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Background: Leucine aminopeptidases (LAPs) have been reported to be involved in tumor 
cell proliferation, invasion and angiogenesis. However, the relationship between serum 
leucine aminopeptidases and prognosis of hepatocellular carcinoma (HCC) patients who 
underwent liver transplantation (LT) was not yet reported. We aimed to evaluate the prog-
nostic value of preoperative serum leucine aminopeptidases in these patients.
Methods: Clinical data of 106 HCC patients who underwent LT were retrospectively 
analyzed. The sex ratio, age, HBV infection, Child–Pugh stage, preoperative tumor therapy, 
AFP, the largest tumor size, tumor number, Edmondson grading, macro- and micro-vascular 
invasion of patients with different serum LAP level and compositions of patients who met 
the criteria of Milan, UCSF or Hangzhou were compared using the chi-square test. The 
Kaplan–Meier method was performed in survival analysis and the log rank test was used in 
survival comparison.
Results: Serum LAPs were correlated with alpha-fetoprotein (AFP), the largest tumor size, 
tumor number and macro-vascular invasion. Patients with serum LAPs > 87 U/L showed 
significantly poorer disease-free survival (DFS) and overall survival (OS) than those with 
serum LAPs ≤ 87 U/L. Univariate analysis indicated that serum LAPs, AFP, the largest tumor 
size, tumor number, and macro- and micro-vascular invasion were all associated with DFS and 
OS. Multivariate analysis showed that serum LAPs, macro-vascular invasion and the largest 
tumor size were independently correlated with DFS and OS. Serum LAPs could also distinguish 
prognosis between patients with different status of AFP, the largest tumor size, tumor number, 
and macro- and micro-vascular invasion, as well as patients within and beyond selection criteria, 
such as Milan, University of California, San Francisco and Hangzhou criteria.
Conclusion: Elevated preoperative serum LAPs were associated with advanced tumor stage 
and aggressive biological behavior, and thus a poor outcome, which could be a prognostic 
marker for HCC patients who underwent LT.
Keywords: leucine aminopeptidases, hepatocellular carcinoma, liver transplantation, 
disease-free survival, overall survival

Introduction
Liver cancer was the sixth most common cancer worldwide in terms of 792,000 new 
diagnosed cases, and the third most common cause of death from cancer (818,000 deaths 
annually).1 Despite the progress of hepatitis B virus (HBV) vaccine prevention and 
treatment options for liver cancer, the cancer burden is increasing owing to the population 
growing and aging.1 Eighty-six percent of liver cancer occurred in developing countries 
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and 90% were hepatocellular carcinoma (HCC).2 Nowadays, 
liver transplantation (LT) has been one of the options to cure 
HCC radically accompanied by liver resection, radiofrequency 
ablation, microwave ablation, percutaneous ethanol injection 
and so on.3 Compared with other radical treatment, LT 
removed the cirrhotic liver4 and a well-controlled HBV 
recurrence,5 patients could benefit more from this operation 
theoretically and practically.6–9 However, there are still 
a proportion of HCC patients who underwent LT suffering 
from tumor recurrence even when they met the selection 
criteria, such as Milan criteria,10 University of California, 
San Francisco (UCSF) criteria11 and Hangzhou criteria.12

Because of the organ shortage for LT, it is increasingly 
important to achieve the maximum benefit of LT for HCC 
patients. Previously, some studies have proven the deficiency 
of the well-acknowledged criteria, including Milan criteria, 
UCSF criteria and Hangzhou criteria, and some new com-
bined criteria had been brought up.13–18 Some of these com-
bined criteria included objective biological criteria, irrelevant 
to age, gender, pathology and so on, so they are more 
reproducible.13,14,19 On the other hand, the criteria for the 
diagnosis of HCC have improved as well and serum enzymes 
are taking an increasingly important part. Leucine aminopep-
tidases (LAPs), a diverse set of exopeptidases, catalyze the 
hydrolysis of leucine residues from the amino-termini of 
protein or peptide substrates.20 To be mentioned, LAPs 
have distinct substrate specificities beyond Leu hydrolysis 
with different temperature, pH and divalent cation require-
ments. Some LAPs could act as transcription factors, 
participate in specific recombination or interact with key 
membrane transporters.21 They have been demonstrated in 
most human tissues and high activities in the liver, duode-
num, small intestine, pancreas, testis and stoma cells of the 
uterus.22 LAPs also have been reported related to malignant 
cell proliferation, invasion and angiogenesis,21,23,24 and 
implicated in the pathological disorder of livers.21,23,25 

Besides, the expression of LAPs is interrelated to prognosis 
and malignant development of HCC.26,27 However, the prog-
nostic value of serum LAPs on patients with HCC who 
underwent liver transplantation has not been reported. We 
aimed to evaluate the prognostic value of preoperative serum 
leucine aminopeptidases in these patients.

