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Alteration of Apurinic/Apyrimidinic Endonuclease-1/Redox Factor-1
in Human Non-small Cell Lung Cancer
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Background: An imbalance between oxidants and antioxidants leads to oxidative stress, and this has been pro-
posed to play an important role in the pathogenesis of lung neoplasm. Apurinic/apyrimidinic endonuclease-1/redox
factor-1 (APE/ref-1) is a multifunctional protein involved in DNA base excision repair and the redox regulation of
many franscription factors. However, the alteration of the expressed levels of APE/ref-1 in non-small cell lung can-
cer is unknown. Material and Method: Forty-nine patients with surgically resected non-small cell lung cancer
(NSCLC) were included in this study. Immunohistochemical staining with APE/ref-1 antibodies was performed, and
their expressions were analyzed via Western blotting for specific antibodies. Result: APEfref-1 was localized at the
nucleus and mainly in the non-tumor region of the NSCLC tissue specimens; it was expressed in the cytoplasm
and nucleus of the NSCLC. The nuclear and cytoplasmic expressions of APE/ref-1 in lung cancers were markedly
up-regulated in the NSCLC, and this was correlated with the clinical stage. Catalase, as first-line antioxidant de-
fense, was dramatically decreased in the NSCLC. Conclusion: Taken together, our results suggest that APE/ref-1,
and especially cytoplasmic APE/ref-1, was upregulated in the lung cancer regions, and this may contribute to the
compensatory defense system against oxidative stress. A low expression of catalase might have fundamental ef-
fects on the extracellular redox state of lung tumors, along with the potential consequences for the tumors.

(Korean J Thorac Cardiovasc Surg 2007;40:529-535)
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BACKGROUND oxygen species, is the primary cause of lung cancers. Lung
' cancer is a common pathology with high mortality due to late
Lung cancer continues to be a one of the major cause of diagnosis. The lungs are directly exposed to higher oxygen
cancer death, and smoking tobacco which containings reactive concentrations than most other tissues. Lung tissue is pro-
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tected against these oxidants by a variety of antioxidant
mechanisms such as superoxide dismutases. An imbalance be-
tween of oxidants and antioxidants induced oxidative stress in
lung tissues. Increased oxidative stress is a significant part of
the pathogenesis of lung cancer as well as obstructive lung
diseases and parenchymal lung diseases. In addition to oxida-
tive stress, oxidative DNA damage and DNA repair may me-
diate several cellular processes, like replication and tran-
scription, mutagenesis and apoptosis and thus may be im-
portant for the organism development as well as its patho-
genesis, including cancer. Among the endogenous mecha-
nisms that repair oxidative DNA damage is the ubiquitously
expressed apurinic/apyrimidinic endonuclease/redox factor-1
(APE/ref-1). APE/ref-1 is a multifunctional protein that is re-
sponsible not only for DNA repair[1]. It is an essential endo-
nuclease in the base excision repair pathway of oxidative
damaged DNA, as well as having reducing properties that
promote the binding of redox-sensitive transcription factors
such as activator protein-1 to their cognate DNA sequen-
ces[2,3]. In particular APE/fref-1 also has an important func-
tion against oxidative stress. Reduction of APE activity by
antisense RNA has been reported to sensitize cells to oxida-
tive DNA damage[4,5]. Conversely, overexpression of APE
repair function provokes an increase in resistance to some al-
kylating agents and oxidative stress[4,6]. Additionally, several
mutation of APE/ref-1 were uncovered in lung cancer[7,8].
As the N-terminal of APE/ref-1 has putative nuclear local-
ization signals, its mutation may affect the subcellular lo-
calization. As well as a nuclear role of APEfref-1, an ex-
tra-nuclear role of APE/fref-1 in the regulation of endothelial
oxidative stress has been discovered. APE/fref-1 suppresses
oxidative stress through modulation of cytoplasmic racl-regu-
lated reactive oxygen species generation[9,10]. Although pre-
vious studies suggest that antioxidant activity is impaired in
lung cancers[11-13], the net oxidative stress levels in lung
cancer are unknown due to several kinds of antioxidant en-
zyme that could be up-regulated. Because of the critical role
of APE/ref-1 has in DNA repair and oxidative stress, and its
previously altered levels of expression and localization in the
lung cancer[14,15], we have focused our attention on APE/
ref-1 in lung cancer. We investigated the expression levels

and cellular localization of APE/ref-1 in the human lung can-

Table 1. Characteristics of patients subjected in lung cancer

Characteristics Results

Sex M : F) 35:14 (71.4% : 28.6%)
Mean age (year) 63.2+7.9 47~77)
Histology

Squamous cell carcinoma 23 (46.9%)

Adenocarcimona 25 (51.0%)

Other 1 2.0%)
Pathologic stage

I 29 (59.2%)

I 11 (22.4%)

m 8 (16.3%)

v 1 (2.0%)

cer specimens.

