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Introduction

Hepatocellular carcinoma (HCC) is one of the most 
prevalent malignant tumors and leading cause of cancer-
related deaths worldwide (Jemal et al., 2010). In recent 
years, the morbidity and mortality rates of HCC have 
escalated, particularly in China (Jemal et al., 2011). 
Despite improvements in surveillance and clinical 
treatment strategies, there are only 10 to 20% of HCC can 
be surgically excised (Lin et al., 1997). Most HCC patients 
are diagnosed at intermediate to advanced stages, and thus 
curative therapies such as resection, transplantation, or 
percutaneous ablation are not suitable(Bruix and Sherman, 
2011). As the most widely-used treatment for unresectable 
HCC, transarterial chemoembolization (TACE) is 
recommended as the first-line therapy for HCC patients at 
intermediate stage (Llovet et al., 2002; Llovet and Bruix, 
2003). However, the prognosis of HCC patients treated 
by TACE is greatly diverse according to disease status. 
Therefore, the discovery of biomarkers for predicting 
HCC prognosis after TACE treatment is urgently wanted.  
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Abstract

	 Aberrant expression of genes in de novo lipogenesis (DNL) pathway were associated with various cancers, 
including hepatocellular carcinoma (HCC). Single nucleotide polymorphisms (SNPs) of DNL genes have been 
reported to be associated with prognosis of some malignancies. However, the effects of SNPs in DNL genes on 
overall survival of HCC patients receiving transarterial chemoembolization (TACE) treatment are still unknown. 
In present study, nine SNPs in three genes (ACLY, ACACA and FASN) in DNL pathway were genotyped using 
the Sequenom iPLEX genotyping system in a hospital-based cohort with 419 HCC patients treated with TACE, 
and their associations with HCC overall survival were evaluated by Cox proportional hazard regression analysis 
under three genetic models (additive, dominant and recessive). Although we did not find any significant results 
in total analysis (all p>0.05), our stratified data showed that SNP rs9912300 in ACLY gene was significantly 
associated with overall survival of HCC patients with lower AFP level and SNP rs11871275 in ACACA gene was 
significantly associated with overall survival of HCC patients with higher AFP level. We further identified the 
significant interactions between AFP level and SNP rs9912300 or rs11871275 in the joint analysis. Conclusively, 
our data suggest that genetic variations in genes of DNL pathway may be a potential biomarker for predicting 
clinical outcome of HCC patients treated with TACE. 
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One of the most important cancer hallmarks is the 
metabolic reprogramming in cancerous cells, which 
includes the increased de novo lipogenesis (DNL) in 
spite of extracellular lipids levels (Menendez and Lupu, 
2007; Abramson, 2011). Three metabolic rate-limiting 
enzymes, which are ATP citrate lyase (ACLY), acetyl-CoA 
carboxylase 1 (ACACA) and fatty-acid synthase (FASN), 
consist of the core DNL pathway. ACLY is a cytosolic 
enzyme involved in the first step of DNL, and catalyzes 
citrate into acetyl-CoA, which is a vital building block 
for the endogenous biosynthesis of fatty acids, isoprenoid 
and cholesterol (Watson et al., 1969; Hatzivassiliou et 
al., 2005; Zaidi et al., 2012a; Zaidi et al., 2012b). It has 
been reported that ACLY is highly upregulated in several 
cancers, including cancers of breast, liver, brain, colon, 
lung, stomach, bladder, and prostate (Zaidi et al., 2012b). 
ACACA is an enzyme which locates in endoplasmic 
reticulum and converts acetyl-CoA to malonyl-CoA 
(Yoon et al., 2007). Deletion of ACACA in hepatocytes 
reduces the expression levels of malonyl-CoA and de 
novo lipid synthesis (Mao et al., 2006). FASN is a key 
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enzyme involved in the last step of fatty acid production, 
in which long chain fatty acid is synthesizd by using 
acetyl-CoA and malonyl-CoA as substrates (Menendez 
and Lupu, 2007; Dorn et al., 2010). It has reported that 
FASN is highly expressed in many cancers, including 
cancers of prostate, breast, lung, ovary, bladder, stomach, 
oral cavity and melanoma (Swinnen et al., 2006; Migita 
et al., 2009). Accumulating evidences have suggested 
that aberrant glycolysis and lipid synthesis contribute to 
cancer progression, and would be potential therapeutic 
targets (Mashima et al., 2009; Migita et al., 2009; Furuta 
et al., 2010). A recent study suggested that suppression of 
genes ACLY, ACACA, and FASN, which are involved in 
DNL, has induced the proliferation and survival of HCC 
cell lines (Calvisi et al., 2011). 

