer patients after tumor resection.

Keywords: Fructose-1,6-bisphosphatase-1 (FBP1), hepatocellular carcinoma, biomarker, risk scoring system,
prognosis

Introduction has focused on regulation of the catabolic path-

way of glucose. Fructose-1,6-bisphosphatase-

Hepatocellular carcinoma (HCC) is one of the
most common cancers worldwide, especially in
Asia, with a high mortality [1]. It is challenging
to evaluate the prognosis of HCC patient. Based
on molecular profiling, several prognostic mark-
ers for HCC are also used in clinic [2], but only a
few genes have been identified as useful.

Metabolic deregulation has been considered a
crucial hallmark of cancer [3, 4]. Cancer cells
consume excess nutrients and energy as com-
pared with their nonmalignant counterparts
due to altered metabolism [5, 6]. Enhanced glu-
cose metabolism accompanied by fermenta-
tion (aerobic glycolysis), commonly known as
the Warburg effect, is exhibited almost univer-
sally by cancer cells [7, 8]. Thus much attention

1 (FBP1), which catalyzes the splitting of fruc-
tose-1,6-bisphosphate (F-1,6-BP) into fructo-
se 6-phosphate and inorganic phosphate, is a
rate-limiting enzyme in gluconeogenesis [9].

It is now widely accepted that constitutively
elevated levels of cellular oxidative stress and
dependence on mitogenic and anti-apoptotic
reactive oxygen species (ROS) signaling in can-
cer cells are involved in the carcinogenesis [10].
Paradoxically, apart from being involved in pro-
liferative, antiapoptotic, metastatic, and angio-
genic signaling, ROS may also exert cytotoxic
and proapoptotic functions that would limit
tumorigenicity and malignant progression [11,
12]. FBP1 is a multifunctional protein that is, in
addition to its function in gluconeogenesis,
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involved in ROS production in chronologically
aged cells [13]. Our previous study [14] demon-
strated that the growth inhibitory effect of FBP1
as a liver tumor suppressor may also be medi-
ated through enhancing the production of intra-
cellular ROS; compared to normal tissue, FBP1
expression is significantly reduced in liver tu-
mor tissues. Furthermore, studies have been
provided evidence showing that epigenetic si-
lencing of FBP1 via promoter hypermethylation
is common in human liver, colon and gastric
cancers [14, 15]. FBP1 acted as a liver tumor
suppressor and loss of FBP1 expression due to
promoter DNA methylation has been observed
in our previous study [14]; however, no specific
associations between clinical outcomes and
FBP1 expression have been identified.

We hypothesized that FBP1 could be used as a
pathological and prognostic biomarker for HCC
patients. Therefore, we investigated the expres-
sion of FBP1 in a large set of HCC specimens.
The results validated the relevance of FBP1
expression to HCC clinical outcomes.

Patients and methods
Specimen cohorts

Seventy-two patients (56 males and 16 fe-
males) from Huashan Hospital (Shanghai, Chi-
na) were included in this study. All the patients
underwent radical hepatic resection for HCC
between 2008 and 2010. The age of the pa-
tients ranged from 16 to 84 years (mean *
standard deviation [SD], 53.67+12.30 years).
Our criteria for radicality have been published
[16]. None of the patients in this study received
any preoperative chemotherapy or emboliza-
tion therapy. The tumor tissues and the adja-
cent non-tumor tissues were collected from
these patients above as frozen samples. The
distance between adjacent non-tumor tissue
and tumor tissue boundary was 2 cm, beyond
of which was regarded as distant normal tis-
sue. The selected tumor areas had more than
80% of tumor cells as being confirmed by histol-
ogy examination. Classification of cancer stag-
es using the tumor-node-metastasis (TNM) st-
age according to the 7th edition of the AJCC
(American Joint Committee on Cancer) cancer
staging manual [17].

All patients were given informed consent for

obtaining the study specimens. Experiments
and procedures were in accordance with the
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Helsinki Declaration of 1975, and approved
by the Human Ethics Committee of Shanghai
Fudan University.