Patients and Methods
All the preoperative clinical data of HCC patients who under-
went liver transplantation at the Organ Transplant Center, the 
First Affiliated Hospital, Sun Yat-sen University from March, 
2005 to October, 2013 were collected. Patients with 

hepatorenal syndrome on hemodialysis, uncontrolled severe 
infection, HIV infection, other uncured malignant tumor, HCC 
metastases beyond the liver, hepatic and portal vein invasion 
and without preserved lung and cardiac function to tolerate LT 
were excluded from the waiting list. The diagnosis was con-
firmed through hematoxylin–eosin staining and immunohisto-
chemistry (when necessary) by at least two pathologists. All 
the patients received deceased donor liver transplantation. All 
organs were donated voluntarily with written informed con-
sent, and this was conducted in accordance with the 
Declaration of Istanbul. The retrospective study was approved 
by the medical ethic committee of the First Affiliated Hospital, 
Sun Yat-sen University in compliance with the Declaration of 
Helsinki, and the ethic approval number was [2016]081. Due 
to the retrospective nature of the study, written informed 
consent was waived. Data confidentiality was assured by 
storage of patient identifiers in separate encrypted files and 
the files were accessible only to the research team offline. Only 
the patients with complete preoperative clinical, laboratory, 
imaging and follow-up data were selected. The general status 
of patients, such as gender, age, HBsAg, Child–Pugh stage and 
preoperative tumor therapy, was used to evaluate the compar-
ability between groups, and tumor-related markers, such as 
serum AFP, the largest tumor size, tumor number, Edmondson 
grading, and macro- and micro-vascular invasion, were com-
pared between patients with different LAP levels.

Experimental Design
The patients were classified based on the cutoff value, 
which was selected using the receiver operating character-
istic (ROC) curve analysis. A combination of Milan cri-
teria or UCSF criteria or Hangzhou criteria and LAP cutoff 
value were used to classify HCC patients into four groups: 
patients who met the criteria and LAP level below the 
cutoff value, patients who met the criteria and LAP level 
above the cutoff value, patients beyond the criteria and 
LAP level below the cutoff value, and patients beyond the 
criteria and LAP level above the cutoff value.

Treatment and Follow-Up
All the patients received modified piggy-back orthotopic liver 
transplantation or classic orthotopic liver transplantation. 
Perioperative treatment and follow-up were as described 
previously.28 Briefly, two doses of 20 mg basiliximab 
(Simulect, Novartis Pharma AG, Basel, Switzerland) were 
given intraoperatively and the fourth day after surgery. 
Mycophenolate mofetil (MMF) and FK506 were used post 
surgery to prevent organ rejection. The concentration of 
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FK506 was tested routinely and adjusted according to the test 
results and serum liver enzyme level, and the serum creatinine 
level was also taken into consideration. Blood routine tests, 
liver enzyme level, and serum tests of hepatic and renal func-
tion were performed at each follow-up, and also for serum AFP 
level and liver ultrasound test. An abdominal CT scan was 
performed every 6 months. Clinical and radiological 
manifestations of tumor, with or without pathological 
diagnosis,29 were defined as tumor recurrence. As for the 
patients suffering from recurrence, radiofrequency ablation 
(RFA), transarterial chemoembolization (TACE), sorafenib 
administration, tumor resection and chemotherapy were 
chosen based on the patient’s specific condition.

Statistical Analysis
Statistical analysis was performed using SPSS software 
(Windows Version 16.0; SPSS Inc., Chicago, IL, USA). 
The ROC curve analysis was used to determine the opti-
mal cutoff value of LAPs. The demographic and clinico-
pathological data were compared between HCC patients 
with low and high LAP values using the chi-square test. 
Survival analysis was performed using the Kaplan–Meier 
method and compared using the log rank test. 
A multivariate Cox regression model using a forward 
(conditional) method was used to identify independent 
risk factors that affected patients’ survival. P value less 
than 0.05 was considered statistically significant.

