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APOBEC3G expression is correlated with poor prognosis 
in colon carcinoma patients with hepatic metastasis

Huanrong Lan1*, Ketao Jin1*, Meifu Gan2*, Shouxiang Wen2, Tienan Bi1, Shenkang Zhou1, Naibiao Zhu1, 
Lisong Teng3, Wenjie Yu1

1Department of Gastrointestinal Surgery and Laboratory of Translational Oncology, Public Research Platform, 
Taizhou Hospital, Wenzhou Medical University, Linhai, Zhejiang 317000, China; 2Department of Pathology, 
Taizhou Hospital, Wenzhou Medical University, Linhai, Zhejiang 317000, China; 3Department of Surgical Oncology, 
The First Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou 310003, China. *Equal contribu-
tors.

Received January 17, 2014; Accepted February 20, 2014; Epub March 15, 2014; Published March 30, 2014

Abstract: Increased expression of apolipoprotein B mRNA-editing enzyme catalytic polypeptide-like 3G (APOBEC3G) 
in human primary colorectal tumors and hepatic metastasis has been detected. However, the clinical relevance of 
APOBEC3G in colon carcinoma hepatic metastasis remains uncertain. The aim of this study was to assess the prog-
nostic value of APOBEC3G in colon carcinoma patients with hepatic metastasis after hepatic resection. APOBEC3G 
expression was evaluated by immunohistochemistry in paraffin-embedded primary colon carcinoma and paired 
hepatic metastasis tissues from 136 patients with liver metastasis from colon carcinoma that underwent hepatic 
resection. The relation between APOBEC3G expression and clinicopathologic factors and long-term prognosis in 
these 136 patients was retrospectively examined. The prognostic significance of negative or positive APOBEC3G 
expression in colon carcinoma hepatic metastasis was assessed using Kaplan-Meier survival analysis and log-rank 
tests. Positive expression of APOBEC3G was correlated with liver metastasis of colon cancer. Univariate analysis 
indicated significantly worse overall survival (OS) for patients with a positive APOBEC3G expression in colon carci-
noma hepatic metastasis than for patients with a negative APOBEC3G expression. Multivariate analysis showed 
positive-APOBEC3G in colon carcinoma hepatic metastasis to be an independent prognostic factor for OS after 
hepatic resection (P = 0.000). Positive expression of APOBEC3G was statistically significantly associated with poor 
prognosis of colon carcinoma patients with hepatic metastasis. APOBEC3G could be a novel predictor for poor prog-
nosis of colon carcinoma patients with hepatic metastasis after hepatic resection.
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Introduction

Colon cancer is one of the most common lead-
ing causes of cancer-related deaths worldwide 
[1]. The primary cause of death in patients with 
colon cancer is hepatic metastasis, and 5-year 
overall survival is only 25% to 40% [1]. Hepatic 
metastasis is the most common form of distant 
spread of primary colon cancer. It is estimated 
that approximately 50% of patients with colon 
cancer develop hepatic metastases synchro-
nously or metachronously, and in advanced dis-
ease the mortality of colon cancer is principally 
attributable to the development of hepatic 
metastases [1].

Despite the improvements of systemic chemo-
therapy in terms of both tumor response rates 
and overall survival (OS) benefit, hepatic resec-
tion is the most effective and potentially cura-
tive therapy for patients with hepatic metasta-
sis from colon cancer [2]. However, many colon 
cancer patients with hepatic metastasis under-
going surgery ultimately die of their disease, 
which means that surgery is not sufficient in a 
many patients [3, 4]. The development of effec-
tive chemotherapy regimens, such as 5-fluoro-
uracil (5-FU) with leucovorin (LV) plus oxaliplatin 
or irinotecan, and the addition of molecular tar-
geted agents, such as anti-vascular endothelial 
growth factor (VEGF)-based and anti-epidermal 
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growth factor receptor (EGFR)-based antibod-
ies to the existing cytotoxic chemotherapy has 
improved colon cancer patients with hepatic 
metastasis response rates [5-8]. However, the 
OS benefits remain modest despite exceeding-
ly high financial costs. It is important to uncover 
the biological mechanisms underlying hepatic 
metastasis of colon cancer and accelerate the 
development of new treatment strategies. Early 
treatment targeting colon cancer hepatic meta-
static might be important for improving patient 
survival. Therefore, there is an urgent need to 
identify molecules that are correlated with 
colon cancer hepatic metastasis and facilitate 
the metastasis of colon cancer to the liver, 
which would be potential therapeutic targets 
for treating colon cancer patients with hepatic 
metastases.