Follow-up

Follow-up ended at death or June 1st, 2013,
whichever came first. Follow-up imaging was
performed every 3-6 months for 2 years and
then every 6-12 months. According to the re-
vised Response Evaluation Criteria in Solid Tu-
mors (RECIST) guidelines (version 1.1) [18], the
appearance of one or more new malignant
lesions on multiphase computed tomography
(CT) scan or magnetic resonance (MR) imaging
denotes disease progression. Disease-free sur-
vival (DFS) was defined as the time period from
the date of surgery operation to the first cancer
recurrence (local or distant). Overall survival
(OAS) was calculated from the date of cancer
resection to death or the last contact.

RNA/DNA extraction and reverse transcription

Total RNA and genomic DNA from human tiss-
ue samples were extracted using Trizol reage-
nt (Invitrogen) according to the manufactur-
er's instructions and their concentrations we-
re quantified by NanoDrop 1000 (Wilmington,
DE., USA). A reverse transcription reaction was
performed using 1 pg of total RNA with High
Capacity cDNA Reverse Transcription kit (Ap-
plied Biosystems, Foster City, CA, USA).

Quantitative real-time PCR

The mRNA level of FBP1 was determined by
real-time PCR using SYBR Green Master Mix Kit
and ABI 7500 Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA). Glyceraldeh-
yde-3- phosphate dehydrogenase (GAPDH) was
used as an internal control. The 222t method
was used to analyze the relative changes in
FBP1 expression from real-time PCR experi-
ments [17]. Real-time PCR was performed in
triplicate. Primers used for FBP1 were: FBP1-F
5-ATCCCCTTGATGGATCTTCC-3’ and FBP1-R 5'-
TCCAGCATGAAGCAGTTGAC-3’ (208 bp produ-
ct).

Statistic analysis

Spearman’s rank correlations and Kendall rank
correlation were used to investigate the rela-
tionship between two variables. Kruskal-Wallis
test were used to examine the statistical differ-
ence among three groups or more. The Mann-
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Figure 1. Clinicopathologic features and expression of FBP1. The expression of FBP1 in HCC tissues and adjacent
non-tumor tissues was determined by real-time PCR. A. 72 pairs of samples were from liver tissue, including tumor
tissue and adjacent non-tumor tissue; p value according to the independent-samples t-test. B. The expression of
FBP1 mRNA in tumor size 25 cm and <5 cm groups; p value according to the independent-samples t-test. C. The
expression of FBP1 mRNA in age >60 years and <60 years groups; p value according to the Mann-Whitney U-test. D.
The expression of FBP1 mRNA in different histological grade (three-tier grading scheme) of primary HCC tissues; p
value according to the Kruskal-Wallis test. E. The expression of FBP1 mRNA in different TNM stage of primary HCC
tissues; p value according to the Kruskal-Wallis test. F. The expression of FBP1 mRNA in hepatic cirrhosis and non
hepatic cirrhosis groups; p value according to the independent-samples t-test.
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Figure 2. ROC curves of FBP1 expression to indentify the cutoff value of relative FBP1 mRNA level. A. ROC curve of
FBP1 expression for disease-free survival. B. ROC curve of FBP1 expression for overall survival. +LR, positive likeli-
hood ratio; -LR, negative likelihood ratio; AUC, area under the ROC curve.

Whitney U-test or independent-samples t-test
were used to compare continuous variables
between two groups. The diagnostic perfor-
mance of FBP1 was assessed by receiver oper-
ating characteristic (ROC) curve and the area
under the ROC curve (AUC). Survival curves
were plotted using the Kaplan-Meier method
and the statistical significance between groups
was determined using the log-rank test.
Independent variables predicting survival were
evaluated using a multiple stepwise regression
analysis using the Cox model. A simple risk
score devised by using significant variables
obtained from multiple stepwise Cox’s regres-
sion analysis with P<0.05. The discrimination
capabilities of the simple risk score was also
presented by ROC curve and AUC. The optimal
cutoff value was determined to maximize the
sum of sensitivity and specificity. All statistical
tests were two-sided, and P values less than
0.05 were considered as statistically signifi-
cant. The statistical analyses were performed
using SPSS version 21.0, MedCalc version
11.4 and GraphPad Prism version 5.0.