Single nucleotide polymorphism (SNP) is the most 
common type of genetic variation, which can be used as 
a biomarker of genetic background to predict the risk, 
therapeutic response and prognosis of malignancies 
(Laing et al., 2011; Liu et al., 2012). Excepting for amino 
acid change, SNPs directly affect gene functions through 
various translational or post-translational mechanisms, 
such as altering miRNA binding, gene splicing, protein 
folding or mRNA degradation(Chamary et al., 2006). 
There were several studies have investigated the 
association between polymorphisms of DNL genes and 
development or prognosis of cancers (Nguyen et al., 2010; 
Eggert et al., 2012). Previously, our group has identified 
that SNPs in ACLY and FASN genes are significantly 
associated with clinical outcomes in non-small cell lung 
cancer patients (Jin et al., 2014). However, up to date, 
few studies have focused on the relationship between 
polymorphisms of ACLY, ACACA or FASN and the 
prognosis of HCC patients treated by TACE. In this study, 
we sought to assess the associations between functional 
polymorphisms in DNL pathway genes and overall 
survival in a hospital-based Chinese population diagnosed 
with HCC and treated by TACE.

Materials and Methods

Study population and data collection
A total of 448 Han Chinese patients with unresectable 

HCC were recruited at the Department of Radioactive 
Intervention of Eastern Hepatobiliary Surgery Hospital, 
Second Military Medical University in Shanghai, China 
between January 2008 and November 2011. All patients 
had no previous history of other cancers or cancer-related 
treatment at enrollment, and were newly diagnosed as 
HCC by imaging technologies and laboratory tests. TACE 
was used as the first-line treatment for all patients. TACE 
treatment was applied as previously described (Yuan et 
al., 2014). Among them, 29 cases with incomplete clinical 
information or follow-up data or poor DNA quality 
were excluded. Finally, 419 patients were successfully 
genotyped and included in primary cohort for further 
analysis. Detailed clinical information was collected 
through medical chart review by treating physicians. And 
standard follow-up was performed by a trained clinical 
specialist through on-site interview, direct calling, or 
medical chart review. The latest follow-up data in this 

analysis were obtained in July 2013. Overall survival time 
was defined as the interval from the first TACE treatment 
to the date of death or last follow-up. Patients who were 
lost during the follow-up were censored for the analysis. 
This study was approved by the Ethic Committee of the 
Second Military Medical University, and signed informed 
consent was obtained from each participant.

SNP genotyping
Five milliliter of venous blood sample was collected 

from each patient, and genomic DNA was isolated from 
whole blood using the E.Z.N.A. Blood DNA Midi Kit 
(Omega Bio-Tek, Norcross, GA) as described previously 
(Xing et al., 2011). The candidate SNPs in three DNL 
pathway genes (ACLY, ACACA, and FASN) were 
selected using a set of web-based SNP selection tools 
(http://snpinfo.niehs.nih.gov/snpinfo/snpfunc.htm) as 
described previously (Zhou et al., 2012). In general, the 
criteria and strategy for the selection of tagger SNPs 
were as follows: a) located in miRNA binding sites of 
the 3’untranslated region (3-UTR), in the transcription 
factor binding site of 5’flanking region (2,000 bp upstream 
from the transcription start site) , in the mRNA splice 
site, or missense SNPs in exons; b) had potentially 
functions predicted by SNP selection tools; c) with minor 
allele frequency (MAF) more than >5% in Han Chinese 
population (CHB). If there were multiple candidate SNPs 
within the same block and the linkage coefficient r2 > 0.8, 
only one SNP will be included. Based on the above criteria, 
nine candidate SNPs in three genes of DNL pathway were 
selected in this study. Genotyping was carried out on the 
iPLEX genotyping system (Sequenom, San Diego, CA). 
Laboratory persons who conducted genotyping analysis 
were blinded to patients’ information. Strict quality 
controls were implemented during genotyping with more 
than 99.0% concordance in samples. Samples did not 
follow the quality controls were repeated once and those 
were omitted if unqualified again. 

