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Abstract
Lung cancer ranks as the most common and lethal malignancy in America and worldwide.
APOBEC3B is a newly identified DNA cytosine deaminase, which is supposed to function as a
major source of DNA mutation in many different tumors. In this study, we combine the data of
online databases and two hundred and twenty-one primary non-small-cell lung carcinoma
(NSCLC) specimens from Sun Yat-sen University Cancer Center to investigate, for the first time,
the clinical role of APOBEC3B in lung cancer. We found that the APOBEC3 expression was
commonly elevated in NSCLC tissues and overexpression of APOBEC3B was correlated with
unfavorable prognosis of the patients with NSCLC. Furthermore, APOBEC3B expression was
associated with nodal status, TNM staging and adjuvant chemotherapy of the patients with
NSCLC. Further research is warranted.
Key words: APOBEC3B, non-small-cell lung cancer, immunohistochemistry, prognosis.

Introduction
Lung cancer ranks as the most common and
lethal malignancy in America and worldwide. In 2013,
there were 1.8 million people diagnosed with lung
cancer and 1.6 million people died of it[1]. Although
gene mutation, air pollution, tobacco use and other
oncogenic factors have been proven closely associated
with the tumorigenesis of lung cancer, the detailed
etiology of lung cancer remains unclear. In lung
cancer, the early detection of lung cancer is of great
importance since there are hardly any symptoms
initially. Advanced medical imaging techniques such
as CT and MRI have revolutionized the early
diagnosis of lung cancer, but these are too expensive

for popularization in many countries [2]. So, the
discovery of effective biomarkers might be a realistic
approach. Apolipoprotein B mRNA-editing enzyme,
catalytic polypeptide-like 3 B (APOBEC3B, AP3B) is a
newly defined DNA cytosine deaminase, which
belongs to the APOBEC family. It has recently been
reported that cytosine deamination resulting cytosine
to thymine (C-to-T) transition mutation, catalyzed by
APOBEC family, is a major source of DNA mutation
in many different tumors [3]. AP3B is located on
Chromosome 22 and has been found upregulated in at
least 6 different cancers: bladder, cervix, lung, head
and neck, and breast cancers [4]. In addition, AP3B’s
http://www.jcancer.org
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APOBEC3 cytidine deaminases activity has been
proved associated with tumor promotion and
metastasis [3, 5]. However, the clinical significance of
AP3B remains largely unclear and has only been
reported in breast cancer [6]. In this manuscript, we
investigated, for the first time, whether the expression
of AP3B is associated with lung cancer clinical
outcomes, combining the results of online databases
and two hundred and twenty-one primary
non-small-cell lung carcinoma (NSCLC) specimens
from Sun Yat-sen University Cancer Center
(SYSUCC).

Materials and Methods
Patient selection
This study was approved by the medical ethics
committee of SYSUCC. Two hundred and twenty-one
primary NSCLC specimens obtained from primary
surgery at SYSUCC from October 2000 to April 2007
were recruited in this study. The recruitment criteria
are as follows: (a) newly diagnosed NSCLC without
previous treatment; (b) histologically confirmed
primary NSCLC; (c) no distant metastases, including
supraclavicular or celiac lymph nodes metastases,
were found; (d) frozen tissue and clinical data were
available. To avoid confounding data analyses,
patients with neoadjuvant chemotherapy were
excluded from the study. The histologic grade and
clinical stage of the tumors were defined according to
the 7th edition of the TNM classification of the
International Union Against Cancer (2009). The
survival status of all of the patients were confirmed in
December 2013.

Immunohistochemistry (IHC) staining
IHC staining was performed to detect AP3B
expression according to the protocol previously
described [7, 8]. The tissue sections were
deparaffinized with dimethylbenzene and then
rehydrated via a graded alcohol series. Endogenous
peroxidase activity was blocked with 0.3% hydrogen
peroxide for 15 minutes. The slides were boiled in
tris(hydroxymethyl) aminomethane-EDTA buffer (pH
8.0) in a microwave for 30 min to retrieve antigen.
Nonspecific antigens were blocked with 10% normal
goat serum for 20 min. Then, the slides were
incubated with rabbit APOBEC3B antibody
(PAB2474, 1:100 dilution, Abnova) overnight at 4°C in
a moist chamber. The controls were treated by
replacing the primary antibody with normal goat
serum. On the second day, the slides were
sequentially incubated with biotinylated rabbit
anti-mouse
antibody,
streptavidin-peroxidase
conjugate and 3'-3'diaminobenzidine. Normal
alveolar and bronchial epithelial mucosa were
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utilized as negative controls.