The apolipoprotein B mRNA-editing enzyme 
catalytic polypeptide-like 3G (APOBEC3G) is a 
cytidine deaminase that induces the guanine-
to-adenine (G-to-A) hypermutation of the viral 
DNA by editing cytosines to uracils in the minus-
strand DNA copies of the retrovirus RNA 

genome [9, 10]. APOBEC3G has been reported 
to play an important role in host defense mech-
anisms [11]. Overexpression of APOBEC3G was 
detected in renal carcinoma tissues and cell 
lines [12], colorectal carcinoma and hepatic 
metastasis [13]. However, the clinical relevance 
of APOBEC3G in colon cancer hepatic metasta-
sis remains uncertain.

In this study, we evaluated the relationship 
between APOBEC3G expression and clinico-
pathologic features, and assessed the utility of 
APOBEC3G as a new prognostic marker in 
patients with colon carcinoma hepatic metas-
tasis after hepatic resection.

Materials and methods

Patients and tumor tissue samples

Paraffin-embedded primary colon carcinoma 
and paired hepatic metastasis tissue samples 
were obtained from 136 patients undergoing 
surgical resection of primary colon carcinoma 
and liver metastasis at the Department of 
Gastrointestinal Surgery, Taizhou Hospital, 

Figure 1. Expression of APOBEC3G in human primary colon cancer and heptic metastasis tissues. Negative and 
positive staining of APOBEC3G in primary colon cancer tissues and heptic metastatic tissues (original magnification 
× 100).
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Wenzhou Medical University from January 
1999 to December 2006. None of 136 patients 
had received chemotherapy, radiotherapy or 
molecularly targeted therapy before resection. 
After resection, patients were followed up every 
three months. Sections were reviewed by two 
experienced pathologists to verify the histolog-
ic assessment. Prior informed consent was 
obtained and the study protocol was approved 
by the Ethics Committee of the Taizhou Hospital, 
Wenzhou Medical University. The locations of 
tumors and distant metastases were deter-
mined by colonoscopy, computerized tomogra-
phy (CT), and magnetic resonance imaging 
(MRI). Patients were enrolled into this study if 
synchronous metastasis confined to the liver 
as assessed by preoperative radiological imag-
ing assessment and confirmed by surgery at 
the time of initial diagnosis. All patients were 
classified as stage IV (TXNXM1) according to 
UICC staging of resected specimens.

Immunohistochemistry

Selected tumor specimen were fixed in 10% 
neutral-buffered formalin and embedded in 

paraffin. Five micromolar sections were cut, 
dewaxed, rehydrated, and subjected to antigen 
retrieval. After blocking endogenous peroxi-
dase activity, the sections were incubated with 
the primary antibody against APOBEC3G 
(Proteintech Group, Inc. Chicago, IL) (1:100) 
(overnight at 4 at 4°C). Immunohistochemistry 
was performed using the streptavidin-biotin 
peroxidase complex method (Lab Vision, 
Fremont, CA). The slides were examined and 
pictures were taken using an Olympus BX60 
(Olympus, Japan). Sections known to stain posi-
tively were incubated in each batch and nega-
tive controls were also prepared by replacing 
the primary antibody with preimmune sera.

