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Abstract

Background: The newly identified metastasis-associated in colon cancer-1 (MACCI) gene is
involved in angiogenesis, epithelial-to-mesenchymal transition (EMT), invasiveness, and metastasis
in a variety of malignancies. Overexpression of MACC/ gene is a prognostic marker for poor
outcome of hepatocellular carcinoma (HCC) patients. However, the association between genetic
polymorphisms of MACCI gene and poor outcome in HCC has been not been performed. We
therefore investigated the correlation of MACCI single nucleotide polymorphisms (SNPs) with
tumor recurrence and overall survival in HCC patients undergoing liver transplantation (LT).
Methods: The study included 187 HCC patients treated with LT. Five polymorphisms in the
MACCI gene (rs1990172, rs3735615, rs4721888, rs2241056, rs975263) were genotyped in 183
cases of tumorous tissue sample and | |7 cases of adjacent normal tissue sample using SNaP-Shot
assays. The association of SNPs with tumor recurrence and overall survival was then analyzed by
additive, dominant, recessive, and overdominant models in a cohort of 156 HCC patients. Re-
sults: In terms of tumor recurrence, heterozygous of SNP rs1990172 and SNP rs975263 showed
a significant high risk of relapse using univariate and multivariate analysis (overdominant,
HR(95%Cl)=2.27 [1.41-3.66], P=0.001; HR(95%Cl)=2.16 [1.37-3.39], P=0.001). But the difference
between heterozygous of these two SNPs and overall survival did not reach a significance in all
models. The other three investigated SNPs were not significantly associated with tumor recur-
rence and overall survival (P>0.05). In addition, we found no significant difference in genotype
frequencies between HCC and controls. Conclusions: Our data suggest that SNP rs1990172 and
SNP rs975263 in the MACCI gene may be potential genetic markers for HCC recurrence in LT
patients.
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Introduction

Primary hepatocellular carcinoma (HCC), which ~ common cause of cancer related death worldwide
mainly constitutes 70% to 85% of liver cancer [1], is  [1,2]. However, most of the burdens are in developing
the six most common malignancy and the third most  countries, even half of these cases and deaths are es-
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timated to occur in China [1]. HCC is one of the most
devastating neoplasms worldwide with very poor
prognosis. The recurrence rate after resection is ap-
proximately 50% at 2 years and 75% at 5 years [3].
Liver transplantation (LT) is a potential curative
therapy for HCC patients [4]. However, recurrence is
the main obstacle for the long term survival of LT
patients [5]. For better clinical decision-making re-
garding therapy and better distribution of precious
liver grafts, the stratification of outcome in HCC pa-
tients is mainly according to the clinicopathological
characteristics, such as tumor size, tumor number,
histopathologic grading, vascular invasion and pre-
operative serum alpha-fetoprotein (AFP)[6]. Howev-
er, specific biomarkers for predicting recurrence and
long term survival rates are still lacking.

Metastasis-associated in colon cancer-1 (MACCT)
gene is located on chromosome 7 at position 7p21.1.
The newly identified gene was initially discovered by
genome-wide expression analysis in primary and
metastatic colon cancer [7]. In this study, Stein et al
showed that MACC1 expression in tumor specimens
was an independent prognostic indicator of metasta-
sis formation and metastasis-free survival [7]. Further
study indicated that MACC1 was a key regulator of
HGE-MET signaling pathway, whose function has
been identified in tumor oncogenesis, invasion and
metastasis [8,9]. Thus, MACC1 promoted prolifera-
tion, invasion and HGF-induced scattering of colon
cancer cells in cell culture and tumor growth and
metastasis [7]. Subsequently, MACC1 has also been
identified in gastric cancer (GC) and contributed to a
poor prognosis of GC by promoting tumor cell pro-
liferation and invasion as well as the epitheli-
al-to-mesenchymal transition (EMT) [10]. Moreover,
the overexpression of MACC1 was also related to
poor disease-free survival (DFS) in lung adenocarci-
noma [11]. In pancreatic cancer, the overexpression of
serum MACCI may be a diagnostic marker and asso-
ciate with tumor metastasis [12]. High expression of
MACC1 was related to reduced relapse-free survival
in rectal cancer [13]. In ovarian carcinoma, MACC1
also associated with metastasis of tumor cell and can
be a target for antitumor therapy [14]. Furthermore,
MACC1 was more frequently expressed in vascular
invasive HCC [15] and associated with overall sur-
vival (OS) and DFS [16]. These findings suggested that
MACC1 may play the prognostic role for a variety of
malignancies.