Results

Correlation of FBP1 expression and clinico-
pathologic features

We obtained 72 HCC patients in this study, the

median age of liver cancer patients was 53.67
years old (range of 16 to 84 years old). The
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bivariate correlation analysis showed that FBP1
expression was related with tissue type (tumor
tissue or non-tumor tissue), tumor size, histo-
logical grade, age, tumor stage, hepatic cirrho-
sis (yes or not), disease-free survival time and
overall survival time. However, the differences
of patient’s gender, hepatitis B surface antig-
en (HBsAg) expression, hepatitis B e antigen
(HBeAg) expression, a-fetoprotein (AFP) levels,
intrahepatic metastasis, and lesion location
did not appear to have any correlation with
FBP1 expression (Supplementary Table 1).

Then the HCC patients were grouped by tissue
type (tumor tissue group vs. non-tumor tissue
group), tumor size (=5 cm vs. <5 cm, 5 cm was
considered as cutoff value according to Hw-
ang’s study [20]), age (=60 years vs. <60 years,
60 years old was taken as cutoff value accord-
ing to Gokcan’s study [19]), histological gra-
de (divided into gradel, 2 and 3 groups), tumor
stage (divided into stage I, Il, lll and IV groups)
and hepatic cirrhosis (yes vs. not) respectively.
Thus we can further confirm the difference of
FBP1 expression in these groups above (Figure
1). FBP1 expression was significantly downreg-
ulated in human primary HCC tissues when
compared with adjacent non-tumor tissues (Fi-
gure 1A). The expression of FBP1 mRNA was
also significantly related to age (P=0.028, Fi-
gure 1C), histological grade (P<0.001, Figure
1D), and TNM stage of HCCs (P=0.012, Figure
1E); nevertheless, it was revealed that tumor

Int J Clin Exp Pathol 2016;9(3):2903-2914



Fructose-1,6-bisphosphatase 1-a valuable predictor of survival in HCC patients

A Survival Functions
1.0 Relative FBP1
mRNA level
—IFBP123.11
-IMFBP1<3.11
= FBP123.11-
08 censored
A FBP1<3.11-
censored
E 0.6
>
[
F]
7]
E §
3 04
i,
Beseneny
(N
0.2 A"';
P=0.008 L N Y
0.0
T T T T T T
100 200 300 400 50.0 60.0
Disease-free Survival Time(months)
C Survival Functions
1.0 - TNM stage
H o
LI -2l
Lot ="
os] ey -
E ‘a, 0 I-censored
LA N A |l-censored
HE i O Ikcensored
— | H [=N1'3 d
r4 L H censore
> 087 F Ledes,
.E ! I
5 H -6 - o
® | U
§ i ] :-n-ﬂ-\.
O 047 i )
'. 1 [ —— a0
I |
0.2 ' P a 0
i Lm = ===
| P <0.001
0.0 !
T T T T T T
100 200 300 400 500 60.0
Disease-free Survival Time(months)
E
Survival Functions
1 Gender
I Female
- Male
05 0 Female-censored
. A Male-censored
_ “
2 o5
>
=
]
7]
E 04
3o
0.2 é.a ................... s
P=0.221
0.0
T T T T T T
100 200 300 400 50.0 60.0

Disease-free SurvivalTime(months)

Cum Survival

Cum Survival

Cum Survival

Survival Functions
1.0
Histological
grade
-
™2
08 -
0 1-censored
14 & 2-censored
L b, 0 3-censored
0.6 | H
! A
I i
| el
LBy Aeedn
0.4 | =b-:
| by
l'i '5...‘5.. el
0.2+ I —0
—————— ]
P=0.041
0.0
T T T T T T T
0 100 200 300 400 500 60.0
Disease-free Survival Time(months)
Survival Functions
1.0
Age
.+ I ~I260 years
ia, -t <60 years
o8 i 0 =60 years-censored
E.o: & 260 years-censored
0.6
0.4
0.2+
0.0
T T T T T T T
0 100 200 300 400 500 60.0
Disease-free Survival Time(months)
\ o Survival Functions
: Tumor size
i —<5em
i, -Tt2E5em
0.5 H 0 <5cm-censored
: A =5cm-censored
b
0.6 =
0.4
0.2
P=0.048
0.0
T T T T T T T
0 100 200 300 400 50.0 60.0