Immunoreactivity score assessment (IRS)
Two independent pathologists (S-M Yan and Y
Li) who were blinded to the clinicopathological
information performed the IRS assessment for AP3B
expression. The scoring criteria are as described
previously [7, 9]. The staining result for each case was
the average IRS decided by two pathologists. The
specimens would be rescored if the difference
between the two pathologists was greater than 3.

Statistical analysis
The AP3B IRS cutoff value is determined by
median of the staining results of 221 specimens. The
correlation
between
AP3B
expression
and
clinicopathological features was analyzed by
Pearson’s χ2 test. Overall survival (OS) was defined as
the time from surgery to death. Disease-free survival
(DFS) was defined as the time from surgery to
regional relapse or distant metastasis. The Cox
proportional hazards model was used to calculate the
hazard ratios (HRs) and their 95 % confidence
intervals (95 % CIs) of covariates in the analyses of
DFS or OS. Multivariate analysis was performed for
all of the parameters that were significant in the
univariate analysis. DFS and OS curves of 221 patients
in subgroups were constructed by the Kaplan-Meier
method. Log-rank test was used to test significant
differences between two survival curves. Statistical
analysis was performed using SPSS software
(standard version 16.0, SPSS, Chicago, IL, USA). A
two-sided probability value of less than 0.05 was
considered statistically significant.
In addition, we also did online database
searching to see results of some microarrays. In
Kaplan Meier plotter (www.kmplot.com), we
searched the OS curve of breast, lung, gastric and
ovarian cancers based on AP3B expression. The
patients recruitment criteria are the same as
mentioned above except for the certain primary
cancer. Log-rank test was used to test significant
differences between survival curves.

Results
Patient characteristics
61 females and 160 males, aged from 30 to 79
years (median 59.0 years), were included in the study.
The clinicopathological characteristics of the 221
patients are listed in Table 1.

Expression of AP3B in NSCLC
In this study, the median showed that the cutoff
value was <8.0. IRS less than this value was
considered low and, otherwise, high expression. In
http://www.jcancer.org
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this study, AP3B staining of NSCLC tissue and
normal alveolar and bronchial epithelial mucosa

620
revealed that immunoreactivity primarily rest in
cytoplasm of tumor cells (Fig. 1).

Figure 1. AP3B expression are determined by IHC. (A, B) No or low expression of AP3B protein in the cytoplasm of adjacent normal tissue (magnification: A, ×40; B,
×200). (C, D) Low expression level of AP3B in epithelial NSCLC tissues (magnification: C, ×40; D, ×200). (E, F) High expression levels of AP3B in epithelial NSCLC tissues
(magnification: E, ×40; F, ×200). (G, H) Low expression level of AP3B in adeno NSCLC tissues (magnification: G, ×40; H, ×200). (I, J) High expression levels of AP3B in adeno
NSCLC tissues (magnification: I, ×40; J, ×200).
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Low expression of AP3B was observed in 49.3%
(109/221) of the NSCLC, whereas the high level
expression of AP3B is 50.7% (112/221) (Table 1). The
associations between clinicopathological features and
AP3B expression are summarized in Table 1. The
expression of AP3B correlated closely with the nodal
status (P=0.017), TNM staging (P=0.046) and adjuvant
chemotherapy (P=0.049). No statistical associations
were observed between AP3B expression and age,
gender, smoking, histology, visceral pleural invasion,
tumor grade, tumor status (P=0.841, P=0.239, P=0.762,
P=0.679, P=0.473, P= 0.171 and P=0.225 respectively).
Table 1. Correlation between APOBEC3B expression and
clinicopathological variables of NSCLC cases.
Variables

Age (years)
Median, Range
＜60
≥60
Gender
Male
Female
Smoking
Yes
No
Histology
SCC
Non-SCC
Visceral Pleural
Invasion
Absent
Present
Tumor grade
Grade1
Grade2
Grade3
Tumor status (T)
T1
T2
T3
T4
Nodal status (N)
N0
N>0
TNM Staging
I
II
III
Adjuvant
Chemotherapy
Yes
No

Cases
(n=221)

APOBEC3B protein
Low
High
expression
expression

59 30-79
111
110

60 32-78
54(48.6)
55(50.0)

P value
0.841

59 30-79
57(51.4)
55(50.0)
0.239

160
61

75(46.9)
34(55.7)

85(53.1)
27(44.3)

132
89

64(48.5)
45(50.6)

68(51.5)
44(49.4)

78
143

37(47.4)
72(50.3)

41(52.6)
71(49.7)

0.762

0.679

0.473
68
153

36(52.9)
73(47.7)

32(47.1)
80(52.3)