In previous studies, genetic variation was sig-
nificantly correlated with higher expression of
MACC1, which could contribute to colorectal cancer
(CRC) progression through mechanisms other than or
additional to Met transcriptional upregulation [17].
Moreover, the relationship between the single nucle-

otide polymorphisms (SNP) of MACCI and OS or
metastasis-free survival (MFS) of CRC patients has
been detected [18,19]. However, the effect of MACC1
SNPs on the clinical outcome of HCC has not been
investigated yet.

In this study, we investigated whether tagSNPs
of MACC1 were correlated with clinicopathological
characteristics, recurrence and overall survival of
HCC in patients treated with LT. Further, the rela-
tionship between the genotype of MACCI and the risk
to development of HCC was also examined.

Materials and methods

Patients and samples

The present study enrolled 187 HCC patients
who underwent LT in our center from 2003 to 2012.
The inclusion criteria were as follows: (a) HCC was
diagnosed either before or following transplantation
(as an incidental finding). The diagnoses were con-
firmed by two experienced pathologists; (b) all pa-
tients included in this study were Han Chinese; (c)
clinicopathological variables, such as portal vein tu-
mor thrombi (PVTT), preoperative a-fetoprotein
(AFP) concentrations, age, tumor size, and gender
were obtained before surgery and during follow-up;
(d) absence of de novo HCC nodules in the trans-
planted liver. This study protocol was approved by
the Ethical Review Committee of the First Affiliated
Hospital, School of Medicine, Zhejiang University,
and informed consent was obtained according to the
Declaration of Helsinki. Among the 187 HCC patients,
183 cases had tumorous tissue sample, 117 cases had
adjacent normal tissue sample. There were 113
matched-pairs among the 187 HCC patients. All the
specimens from 187 patients were stored at -80°C
before extracting genomic DNA. The study was con-
ducted in blinded fashion so that all outcomes were
unknown to investigators performing genotype.

Follow-up

Follow-up data were obtained after LT for 156
patients. The follow-up period was defined from the
date of operation to the death or last follow up of the
HCC patients. Tumor recurrence or metastasis was
monitored by AFP, ultrasonography, chest X-ray, and
emission computed tomography every 3 months for
the first 2 years and semiannually thereafter. Recur-
rence was diagnosed by imaging techniques, either
intrahepatically or extrahepatically. An increase of
AFP without radiologic evidence of a new tumor was
not diagnosed as recurrence till this became recog-
nizable on imaging,.

Genotyping

Genomic DNA was isolated from frozen tumor
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tissue and adjacent normal tissue using DNeasy Tis-
sue Kit (Qiagen, Valencia, CA) according to the man-
ufacturer’s instructions. In this study, five tagSNPs
were carefully selected in two ways: 1) by literature
retrieval. 2) by analysis of HapMap genotyping data
in Chinese (http://www.hapmap.org), with high
frequencies[minor allelic frequency (MAF) >0.1] ac-
cording to the method used by Carlson et al[20]. In
this study, SNP of rs1990172 was successfully geno-
typed in 178 tumorous tissue samples and 114 adja-
cent normal tissue samples. SNP of rs975263 was
successfully genotyped in 177 tumorous tissue sam-
ples and 117 adjacent normal tissue samples. SNP of
rs3735615, rs4721888, rs2241056 were successfully
genotyped in 183 tumorous tissue samples and 117
adjacent normal tissue samples, respectively. Geno-
typing of all selected SNPs were conducted using
Applied Biosystems SNaP-Shot and TagMan tech-
nology. To assess the reliability of genotyping, a ran-
dom selection of >10% of samples were regenotyped
with 100% concordance. PCR primers were listed in
Supplementary Material: Table S1.