Disease-free Survival Time(months)

Figure 3. The impact of the clinicopathologic features on patients’ disease-free survival after radical resection for
HCC was evaluated using the Kaplan-Meier method; p value according to the log-rank test.
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Figure 4. The impact of the clinicopathologic features on patients’ overall survival after radical resection for HCC
was evaluated using the Kaplan-Meier method; p value according to the log-rank test.

Table 1. Univariate analysis of prognostic factors in patients with HCC as evaluated by disease-free

survival and overall survival

Disease-free survival

Over-all survival

Variable Number RR (95% Cl) B P value RR (95% Cl) B P value
Gender

Male 56 1.58 (0.75-3.34) 0.457 0.233 2.13(0.82-5.57) 0.757 0.122

Female 16 Reference Reference
Age

<60 years 50 Reference Reference

>60 years 22 1.51(0.76-3.01) 0.415 0.238 1.43(0.66-3.10) 0.358 0.364
Tumor size

<5cm 23 Reference Reference

>5cm 49 1.97 (0.98-3.97) 0.679 0.057 2.95(1.21-7.21) 1.082 0.018
Histological grade 0.001

lor2 56 Reference Reference

3 16 2.12(1.04-4.29) 0.750 0.038 2.47(1.15-5.29) 0.902 0.020
Tumor stage

lorll 42 Reference Reference

Il or IV 30 3.05(1.65-5.66) 1.116 <0.001 4.24(2.03-8.89) 1.445 <0.001
Relative FBPAmRNA level

<3.11 47 2.46 (1.22-4.96) 0.899 0.012 5.61(1.95-16.18) 1.725 0.001

>3.11 25 Reference Reference

RR: risk ratio; 95% Cl: 95% confidence interval; B: regression coefficient of the Cox proportional hazards model; P-value <0.05
according to univariate Cox proportional hazards model; Histological grade: according to the three-tier grading scheme; TNM
stage: tumor-node-metastasis, according to the 7th edition of the AJCC (American Joint Committee on Cancer) cancer staging

manual.

size and hepatic cirrhosis are not correlated
with FBP1 mRNA levels (Figure 1B, 1F), which
was inconsistent with the results in Supple-
mentary Table 1.

Diagnostic performance of FBP1 and determi-
nation of optimal cutoff value of FBP1 mRNA
levels

We considered death (yes vs. not) and recur-
rence (yes vs. not) as final diagnosis respec-
tively; FBP1 expression was regarded as diag-
nostic test. Then ROC curve was plotted by
software MedCalcl11.4 to evaluate the predic-
tive efficacy of FBP1 for HCC patients’ survival
(Figure 2). The optimal cutoff FBP1 expression
values all were 3.11 according to the ROC curve
for recurrence (Figure 2A) and for death (Figure
2B). Corresponding diagnostic indexes are as
follows: sensitivity 76.19% and 90.62%, speci-
ficity 46.67% and 52.50%, negative likelihood
ratio 0.51 and 0.18, positive likelihood ratio
1.43 and 1.91, AUC 0.637 and 0.745. For con-
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venient to statistical analysis, patients were
further categorized into two groups (=3.11,
high expression vs. <3.11, low expression) ba-
sed on the optimal cutoff FBP1 expression
values.

Relationship between disease-free survival,
overall survival and clinicopathological factors
in HCCs

The bivariate correlation analysis was used
again to sift the clinical factors that are related
with DFS and OAS. The results showed that
DFS and OAS respectively correlated with dif-
ference of gender, tumor size, age, histological
grade, tumor stage and relative FBP1 mRNA
level (Supplementary Table 2). Then we used
the Kaplan-Meier method to further investigate
the impact of these clinical factors above on
DFS and OAS. As shown in the Figures 3A and
4A, patients with high FBP1 expression (=3.11)
tended to have longer DFS and OAS compared
with those with low FBP1 expression (<3.11).

