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Abstract

Background & Aims—Although it is well established that fatty acids (FA) are indispensable for 

the proliferation and survival of cancer cells in hepatocellular carcinoma (HCC), inhibition of 

Fatty Acid Synthase (FASN) cannot completely repress HCC cell growth in culture. Thus, we 

hypothesized that uptake of exogenous FA by cancer cells might play an important role in the 

development and progression of HCC. Lipoprotein lipase (LPL) is the enzyme that catalyzes the 

hydrolysis of triglycerides into free fatty acids (FFA) and increases the cellular uptake of FA.

Methods—We used immunohistochemistry and quantitative reverse transcription real-time 

polymerase chain reaction to evaluate LPL expression in human and mouse HCC samples. Using 

lipoprotein-deficient medium as well as siRNAs against LPL and/or FASN, we investigated 

whether human HCC cells depend on both endogenous and exogenous fatty acids for survival in 
vitro.
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Results—We found that LPL is upregulated in mouse and human HCC samples. High expression 

of LPL in human HCC samples is associated with poor prognosis. In HCC cell lines, silencing of 

FASN or LPL or culturing the cells in lipoprotein-deficient medium significantly decreased cell 

proliferation. Importantly, when FASN suppression was coupled to concomitant LPL depletion, 

the growth restraint of cell lines was further augmented.

Conclusions—The present study strongly suggests that both de novo synthetized and exogenous 

FA play a major role along hepatocarcinogenesis. Thus, combined suppression of LPL and FASN 

inhibitors might be highly beneficial for the treatment of human HCC.
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Introduction

Human hepatocellular carcinoma (HCC), the most frequent primary liver cancer, is one of 

the most lethal tumors worldwide [1, 2]. Few patients are amenable to surgery because of 

late HCC diagnosis, and alternative treatments do not substantially improve the patients’ 

prognosis when HCC is unresectable [3-5]. Sorafenib, an oral multi-kinase inhibitor that 

suppresses tumor cell proliferation and angiogenesis as well as the only targeted therapy 

available for the treatment of advanced HCC, has limited efficacy in improving survival of 

HCC patients [6, 7]. Thus, the investigation of the molecular mechanisms leading to HCC 

development and progression is mandatory to identify new targets for its early diagnosis, 

prevention and treatment.

Occurrence of HCC is frequently associated with fibrotic or cirrhotic chronic liver disease 

(CLD), whose main etiology is either viral infection by hepatitis B (HBV) or hepatitis C 

(HCV), or alcohol abuse [8]. In recent years, an emerging role in the development of HCC 

has been recognized for Non Alcoholic Fatty Liver Disease (NAFLD) and Non Alcoholic 

Steatohepatitis (NASH) [9, 10]. NAFLD encompasses a large spectrum of features, ranging 

from simple reversible intracellular accumulation of lipids in hepatocytes to the presence of 

inflammation and/or fibrosis, which can ultimately progress to cirrhosis and HCC [11, 12]. 

In support of a pro-tumorigenic role of NAFLD in the liver, it has been found that diabetes 

and obesity, two conditions characterized by a pro-lipogenic state, are predisposing 

conditions to develop HCC [3, 13]. In particular, epidemiologic evidence indicates that 

obesity almost doubles the risk of HCC [14]. As a consequence, there is an urgent need for a 

better understanding of the relationship between aberrant lipogenesis and 

hepatocarcinogenesis in order to develop novel therapeutic strategies against HCC.