Statistical analysis

The allele and genotype frequencies between
tumorous tissue groups and adjacent normal tissue
groups as well as clinicopathological characteristics
were tested using the Pearson y?-test or Fisher exact
test. RFS was defined from the date of transplantation
to the time of first recurrence or the last follow-up
assessment. OS was calculated from the date of
transplantation to the death of patients or the last ob-

servation. Patients without recurrence at the time of
last follow-up were treated as censored events. The
relationship of MACCI SNPs to RFS or OS was iden-
tified using Kaplan-Meier method and analyzed using
log-rank test. Then, univariate Cox regression analysis
was used in analyzing the association between the
positive SNPs or clinicopathological characteristics
and RFS or OS of HCC patients. Further, Cox’s pro-
portional hazard model were used for the multivari-
ate analysis only when the variables were significant
in the univariate analysis. Hazard ratios (HR) and
95% confidence intervals (95%CI) of the hazard ratios
were derived from univariate and multivariate Cox
proportional hazards models. All tests were
two-tailed and a p<0.05 was considered statistically
significant. Data analyses were performed using SPSS
software (Version 20.0, SPSS Inc. Chicago, IL).

Results

Patient characteristics

In present study, we have obtained 156 HCC pa-
tients clinicopathological and survival data among all
the 187 included HCC patients. Among these 156
HCC patients, there were 143 male (91.7%) and 13
female (8.3%), respectively. There were 81 patients
(51.9%) with age <50 years old and 75 patients (48.1%)
with age >50 years old. The follow-up time ranged
from 1.8 to 116.7 months. Over a mean follow up pe-
riod of 37.0 months, 86 deaths (55.1%) were recorded.
The patient clinicopathological characteristics were
presented in Table 1.

Table 1. Patient characteristics with respect to recurrence and overall survival

Variables Recurrence-free Recurrence HR(95% CI) Pvalue Survival Death HR(95% CI) P value
n n n n

Age, years

<50 29 52 0.67(0.44-1.01) 0.053 34 47 0.82(0.54-1.26) 0.372

>50 35 40 36 39

Gender

Female 7 6 1.68(0.73-3.84) 0.222 8 5 2.02(0.82-4.97) 0.129

Male 57 86 62 81

Preoperative AFP, ng/mL

<400 40 30 2.33(1.51-3.61) <0.001 40 30 1.90(1.22-2.96) 0.005

>400 24 62 30 56

PVTT

Negative 53 47 2.85(1.88-4.31) <0.001 55 45 2.31(1.51-3.53) <0.001

Positive 11 45 15 41

Tumor size, cm

<5 52 36 3.52(2.30-5.39) <0.001 55 33 3.41(2.20-5.30) <0.001

>5 12 56 15 53

Hazard ratios (HR), 95% confidence intervals (95% CI) and P value were obtained from univariate Cox regression analysis.
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Analysis of SNP frequencies and HCC
development as well as tumor recurrence and
overall survival

Five SNPs in the MACCI gene were genotyped
in tumorous tissue samples and adjacent normal tis-
sue samples of HCC patients with LT. The allele fre-
quency and genotype frequency of each SNP was
shown in Table 2. MAFs were similar to those given in
HapMap SNP database for a CHB analysis panel and
all five MACC1 SNP genotype frequencies were in
Hardy-Weinberg equilibrium( P>0.05) (data not
shown). The number of samples detected for each
polymorphism was not exactly equal due to unsuc-
cessful amplification of some samples. The difference
of genotype or allele frequencies between tumorous
tissue samples and adjacent normal tissue samples of
HCC patients with LT was not statistically significant,
indicating that these five SNPs were not involved in

the susceptibility of HCC (Supplementary Material:
Table S2).

Effect of investigated MACC1 SNPs on RFS and
OS in HCC patients treated with LT was evaluated by
univariate Cox regression analysis using an additive
model of inheritance in accordance with the distribu-
tions of the five SNPs (Table 2). Among selected SNPs,
151990172 and rs975263 were significantly associated
with an increased risk for recurrence (P=0.001 &
P=0.004, respectively). Meanwhile, the other three
SNPs didn’t show an obvious impact on tumor re-
currence. However, the association between the SNPs
of 151990172 or rs975263 and overall survival in HCC
patients treated with LT did not reach the significance
(P=0.072 & P=0.087, respectively), which might be a
result of the limited sample size. Remaining three
SNPs showed no significant impact on overall sur-
vival, either (Table 2).