Statistical analysis
The SPSS version 19.0 software package (IBM, 

Armonk, NY, USA) was used for the analyses. Three 
genetic models (additive, dominant and recessive) were 
used to evaluate the association of single SNP with 
overall survival of HCC patients by Cox proportional 
hazard model. The best-fitting model was defined as that 
with the smallest P value and a lower trend P value. To 
exclude the effects of confounding factors, the association 
between SNPs in DNL genes and overall survival of HCC 
was assessed in three genetic models stratified by host 
characteristics using multivariate analysis. Kaplan-Meier 
curves were used to distinguish subgroup patients who 
had different overall survival outcome. All P values in 
this study were two-sided, and p<0.05 was considered to 
be significant. 

Results 

Characteristics of the study population and prognosis 
analysis on HCC 

Among the total of 419 HCC patients with first-line 
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TACE treatment included in the primary cohort, there were 
326 patients died during the median follow-up time of 9.9 
months. Majority of the patients were males (87.4%) and 
with positive serum HBsAg (85.7%). There were more 
patients with younger age (53%), with late stage disease 
(52%), and with higher level of serum AFP (54.9%). Some 
patients (18.6%) received others drug treatments other 
than TACE as first line treatment protocol (Table 1). The 
result of multivariate analyses by Cox proportional hazard 
regression model showed that there is a significant poor 
overall survival in patients with later TNM stage disease 
(HR=1.87, 95%CI 1.48-2.35, p<0.001), in patients with 
higher level of serum AFP (HR, =1.40, 95%CI 1.11-1.77, 
p=0.004). Significant improved overall survival was 
observed in patients received treatments other than TACE 
with HR of 0.40 (95%CI 0.29-0.56, p<0.001), comparing 
to those received TACE only (Table 1).  

Association between SNPs in DNL pathway related genes 
and overall survival of HCC patients treated by TACE

We assessed the association between nine SNPs in 
three DNL pathway related genes (ACLY, ACACA and 
FASN) and the overall survival of HCC patients treated 
with TACE by Cox proportional hazard regression model 
using multivariate analysis under dominant, recessive, 
and additive genetic models. The results were presented 
as best-fit model. As the data shown in Table 2, there was 
no significant association between individual SNP and the 
overall survival of HCC patients. To exclude the potential 
effects of confounding factors, we then conducted the 

stratified analysis by gender, age, serum HBsAg status, 
TNM stage, serum AFP level, and treatment. Interestingly, 
SNP rs9912300 in ACLY gene exhibited significant 
associations with overall survival in HCC patients with 
lower serum AFP (< 200 ng/ml) under additive (HR=1.38, 

Table 1. Distribution of Patients’ Characteristics and 
Prognosis Analysis
Parameter	 Number of	 Number of 	 HR 	 p value
	 all patients (%)	 death (%)	 (95%CI)*	

Gender				  
  Female	 53(12.6)	 40(12.3)	 Ref.	
  Male	 366(87.4)	 286(87.7)	 1.12 (0.80-1.57)	 0.499
Age, years				  
  <60	 222(53.0)	 172(52.8)	 Ref.	
  ≥60	 197(47.0)	 154(47.2)	 0.99 (0.79-1.25)	 0.956
HBsAg				  
  Negative	 60(14.3)	 47(14.4)	 Ref.	
  Positive	 359(85.7)	 279(85.6)	 0.81(0.59-1.13)	 0.220 
TNM stage				  
  I-II	 201(48.0)	 134(41.1)	 Ref.	
  III-IV 	 218(52.0)	 192(58.9)	 1.87 (1.48-2.35)	 <0.001
Serum AFP (ng/ml)			 
  <200	 189(45.1)	 136(41.7)	 Ref.	
  ≥200	 230(54.9)	 190(58.3)	 1.40 (1.11-1.77)	 0.004
Treatment				  
 TACE	 341(81.4)	 284(87.1)	 Ref.	
 TACE+others	 78(18.6)	 42(12.9)	 0.40 (0.29-0.56)	 <0.001
Abbreviations: CI, confidence interval; HR, hazard ratio; *Adjusted for 
gender, age, HBsAg, serum AFP level, TNM stage, and treatment after 
surgery, where appropriate; Significant P values (< 0.05) were bolded