Int J Clin Exp Pathol 2016;9(3):2903-2914
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Table 2. Multivariate analysis of prognostic factors in patients with
HCC as evaluated by disease-free survival

Parameter B RR 95% Cl P

Relative FBP1 mRNA level (<3.11 vs. 23.11) 0.613 1.85 1.03-3.96 0.047
TNM stage (lll or IV vs. | or Il) 1.077 2.89 1.37-5.86 0.005
Histological grade (3 vs. 1 or 2) 0.645 1.97 1.05-4.03 0.041
Age (=60 years vs. <60 years) 0.546 1.73 0.86-3.99 0.087
Gender (male vs. female) 0.018 1.02 0.44-2.35 0.966
Tumor size (=5 cm vs. <5 cm) 0.313 1.37 0.647-2.94 0.426

RR: risk ratio; 95% Cl: 95% confidence interval; B: regression coefficient of the Cox
proportional hazards model; P-value <0.05 according to univariate Cox proportional
hazards model; Histological grade: according to the three-tier grading scheme; TNM
stage: tumor-node-metastasis, according to the 7th edition of the AJCC (American
Joint Committee on Cancer) cancer staging manual.

Table 3. Multivariate analysis of prognostic factors in patients with
HCC as evaluated by overall survival

Parameter B RR 95% Cl P

Relative FBP1 mRNA level (<3.11 vs. 23.11) 1.503 4.49 1.38-14.67 0.013
TNM stage (lll or IV vs. | or II) 1.047 2.85 1.24-6.55 0.014
Histological grade (3 vs. 1 or 2) 0.853 2.16 1.13-4.38 0.027
Age (=60 years vs. <60 years) 0.153 1.17 0.48-2.86 0.738
Gender (male vs. female) 0.117 1.12 0.40-3.18 0.825
Tumor size (=5 cm vs. <5 cm) 0.607 1.84 0.69-4.85 0.221

RR: risk ratio; 95% CI: 95% confidence interval; B: regression coefficient of the Cox
proportional hazards model; P-value <0.05 according to univariate Cox proportional
hazards model; Histological grade: according to the three-tier grading scheme; TNM

sis for DFS and OAS after
radical resection for HCC is
summarized in Tables 2 and
3. The expression of FBP1
was one of the independent
risk factors in the multivari-
able analysis for DFS (P=
0.047, RR=1.85; Table 2)
and OAS (P=0.013, RR=4.49;
Table 3). Tumor stage and
histological grade were also
significant correlated with
DFS (Table 2) and OAS (Table
3), while poorer tumor stage
appeared to have more sig-
nificant impact on DFS (TNM
stage Ill or IV vs. | or Il,
RR=2.89, P=0.005) and OAS
(TNM stage lll or IV vs. | or I,
RR=2.85, P=0.014).

A simple risk score for
predicting the HCC patients’
prognosis

Subsequently, a simple risk
score devised by using sig-
nificant variables in the Cox

stage: tumor-node-metastasis, according to the 7th edition of the AJCC (American

Joint Committee on Cancer) cancer staging manual.

Figures 3B, 4B and 3C, 4C showed that histo-
logic grade and tumor stage were significantly
correlated with DFS and OAS. Age, gender and
tumor size showed no relevant with DFS (Figure
3D-F) and OAS (Figure 4D-F).

Univariate analysis and multivariate analysis
with Cox proportional hazards model

Furthermore, the univariate COX 's Proportional
Hazard Model, in which tumor size, age, gender,
histologic grade, tumor stage, and FBP1 expres-
sion were respectively included, showed that
low expression of FBP1 was an independent
prognostic factor for DFS (RR=2.46, P=0.012)
and OAS (RR=5.61, P=0.001) in hepatic carci-
noma patients. The results also showed that
high histological grade and later tumor stage
were independent unfavorable factors for DFS
and OAS (Table 1).