Table 2. Genotype and allele distributions in tumorous tissue and adjacent normal tissue of HCC patients treated by LT

SNP Adjacent normal tis-  tumorous tis- P value Recurrence-free Recurrence P value Survivaln Deathn P value
sues n (%) sues n (%) n (%) n (%) (%) (%)

rs1990172

GG 83(72.2) 135(75.8) 0.3102 52(85.3) 61(68.5) 0.001c  54(80.6) 59(71.1) 0.072¢

GT 31(27.0) 38(21.4) 6(9.8) 26(29.2) 10(14.9) 22(26.5)

TT 1(0.8) 5(2.8) 3(4.9) 2(2.3) 3(4.5) 2(2.4)

G allele 197(85.7) 308(86.5) 0.8070

T allele 33(14.3) 48(13.5)

rs3735615

GG 86(73.5) 140(76.5) 0.39%4a 50(80.7) 63(69.2) 0.179¢  54(79.4) 59(69.4) 0.255¢

CG 31(26.5) 41(22.4) 11(17.7) 27(29.7) 13(19.1) 25(29.4)

CC 0(0.0) 2(1.1) 1(1.6) 1(1.1) 1(1.5) 1(1.2)

G allele 203(86.8) 321(87.7) 0.801°

C allele 31(13.2) 45(12.3)

rs4721888

GG 75(64.1) 119(65.0) 0.9322 38(61.3) 61(67.0) 0.741c  44(64.7) 55(64.7) 0.610¢

CG 33(28.2) 52(28.4) 19(30.6) 24(26.4) 20(29.4) 23(27.1)

CC 9(7.7) 12(6.6) 5(8.1) 6(6.6) 4(5.9) 7(8.2)

G allele 183(78.2) 290(79.2) 0.7600

C allele 51(21.8) 76(20.8)

1s2241056

GG 60(51.3) 95(51.9) 0.5672 32(51.6) 50(54.9) 0.543<  36(52.9) 46(54.1) 0.921¢

AG 53(45.3) 77(42.1) 25(40.3) 38(41.8) 29(42.7) 34(40.0)

AA 4(3.4) 11(6.0) 5(8.1) 3(3.3) 3(4.4) 5(5.9)

G allele 173(73.9) 267(73.0) 0.8500

A allele 61(26.1) 99(27.0)

rs975263

TT 82(70.1) 129(72.9) 0.3632 49(80.3) 58(65.2) 0.004c  51(76.1) 56(67.5) 0.087¢

CT 34(29.1) 43(24.3) 8(13.1) 30(33.7) 12(17.9) 26(31.3)

CC 1(0.8) 5(2.8) 4(6.6) 1(1.1) 4(6.0) 1(1.2)

T allele 198(84.6) 301(85.0) 0.9070

C allele 36(15.4) 53(15.0)

ax2 test. (Pearson X2 test). by?2 test. (Fisher’s exact test). <Log-rank test.
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Then, further assessment was performed by
univariate and multivariate Cox regression analysis
for the impact of SNP rs1990172 or SNP rs975263 on
recurrence and overall survival in HCC patients
treated with LT on the basis of an additive, dominant,
recessive and overdominant model of inheritance,
respectively. Results were shown in table 3. In the
dominant model of inheritance, patients who have the
genotype of GT or TT for SNP rs1990172 or patients
who have the genotype of CT or CC for SNP rs975263
may confront a high risk of tumor recurrence. In the
overdominant model, genotype of GT for SNP
rs1990172 or genotype of CT for SNP rs975263 indi-
cated a shorter recurrence-free survival time. Though,
in the overdominant of inheritance, genotype of GT
for SNP 151990172 showed a significantly increased
risk for reduced overall survival in univariate Cox
regression analysis (P=0.028), but it did not reach a
significance in multivariate Cox regression analysis
(P=0.198). The results showed that in additive and
recessive model of inheritance, there was no signifi-
cance for the impact of investigated SNPs on tumor
recurrence and overall survival of HCC patients
treated with LT (Table 3). Further, in the multivariate
Cox regression analysis, tumor size, preoperative AFP

level, PVTT and SNP rs1990172 or rs975263 were four
independent prognostic factor for recurrence in both
dominant and overdominant model of inheritance
(Table 4).