Table 2. Association between SNPs in DNL Pathway Related Genes and Overall Survival of HCC Patients
Gene symbol	 SNP	 Predict function	 Genetic Models	 HR (95% CI)*	 P value

ACLY	 rs2304497	 Missense	 Additive	 1.08(0.83-1.42) 	 0.559 
			   Dominant	 1.08(0.82-1.43) 	 0.565 
			   Recessive	 1.17(0.16-8.61) 	 0.875 
	 rs9912300	 TFBS	 Additive	 1.17(0.97-1.42) 	 0.099 
			   Dominant	 1.19(0.95-1.49) 	 0.141 
			   Recessive	 1.36(0.81-2.30) 	 0.243 
ACACA	 rs1714987	 Splicing 	 Additive	 1.01(0.86-1.19) 	 0.893 
			   Dominant	 0.93(0.73-1.19) 	 0.553 
			   Recessive	 1.13(0.86-1.49) 	 0.363 
	 rs7211875	 Missense	 Additive	 0.95(0.78-1.16) 	 0.635 
			   Dominant	 0.93(0.74-1.16) 	 0.499 
			   Recessive	 1.13(0.63-2.02) 	 0.688 
	 rs11871275	 TFBS	 Additive	 1.13(0.92-1.39) 	 0.231 
			   Dominant	 1.17(0.92-1.48) 	 0.193 
			   Recessive	 1.07(0.54-2.09) 	 0.850 
FASN	 rs4246444	 NA	 Additive	 1.06(0.86-1.31) 	 0.581 
			   Dominant	 1.23(0.91-1.67) 	 0.173 
			   Recessive	 0.85(0.57-1.26) 	 0.416 
	 rs1140616	 Synomous	 Additive	 0.97(0.82-1.15) 	 0.757 
			   Dominant	 0.96(0.77-1.20) 	 0.746 
			   Recessive	 0.97(0.68-1.40) 	 0.891 
	 rs4485435	 Synomous	 Additive	 1.23(0.98-1.56) 	 0.080 
			   Dominant	 1.22(0.95-1.58) 	 0.124 
			   Recessive	 1.78(0.78-4.07) 	 0.170 
	 rs11653012	 TFBS	 Additive	 0.92(0.72-1.17) 	 0.494 
			   Dominant	 0.92(0.71-1.18) 	 0.502 
			   Recessive	 0.81(0.11-5.79) 	 0.829 
*Abbreviations: ACLY, ATP citrate lyase; ACACA, Acetyl-CoA carboxylase 1; FASN, fatty acid synthase; CI, confidence interval; HR, hazard 
ratio; Ref., reference; TFBS, transcriptional factor binding site; NA, not available. *Adjusted for gender, age, serum HBsAg, serum AFP level, 
TNM stage, and treatments
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95%CI 1.03-1.85, p=0.032) and dominant (HR=1.45, 
95%CI 1.01-2.08, p=0.046) models, and SNP rs11871275 
in ACACA gene exhibited significant associations with 
overall survival in HCC patients with higher serum AFP 
(≥ 200 ng/ml) under additive (HR=1.33, 95%CI 1.01-1.75, 
p=0.041) and dominant (HR=1.40, 95%CI 1.03-1.90, 
p=0.034) models (Table 3). 