Expression analysis of APOBEC3G in tumor tis-
sue was performed by comparing staining 
intensity and the percentage of immunoreac-
tive cells. Staining intensity was arbitrarily 
scored on a scale of four grades: 0 (no staining 
of cancer cells), 1 (weak staining), 2 (moderate 
staining), and 3 (strong staining), and the per-
centage of positive cells was scored as follows: 
0 (0%), 1 (1% to 25%), 2 (26% to 50%), and 3 ( > 
50%). APOBEC3G staining positivity was deter-

Figure 2. Representative immunohistochemical staining of APOBEC3G in primary colon cancer tissues and paired 
hepatic metastatic tissues. The expression of APOBEC3G is significantly greater in the colon cancer hepatic me-
tastasis tissues than that of in the primary colon cancer tissues (original magnification, left column, × 100; right 
column, × 200).
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mined using the following formula: overall score 
= positive percentage score × intensity score. A 
score of 0 was defined as “0”, > 0 to ≤ 2 as “1”, 
> 2 to ≤ 6 as “2”, and > 6 to ≤ 9 as “3”. In the 
end, tumor samples rated as level 0 or 1 were 
defined as negative for expression, whereas 
samples rated as level 2 or 3 were defined as 
positive.

Follow-up

Patient follow-up consisted of physical exami-
nation, assessment of serum carcinoembryon-
ic antigen (CEA) levels, and thoracoabdominal 
computed tomographic scan every 3 months 
for the first 5 years, then annually thereafter. 
The patients were followed up until death or 

Table 1. Clinicopathological characteristics in relation to APOBEC3G expression in patients with pri-
mary colon carcinoma and hepatic metastasis (n = 136)
APOBEC3G expression in primary colon cancer
Factor Positive Negative P value
Patients (n/%) 89/65.4 47/34.6
Age (years; mean ± SEM) 66.3 ± 9.1 65.2 ± 8.9 0.725
Gender Female (n) 17 10 0.827

Male (n) 72 37
Primary colon tumor location Ascending colon (n) 14 8 0.536

Transverse colon (n) 4 3
Descending colon (n) 71 36

Primary colon tumor size < 5 cm (n) 55 30 0.681
≥ 5 cm (n) 34 17

Primary colon tumor histology grade Low grade (n) 43 21 0.877
High grade (n) 46 26

Primary colon tumor differentiation Well (n) 14 12 0.633
Moderate (n) 68 32

Poor (n) 7 3
Lymph node involvement Yes (n) 68 22 0.000

No (n) 21 25
Vascular invasion Yes (n) 34 15 0.281

No (n) 55 32
Serum CEA level > 6 ng/mL (n) 68 17 0.000

≤ 6 ng/mL (n) 21 30
HBV infection Positive (n) 8 9 0.752

Negative (n) 81 38
HCV infection Positive (n) 2 3 0.878

Negative (n) 87 44
APOBEC3G expression in colon cancer hepatic metastasis
Factor Positive Negative P value
Patients (n/%) 91/66.9 45/33.1
Age (years; mean ± SEM) 67.3 ± 9.2 65.8 ± 9.3 0.885
Gender Female (n) 19 8 0.732

Male (n) 72 37
Hepatic metastatic tumor number Single (n) 76 40 0.832

Multiple (n) 15 5
Hepatic metastatic tumor size < 5 cm (n) 54 27 0.789

≥ 5 cm (n) 37 18
Hepatic metastatic histology grade Low grade (n) 46 17 0.875

High grade (n) 45 28
CEA, carcinoembryonic antigen. HBV, hepatitis C virus infection. HCV, hepatitis C virus infection.
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until the date of last follow-up. Follow-up was 
finished on December 31, 2012. The median 
follow-up was 47.2 months (range, 5-126 
months).