MATERIAL AND METHOD
1) Tissue specimens

Samples from normal lung and a consecutive series of tu-
mor specimens from 49 patients with operable non-small cell
lung cancer (NSCLC) were obtained from the archives of the
Department of Pathology and Thoracic surgery at the Chung-
nam National Hospital between June 2004 and September
2006. Forty-nine samples of fresh frozen lung tumors, 23
squamous cell lung carcinomas, 25 adenocarcinoma, and 1
other tumor in liquid nitrogen were used for immunohisto-
chemistry and Western blot analysis. No chemotherapy or ra-
diotherapy was given before surgery. Distant healthy-looking
adjacent tissue samples from the same patients were used as
control specimens. The ages of the patients ranged from 47
to 77 years. The histopathologic and data for cases are sum-

marized in Table 1.
2) Immunohistochemistry for APE/ref-1

Cellular localization of APEjref-1 was determined using
immunohistochemical staining. Immunohistochemistry was per-
formed on formalin-fixed, paraffin-embedded sections. Tissue
specimens were cut into 4-um sections from representative tu-

mor and non-tumor blocks. Monoclonal antibody for human
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Fig. 1. Immunohistochemical stain for APE/ref-1 in lung tissues. (A) Normal bronchus, (B) Adenocarcinoma, (C) Squamous cell carcinoma.
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Fig. 2. Expression of APE/ref-1 in the non-tumor and tumor regions
of squamous and adenocarcinoma. APE/ref-1 expression levels was
assessed by the Westem blot as described in Material and Method.
B-actin used as loading control.

APEfref-1 were used with dilutions of 1:600 for an an-
ti-APE/ref-1 antibodies (1 : 600, Novus Biological). The color
was developed with 3,3’diaminobenzidine (DAKO, USA).
The sections were counterstained lightly with hematoxyline

and mounted by using Immu-Mount (Thermo Shandon, USA).
3) Westem blot

For the Western blot analysis, 50 g of protein was run un-
der denaturating and reducing condition, transferred to nitro-
cellulose membranes, and treated with APE/ref-1, Catalase
(dilution 1 : 1,000, 1 : 2,500, respectively)[16,17]. B-actin
was used as a maker for protein loading. 30 mg of samples
were first homogenized with a Dounce homogenizer. To ob-
tain cytoplasmic fractions, cell pellets were suspended in cy-
toplasmic lysis buffer (20 mmol/L. HEPES, pH 7.9, 1 mmol/L
EDTA, 1 mmol/L DTT, 0.1% Nonidet P-40, 10 mmol/L
NaCl, 0.4 mmol/L. PMSF). The nuclear soluble fraction was
obtained by re-suspending pellets from these lysates in nu-
clear lysis buffer (20 mmol/ L HEPES, pH 7.9, 1 mmol/L

EDTA, 1 mmol/L DTT, 0.1% Nonidet P-40, 25% glycerol,
420 mmol/L NaCl, 0.4 mmol/L phenylmethylsulfonyl fluo-
ride). Immunoreactivity was detected with an enhanced chem-

iluminescence (ECL) kit (Amersham Pharmacia Biotech).
4) Statistical analysis

Values are expressed as the meantSEM. Statistical evalua-
tion was performed using Student’s t-test, with p<0.05 con-

sidered significant.

RESULT

1) Expression of apurinic/apyrimidinic endonuclease

(APE) in lung carcinoma

Immunohistochemical analysis for APE/jref-1 was performed
in the tissue specimens with NSCLC. In the non-tumor re-
gions, the predominant pattern of APE/ref-1 expression was
nuclear, however, cytoplasmic and mixed nuclear/cytoplasmic
expression was observed in the tumor region (Fig. 1). To
evaluate the expression levels of APE/ref-1, Western blot was
performed in the tissues of lung tumor and non-tumor regions
of squamous and adenocarcinoma. APEfref-1 expression was
upregulated in the tumor region compared with non-tumor
regions. No significant difference was observed in APEl/ref-1
pattern according to histotype (squamous vs adenocarcinoma)
(Fig. 2).

To study the expression level of APEjref-1, Western blot
was performed in the nuclear and cytoplasmic fractions of the
lung cancer tissue specimens. Nuclear APEjref-1 expression

in the tumor region was significantly higher than that in
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Fig. 3. Nuclear expression of APE/ref-1 in the non-tumor (N) and
tumor (T) regions of squamous and adenocarcinoma. (A) Western
blot analysis for APE/ref-1. (B) Summarized data of nuclear ex-
pression of APE/ref-1 (n=16). Expression levels were represented as
% expression to non-tumor tissue of squamous carcinoma patients.
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Fig. 4. Cytoplasmic expression of APEfref-1 in the non-tumor (N)
and tumor (T) regions of sguamous and adenocarcinoma. (A)
Western blot analysis for APE/ref-1. (B) Summarized data of nuclear
expression of APE/ref-1 (n=16). Expression levels were represented
as % expression to non-tumor tissue of squamous carcinoma.
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Fig. 5. Correlation of cytoplasmic APE/ref-1 and lung cancer stages.
As a control, APE/ref-1 expression levels of non-tumor regions (NT)
were used.