In proliferating tumor cells, fatty acids (FA) are required for energy supply, membrane 

formation, and cell signaling [15, 16]. Based on the current knowledge, FA are 

predominantly synthetized through de novo lipogenesis in tumor cells [17, 18]. Fatty acid 

synthase (FASN), the enzyme responsible for the production of long-chain FA from acetyl-

coA and malonyl-CoA, is the most investigated lipogenic protein in cancer [19]. Recently, 

we discovered that ablation of FASN both suppresses AKT-driven hepatocarcinogenesis in 

mice and restrains the growth of human HCC cell lines in vitro [20]. In spite of the essential 

Cao et al. Page 2

Liver Int. Author manuscript; available in PMC 2018 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



role of FA in the proliferation and survival of cancer cells, however, we found that inhibition 

of FASN is not able to suppress completely HCC cell growth in culture [20]. The latter 

experimental evidence suggests that HCC cells might compensate the blockade of 

endogenous FA biosynthesis by the uptake of exogenous FA present in the medium. Thus, it 

is conceivable that uptake of exogenous FA by cancer cells might play an important role in 

hepatocarcinogenesis.

It has been hypothesized that triglycerides in circulating lipoprotein particles provide an 

additional, exogenous source of FA for tumor cells. This event would require triglyceride-

rich chylomicrons or very low density lipoproteins (VLDL) as substrates, extracellular 

lipoprotein lipase (LPL) for hydrolysis, and FA transporters (CD36 and SLC27A family 

members) for cellular uptake of free FA [21]. In particular, LPL, commonly expressed in 

adipocytes and muscle cells, plays a central role in lipid metabolism. LPL catalyzes the 

hydrolysis of triglycerides into free fatty acids (FFA) and increases the cellular uptake of 

lipoproteins in a non-catalytic manner [22]. As LPL is a secreted enzyme that is bound to the 

luminal surface of capillary endothelial cells, it could potentially be supplied by tumor cells 

or by nonmalignant cells from the tumor microenvironment [23].

While the functional significance of endogenous de novo lipogenesis along HCC 

development and progression has been extensively investigated, whether exogenous FA also 

contribute to hepatocarcinogenesis remains unknown. In the present study, we evaluated 

LPL expression in human and mouse HCC samples. In addition, we subjected HCC cell 

lines to lipoprotein-deficient medium (LDM) and LPL inhibition to investigate the 

requirement of exogenous FA for HCC cell growth.

Materials and Methods

Human hepatocellular carcinoma samples

A collection of 70 formalin-fixed, paraffin-embedded HCC samples was used in the present 

study. Forty-eight frozen HCC and corresponding non-tumorous surrounding livers from the 

same collection were also utilized. Tumors were divided in HCC with poorer (HCCP; n=32) 

and better (HCCB; n=30) outcome, characterized by <3 and >3 years survival following 

partial liver resection, respectively. The clinicopathological features of liver cancer patients 

are summarized in Supplementary Table 1. HCC specimens were kindly provided by Dr. 

Snorri S. Thorgeirsson (National Cancer Institute, Bethesda, MD, USA) or collected at the 

Institute of Pathology of the University of Greifswald (Greifswald, Germany) and the 

Department of Surgery of the University of Sassari (Sassari, Italy). Institutional Review 

Board approval was obtained at the National Institutes of Health and the local Ethics Review 

Board of the Universities of Greifswald and Sassari. Informed consent was obtained from all 

subjects.

Histopathologic Analysis

Liver histopathologic analysis on mouse lesions was performed by two experienced liver 

pathologists (SR and FD) on tissue slides stained with H&E and the PAS reaction in 

accordance with the criteria by Frith et al. [24].
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HCC cell lines

The following human HCC cell lines were used in this study: SK-Hep1, MHCC97H, 

SNU475, SNU449, PLC, HLE, Huh7, and HEP40. In addition, the mouse AKT/Ras [25] 

cells were used. All cells were grown in a 5% CO2 atmosphere, at 37°C, in Dulbecco's 

Modified Eagle Medium (DMEM) supplemented with 10% fetal bovine serum (FBS, Gibco, 

Grand Island, NY, USA) and penicillin/streptomycin (Gibco). Lipoprotein-deficient FBS 

was purchased from Thermo Fisher Scientific, Inc (Catalog number: NC9283729). 