Statistical analysis

Data are expressed as a mean ± SEM. 
Clinicopathologic parameters were analyzed 
using the two-tailed chi-square test, and the 
two-tailed t test was used to evaluate associa-
tion between APOBEC3G expression and clini-
copathologic parameters. OS curves for posi-
tive- and negative-APOBEC3G patients were 
estimated with the Kaplan-Meier method, and 
the survival functions were compared by the log 
rank test. Univariate and multivariate analyses 

were based on the Cox proportional haz-
ards regression model. Factors that signifi-
cantly influenced overall survival were used 
in the Cox proportional regression model 
for multivariate analysis. All P-values were 
considered statistically significant when 
the associated probability was less than 
0.05.

Results

APOBEC3G protein overexpression in co-
lon carcinoma hepatic metastatic tissue

We first evaluated the expression of 
APOBEC3G in 136 primary colon cancer 
samples and paired liver metastatic sam-
ples using the method of immunohisto-
chemical staining. We found that among 
these 136 paired samples, APOBEC3G was 
positive in 89 primary colon tumors (65.4%) 
and in 91 paired hepatic metastases 
(66.9%) (Figure 1). The expression of 
APOBEC3G in the hepatic metastases was 
noticeably higher than that in the paired 
primary colon cancer tissues (Figure 2). 
These results suggested that APOBEC3G 

Table 2. Univariate and multivariate analysis for synchronous hepatic metastasis

Variables
Univariate analysis Multivariate analysis

P value HR 95% CI P value
APOBEC3G expression (Positive vs. negative) < 0.001 2.672 1.368-4.322 0.023
Serum CEA level (> 6 ng/mL vs. ≤ 6 ng/mL) < 0.001 4.51 1.37-28.37 < 0.001
Lymph node involvement (Yes vs. no) < 0.001 3.23 1.53-8.36 < 0.001
Vascular invasion (Yes vs. no) 0.057 7.38 1.22-53.8 0.083
HR, hazards ratio. CI, confidence interval. CEA, carcinoembryonic antigen. HBV, hepatitis C virus infection. HCV, hepatitis C 
virus infection.

Figure 3. Kaplan-Meier survival curves of patients with meta-
static colon carcinoma undergoing liver resection with curative 
intent, grouped by APOBEC3G expression in metastatic tumor 
tissues. The survival rate for patients with hepatic metasta-
sis from colon cancer in the APOBEC3G-negative expression 
group (n = 45) was significantly higher than that for patients 
in the APOBEC3G-positive expression group (n = 91, log-rank, 
P = 0.000).

might play a key role in the colorectal cancer 
liver metastasis.

Positive expression of APOBEC3G is associ-
ated with clinicopathological parameters

Table 1 showed the distribution of APOBEC3G 
expression level in 136 primary colon cancer 
tissues and paired hepatic metastases and the 
relationship between APOBEC3G expression 
level and clinicopathologic characteristics, 
including age, gender, primary colon tumor 
location, serum CEA level, tumor size, histologi-
cal grade and differentiation, vascular invasion 
and lymph node involvement. Univariate and 
multivariate analysis showed that lymph node 
involvement, serum CEA level, and positive-
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APOBEC3G expression were independently pre-
dictive factors for synchronous hepatic metas-
tasis (Table 2).

Positive-APOBEC3G is associated with poor 
survival in colon cancer patients with synchro-
nous hepatic metastasis

The OS curves for colon cancer patients with 
hepatic metastasis subdivided on the basis of 
APOBEC3G expression are shown in Figure 3. 
Positive-APOBEC3G expression was associat-
ed with poor prognosis in patients with synchro-
nous hepatic metastasis (log-rank test, P = 
0.000).

Table 3 lists the relationship between the clini-
copathologic variables and overall survival 
after hepatic resection. Univariate analysis 
showed that APOBEC3G-positive patients had 
a significantly poorer prognosis than APOBE- 
C3G-negative colon cancer patients with syn-
chronous hepatic metastasis (P < 0.001; Table 
3). Multivariate analysis showed that lymph 
node involvement, serum CEA level, and posi-
tive-APOBEC3G expression were independent 
and significant predictors in overall survival 
(Table 4).