Joint effect of significant SNPs and serum AFP levels on 
HCC overall survival

Since the significant association result between SNPs 
and cancer outcomes was observed in HCC patients 
with different serum AFP levels. To reveal if there is 
an interaction between SNPs and serum AFP level, we 
conducted joint analysis of the two significant SNPs and 
AFP level on HCC outcome with adjustment for gender, 
age, serum HBsAg status, TNM stage, and treatment 
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Table 3. Association between SNPs and Overall Survival of HCC Patients Stratified by AFP Level
Gene symbol	 SNP	 Genetic Models	 Patients with lower AFP (< 200 ng/ml)	 Patients with higher AFP (≥ 200 ng/ml)
	 HR (95% CI) *	 P value	 HR (95% CI)*	 P value

ACLY	 rs2304497	 Additive	 1.18(0.76-1.82) 	 0.466 		  1.11(0.79-1.58) 	 0.541 
		  Dominant	 1.18(0.76-1.82) 	 0.466 		  1.12(0.78-1.61) 	 0.535 
		  Recessive	 NA	 NA		  1.09(0.15-8.09) 	 0.935 
	 rs9912300	 Additive	 1.38(1.03-1.85) 	 0.032 		  1.11(0.86-1.43) 	 0.425 
		  Dominant	 1.45(1.01-2.08) 	 0.046 		  1.12(0.83-1.51) 	 0.461 
		  Recessive	 1.69(0.77-3.70) 	 0.189 		  1.19(0.58-2.44) 	 0.627 
ACACA	 rs1714987	 Additive	 0.97(0.76-1.25) 	 0.831 		  1.03(0.83-1.28) 	 0.790 
		  Dominant	 1.02(0.69-1.50) 	 0.936 		  0.88(0.64-1.20) 	 0.417 
		  Recessive	 0.91(0.59-1.40) 	 0.654 		  1.30(0.91-1.86) 	 0.154 
	 rs7211875	 Additive	 1.02(0.75-1.38) 	 0.917 		  0.87(0.66-1.14) 	 0.317 
		  Dominant	 0.96(0.68-1.35) 	 0.799 		  0.87(0.64-1.17) 	 0.343 
		  Recessive	 1.50(0.68-3.31) 	 0.314 		  0.80(0.32-2.01) 	 0.637 
	 rs11871275	 Additive	 0.95(0.69-1.30) 	 0.735 		  1.33(1.01-1.75) 	 0.041 
		  Dominant	 0.93(0.64-1.36) 	 0.725 		  1.40(1.03-1.90) 	 0.034 
		  Recessive	 0.94(0.38-2.33) 	 0.898 		  1.24(0.45-3.40) 	 0.681 
FASN	 rs4246444	 Additive	 1.13(0.81-1.58) 	 0.479 		  1.04(0.79-1.38) 	 0.759 
		  Dominant	 1.15(0.73-1.80) 	 0.550 		  1.31(0.86-1.99) 	 0.205 
		  Recessive	 1.15(0.63-2.11) 	 0.641 		  0.74(0.43-1.28) 	 0.280 
	 rs1140616	 Additive	 1.09(0.84-1.40) 	 0.524 		  0.91(0.72-1.14) 	 0.419 
		  Dominant	 1.08(0.76-1.53) 	 0.662 		  0.92(0.68-1.23) 	 0.558 
		  Recessive	 1.19(0.71-1.99) 	 0.510 		  0.81(0.48-1.38) 	 0.441 
	 rs4485435	 Additive	 0.97(0.76-1.25) 	 0.831 		  1.03(0.83-1.28) 	 0.790 
		  Dominant	 1.30(0.86-1.95) 	 0.212 		  1.15(0.82-1.60) 	 0.425 
		  Recessive	 1.29(0.17-9.78) 	 0.805 		  1.95(0.79-4.83) 	 0.150 
	 rs11653012	 Additive	 0.88(0.59-1.32) 	 0.541 		  0.95(0.69-1.30) 	 0.758 
		  Dominant	 0.89(0.59-1.33) 	 0.564 		  0.95(0.69-1.32) 	 0.766 
		  Recessive	 NA	 NA		  0.88(0.12-6.44) 	 0.903 
*Abbreviations: ACLY, ATP citrate lyase; ACACA, Acetyl-CoA carboxylase 1; FASN, fatty acid synthase; CI, confidence interval; HR, hazard ratio; 
Ref., reference; *Adjusted for gender, age, serum HBsAg status, TNM stage, and treatment; Significant P values (< 0.05) were bolded