Moreover, Kaplan-Meier survival curves were
presented in accordance with an additive, dominant,
recessive and overdominant model of inheritance for
SNP rs1990172 (Figure 1) and SNP rs975263 (Figure 2)
on tumor recurrence of HCC patients treated with LT.
From Figure 1, we can see that SNP rs1990172 obvi-
ously correlated with recurrence-free survival in a
dominant and overdominant model of inheritance.
The same conclusion can be drawn for SNP rs975263
from Figure 2.

Association between genetic polymorphisms
and clinicopathological variables

To avoid a false association and demonstrate the
relevant relationship of the recurrence and overall
survival with polymorphisms, the associations of SNP
rs1990172 and SNP rs975263 with clinicopathological
characteristics were analyzed. There was no statistical
significance between these two investigated SNPs and
HCC patient age, gender, tumor size, preoperative
AFP level, PVTT (Table 5).

Table 3. Impact of MACCI SNP rs1990172 and rs975263 on recurrence and overall survival, shown for additive, dominant, recessive,

and overdominant genetic models of inheritance

Model Genotype Recurrence-freen Recurrencen HR(95% CI) Pvalue  Survivaln Death HR(95% CI) P value
(%) (%) (%) n (%)

rs1990172

Additive GG 52(85.3) 61(68.5) 1.36(0.96-1.91)2  0.0822 54(80.6) 59(71.1)  1.23(0.84-1.79) 0.2842
GT 6(9.8) 26(29.2) 1.32(0.93-1.86)>  0.123P 10(14.9)  22(26.5)  1.11(0.75-1.64)° 0.595P
TT 3(4.9) 2(2.2) 3(4.5) 2(2.4)

Dominant GG 52(85.3) 61(68.5) 1.87(1.20-2.94)>  0.006° 54(80.6)  59(71.1)  1.51(0.94-2.43)2 0.0902
GT&TT 9(14.8) 28(31.5) 1.80(1.14-2.85)>  0.011° 13(19.4)  24(28.9) 1.26(0.78-2.03)° 0.3530

Recessive GG&GT  58(95.1) 87(97.8) 0.51(0.12-2.06)>  0.3412 64(95.5)  81(97.6)  0.60(0.15-2.43) 0.4712
TT 3(4.9) 2(2.2) 0.48(0.12-1.97)>  0.308P 3(4.5) 2(2.4) 0.64(0.16-2.62)° 0.5320

Overdominant ~ GG&TT 55(90.2) 63(70.8) 2.30(1.45-3.64)>  0.0004>  57(85.1) 61(73.5) 1.73(1.06-2.830) 0.0282
GT 6(9.8) 26(29.2) 2.27(1.41-3.66)>  0.001° 10(14.9) 22(26.5)  1.39(0.84-2.29)° 0.198>

rs975263

Additive TT 49(80.3) 58(65.2) 1.23(0.87-1.74)>  0.2482 51(76.1)  56(67.5)  1.09(0.75-1.60) 0.6422
CT 8(13.1) 30(33.7) 1.25(0.88-1.77)>  0.215° 12(17.9)  26(31.3)  1.05(0.71-1.54)® 0.825bP
CC 4(6.6) 1(1.1) 4(6.0) 1(1.2)

Dominant TT 49(80.3) 58(65.2) 1.62(1.05-2.51)=  0.0312 51(76.1)  56(67.5)  1.32(0.83-2.09) 0.241a
CT&CC 12(19.7) 31(34.8) 1.69(1.09-2.63)>  0.020° 16(23.9) 27(32.5) 1.21(0.76-1.93)° 0.413p

Recessive TT&CT 57(93.4) 88(98.9) 0.25(0.03-1.76)>  0.1622 63(94.0)  82(98.8)  0.28(0.04-2.03) 0.2092
@ 4(6.6) 1(1.1) 0.23(0.03-1.66)>  0.145° 4(6.0) 1(1.2) 0.29(0.04-2.12)® 0.224°