Results
Clinicopathological Characteristics of 
Patients
A total of 106 HCC patients were enrolled in this study, 
including 100 male patients and 6 female patients with 
a median age of 49 (range from 13 to 66) years. Median 
follow-up time was 38 months. Half of these patients 
suffered from tumor recurrence, and 40 patients died of 
tumor progression. One hundred and one out of the 106 
patients were infected by HBV. According to the Child– 
Pugh score system, 67 patients were within Child–Pugh 
stage A, and 29 and 10 for Child–Pugh stage B and C, 
separately (Supplementary Table 1). Forty-nine patients 
received preoperative therapy, such as hepatectomy, radio-
frequency ablation and transcatheter arterial chemoembo-
lization (Supplementary Table 2). There were 67 patients 
of grading I–II and 39 patients of grading III–IV according 
to Edmondson–Steiner grading. Moreover, patients were 
classified through three well accepted criteria: Milan 

criteria, UCSF criteria and Hangzhou criteria. Thirty- 
seven patients fulfilled the Milan criteria, 56 patients for 
UCSF criteria and 66 patients for Hangzhou criteria.

The Determination of Serum LAP Cutoff 
Value and Its Sensitivity and Specificity
The best cutoff value of serum LAPs was 87 U/L by the ROC 
curve (Supplement Figure 1), and the sensitivity and specificity 
were 0.736 and 0.755 (the area under the ROC curve: 0.788, 
95% confidence interval: 0.699–0.877, P < 0.001), separately.

Clinical Character of Hepatocellular 
Carcinoma Patients with Different Serum 
LAP Value
All the enrolled patients were divided into two groups based on 
the serum LAP cutoff value, and clinical character was com-
pared between groups (Table 1). There was no significant 
difference in general status between the two groups, such as 
gender, age, serum hepatitis B virus antigen (HBsAg) positive 
rate, Child–Pugh classification and preoperative therapy, indi-
cating the comparability between the two groups. Patients with 
serum LAPs > 87 U/L tended to have higher serum alpha- 
fetoprotein (AFP) level, larger tumor size, more tumor nodules 
and higher rate of macro-vascular invasion. In addition, 
patients with serum LAPs > 87 U/L tended to exceed the 
Milan, UCSF and Hangzhou criteria.

Disease-Free Survival and Overall 
Survival Comparison Between Patients 
with Different Serum LAP Value
The prognosis of HCC patients with different levels of serum 
LAPs was evaluated using Kaplan–Meier survival analysis 
(Figure 1), and compared using the log rank test. The 1, 3, 
5-year DFS rates were significantly poorer for patients with 
serum LAPs > 87 U/L (n = 52) than patients with serum 
LAPs ≤ 87 U/L (n = 54) (50.0%, 28.8%, 19.2% vs 87.0%, 
77.5%, 72.1%, P < 0.001), which was also the same for 1, 3, 
5-year OS rates between the two groups (71.2%, 41.6%, 35.8% 
vs 98.1%, 87.0%, 82.3%, P < 0.001). Then, further investiga-
tion was performed based on the LAP level. The patients were 
divided into three groups: group 1, patients with serum LAPs ≤ 
87 U/L (n = 54), the cutoff value and which was close to the 
normal range of serum LAPs (30~70 U/L). The other patients 
were classified into another two groups by the median of serum 
LAP level (123 U/L), which were group 2 for patients with 
serum LAPs between 87 and 123 U/L (n = 27) and group 3 for 
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patients with serum LAPs > 123 U/L (n = 25). The patients’ 
DFS and OS were also analyzed through the Kaplan–Meier 
method and compared using the log rank test. The 1,3,5-year 
DFS rates for patients in group 1 were 87.0%, 77.5% and 
72.1%, separately, 66.7%, 44.4% and 38.1% for group 2 
patients, and 32.0%, 12.0% and 6.0% for group 3 patients. 
All the P values between any two groups were less than 0.05 
(0.002 for group 1 vs group 2, <0.001 for group1 vs group 3 
and 0.003 for group 2 vs group 3). Accordingly, the 1, 3, 5-year 
OS rates were 98.1%, 87.0% and 82.3% for group 1, 81.5%, 
57.6% and 52.8 for group 2, and 60.0%, 23.0% and 17.2% for 

group 3, separately. All the differences between groups were 
also statistically significant (0.006 for group 1 vs group 2, 
<0.001 for group1 vs group 3 and 0.005 for group 2 vs 
group 3). A bivariate analysis using Pearson’s correlation 
was conducted to evaluate the correlation between serum 
LAPs and DFS or OS, and found that the correlation coefficient 
between LAPs and DFS was −0.417 (P < 0.001), and −0.375 
for LAPs and OS (P < 0.001). Besides the prognostic value of 
serum LAPs, there was also a negative correlation between its 
level and prognosis; the higher the serum LAP value, the worse 
the prognosis.