Lipoproteins were depleted from FBS using ultracentrifugation. Lipoprotein-deficient FBS 

was added to DMEM to generate 10% Lipoprotein-deficient FBS containing DMEM 

(LDM). Cell growth was analyzed using crystal violet cell viability assay and/or BrdU Cell 

Proliferation Assay Kit (Cell Signaling Technology, Danvers, MA). Cell Apoptosis was 

assessed with the Cell Death Detection Elisa Plus Kit (Roche Molecular Biochemicals, 

Indianapolis, IN).

Knockdown of FASN and LPL

For knockdown studies, cells were transfected with 30 pmol/L siRNA targeting FASN (ID # 

s5032; Life Technologies, Grand Island, NY) and/or LPL (siRNA A: 50-

GGUAGAUAUUGGAGAACUA; Dharmacon Inc., Lafayette, CO) and with the use of 

Lipofectamine RNAiMAX (Life Technologies) according to the manufacturer's 

recommendations. A scramble small interfering RNA (siRNA; ID # 4390846; Life 

Technologies) was used as negative control RNA and GAPDH siRNA (siRNA; ID # 

AM4605; Life Technologies) as a positive control. RNA was extracted 48 hours after 

transfection. Experiments were repeated at least three times in triplicate.

Statistical analysis

Unless otherwise noted, for all experiments that contained single comparisons, 1-way 

ANOVA with Newman–Keuls post-hoc tests were used. For grouped samples, 2-way 

ANOVA with Bonferroni post-hoc tests were performed with the GraphPad Prism software 

(San Diego, CA). All graphs are the mean ± SEM (*, P < 0.05; **, P < 0.01; ***, P < 

0.001). Kaplan–Meier survival analysis was performed using Statistical Package for Social 

Science software (SPSS, version 16.0, Chicago, IL, USA).

Detailed description of Materials and methods is provided as Supplementary material.

Results

LPL mRNA is upregulated in human and mouse HCC

First, we determined the levels of LPL in human HCC samples. For this purpose, we 

examined the protein expression patterns of LPL in collection of human HCC specimens by 

immunohistochemistry. We found that LPL levels are upregulated, when compared with 

non-tumorous surrounding counterparts, in 43 of 70 (61.4%) HCC specimens (Fig.1A, left 
panels). Equivalent levels of LPL immunoreactivity in HCC and corresponding non-

neoplastic livers were detected in the remaining samples (Fig. 1A, right panels). Of note, 28 

of 43 (65.1%) tumors showing increased LPL immunolabeling in the tumors when 

compared with the non-neoplastic counterpart were associated with a poor patient outcome 
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(HCCP), thus suggesting that induction of LPL is associated with a dismal prognosis in 

HCC.

To further validate the latter findings, LPL mRNA levels were analyzed in 48 paired human 

non-tumor liver tissue and HCC specimens from the same collection using real-time 

quantitative RT-PCR. In accordance with the immunohistochemical data, we found that LPL 
mRNA expression is significantly upregulated in HCC samples compared to respective non-

tumor liver samples (P<0.0001; Fig. 1B). In particular, higher levels of LPL were detected in 

32 of 48 HCC specimens (64.6%) when compared with corresponding non-tumorous 

surrounding livers. Once again, 22 of 32 (68.7%) HCCs showing upregulation of LPL in the 

tumor part belonged to the HCC subset with poorer outcome (HCCP). In addition, LPL 
expression was significantly higher in HCCP than in HCC with better outcome (HCCB) 

(P<0.0001; Fig. 1C). Importantly, analysis of LPL expression with HCC survival rate 

demonstrated that high expression of LPL correlates with poor patient outcome (Fig. 1D). 

This association is still significant after multivariate Cox regression analysis (p<0.001; 

Table 1), supporting LPL expression as an independent prognostic factor for HCC. 