A multivariable analysis including the signifi-
cant prognostic factors in the univariate analy-
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model with P<0.05. The sc-
ore was the weighted sum of
those variables of which the
weights were defined as the
quotient (rounded to nearest integer) of corre-
sponding estimated coefficients from a Cox’s
regression analysis divided by the smallest
regression coefficient in the same Cox model
(Supplementary Tables 3 and 4). The total score
ranged from O to 4. HCC patients were divided
into two groups by the endpoint of DFS (recur-
rence: yes or not) or endpoint of OAS (death:
yes or not), and the total score was considered
as diagnostic test. Then two ROC curves were
performed by software MedCalc11.4. The opti-
mal cutoff points of the two ROC curves were
score 1 and score 2 severally. For clinical and
informative application, patients were further
categorized into two risk groups as low-risk
(score <1 or £2) and high-risk group (score >1
or >2) to evaluate DFS and OAS. From the
Figure 6, we can find that patients whose total
score more than 2 are more likely to die and
total score more than 1 are apt to relapse than
patients whose score less than 2 and 1. By
applying the cutoff point of the two ROC curves,
the sensitivity and specificity to predict death

Int J Clin Exp Pathol 2016;9(3):2903-2914
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Figure 5. ROC curves with simplified risk score to predict the HCCs’ prognosis. A. ROC curve with simplified risk score
to predict the recurrence of HCC patients after surgery. B. ROC curve with simplified risk score to predict the death

of HCC patients after tumor resection.

of liver cancer patient after surgery were
65.62% and 82.50%, and to predict recurrence
of HCC patient after operation were 61.90%
and 70.00%. The AUC of the ROC curve for OAS
was 0.808 (Figure 5B) and for DFS was 0.692
(Figure 5A).

Discussion

It has been verified [15] that FBP1 functions to
antagonize glycolysis. As is well known, cancer
cells have a higher rate of aerobic glycolysis,
but not oxidative phosphorylation [5]. Fructose-
1,6-bisphosphate is one of the most important
intermediates in glycolysis and its level is main-
ly controlled by fructose-6-phosphate kinase
and fructose-1,6-bisphosphatase. It was fou-
nd that the production of lactate after FBP1
expression was significantly reduced [21], dem-
onstrating the suppression of aerobic glycolysis
by FBP1. Besides, cell cycle checkpoints are
important control mechanisms that ensure
the proper execution of cell cycle events. The
growth suppression induced by ectopic FBP1
expression seems to be caused by cell cycle
arrest since the numbers of cells with cell cycle
blockage (G2-M phase arrest) were increased
after FBP1 re-expression [14]. For a long time,
ROS were considered oncogenic since it was
implicated in cancer progression and metasta-
sis [10]. Persistent oxidative stress has been
associated with breast carcinoma and many
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epithelial cancers such as colon and neck can-
cers [22]. However, it has been demonstrated
that cisplatin apoptogenicity depends on for-
mation of ROS and occurs independent of
nuclear DNA damage, suggesting that apopto-
genic oxidative stress is the crucial mechanism
of cisplatin-induced cancer cell death [23]. In
addition to causing cell cycle arrest at the S
phase, the growth inhibitory effect of FBP1 as a
tumor suppressor may also be mediated th-
rough enhancing the production of intracellular
ROS [14].

Moreover, one research [24] published in
Nature suggests that FBP1lis universally deplet-
ed in clear cell renal cell carcinoma (ccRCC),
facilitating cancer progression by both sup-
pressing gluconeogenesis and enhancing tr-
ansactivation of glycolytic genes by hypoxia-
inducible factors (HIFs). The research also iden-
tified that ectopic expression of FBP1 in ccRCC
cell lines suppressed HIF activity and the extent
of FBP1suppression was significantly correlat-
ed with tumor stage and patient prognosis [24,
25]. In addition, FBP1 expression in basal-like
breast cancer (BLBC) cells inhibited tumorige-
nicity in vitro and suppressed tumor formation
in vivo [9]. Our previous study [14] found that
FBP1 is frequently reduced by promoter hyper-
methylation in most liver cancer cell lines and
primary tumor tissues, and suggested that epi-
genetic inactivation of FBP1 was an important

Int J Clin Exp Pathol 2016;9(3):2903-2914
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Figure 6. The impact of total scoring system on disease-free survival and overall survival with Cox’s regression analy-
sis; p value was confirmed with Cox proportional hazards model.

factor in human liver carcinogenesis. Regre-
ttably, the associations between prognosis of
liver cancer patients and FBP1 expression have
not been identified in our previous research.