31
89
101

19(61.3)
38(42.7)
52(51.5)

12(38.7)
51(57.3)
49(48.5)

41
152
20
8

25(61.0)
72(47.4)
10(50.0)
2(25.0)

16(39.0)
80(52.6)
10(50.0)
6(75.0)

0.171

0.225

0.017*
124
97

70(56.5)
39(40.2)

54(43.5)
58(59.8)

95
62
64

56(58.9)
26(41.9)
27(42.2)

39(41.1)
36(58.1)
37(57.8)

0.046*

0.049*
104
117

44(42.3)
65(55.6)

60(57.7)
52(44.4)

NSCLC: non-small cell lung cance; * p < 0.05, statistically significant.
Non-SCC includes adenocarcinoma, adenosquamous carcinoma, anaplastic large
cell carcinoma, adenoid cystic carcinoma, mucoepidermoid carcinoma and???

AP3B expression and survival
In this study, no patients were lost to follow-up.
At the end of the follow-up, 106 (48%) patients were
deceased and 115 (52%) patients were still alive. The 5

year survival rates of the whole cohort is 51.6%
(114/221). OS and DFS curves for the whole cohort
was shown in Figure 3. Patients with high expression
of AP3B demonstrated shorter OS and DFS compared
with those with low expression of AP3B (OS: mean of
63.6 months versus 88.6 months, P<0.001, DFS: mean
of 54.4 months versus 84.4 months, P <0.001, Fig. 4,
Table 2). AP3B can also be used to differentiate
prognosis of patients in T1-2 categories, N=1/2/3
categories, G1 and G2/3 grades.
Table 2: Prognostic significance of APOBEC3B expression in
NSCLC patients by Kaplan-Meier survival analysis (log-rank test).
Variable

Case DFS (months)
Mean Median P-value
Total
＜0.001*
Low expression 109
83.4
NR
High expression 112
54.4
24.6
T categories
T1-2
＜0.001*
Low expression 97
86.3
NR
High expression 96
54.2
24.7
T3-4
0.712
Low expression 12
56.0
16.7
High expression 16
55.0
15.7
N categories
0.027*
N=0
Low expression 70
98.8
NR
High expression 54
77.5
NR
0.044*
N=1/2/3
Low expression 39
52.5
25.1
High expression 58
33.2
15.8
Histologic grade
G1
＜0.001*
Low expression 19
111.2 NR
High expression 12
43.5
22.0
0.008*
G2-3
Low expression 90
76.4
106.2
High expression 100
55.6
24.7

OS (months)
Mean Median P-value
＜0.001*
88.6 NR
63.6 43.5
＜0.001*
91.8
64.6

NR
45.9

59.4
57.3

24.4
22.9

0.683

0.061
101.2 NR
84.8 NR
0.031*
63.9
43.2

50.8
27.9
＜0.001*

111.8 NR
48.2 22.9
0.017*
82.8
65.1

108.7
45.1

NSCLC: non-small cell lung cance; DFS: disease free survival; OS: overall survival;
NR: not reached; *:P＜0.05.

Furthermore, univariate analysis using Cox’s
proportional hazard model showed that the following
parameters correlated significantly with OS: tumor
grade, TNM staging and AP3B expression (Table 3).
Further analysis was performed with regard to AP3B
expression in subsets of NSCLC patients with
different stages. The results demonstrated that high
expression of AP3B was a prognostic factor in NSCLC
patients with stage I + II (Figure 5A and B) and stage
III (Figure 5C and D). To exclude the effect of
covariate, AP3B expression and clinicopathologic
parameters that were significant in univariate analysis
were further analyzed in multivariate analysis. The
result demonstrated that TNM staging and AP3B
expression were independent prognostic factors that
affected NSCLC patients’ OS (Table 4). High
expression of AP3B was a predictor for poor
http://www.jcancer.org
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prognosis (hazard ratio, 1.823, 95%CI, 1.250-2.658, P =
0.002; Table 4). Analysis with DFS data were also
shown in table 3 and 4.
In terms of the results from online databases,
1117 patients were included in breast cancer and high
expression of AP3B was a predictor for poor
prognosis (hazard ratio, 1.66, 95%CI, 1.3-2.1, P =
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2.8e-5; Fig 2A). 681 patients were included in lung
cancer and high expression of AP3B was a predictor
for poor prognosis (hazard ratio, 1.59, 95%CI,
1.27-1.99, P = 3.5e-5; Fig 2B). No clinical significance of
AP3B was found in gastric and ovarian cancer cases
(P=0.066 and 0.65, Fig 2C and 2D).