Subsequent analysis of an additional collection of human HCC specimens (n = 28) whose 

survival data were missing, showed LPL upregulation in the tumor part in 18 of 28 samples 

(64.3%; data not shown). Furthermore, equivalent results were found in a dataset from The 

Cancer Genome Atlas (374 surgically resected HCCs and 59 surrounding non-tumor liver 

tissues) and Fudan database (247 HCC tissues and 239 surrounding non-tumor liver tissues) 

using microarray analysis (p<0.0001; Supplemental Fig. 1).

Previously, we have shown that hydrodynamic transfection of activated forms of AKT [15], 

AKT/Ras [26], c-Myc[27] and c-Met/β-catenin [28] led to HCC development in mice. Thus, 

we sought to determine the mRNA levels of LPL in liver lesions from these mouse models. 

Consistent with human HCC data, we found that LPL was expressed at a much higher level 

in tumor lesions from the various mouse models when compared with wild-type (WT) liver 

tissues (P<0.05; Fig. 2).

Finally, we determined LPL expression in the collection of human HCC cell lines. We found 

that LPL mRNA could be detected from all human HCC cell lines tested, although the 

expression levels varied significantly among these cells (Supplementary Fig. 2A). 

Furthermore, LPL protein could also be detected using anti-LPL antibody; and the protein 

levels were consistent with mRNA expression levels (Supplementary Fig. 2B).

Altogether, the present findings indicate that LPL expression is upregulated in both human 

and mouse HCC samples. In the latter, overexpression of LPL is associated with aggressive 

tumor growth and poor patient survival.

Depletion of lipoprotein in the serum inhibits HCC cell growth in culture

As the first step to investigate whether exogenous FA are required for HCC cell growth, 

HCC cell lines were cultured either in 10% Fetal Bovine Serum (FBS) medium or 10% 

lipoprotein depleted FBS medium (LDM). Eight human HCC cell lines (SK-HEP1, 

MHCC97H, SNU475, SNU449, PLC, HLE, Huh7, and HEP40) and the AKT/Ras mouse 

HCC cell line [25, 29] were used. Their ability to grow in FBS or LDM was assayed using 
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crystal violet cell viability assay. Strikingly, we found that all the HCC cell lines grew 

significantly more slowly in 10% LDM compared with 10% Fetal Bovin Serum (FBS) 

medium (Fig. 3), although the degree of growth inhibition activity of LDM varied among 

HCC cell lines.

Next, we analyzed the cell proliferation and apoptosis rates in two of these cell lines, namely 

SK-Hep1 and MHCC97H cells, growing in FBS or LDM using BrdU labeling assay and cell 

death assay, respectively. Importantly, we found that growing cells in LDM resulted in 

significantly decreased cell proliferation and increased cell apoptosis (Fig. 4).

Altogether, our data show that depletion of lipoproteins results in decreased cell proliferation 

and increased apoptosis, indicating that exogenous FA contribute to HCC cell growth.

Human HCC cells depend on both endogenous and exogenous fatty acids for survival

It has been previously shown that FASN blockade triggers tumor growth restraint and 

massive apoptosis in numerous in vitro and in vivo models [25, 29]. To evaluate whether 

human HCC cells depend on both endogenous and exogenous FA for survival, the SK-Hep1 

and MHCC97H cell lines, which exhibit high LPL mRNA and protein levels 

(Supplementary Fig. 2), were grown in LDM medium in the presence of FASN small 

interfering RNA (siRNA; Fig. 5 and Supplementary Fig. 3); or the FASN inhibitor C75 

(Fig. 6). Similar to that described in other HCC cell lines [25, 29], FASN silencing via 

specific siRNA resulted in a significant reduction of cell proliferation in SK-Hep1 and 

MHCC97H cells. Of note, a significantly more pronounced growth restraint was achieved 

and increased apoptosis was noted in these cell lines when FASN depletion by siRNA was 

associated with culture in LDM medium (P<0.05; Fig. 5). Similarly, a pronounced decrease 

in cell proliferation and a rise in apoptosis were obtained when SK-Hep1 and MHCC97H 

cell lines were subjected to administration of the FASN chemical inhibitor, C75, while being 

cultured in LDM medium (P<0.05; Fig. 6).