In this study, we found that the FBP1 mRNA
expression was significantly decreased in ma-
jority of primary HCCs that we examined com-
pared with non-tumor liver tissues (Figure 1A).
This result is consistent with previous report.
We further investigated the correlations bet-
ween FBP1 expression and clinicopathologic
features of liver cancer. FBP1 expression was
significantly correlated with age, tumor stage,
and differentiation in histology (Supplementary
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Table 1 and Figure 1C-E). Compared with the
later tumor stage and poorer histologic grade
HCC patients, we found that early TNM stage
and benign differentiation in histology seem to
be associated with high expression of FBP1.
Then two ROC curves of FBP1 expression to
predict DFS and OAS were performed. The
AUCs were 0.637 and 0.745, other correspond-
ing diagnostic indexes like sensitivity values
were 76.19% and 90.62%, specificity values
were 46.67% and 52.50%, positive likelihood
ratios were 1.43 and 1.91 (Figure 2A, 2B).
These results implied that FBP1 can be an effi-
cient biomarker for HCC prognosis. It is a pity
that we only measured the FBP1 expression
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level in tissue and neglected expression level
of FBP1 in serum, which hinder the further
study of FBP1's predictive efficacy for HCCs
survival. Then 72 HCC patients were divided
into FBP1 high expression and FBP1 low
expression group according to the cutoff point
3.11. Further survival analysis with Kaplan-
Meier method indicated that patients with high
FBP1 expression have longer DFS and OAS
compared to the others with low expression of
FBP1 (Figures 3A, 4A). What’s more, histologic
grade, tumor stage and tumor size were also
significantly correlated with DFS (Figure 3B,
3C, 3F) and OAS (Figure 4B, 4C, 4F) according
to the Kaplan-Meier analysis. Apart from the
impact of tumor size on DFS and OAS, other
results were consistent with the study accord-
ing to univariate Cox regression analysis (Table
1).

Traditionally, tumor size, histologic grade and
tumor stage are the most important prognostic
indicators. However, we found some patients
with a relatively early TNM stage have shorter
DFS and OAS in our follow-up process, which is
also inconsistent with our study (the results of
Kaplan-Meier analysis). So Cox regression anal-
ysis was applied to determine significant prog-
nostic factor for DFS and OAS. The result shows
that FBP1 expression, histological grade and
tumor stage are the significant prognostic fac-
tors (Tables 2 and 3). Furthermore, we found
that the hazard ratio (HR or RR) of FBP1 expres-
sion for DFS and OAS are respectively 1.85
(P=0.047, Table 2) and 4.49 (P=0.013, Table
3), indicating that the group with lower FBP1
expression may have about 1.85 times risk of
liver cancer relapse and 4.49 times risk of
death. In order to dig deeper to research the
impact of FBP1 expression, histological grade
and tumor stage on DFS and OAS, we devel-
oped a simple score composed of the three
variables to predict the risk of HCC relapse and
death after tumor resection. Patients with pre-
diction score of <1 vs. >1 had distinctly differ-
ent risk of HCC relapse and with total score of
<2 vs. >2 had significantly different risk of HCC
patients’ overall survival. Notably, patients with
total score <1 are low risk of HCC recurrence
and with total score <2 are low risk for the
death of HCC patients (Figure 6). Identification
of patients’ risk for their prognosis could initi-
ate an individualized surveillance program for
HCC patients after tumor resection.
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Tumor occurrence and development can be
considered as the accumulation of gene muta-
tions and epigenetic modifications. The pre-
dominant consequence of this accumulation is
the activation of proto-oncogenes or silencing
of tumor-suppressor genes [26]. Consistent
with previous reports that FBP1 can inhibit the
occurrence or development of malignant tu-
mors through various mechanisms, our results
show the expression of FBP1 in liver non-tumor
tissue is significant higher than that in liver
malignant tumor, and the advanced extent of
hepatic cancer is correlated with lower expres-
sion of FBP1. More importantly, we found that
the patients with higher FBP1 expression have
better cumulative survival. These results toge-
ther indicate that FBP1 acts as a tumor sup-
pressor in the development of hepatic carcino-
ma and could well be considered as a novel
biomarker for prognosis and therapy in liver
cancer. The scoring system including FBP1
from this study can provide some evidence to
predict the recurrence and death of HCC.