Clinicopathological Data on Patients’ 
Prognosis
Univariate analysis indicated that serum LAPs, AFP level, the 
largest tumor size, tumor number, macro-vascular invasion 
and micro-vascular invasion were all related with patients’ 
prognosis (Table 2). HCC patients with AFP > 400 ng/mL, 
the larger tumor size, tumor number > 3, macro-vascular 
invasion and micro-vascular invasion had a significant worse 
outcome than those without such characters. Then, the positive 
variables were added to the multivariate Cox regression model 
directly, except for the variable the largest tumor size, which 
was added after being transformed as the largest tumor size ≤ 
5 cm or > 5 cm and ≤ 8 cm or > 8 cm, to screen the 
independent risk factor on patients’ prognosis. Macro- 
vascular invasion, the largest tumor size > 5 cm and serum 
LAP level > 87 U/L were independent factors that significantly 
affected patients’ prognosis (Table 3).

As previous described, the AFP level, the largest tumor 
size, tumor number, macro-vascular invasion and micro- 
vascular invasion, along with LAP level, were related with 
patients’ prognosis, and then we evaluated the distinguishing 
value of serum LAPs in patients with or without these condi-
tions using the Kaplan–Meier method and compared using the 
log rank test.

Distinguishing Effect of LAPs in HCC 
Patients with Different Level of AFP
For patients with AFP ≤ 400 ng/mL, the 1, 3, 5-year DFS rates 
were significantly poorer for these with serum LAPs > 87 U/L 
(n = 25) than those with serum LAPs ≤ 87 U/L (n = 44) (72.0%, 
52.0%, 34.7% vs 88.6%, 79.2%, 72.5%, P = 0.017), which was 
the same for patients’ OS rates (80.0%, 62.1%, 56.5% vs 
100%, 88.6%, 85.8%, P = 0.009). Accordingly, for patients 
with AFP > 400 ng/mL, the 1, 3, 5-year DFS rates were also 
poorer for these with serum LAPs > 87 U/L (n = 27) than those 

Table 1 Comparison of Clinical Character Between HCC Patients 
Who Underwent Liver Transplantation with Different Serum LAPs

Category Subcategory Cases LAPs (U/L) P value

≤87  

(n = 54)

>87  

(n = 52)

Gender Male 100 49 51

Female 6 5 1 0.102

Age (years) ≤50 56 27 29

>50 50 27 23 0.552

HBsAg Positive 101 51 50

Negative 5 3 2 0.678

Child–Pugh stage A 67 35 32

B 29 15 14

C 10 4 6 0.767

Preoperative 

tumor therapy

Yes 49 26 23

No 57 28 29 0.686

AFP (ng/mL) ≤400 69 44 25

>400 37 10 27 <0.001

The largest tumor 

size (cm)

≤5 61 41 20

5 to 8 19 7 12

>8 26 6 20 <0.001

Tumor number ≤3 74 43 31

>3 32 11 21 0.025

Edmondson 

grading

I–II 67 36 31

III–IV 39 18 21 0.452

Macro-vascular 

invasion

Yes 27 5 22

No 79 49 30 <0.001

Micro-vascular 

invasion

Yes 13 3 10

No 93 42 51 0.131

Milan criteria Within 37 30 7

Beyond 69 24 45 <0.001

UCSF criteria Within 56 39 17

Beyond 50 15 35 <0.001

Hangzhou criteria Within 66 45 21

Beyond 40 9 31 <0.001
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with serum LAPs ≤ 87 U/L (n = 10) (29.6%, 7.4%, 3.7% vs 
80.0%, 70.0%, 70.0%, P < 0.001), and also there was the same 
condition in OS comparison (70.4%, 21.5%, 17.2% vs 90.0%, 
80.0%, 68.6%, P = 0.009) (Figure 2).

Distinguishing Effect of LAPs in HCC 
Patients with Different Size of the Largest 
Tumor
As previously described, the largest tumor size > 5 cm was the 
independent risk factor on patients’ prognosis, and then we 
investigated the prognostic value of serum LAPs in patients 
with different tumor size. For patients with the largest tumor 

size ≤ 5 cm, the 1, 3, 5-year DFS rates were significantly 
poorer in patients with serum LAPs > 87 U/L (n = 20) than in 
those with serum LAPs ≤ 87 U/L (n = 41) (80.0%, 50.0%, 
50.0% vs 90.2%, 87.8%, 80.7%, P = 0.007), which was also 
similar in patients’ 1, 3, 5-year OS rates (95.0, 64.9%, 56.8% 
vs 97.6%, 95.1%, 95.1%, P = 0.001). For patients with the 
largest tumor size > 5 cm, the 1, 3, 5-year DFS rates were 
significantly poorer for those with serum LAPs > 87 U/L (n = 
32) than those with serum LAPs ≤ 87 U/L (n = 13) (31.2%, 
15.6%, 7.8% vs 76.9%, 46.2%, 46.2%, P = 0.008). There was 
the same trend in patients’ 1, 3, 5-year OS rates (95.0, 64.9%, 
56.8% vs 97.6%, 95.1%, 95.1%, P = 0.095), but not statisti-
cally significant (Figure 3).