Next, we assessed the importance of concomitant silencing of FASN and LPL on cell 

proliferation and apoptosis in SK-Hep1 and MHCC97H cells (Supplementary Fig. 4). 
Suppression of FASN or LPL via specific siRNA significantly decreased cell proliferation 

and increased apoptosis in both cell lines. Importantly, when FASN suppression was coupled 

to concomitant LPL depletion, the growth restraint and increased cell apoptosis of both cell 

lines was further augmented (P<0.05; Fig. 7).

Altogether, the present findings indicate that human HCC cells depend on both endogenous 

and exogenous FA for survival.

Discussion

In this study, we investigated the functional contribution of de novo synthetized and 

exogenous FA during hepatocarcinogenesis. To the best of our knowledge, this is the first 

study to demonstrate that both endogenous and exogenous FAs contribute to HCC 

development. Specifically, we hypothesized that, in addition to de novo biosynthesis, liver 

cancer cells may obtain preformed, diet-derived FA by uptake from the bloodstream. This 
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activity would require hydrolytic release of FA from triglyceride in circulating lipoprotein 

particles by the secreted enzyme LPL for cellular FA uptake. Noticeably, it has been 

previously reported that LPL activity, the crucial enzyme for intravascular catabolism of 

triglyceride-rich lipoproteins, is increased in non-small cell lung cancer (NSCLC), chronic 

lymphocytic leukemia (CLL), breast and prostate cancer as well as in liposarcoma [22, 23, 

30, 31]. However, whether LPL plays a role in HCC is largely unknown. Here, we show that 

overexpression of LPL is a common feature of most HCC tissues. Indeed, LPL mRNA 

expression was found to be significantly upregulated in both human and mouse HCC 

samples compared to corresponding non-tumorous liver counterparts. Importantly, our 

analysis shows that high levels of LPL correlate with aggressive tumor phenotype and short 

patient survival, indicating that LPL represents a negative prognostic factor in human HCC. 

The latter data are in agreement with previous findings in non-small cell lung cancer [30] 

and chronic lymphocytic leukemia [22], where LPL levels inversely correlate with the 

patients’ outcome.

The role of LPL in HCC was further substantiated in our study by a body of evidence 

obtained in in vitro cultured HCC cell lines. Firstly, we found the growth of all HCC cell 

lines was significantly slower in 10% LDM compared with 10% FBS medium, although the 

degree of growth inhibition activity of LDM varied among HCC cell lines. This observation 

clearly indicates that exogenous FA contribute to HCC cell growth and proliferation. 

Secondly, significantly stronger growth restraint and enhanced cell apoptosis were achieved 

in HCC cell lines expressing elevated levels of LPL when FASN depletion by siRNA or 

FASN inhibitor was associated with culture in LDM medium. Similar results with decreased 

cell proliferation and increased apoptosis were obtained when FASN suppression was 

coupled to concomitant LPL depletion. Altogether, the present data indicate that human 

HCC cells depend on both endogenous and exogenous FA for survival.

It is interesting to note that, although the PLC HCC cell line expresses LPL at relatively low 

levels (Supplementary Fig. 2), the latter cell line shows a reduction in cell viability in 

response to LDM that is similar to other HCC cell lines displaying high LPL expression 

(Fig. 3). It is possible that lipolysis by PLC cells depends on a lipase other than LPL. A 

candidate lipase is hepatic lipase (HL). HL is expressed in normal hepatocytes and shares 

several functional domains with LPL [32]. However, analysis of expression data using 

TCGA and Fudan microarray dataset shows that HL is expressed at high levels in normal 

liver, yet its expression is significantly downregulated in human HCC samples (data not 

shown). This indicates that HL may not be the major lipase for uptaking FA in the majority 

of human HCC cases. However, in a small subset of human HCC samples, HL expression 

remains high (data not shown). Thus, it is possible that, in these HCCs, HL but not LPL is 

the key lipase responsible for exogenous FA uptake. It would be therefore interesting to 

assess HL expression in PLC cells, and use functional assays to determine the relative 

contribution of LPL and HL in regulating PLC cell growth in culture.