In conclusion, this study generated valuable
evidence that the high expression of FBP1 in
HCC leads to a better prognosis in terms of
both DFS and OAS after radical resection. FBP1
can be a useful predictor of survival in hepato-
cellular carcinoma patients. What’s more, the
scoring system including FBP1 acts as predic-
tive model firstly used in our study to predict
HCC patients’ survival and this predictive model
can be a potential prognostic tool for liver can-
cer patients.
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Supplementary Tablel. Correlation between FBP1 expression and clinical factors in liver cancer
patients

FBP1 expression

Variable r, P value (2-tailed) r, P value (2-tailed)
Tumor or non-tumor 0.380 <0.001 0.312 <0.001
Gender -0.114 0.340 -0.094 0.336
Tumor size (maximum diameter) -0.336 0.004 -0.225 0.007
Age 0.235 0.046 0.180 0.027
HBsAg -0.006 0.961 -0.005 0.961
HBeAg 0.102 0.392 0.084 0.388
Histological grade -0.397 0.001 -0.314 0.001
AFP 0.020 0.871 0.018 0.827
Intrahepatic metastasis -0.029 0.810 -0.024 0.808
TNM stage -0.287 0.015 -0.211 0.019
lesion location -0.072 0.548 -0.057 0.534
hepatic cirrhosis 0.257 0.029 0.212 0.030
DFST 0.462 <0.001 0.325 <0.001
OAST 0.482 <0.001 0.339 <0.001

r: Spearman rank correlation coefficient; r,: Kendall rank correlation coefficient; DFST: Disease-free survival time; OAST: Over-
all survival time; HBsAg: hepatitis B surface antigen; HBeAg: hepatitis B e antigen; AFP: alpha fetoprotein; Histological grade:
according to the three-tier grading scheme.

Supplementary Table 2. Relationship between disease-free survival, overall survival and clinicopatho-
logical factors in liver cancer patients

Disease-free survival Over-all survival

Variable r P value (2-tailed) r P value (2-tailed)
Gender -0.246 0.038 -0.250 0.034
Tumor size (maximum diameter) -0.344 0.003 -0.351 0.003
Age -0.240 0.043 -0.285 0.015
HBsAg -0.151 0.206 -0.166 0.163
HBeAg 0.111 0.355 0.113 0.346
Histological grade -0.423 <0.001 -0.444 <0.001
AFP 0.004 0.971 0.013 0.914
Intrahepatic metastasis -0.221 0.062 -0.199 0.093
TNM stage -0.584 <0.001 -0.523 <0.001
Lesion location -0.231 0.051 -0.212 0.074
Hepatic cirrhosis -0.048 0.691 -0.050 0.674
Relative FBP1 mRNA level 0.462 <0.001 0.482 <0.001

r: Spearman rank correlation coefficient; HBsAg: hepatitis B surface antigen; HBeAg: hepatitis B e antigen; AFP: alpha fetopro-
tein; Histological grade: according to the three-tier grading scheme.
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Supplementary Table 3. Components of the disease-free survival prediction score

Factors Score (rounded to nearest integer) Score origin
Relative FBP1 mRNA level

>3.11 0

<3.11 1 0.613/0.613
Tumor stage

lorll 0

Illor IV 2 1.077/0.613
Histological grade

lor2 0

3 1 0.645/0.613

Supplementary Table 4. Components of the overall survival prediction score

Factors Score (rounded to nearest integer) Score origin
Relative FBP1 mRNA level

>3.11 0

<3.11 2 1.503/0.853
Tumor stage

lorll 0

Ilhor IV 1 1.047/0.853
Histological grade

lor2 0

3 1 0.853/0.853