Nuclear APE/ref-1and stages of lung cancer
4,000 -

3,500
3,000
S 2,500 1
2,000 -

1,500 -

APE/ref-1 expression
(arbituary unit)

1,000 -
’=0.32

500 -

0 T T T T T T
NT la Ib lla b IE]

Fig. 6. Correlation of nuclear APEfref-1 and lung cancer stages. As
a control, APEfref-1 expression levels of non-tumor regions (NT)
were used.

non-tumor region in both lung cancer (Fig. 3). Cytoplasmic
APE/ref-1 in the cytoplasmic fraction of the non-tumor region
was minimal, however, it in tumor-region was markedly upre-
gulated (Fig. 4).

2) Comrelation of APE/ref-1 with stage of lung cancer

To see whether APE/ref-1 is associated with a particular
stage of lung cancer, expression levels of cytoplamic or nu-
clear APE/ref-1 were analyzed with the stage of lung cancer.
For this analysis, expression levels of non-tumor regions were
evaluated as stage 0. Cytoplasmic APE/ref-1 expression was

strongly correlated with stage of lung cancer (r2=0.32)(Fig. 5),
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Fig. 7. Expression of catalase, antioxidant enzymes, in the non-tu-
mor (N} and tumor (T) regions of squamous and adenocarcinoma.
(A) Western blot analysis for catalse. (B) Summarized data of the
expression levels of catalase (n=8). Expression levels were repre-
sented as % expression to each non-tumor tissue. S-actin used as
loading control.

however nuclear APE/ref-1 expression was slightly correlated

with stages of lung cancer(r2=0.13)(Fig. 6).

3) Altered expression of catalase in the lung cancer

Catalase is known as an important antioxidant to remove

hydrogen peroxide in the cellular system. Therefore, we in-
vestigated the expression level of catalase with Western blot
in the fresh frozen lung cancer specimens. Catalase ex-
pression of lung cancer was significantly decreased in the tu-
mor regions, compared with non-tumor regions (Fig. 7). No
significant difference was observed in catalase expression ac-

cording to histotype (squamous vs adenocarcinoma).

DISCUSSION

In this study, we demonstrated the altered expression of
APE/ref-1 and catalase in the NSCLC. In addition, a cyto-

plasmic expression of the APEfref-1 protein was strongly cor-

B & E gtz A ol|A] APE/ref-19] uF&lw3}

related with advanced stage, regardless of histotype. APE/ref-1
is a multifunctional protein that is not only decisively in-
volved in base excision repair (BER), but also in the activa-
tion of several proliferation-associated transcription fac-
tors[3,18]. Therefore, tumor cells that overexpress APE/ref-1
might not only be protected against endogenous and exoge-
nous DNA damaging agents inducing lesions repaired by
BER but could also have a selection advantage, leading to
faster and/or more aggressive proliferation. Whether different
expression of APE/fref-1 in various tissues is related to the re-
pair or redox function of APEfref-1, andjor to cell pro-
liferation and differentiation, is still unclear. Superoxide dis-
mutases are known to be potential regulators of intracellular
and extracellular redox status. It is highly likely that low ex-
pression of extracellular superoxide dismutase might have
fundamental effects on the extracellular redox state of lung
cancer with potential consequences on cancer behavior[19].
Also, lipid peroxidation in cancer was increased[20] which it
may be due to the poor antioxidant system as observed in the
previous studies[21]. In this study, APE/ref-1 expression in
lung cancer was increased compared with non-tumor regions,
which suggests that upregulated APEfref-1 expression could
be related to a compensatory mechanism against increased
oxidative stress in the lung cancer tissue. An interesting ob-
servation was the inverse correlation between nuclear and cy-
toplasmic expression of APE/ref-1. APE/ref-1-positive cyto-
plasm was higher in tumor region than in non-tumor regions.
However, lung tumors showed a weak nuclear staining, com-
pared with cytoplasmic staining. In particular, these tumors
showed a relatively strong cytoplasmatic staining. This sug-
gests that some tumors may be deficient in nuclear trans-
location of APE, resulting in strong cytoplasmic and negative
nuclear APEfref-1 reactivity. Interestingly, intensity of cyto-
plasmic APEjref-1 expression was associated with stage of
lung cancer. In contrast, intensity of nuclear APEfref-1 ex-
pression was neither associated with it. These data suggest
that strong expression of APEfref-1 in cytoplasm has been
correlated with the progression or stage of lung cancer. The
nuclear localization signal is potentially located in the 1~35
amino acid of APEjref-1[22,23]. Therefore mutation of this
nuclear localization signal of APEjref-1 would be related to

the cytoplasmic APE/ref-1 in the lung cancer. It was even re-
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ported that mutation of APE/ref-1 (Ile64Val, Asp148Glu) was
uncovered[7,8]. Further study needs to verify why cytoplas-
mic APE/ref-1 is upregulated in the lung cancer using nu-

cleotide mutational analysis.

CONCLUSION

We have shown that high levels of cytoplasmic APE/ref-1
are associated with tumor stages in lung cancer. Furthermore
a low expression of the catalase system may be an early
event in the multi-step process of carcinogenesis of lung

cancers.
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