Table 4. Joint Effect of SNPs and AFP Levels on HCC 
Overall Survival
Cvariables	 Death/Total	 HR(95% CI)*	 P value

rs9912300			 
  WW+lower level AFP	 86/126	 Ref.	
  WV/VV+lower level AFP	 50/63	 1.31(0.92-1.86)	 0.135
  WW+higher level AFP	 116/144	 1.46(1.10-1.95)	 0.009
  WV/VV+higher level AFP	 72/84	 1.62(1.17-2.24)	 0.004
  P for interaction			   0.002
rs11871275			 
  WW+lower level AFP	 96/131	 Ref.	
  WV/VV+lower level AFP	 40/58	 0.89(0.62-1.30)	 0.552
  WW+higher level AFP	 126/158	 1.22(0.93-1.61)	 0.156
  WV/VV+higher level AFP	 63/71	 1.74(1.25-2.42)	 0.001
  P for interaction			   0.002
Abbreviations: CI, confidence interval; HR, hazard ratio; Ref., reference; 
*Adjusted for gender, age, serum HBsAg status, TNM stage, and 
treatment; Significant P values (<0.05) were bolded

Figure 1. Kaplan-Meier Curve Analysis for the Join Effect of Serum AFP Level and SNP rs9912300 (A) or SNP 
rs11871275 Under Dominant Model. WW, homozygous wild genotype, WV/VV, variant-containing genotype. The curves 
corresponding to each patient group were indicated by arrows
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under dominant model. As data shown in Table 4, in both 
SNP rs9912300 and rs11871275, patients with variant-
containing genotypes and higher level of serum AFP 
exhibited significant increased death risk with HR of 1.62 
(95%CI 1.17-2.24, p=0.004) and 1.74 (95%CI 1.25-2.42, 
p=0.001), respectively, comparing to those with wild 
genotype and lower serum AFP level. Furthermore, the 
effects on HCC patients by combination of SNP and AFP 
level showed statistically significant interaction with p for 
interaction of 0.002 for both SNPs. In consist with the 
Cox proportional hazard analysis, Kaplan-Meier curves 
analysis also showed that patients higher risk genotypes 
(variant-containing genotypes in both SNPs) and higher 
serum AFP level had significantly shorter overall survival 
time with log-rank p<0.001 in both SNPs, when comparing 
those with lower risk genotype (wild genotypes in both 
SNPs) and lower serum AFP level (Figure 1).

Discussion

In the current study, we evaluated the effects of nine 
functional SNPs in three genes (ACLY ACACA, and 
FASN) of DNL pathway on the prognosis of HCC patients 
treated with TACE. In the stratified analysis, we found that 
SNP rs9912300 in ACLY gene and SNP rs11871275 in 
ACACA gene were significantly associated with overall 
survival of HCC patients with lower and higher serum AFP 
levels, respectively. Furthermore, joint analysis results 
suggested that there were significant interaction between 
these two SNPs and serum AFP level on HCC outcome. To 
the best of our knowledge, this is the first study to report 
that genetic variants in three genes of DNL pathway had 
significant associations with overall survival of Chinese 
HCC patients treated by TACE.