The present findings provide a possible mechanism whereby obesity and its related 

metabolism syndrome, including NAFLD, contribute to the initiation and progression of 

HCC. Indeed, increased uptake of exogenous FA may be a major route by which HCC cells 

obtain FA, as FA are important building blocks required for tumor cell growth. In addition, 
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the data shown in the present study might have therapeutic implications. Molecules involved 

in exogenous FA uptake, including LPL and FA uptake transporters, might represent 

excellent targets for innovative strategies for the treatment of liver cancer. Inhibitors able to 

suppress FA uptake might be extremely useful as chemopreventive agents in patients who 

are at high risk to develop HCC. Also, these inhibitors should be used in association with 

drugs that suppress the endogenous FA pathway, such as ACAC or FASN inhibitors, for the 

efficient treatment of HCC.

As concerns the development of LPL inhibitors, a possible molecular approach to suppress 

LPL expression could be achieved via the upregulation miR-29, as LPL is a specific target of 

miR-29 in the liver [33]. In a recent study, we found that miR-29 administration is able to 

inhibit both AKT/Ras and c-Myc driven HCC development in mice [34]. Consistently, we 

discovered that LPL expression is significantly downregulated in miR-29 overexpressing 

AKT/Ras and c-Myc liver tumor lesions (Supplemental Fig. 5). As it has been shown that 

microRNAs can be efficiently delivered into hepatocytes as well as HCC cells [35], in vivo 
delivery of miR-29 mimic oligonucleotide might represent a possible and effective strategy 

to inhibit LPL function for chemoprevention and treatment of human HCC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Points

• LPL expression is upregulated in mouse and human HCC samples.

• High expression of LPL in human HCC samples is associated with 

poor prognosis.

• In HCC cell lines, silencing of FASN or LPL or culturing the cells in 

lipoprotein-deficient medium significantly decreases cell proliferation.

• When FASN suppression is coupled to concomitant LPL depletion, the 

growth restraint of HCC cell lines is further augmented.

• In addition to de novo biosynthesis of fatty acids, uptake of fatty acids 

from the bloodstream might represent an important source of lipids for 

HCC cells.
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Figure 1. 
Expression patterns of LPL in human HCC. (A) Immunohistochemical patterns of LPL. Left 

panel, HCC (T) showing upregulation of LPL when compared to the non-neoplastic 

counterpart (S). Right panel, equivalent immunoreactivity for LPL protein in an HCC and 

corresponding surrounding non-tumorous liver. Original magnification: 40X in upper panel; 

200X in lower panel. Abbreviation: HE, hematoxylin and eosin staining. (B) qRT-PCR 

analysis of LPL mRNA expression in 48 paired human HCC and non-tumor liver tissues (S). 

(C) LPL mRNA levels in HCCP (n=25) and HCCB (n=23). The ΔCt value of each sample 

was calculated by subtracting the average Ct value of the LPL gene from the average Ct 

value of the β- Actin or RNR-18 gene. (D) Kaplan–Meier survival analysis of HCC patients 

with high and low expression of LPL. Tukey-Kramer's test: ***P < 0.001.
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Figure 2. 
Expression levels of LPL in wild-type (WT) and tumor samples from different HCC mouse 

models (overexpressing AKT/Ras, c-Myc, or c-Met/β-catenin). Data were obtained by qRT-