Discussion

Colon cancer remains the most common malig-
nant disease worldwide [1]. After lymph nodes, 
the liver is the most common site for colorectal 
cancer metastasis, and liver metastasis is a 

common cause of cancer-related mortality [14-
17]. It is estimated that approximately 50% of 
patients develop hepatic metastases (15% to 
25% synchronous metastases and 20% meta-
chronous metastases) [18]. Despite recent 
advances in diagnostic and therapeutic modali-
ties, the prognosis of colon cancer patients 
with hepatic metastasis remains poor. Hepatic 
metastasis is a crucial issue for the treatment 
of colon cancer and it would be invaluable to 
develop predictive markers for screening high 
risk groups of patients for hepatic metastasis 
and prognostic markers for recurrence follow-
ing hepatic resection. Although numerous stud-
ies have reported prognostic factors for recur-
rence and survival following hepatectomy and 
predictive factors for hepatic metastasis, the 
current knowledge remains incomplete. It is 
imperative that we uncover the underlying 
mechanisms and genetic alterations that pre-
dispose to the metastatic phenotype in colon 
carcinoma. Such an understanding has the 
potential to improve early detection and pre-
vention in addition to helping with developing 
novel targeted therapies for late stage disease. 
However, detailed molecular mechanisms that 
mediate colon carcinoma metastasis to liver 
have not been systemically characterized. 
Therefore, identification of the specific tumor 
metastasis-associated genes or proteins 
responsible for colon cancer metastasis to the 
liver would be beneficial to a large proportion of 
the colon cancer patient population.

Table 3. Univariate analysis of overall survival after hepatic resection

Factor
Overall survival

Patients (n) P value
APOBEC3G expression in colon carcinoma hepatic metastasis Positive 91 < 0.001

Negative 45
Serum CEA level > 6 ng/mL 83 < 0.001

≤ 6 ng/mL 53
Lymph node involvement Yes 90 < 0.001

No 46
CEA, carcinoembryonic antigen.

Table 4. Multivariate analysis of overall survival after hepatic resection
Factor HR (95% CI) P value
APOBEC3G expression in colon carcinoma hepatic metastasis (Positive) 2.582 (1.831-3.633) < 0.001
Serum CEA level (> 6 ng/mL) 4.527 (2.002-16.670) 0.0022
Lymph node involvement (Yes) 4.377 (1.936-11.822) 0.0035
HR, hazards ratio. CI, confidence interval. CEA, carcinoembryonic antigen.
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Overexpression of APOBEC3G was detected in 
colorectal carcinoma and hepatic metastasis 
[13]. However, the clinical relevance of 
APOBEC3G in colon cancer hepatic metastasis 
remains unclear. The aim of this study was to 
evaluate the prognostic value of APOBEC3G in 
patients with colon carcinoma hepatic metas-
tasis after hepatic resection. We evaluated the 
APOBEC3G expression in primary colon carci-
noma and paired hepatic metastasis tissues 
from 136 colon carcinoma patients with liver 
metastasis who underwent hepatic resection, 
which had clinical follow-up records. The result 
also demonstrated that the positive expression 
of APOBEC3G was correlated with liver metas-
tasis and was coupled with shorter OS. These 
data further imply that APOBEC3G has distinct 
roles in colon cancer liver metastasis and is 
worthy of further investigation.

Conclusion

In summary, this study showed the expression 
of APOBEC3G in the hepatic metastases of 
colon carcinoma and revealing that APOBEC3G 
overexpression is significantly associated with 
hepatic metastasis in patients with colon carci-
noma. Our results also showed that positive 
expression of APOBEC3G was statistically sig-
nificantly associated with poor prognosis of 
colon carcinoma patients with hepatic metas-
tasis. Our results indicated APOBEC3G can be 
a novel predictor for poor prognosis of colon 
carcinoma patients with hepatic metastasis 
after hepatic resection and APOBEC3G could 
be a potential target for diagnosis and treat-
ment for colon carcinoma hepatic metastasis.
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