Figure 1 DFS and OS for HCC patients who underwent liver transplantation with different levels of serum LAPs. DFS and OS of patients with lower serum LAPs were 
significantly better than those with higher serum LAPs.
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Distinguishing Effect of LAPs in HCC 
Patients with Different Tumor Number
For patients with tumor number ≤ 3, the 1, 3, 5-year 
DFS rates were significantly poorer for patients with 

serum LAPs > 87 U/L (n = 31) than those with serum 
LAPs ≤ 87 U/L (n = 43) (61.3%, 45.2%, 26.3% vs 
93.0%, 83.4%, 79.8%, P < 0.001). And it was the 
same for patients’ OS rates (71.0%, 60.2%, 49.4% vs 

Table 2 Clinicopathological Variables Affecting Prognosis in HCC Patients Who Underwent Liver Transplantation

Variables n DFS OS

1-Yr 3-Yr 5-Yr P 1-Yr 3-Yr 5-Yr P

Age (years)

≤50 56 62.5% 47.9% 43.3% 78.6% 58.2% 52.8%
>50 50 76.0% 60.0% 50.6% 0.225 92.0% 73.0% 67.2% 0.121

Child–Pugh stage
A 67 64.2% 46.1% 37.1% 82.1% 60.6% 54.2%

B 29 75.9% 62.1% 55.9% 89.7% 70.2% 65.1%

C 10 80.0% 80.0% 80.0% 0.067 80.0% 80.0% 80.0% 0.326

Preoperative tumor therapy

Yes 49 73.5% 50.8% 38.6% 87.8% 68.6% 58.5%
No 57 64.9% 56.1% 50.2% 0.775 82.5% 62.2% 59.8% 0.776

AFP (ng/mL)
≤400 69 82.6% 69.3% 60.1% 92.8% 79.2% 75.3%

>400 37 43.2% 24.3% 20.3% <0.001 70.3% 38.5% 31.4% <0.001

The largest tumor size (cm)

≤5 61 86.9% 75.4% 70.7% 96.7% 86.0% 83.6%

5 to 8 19 68.4% 36.1% 24.1% 78.9% 57.9% 37.1%
>8 26 26.9% 15.4% 10.3% <0.001 61.5% 23.1% 23.1% <0.001

Tumor number

≤3 74 79.7% 67.4% 58.8% 86.5% 78.1% 69.8%

>3 32 43.8% 21.9% 17.5% <0.001 81.2% 34.9% 34.9% <0.001

Edmondson grading

I–II 67 71.6% 53.4% 47.8% 88.1% 70.5% 60.8%
III–IV 39 64.1% 53.8% 44.3% 0.817 79.5% 56.1% 56.1% 0.285

Macro-vascular invasion
Yes 27 40.7% 7.4% 3.7% 66.7% 25.9% 17.3%

No 79 78.5% 69.6% 61.4% <0.001 91.1% 80.6% 74.3% <0.001

Micro-vascular invasion

Yes 13 38.5% 7.7% 7.7% 69.2% 30.8% 23.1%

No 93 73.1% 59.1% 52.3% <0.001 87.1% 70.2% 65.0% 0.001

Milan criteria

Within 37 91.9% 89.2% 84.9% 97.3% 94.5% 94.5%
Beyond 69 56.5% 345% 25.7% <0.001 78.3% 49.4% 41.3% <0.001

UCSF criteria
Within 50 91.1% 81.8% 79.0% 94.6% 91.0% 86.2%

Beyond 56 44.0% 22.0% 10.9% <0.001 74.0% 36.6% 30.9% <0.001

Hangzhou criteria

Within 66 84.8% 78.8% 72.0% 92.4% 86.1% 84.0%

Beyond 40 42.5% 12.5% 4.7% <0.001 72.5% 30.9% 21.7% <0.001
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97.7%, 90.7%, 84.8%, P < 0.001). For patients with 
tumor number > 3, the 1, 3, 5-year DFS rates were 
significantly poorer for patients with serum LAPs > 
87U/L (n =2 1) than those with serum LAPs ≤ 87U/L 
(n = 11) (33.3%, 4.8%, 4.8% vs 63.6%, 54.5%, 40.9%, 

P = 0.010). And it was the same for patients’ OS rates 
(74.4%, 15.4%, 15.4% vs 100%, 72.7%, 72.7%, P = 
0.006) (Figure 4). No matter whether the tumor number 
was more than 3, patients with serum LAPs > 87 U/L 
tended to have a poor prognosis.