Figure 2. OS curve of breast, lung, gastric and ovarian cancer patients based on different levels of AP3B expression, data from online databases. (A) OS
curves: breast cancer patients with high and low levels of AP3B expression. (B) OS curves: lung cancer patients with high and low levels of AP3B expression. (C) OS curves: gastric
cancer patients with high and low levels of AP3B expression. (D) OS curves: ovarian cancer patients with high and low levels of AP3B expression.

http://www.jcancer.org
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Figure 3. OS and DFS curves of 221 NSCLC patients (A) OS curves for all
patients. (B) DFS curves for all patients.
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Figure 4. OS and DFS curves of patients with NSCLC based on their
AP3B expression. (A) OS curves: all patients with low and high AP3B expression
levels. (B) DFS curves: all patients with low and high AP3B expression levels.

Figure 5. Subgroup analysis of patients
with NSCLC based on their AP3B
expression. (A) OS curves: patients in TNM
stage I + II with high and low levels of AP3B
expression. (B) DFS curves: patients in TNM
stage I + II with high and low levels of AP3B
expression. (C) OS curves: patients in TNM
stage III with high and low levels of AP3B
expression. (D) DFS curves: patients in TNM
stage III with high and low levels of AP3B
expression.

http://www.jcancer.org
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Table 3. Univariate Cox regression Analysis for Disease-free
Survival and Overall Survival in Patients with Non-Small Cell Lung
Cancer.
Variables
Age (years)
＜60
≥60
Gender
Male
Female
Smoking
Yes
No
Histology
SCC
Non-SCC
Visceral Pleural
Invasion
Absent
Present
Tumor grade
Grade1
Grade2
Grade3
TNM Staging
I
II
III
Adjuvant
Chemotherapy
Yes
No
APOBEC3B
expression
Low
High

Disease-free Survival
p value
HR(95%CI)
0.997
Reference
1.001(0.694-1.443)
0.559
0.897(0.596-1.348)
Reference
0.457
1.152(0.793-1.674)
Reference
0.298
Reference
1.231(0.832-1.821)
0.241

Overall Survival
p value
HR(95%CI)
0.681
Reference
1.080(0.749-1.557)
0.759
0.938(0.624-1.411)
Reference
0.668
1.085(0.747-1.576)
Reference
0.317
Reference
1.221(0.826-1.807)
0.188

Reference
1.280(0.847-1.932)

Reference
1.319(0.874-1.992)
0.028

Reference
1.405(0.741-2.666)
2.052(1.104-3.817)

0.032
Reference
1.266(0.668-2.401)
1.918(1.031-3.566)

＜0.001
Reference
2.332(1.430-3.803)
4.165(2.655-6.533)

＜0.001
Reference
2.307(1.414-3.762)
3.950(2.524-6.183)

0.024
1.527(1.058-2.203)
Reference

0.124
1.333(0.925-1.922)
Reference

＜0.001
Reference
2.081(1.428-3.031)

＜0.001
Reference
1.973(1.355-2.874)

NSCLC: non-small cell lung cance; * p < 0.05, statistically significant.

Table 4. Multivariate Cox regression Analysis for Disease-free
Survival and Overall Survival in Patients with Non-Small Cell Lung
Cancer.
Variables
Tumor
grade(G1/2/3)
TNM
Staging(I/II/III)
Adjuvant
Chemotherapy
(Yes/No)
APOBEC3B
expression
(low/High)

Disease-free Survival
Overall Survival
p value HR(95%CI)
p value
HR(95%CI)
1.299(0.964-1.751) 0.086
1.275(0.947-1.718) 0.110
1.919(1.514-2.433) ＜
0.001*
0.945(0.641-1.393) 0.775

1.874(1.499-2.347) ＜
0.001*

1.922(1.315-2.809) 0.001*

1.823(1.250-2.658) 0.002*

NSCLC: non-small cell lung cance; * p < 0.05, statistically significant.

Discussion
Gene mutation is closely involved in oncogene
activation, tumor suppressor gene suppression,
deregulation of cell signaling, drug resistance and
many other critical fields in cancer research. High
frequency of cytidine to thymidine conversions have
been revealed in the genome of several types of cancer
cells, especially in DNA regions with ssDNA and