PCR and normalized to 18S rRNA gene (n=5 in each group). The ΔCt value of each sample 

was calculated by subtracting the average Ct value of the target gene from the average Ct 

value of the 18S rRNA gene. Tukey-Kramer's test: * P < 0.05.
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Figure 3. 
Effect of lipoprotein deficient medium (LDM) on the growth of human and mouse HCC cell 

lines in culture. HCC cell lines were incubated either in 10% LDM or 10% FBS; and cell 

viability was analyzed after 3-6 day of incubation. Tukey-Kramer's test: *P < 0.05; and **P 

< 0.01.
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Figure 4. 
Culture of human HCC cells in LDM led to decreased cell proliferation (left panel) and 

increased apoptosis (right panel). (A) SK-Hep1 cells and (B) MHCC97H cells. Tukey-

Kramer's test: *P < 0.05; **P < 0.01 and ***P<0.0001.
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Figure 5. 
Effect of FASN silencing via siRNA and growth in 10% LDM on cell proliferation (left 

panel) and apoptosis (right panel) of SK-Hep1 (A) and MHCC97H (B) human HCC cell 

lines. Cells were treated with transfection reagent only (control), scramble siRNA, FASN 

siRNA, LDM or FASN siRNA+LDM and collected for analysis after 48 hours of treatment. 

Tukey–Kramer test: P < 0.05 a, vs control; b, vs scramble siRNA; c, vs LDM; d, vs FASN 

siRNA.
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Figure 6. 
Effect of C75 (FASN inhibitor; 30ug/l) and LDM on cell proliferation (left panel) and 

apoptosis (right panel) of SK-Hep1 (A) and MHCC97H (B) human HCC cell lines. Each bar 

represents mean ± SEM. Tukey–Kramer test: P < 0.05 a, vs control; b, vs LDM; c, vs C75.
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Figure 7. 
Effect of LPL and FASN knockdown on cell proliferation (left panel) and apoptosis (middle 

panel) of SK-Hep1 (A) and MHCC97H (B) human HCC cell lines. Cells were treated with 

transfection reagent only (control), scramble siRNA, FASN siRNA, siLPL or siFASN

+siLPL and collected for analysis after 48 hours treatment. Each bar represents mean ± 

SEM. Tukey–Kramer test: P < 0.05 a, vs control; b, vs scramble siRNA; c, vs LPL siRNA; 

d, vs FASN si RNA. (C) and (D): Western blotting analysis showing the decreased 

expression of FASN and/or LPL protein expression after siRNA treatment in SK-Hep1 (C) 

and MHCC97H (D) human HCC cell lines.
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Table 1

Multivariate Cox regression analysis demonstrating that LPL expression is an independent predictor of 

survival in HCC patients.

Covariates Each covariate separately (HR and 
95% CI)

Full model (HR and 95% CI) Stepwise backward (HR and 95% CI)

Age 1.005 (0.970–1.041) 0.776 (0.414–1.456) –

Male sex 1.017 (0.515–2.011) 1.199 (0.501–2.867) –

Cirrhosis (y/n) 0.858 (0.438–1.682) 0.864 (0.411–1.813)
0.429 (0.198–0.932)

*

Etiology

    HCV Reference Reference Reference

    HBV 0.816 (0.429–1.553) 1.095 (0.493–2.431) 1.253 (0.630–2.492)

    Ethanol 0.648 (0.245–1.714) 1.153 (0.384–3.462) 1.297 (0.443–3.798)

    Wilson's disease 0.409 (0.054–3.122)
0.017 (0.001–0.256)

*
0.035 (0.004–0.346)

*

Diameter > 3 cm 1.446 (0.729–2.869) 1.239 (0.600–2.561) –

AFP > 300 ng/ml 1.514 (0.813–2.820) 1.193 (0.570–2.498) –

Edm-Ste –

    II Reference

    III 1.053 (0.513–2.159)

    IV 2.084 (0.929–4.675)

LPL > 0.10566
4.853 (2.491–9.453)

**
5.901 (2.668–13.050)

**
12.301 (4.868–31.084)

**

*
p<0.05

**
p<0.0001
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