Table 3 Independent Risk Factors for Prognosis in HCC Patients Who Underwent Liver Transplantation

Variables DFS OS

HR 95% CI P HR 95% CI P

Macro-vascular invasion 2.480 1.327–4.633 0.004 2.401 1.185–4.863 0.015

LAPs 2.659 1.371–5.156 0.004 2.479 1.100–5.587 0.029
The largest tumor size 2.514 1.306–4.838 0.006 3.627 1.584–8.301 0.002

Figure 2 DFS and OS for HCC patients who underwent liver transplantation with AFP ≤ 400 ng/mL and > 400 ng/mL grouped by serum LAP level.
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Distinguishing Effect of LAPs in HCC 
Patients without and with Macro-Vascular 
Invasion
As for patients without macro-vascular invasion, the 1, 3, 
5-year DFS rates were significantly poorer for these with 
serum LAPs > 87 U/L (n = 30) than those with serum LAPs 
≤ 87 U/L (n = 49) (63.3%, 46.7%, 27.2% vs 87.8%, 83.7%, 
80.5%, P < 0.001). And it was the same for patients’ OS 
rates (80.0%, 64.7%, 53.1% vs 98.0%, 89.8%, 87.2%, P = 
0.002). For patients with macro-vascular invasion, the 1, 3, 
5-year DFS and OS were poorer for these with serum LAPs 
> 87 U/L (n = 22) than those with serum LAPs ≤ 87 U/L (n 
= 5), but not statistically significant (31.8%, 4.5%, 0 vs 

80.0%, 20.0%, 0 for 1, 3, 5-year DFS rates, P = 0.136). 
And it was the same for patients’ OS rates (59.1%, 13.6%, 0 
vs 100%, 60.0%, 30.0% for 1, 3, 5-year OS, P = 0.162) 
(Supplement Figure 2). Serum LAPs could be a prognostic 
marker for patients without macro-vascular invasion, but not 
for patients with macro-vascular invasion.

Distinguishing Effect of LAPs in HCC 
Patients without and with Micro-Vascular 
Invasion
As for patients without micro-vascular invasion, the 1, 
3, 5-year DFS rates were significantly poorer for these 
with serum LAPs > 87 U/L (n = 42) than those with 

Figure 3 DFS and OS for HCC patients who underwent liver transplantation with the largest tumor size ≤ 5 cm and > 5 cm grouped by serum LAP level.
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serum LAPs ≤ 87 U/L (n = 51) (54.8%, 33.3%, 29.2% 
vs 88.2%, 80.4%, 77.7%, P < 0.001). And it was the 
same for patients’ OS rates (73.8%, 47.5%, 39.7% vs 
98.0%, 88.2%, 85.6%, P < 0.001). For patients with 
micro-vascular invasion, the 1, 3, 5-year DFS and OS 
rates were poorer for these with serum LAPs > 87 U/L 
(n = 10) than those with serum LAPs ≤ 87 U/L (n = 3), 
but not statistically significant (30.0%, 10.0%, 10.0% vs 
66.7%, 33.3%, 0 for 1, 3, 5-year DFS, P = 0.292). And 
it was the same for patients’ OS rates (60.0%, 20.0%, 
20.0% vs 100%, 66.7%, 33.1% for 1, 3, 5-year OS rates, 
P = 0.425) (Supplement Figure 3).

Distinguishing Effect of LAPs in HCC 
Patients Within and Beyond Selection 
Criteria
Serum LAPs had been demonstrated to be a prognostic marker 
for patients with different AFP level, tumor number, tumor 
size ≤ 5 cm, no macro-vascular invasion and no micro- 
vascular invasion. Then, we investigated the prognostic 
value of serum LAPs in patients within and beyond three 
well accepted criteria, Milan criteria, UCSF criteria and 
Hangzhou criteria, all of which were combinations of tumor 
size, tumor number, tumor size and AFP level. For patients 