Overdominant ~ TT&CC 53(86.9) 59(66.3) 2.00(1.28-3.11)>  0.0022 55(82.1)  57(68.7)  1.56(0.98-2.49) 0.0612
CT 8(13.1) 30(33.7) 2.16(1.37-3.39)>  0.001° 12(17.9)  26(31.3)  1.42(0.88-2.27)b 0.148p

a Hazard ratios (HR) and 95% confidence intervals (95% CI) were obtained from univariate Cox regression analysis.

bHazard ratios (HR) and 95% confidence intervals (95% CI) were obtained from multivariate Cox regression analysis.
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Table 4. Multivariate Cox regression analysis of variables related to tumor recurrence at univariate analysis

Model variable HR(95% CI) P value

rs1990172

Dominant GT&TT genotype 1.80(1.14-2.85) 0.011
Tumor size>5cm 2.46(1.58-3.83) <0.001
AFP >400 ng/mL 1.83(1.17-2.88) 0.009
PVTT 2.44(1.59-3.75) <0.001

Overdominant GT genotype 2.27(1.41-3.66) 0.001
Tumor size>5cm 2.30(1.47-3.61) <0.001
AFP >400 ng/mL 1.95(1.24-3.07) 0.004
PVIT 2.50(1.62-3.85) <0.001

rs975263

Dominant CT&CC genotype 1.69(1.09-2.63) 0.02
Tumor size>5cm 2.58(1.65-4.03) <0.001
AFP >400 ng/mL 1.83(1.16-2.88) 0.01
PVTT 2.36(1.54-3.63) <0.001

Overdominant CT genotype 2.16(1.37-3.39) 0.001
Tumor size>5cm 2.49(1.59-3.90) <0.001
AFP >400 ng/mL 1.94(1.23-3.07) 0.004
PVTT 2.41(1.56-3.72) <0.001

AFP, a-fetoprotein; PVTT, portal vein tumor thrombi; HR, hazard ratio; CI, confidence interval.
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Figure 1. Kaplan-Meier curve of MACCI SNP rs1990172 on recurrence-free survival for HCC patients undergoing LT in an additive(A), dominant(B),
recessive(C), and overdominant model(D) of inheritance, respectively. P-value was calculated by Log-rank test.
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Figure 2 Kaplan-Meier curve of MACCI SNP rs975263 on recurrence-free survival for HCC patients undergoing LT in an additive(A), dominant(B),
recessive(C), and overdominant model(D) of inheritance, respectively. P-value was calculated by Log-rank test.

Table 5. Association of rs1990172 and rs975263 genotypes with clinicopathological variables.

Variables rs1990172 P value rs975263 P value
GGn (%) GT n (%) TT n (%) TT n (%) CT n (%) CCn (%)

Age, years

<50 59(75.6) 17(21.8) 2(2.6) 0.8582 57(73.1) 19(24.4) 2(2.5) 0.811a

>50 54(75.0) 15(20.8) 3(4.2) 50(69.4) 19(26.4) 3(4.2)

Gender

Female 11(84.6) 2(15.4) 0(0) 0.6462 9(69.2) 3(23.1) 1(7.7) 0.6542

Male 102(74.5) 30(21.9) 5(3.6) 98(71.5) 35(25.5) 4(3.0)

Preoperative AFP, ng/mL

<400 51(76.1) 15(22.4) 1(1.5 0.5212 50(75.8) 15(22.7) 1(1.5) 0.4052

>400 62(74.7) 17(20.5) 4(4.8 57(67.9) 23(27.4) 4(4.8)

PVTT

Negative 73(76.1) 20(20.8) 3(3.1 0.9592 68(70.8) 25(26.1) 3(3.1) 0.953a

Positive 40(74.1) 12(22.2) 2(3. 39(72.2) 13(24.1) 2(3.7)

Tumor size, cm

<5 67(79.8) 13(15.5) 4(4.8 0.0942 63(75.0) 17(20.2) 4(4.8) 0.1752

>5 46(69.7) 19(28.8) 1(1.5 44(66.7) 21(31.8) 1(1.5)

ax2 test. (Pearson x? test)

Discussion

Metastasis-associated in colon cancer-1(MACCI)
gene is a novel oncogene located on chromosome
7p21.1. In this study, we examined whether genetic
variations of MACCI gene had predictive value for

recurrence and overall survival of HCC patients
treated with LT. Notably, our results showed that
polymorphisms of rs1990172 and rs975263 were sig-
nificantly associated with tumor recurrence of HCC
patients undergoing LT. As far as we know, this is the
first investigation of MACCI gene polymorphisms on

http://www.medsci.org
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the prognosis of HCC.