double-strand DNA breaks [10]. Recently studies
identified AP3B as a primary source of this type of
mutations. Up till now, most of AP3B studies were
restricted in genomic sequence level, trying to figure
out the mutational power of AP3B [11-13]. Very few
studies were implicated in clinical data and prognosis
in protein level. We, for the first time, showed that
overexpression of AP3B existed in lung cancer and is
associated with worse prognosis. Our data also
revealed that AP3B expression is correlated with
nodal status, TNM staging and adjuvant
chemotherapy, implicating the role of AP3B in the
progression of NSCLC. Importantly, our data is
perfectly consistent with the result from two online
databases, which greatly enhanced its reliability.
Initially, AP3 proteins were identified as
mutators of viral DNA. Through the synthesis of
ssDNA intermediates, almost all AP3 proteins are
involved in hypermutation state of viral genomes
including retroviruses, hepatitis B virus and human
papilloma virus [14, 15]. It is reported that the
deletion of AP3B gene leads to the susceptibility to
HBV infection and hepatocellular carcinoma [16].
However, the role of AP3B is not restricted in antiviral
innate immunity. Recent studies indicated that AP3B
is overexpressed in multiple kinds of cancers,
including breast, head/neck, lung, bladder and
cervical cancers [17]. In addition, genomic sequencing
showed that C to T mutations in designated regions,
which is regarded to be hallmarks of AP3B activity,
are commonly found in many kinds of human cancers
[3]. Knockdown of AP3B showed that cytosine
deamination mutation is consistent and dependent
upon AP3B level in breast and ovarian cancer cell
lines, providing further evidence that AP3B is
responsible for tumor mutagenesis [18]. Furthermore,
scientists began to propose that AP3B functions as the
source of intratumor heterozygosity. It is now clear
that one solid tumor contains several sub clones of
tumor cells, which can be identified with different
genotypes. AP3B cytidine deaminase targeted genes’
copy number alterations, translocations, and
mutations were found closely related with intratumor
heterogeneity, particularly prominent in lung
adenocarcinomas [19]. All of these emerging evidence
suggested that AP3B might act as a mutagenic driver
of cancers. With a higher AP3B expression, the tumor
cell subclone would accumulate overall mutation
level and thus acquire advantages in tumorigenesis,
evolution and metastasis. Consistently, our results
showed that AP3B expression is associated with TNM
staging and lymph node metastasis in NSCLC, which
perfectly matches the mutagenic driver hypothesis.
Recently, scientists began to investigate the
clinical significance of AP3B. It is reported that
http://www.jcancer.org
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increased AP3B expression is associated with worse
DFS, MFS, and OS in breast cancer. By detecting AP3B
mRNA expression in more than 5000 breast cancer
cases, they found that AP3B expression is a marker of
pure prognosis and poor outcomes for ER positive
breast cancer [6]. Another study showed variations in
the expression of AP3B with elevated expression in
ovarian cancer cell lines and high-graded ovarian
cancers [20]. In chondrosarcoma, knockdown of AP3B
expression led to higher percentage of apoptosis than
control cells and antitumor activity of RUNX3 was
reduced [21]. In our study, by the help of online
microarray databases, we evaluated the role of AP3B
expression in gastric, ovarian, breast and lung cancer.
As shown in figure 2, AP3B expression is commonly
elevated and is closely associated with patients’
prognosis in breast and lung cancer cases. However,
no prognostic significance was found in gastric and
ovarian cancers. The data of gastric cancer seemed
counterintuitive to the result of a recent study
showing that AP3B expression correlated with the
unfavorable prognosis of the patients with gastric
cancer [22]. To verify this kind of survival significance
of AP3B in lung cancer, we assessed the protein level
of AP3B in NSCLC specimens and analyzed its
prognostic significance by log-rank test. The result is,
unsurprisingly, in accordance with online data and
previous reports, showing that high AP3B expression
predicts worse OS and DFS in NSCLC patients.
What’s more, we further divided the whole cohort
into two subgroups as TNM stage I + II and stage III
groups to do survival analysis separately. The results
showed that AP3B expression is effective in
predicting the prognosis of NSCLC patients in each
group, indicating its prognostic significance in both
early and late clinical stages. All of these survival
analysis of AP3B, on one hand, provided clinical
significance of AP3B in NSCLC and lung cancer. On
the other hand, these data could also serve as
supportive evidence for the mutagenic driver
hypothesis of AP3B. Meanwhile, we admit that this
study also has some limitations. For example,
although we use online databases as verifications, all
of the specimens for IHC came from one single
institution might cause some geographical bias.
Another disadvantage is that it is a retrospective
study and no mechanism related experiments were
included.
In conclusion, our local and online combined
data demonstrate that lung cancer patients with high
AP3B expression have worse OS and DFS compared
with those with low AP3B expression. AP3B may be
involved in the development and metastasis processes
of lung cancer cells, and AP3B expression detected by
IHC can be an independent predictor of survival for
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patients with NSCLC. However, further studies are
required to elucidate underlying mechanisms.
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