Figure 4 DFS and OS for HCC patients who underwent liver transplantation with tumor number ≤ 3 and > 3 grouped by serum LAP level.
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who met Milan criteria, the 1, 3, 5-year DFS rates for these 
with serum LAPs > 87 U/L (n = 7) were significantly poorer 
than those with serum LAPs ≤ 87 U/L (n = 30) (71.4%, 57.1%, 
57.1% vs 96.7%, 96.7%, 91.3%, P = 0.007), which were also 
the same for patients beyond Milan criteria. The 1, 3, 5-year 
DFS rates for patients with serum LAPs > 87 U/L (n = 45) 
were significantly poorer than patients with serum LAPs ≤ 87 
U/L (n = 24) (46.7%, 24.4%, 14.0% vs 75.0%, 53.5%, 47.5%, 
P = 0.010). For patients who met UCSF criteria, the 1, 3, 
5-year DFS rates for these with serum LAPs > 87 U/L (n = 17) 
were poorer than those with serum LAPs ≤ 87 U/L (n = 39), 
but not statistically significant (82.4%,70.6%, 70.6% vs 
94.9%, 86.8%, 82.7%, P = 0.188), which may due to 
a relative small difference between the groups and limited 
patients enrolled. However, for patients beyond UCSF criteria, 
the 1, 3, 5-year DFS rates for these with serum LAPs > 87 U/L 
(n = 35) were significantly poorer than those with serum LAPs 
≤ 87 U/L (n = 15) (34.3%, 8.6%, 2.9% vs 66.7%, 53.3%, 
44.4%, P = 0.002). For patients within and beyond Hangzhou 
criteria, the 1, 3, 5-year DFS rates were significantly poorer for 
these with serum LAPs > 87 U/L than those with serum LAPs 
≤ 87 U/L. For patients who met Hangzhou criteria, the 1, 3, 
5-DFS rates were 76.2%, 61.9%, 41.3% and 88.9%, 86.7%, 
83.2% for patients with serum LAPs > 87 U/L (n = 21) and ≤ 
87 U/L (n = 45), separately. For patients beyond Hangzhou 
criteria, which were 32.3%, 6.5%, 3.2% and 77.8%, 33.3%, 
16.7% for patients with serum LAPs > 87 U/L (n = 31) and ≤ 
87 U/L (n = 9), separately, the P values were 0.015 and 0.034 
(Figure 5) (Supplementary Table 3).

Discussion
We demonstrated, for the first time, that serum LAPs could 
be an important prognostic marker for HCC patients who 
underwent LT. These patients with elevated serum LAPs 
(>87 U/L) showed a higher rate of tumor recurrence and 
shorter lifespan, and further investigation indicated that 
there was negative correlation, to some extent, between 
serum LAP level and HCC patients’ prognosis both on 
DFS and OS. It was also found that patients with serum 
LAPs > 87 U/L tended to have higher serum AFP level, 
larger tumor size, more tumor nodules and higher rate of 
macro-vascular invasion, which were all related to poor 
prognosis. Multivariate analysis revealed that serum LAPs 
> 87 U/L, accompanied by the largest tumor size > 5 cm 
and macro-vascular invasion, was an independent risk 
factor for prognosis both on DFS and OS. Serum LAPs 

also showed a distinguishing effect in patients with differ-
ent status of AFP level, tumor number, the largest tumor 
size ≤ 5 cm, no macro-vascular invasion and no micro- 
vascular invasion. As for patients who met the criteria of 
Milan, UCSF and Hangzhou criteria, the prognosis both on 
DFS and OS of patients with LAPs ≤ 87 U/L was sig-
nificantly better than those with LAPs > 87 U/L, except for 
patients who met the criteria of USCF.

The exact mechanism of LAPs on tumor malignancy had 
been investigated. As previously described, LAPs contained 
many subsets, leucine aminopeptidase 3, a member of LAPs 
from the peptidase M17 family, whose expression was sig-
nificantly up-regulated in HCC tissues and cell lines compared 
with normal liver tissues and human hepatocyte cell line, 
separately.26 LAP3 promoted HCC cell line proliferation by 
regulating the G1/S checkpoint in the cell cycle and facilitate 
cell migration, which were correlated with lower differentia-
tion, positive lymph node metastasis, high Ki-67 expression 
and a poor OS rate in HCC patients.26 It was also demonstrated 
in ovarian cancer cells that LAP3 regulated P38 MAPK/ 
Hsp27 and PI3K/Akt pathways and was associated with the 
expression of fascin and MMP-2/9 protein, which played 
important roles in tumor cell migration and extracellular 
matrix degradation.30 As for human gliomas, increased 
LAP3 expression was associated with the tumor degrading 
and poor OS, and could facilitate glioma cell viability, prolif-
eration, migration and invasion in vitro.31 Similar results were 
found in patients with esophageal squamous cell carcinoma 
and cell lines.32