In previous studies, the prognostic role of
MACCI gene for tumor recurrence and overall sur-
vival in HCC patients has already been identified
[16,21,22]. The predictive value of MACC1 overex-
pression has also been noticed in CRC [7,23], GC [10],
lung carcinoma [11], pancreatic cancer [12]. Moreover,
Galimi F et al [17] has demonstrated that Chromo-
some 7 polysomy and gain of the p-arm were signifi-
cantly correlated with MACC1 overexpression lead-
ing to a poor prognosis of patients, which meant that
genetic variation might affect the prognosis of pa-
tients through regulating the expression of MACCI
gene. As known to all that SNP is an important form
of genetic variation, so whether SNP of MACCI gene
has an impact on the prognosis of malignancy needed
to be further confirmed. Thus, Lang AH et al [18] has
demonstrated that SNP rs1990172 can be a predictor
for reduced overall survival in colorectal cancer pa-
tients. Moreover, Schmid F et al declared that CT
genotype of SNP rs975263 might be associated with a
reduced survival for younger colon cancer patients in
early stages [19].

Actually, these two SNPs mentioned above were
just the very significant SNPs covered in our analysis.
SNP rs1990172 is situated in an intronic region of the
MACCI gene, which has no impact on coding exon of
MACCI gene. While SNP rs975263 is a nonsynony-
mous one with an exchange of leucine to serine at
codon 515, fifth exon. In fact, these two SNPs are in
strong linkage disequilibrium with each other
(r>=0.858; http://www.hapmap.org). However, the
substitution of leucine to serine at codon 515, fifth
exon demonstrated no adverse effect on the structure
or function of the MACCI protein in silico analysis
using software tools PolyPhen-2 and SIFT, respec-
tively [18]. Moreover, the exchange of leucine to ser-
ine in the MACCI gene was also demonstrated no
impact on expression level of MACCI mRNA in the
CRC in vitro experiments [19]. Thus, further investi-
gations need to be conducted to demonstrate the rela-
tionship between SNPs and poor prognosis of HCC
patients.

In addition to evaluating the impact of SNPs
within MACCI on tumor recurrence and overall sur-
vival in HCC patients, we simultaneously evaluated
potential correlation between MACCI polymorphisms
and HCC susceptibility. The results showed that there
was no significant difference in the allele or genotype
distribution of the polymorphisms in MACCI gene
between tumor tissue and adjacent normal tissue,
which indicated that these five SNPs might not in-
fluence the risk of development of HCC. To our
knowledge, no other studies on the impact of MACC1

polymorphisms on HCC development have been
published.

It's worth mentioning that there were some in-
evitable limitations in present study. First, metastasis
associated in colon cancer 1 (MACCI) gene, just as its
name implies, is mainly correlated with the process of
tumor metastasis. Thus, metastasis-free survival
would be preferred as a more accurate endpoint.
However, tumor recurrence and poor overall survival
come hand in hand with tumor metastasis [24]. Thus,
RFS and OS may also act as reasonable observation
endpoints. Second, most of the included patients are
unavoidably infected with hepatitis-B virus. There-
fore, further studies are necessary to demonstrate the
association between the polymorphisms and the
prognosis of HCC patients caused by other diseases.
Further, the sample size in our study is relative small.
Further investigations are warranted to validate the
prognostic role in large retrospective and prospective
cohorts. Moreover, genomic DNA used in this study
was extracted from liver tissue after LT. However, it is
preferred to isolate genomic DNA from peripheral
blood in our further studies, which is convenient and
acceptable for the patients before operation.

In conclusion, this is the first study to demon-
strate the correlation between polymorphisms of
MACCI gene and the prognosis of HCC patients un-
dergoing LT. Our results suggest the potential role of
MACCI polymorphisms as a genetic marker for tu-
mor recurrence in HCC patients treated with LT,
which may help to stratify high risk HCC patients
before LT. However, these findings need to be further
confirmed through more large retrospective and
prospective studies.

Supplementary Material
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