Reprogramming of cellular metabolism is a hallmark 
of cancer. In most normal cells, de novo fatty acid synthesis 
is usually suppressed, however, upregulated de novo fatty 
acid synthesis has been widely observed in cancer cells, 
which fuels membrane biogenesis in rapidly proliferating 
cancer cells and renders membrane lipid more saturated, 
thereby plays an important role in tumorigenesis and tumor 
progression (Rysman et al., 2010; Hanahan and Weinberg, 
2011). The importance of the lipogenic enzymes in 
survival, proliferation and progression of cancer cells 
have been well recognized (Swinnen et al., 2006). ACLY 
catalyzes the conversion of mitochondria-derived citrate 
to cytosolic acetyl-CoA, which is a vital precursor for the 
endogenous biosynthesis of fatty acids and cholesterol, 
and is involved isoprenoid-based protein modification 
(Hatzivassiliou et al., 2005; Zaidi et al., 2012b). Increased 
ACLY levels and/or activity had been observed in various 
cancers, including HCC. Moreover, the overexpression 
of ACLY has been reported to be significantly associated 
with poor prognosis in cancers (Zhou et al., 2013; Lettieri 
Barbato et al., 2014). Similarly to ACLY, ACACAas 
another core enzyme involving in de novo fatty acid 
synthesis has also been found to be upretulated in various 
proliferating cancer cells (Abu-Elheiga et al., 2001; Chajes 
et al., 2006). Although the molecular mechanisms of 
ACLY and ACACA upregulation in cancer cells are still 
not determined, these data suggest that expression of these 

enzymes could be a potential marker for predicting cancer 
prognosis. In this study, we identified that SNPs rs9912300 
and rs11871275 were significantly associated with poor 
prognosis in a subgroup of HCC patients treated by 
TACE. Since these two SNPs are located in the predicted 
transcriptional factor binding sites of ACLY and ACACA 
genes, they are possible to alter the expressions of ACLY 
and ACACA enzymes. The underlying mechanisms of 
rs9912300 and rs11871275 involved in HCC prognosis 
would be our further research aim. 

 Genetic variants such as SNPs may affect the 
expression and functions of genes. Considering the 
important role of DNL genes in tumor progression, it 
is necessary to investigate SNPs effects in these genes 
on cancer cell proliferation, drug sensitivity as well as 
clinicopathologcal characteristics and prognosis. Until 
now, there are few researches involving the relationships 
between these SNPs and cancer patient prognosis. It 
has been reported that SNP rs9912300 in ACLY gene 
is significantly associated with the overall survival of 
NSCLC patients under dominant model (Jin et al., 2014), 
which is in concordance with our finding that rs9912300 
was significantly associated with overall survival of 
TACE-treated HCC patients. Additionally, it has been 
reported that SNP rs1127678 in FASN gene is associated 
with the risk and mortality of prostate cancer (Nguyen 
et al., 2010). SNPs rs4246444 and rs4485435 in FASN 
gene has been found to be significantly associated with 
the risk of recurrence in NSCLC patients (Jin et al., 2014). 
However, we did not identify significant associations 
between SNPs in FASN gene and HCC outcomes in either 
overall or stratified analysis. These data suggest that the 
effect on cancer patient outcomes conferred by SNPs in 
DNL pathway genes might dependent on specific cancer 
type. 

AFP was first identified as a serum glycoprotein 
produced by the yolk sac endoderm and the liver during 
normal fetal development, and its expression level drops 
dramatically after birth (Bergstrand and Czar, 1956). 
Pathologically, AFP is produced and released into the 
circulation when liver injured or HCC developed, and 
serum AFP level together with other clinical parameters 
is widely used as a biomarker for HCC diagnosis or 
prognosis prediction (Sell, 2008). In this study, we 
observed that SNP rs9912300 in ACLY gene and SNP 
rs11871275 in ACACA gene were significantly associated 
with overall survival of TACE treated HCC patients with 
lower AFP level and higher AFP level under dominant 
model, respectively. Further analysis indicated that 
both SNPs had statistically significant interaction with 
serum AFP level in HCC patients. Although there is 
no mechanism study to support how AFP functionally 
interacted with ACLY or ACACA enzymes in de novo 
lipid synthesis during HCC development, the combined 
effects of AFP and polymorphisms in ACLY or ACACA 
gene had potential clinical significance in HCC tailored 
treatment, if our data was further validated. 

Conclusively, our data strongly indicated that genetic 
variants of ACLY and ACACA genes may be independent 
prognostic biomarkers for overall survival prediction in 
a hospital-base cohort of HCC patients treated by TACE. 
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Our findings contribute to the current understanding on the 
functional roles of polymorphisms in DNL pathway genes 
in clinical outcome of HCC patients after TACE treatment.
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