Other subsets of LAPs, aminopeptidase N (APN or 
CD13) and adipocyte-derived leucine aminopeptidase/ 
puromycin insensitive leucyl-specific aminopeptidase, 
members of LAPs from the peptidase M1 family, were 
reported to participate in angiogenesis, which may par-
tially explain the high incidence of macro-vascular inva-
sion in patients with higher serum LAP level. APN/CD13 
had been reported to be associated with extracellular 
matrix degradation and thus to facilitate tumor 
invasion.33,34 Immunohistochemical staining showed that 
APN was expressed in the vasculature of carcinoma both 
in human and experimental animals and in corpus luteum 
undergoing angiogenesis, as was negative in blood ves-
sels of normal tissues.35 Both APN antibodies and leu-
cine aminopeptidase inhibitor could inhibit 
neovascularization and tumor growth.35 Further investiga-
tion showed that the RAS/MAPK pathway and phospha-
tidylinositol-3 kinase were involved in the induction of 
CD13/APN expression in response to angiogenic growth 
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factors through up-regulation of CD13/APN promoter 
activity.36,37 The proto-oncogene c-Maf could also 
potently activate transcription of the CD13 through 
directly binding the −153 bp promoter region.38 

A mouse orthologue of PILSAP, another type of LAP, 
had been demonstrated to be expressed in endothelial 
cells during postnatal angiogenesis and be of importance 
in angiogenesis both in vitro and in vivo.39

Figure 5 DFS for HCC patients who underwent liver transplantation within and beyond selection criteria grouped by serum LAP level.
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Besides, placental leucine aminopeptidase (P-LAP), also 
a member of leucine aminopeptidases from the aminopepti-
dase M1 family, is membrane-bound and transported through 
vesicles, which could be cleaved proteolytically by metallo-
proteases and form the serum P-LAP. P-LAP, distributed 
widely in human tissues, other than being limited to the 
placenta only, which participated in physiological activities, 
such as pregnancy,40 diabetes41 and blood pressure,42 had also 
been reported to be involved in malignancy.43 In patients with 
endometrial carcinoma, tissue expression of P-LAP could 
serve as an independent prognostic marker of clinical out-
come, and was positively associated with tumor histological 
grade, surgical stage, myometrial invasion, lymph node invol-
vement, vascular infiltration and poor disease-free interval.44 

Similar results were also found in rat breast cancer tissues.45

All of these research studies mentioned above were 
focused on tissue and cell LAP expression, and serum 
LAPs could be cell-derived enzymes with or without 
molecular aggregates.24 Elevated serum LAPs in HCC 
patients have been reported by investigators domestic 
and abroad,27,46,47 which also could serve as a tumor mar-
ker in HCC diagnosis27 and differentiation from secondary 
hepatocarcinoma,47 but its prognostic value in HCC 
patients who underwent LT was not yet reported. Besides 
HCC, serum LAP elevation was also found in patients 
with chronic granulocytic leukemia, acute myelocytic leu-
kemia, myelofibrosis, lymphosarcoma and malignant 
melanoma.24 As for patients enrolled in the study, none 
of these diseases coexisted.

There were several limitations for this study; as a routine 
biochemical test, we evaluated the total activity of LAPs 
without further tests of its subsets. No specific subsets of 
LAPs were tested either in serum or hepatocellular carci-
noma tissues. There were also other shortages, such as the 
small enrolled population, certain proportion of data cen-
sored, less convincing than prospective studies due to the 
nature of its retrospective analysis and potentially confound-
ing factors caused by donor characteristics. However, due to 
its ethical reason, a prospective study may not be available 
until more evidence based on an enlarged HCC population 
from multiple liver transplantation centers confirms the 
prognostic value of LAP.

In conclusion, serum LAPs could be a prognostic mar-
ker for HCC patients who underwent LT, and patients with 
elevated serum LAPs tended to have higher AFP level, 
larger tumor size, more tumor nodules, more macro- 
vascular invasion and thus a poor outcome both on DFS 
and OS. Further investigation revealed a negative 

correlation between serum LAP level and patients’ DFS 
and OS. Serum LAPs could be used to screen patients 
more suitable for LT and with high risk of tumor recur-
rence both within and beyond the three well known cri-
teria, except for patients within UCSF criteria. The exact 
mechanism of serum LAPs or its subset on tumor malig-
nancy and HCC patients’ prognosis is still in need of 
further investigation.
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