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Abstract: Colorectal cancer (CRC) is the third most common cancer worldwide. In the present study, the mechanism
underlying Nrf2 activity in colorectal cancer was investigated. 149 CRC patients with available follow-up and clinical
data were included for immunohistochemically studies. We found that the expressions of Nrf2, Prdx6 and SOD2
proteins were higher in CRC tissues than in the adjacent non-neoplastic tissues. Moreover, Nrf2 protein level was
found to be significantly correlated with the lymph node status, TNM stage, differentiation state of CRC, as well as
protein levels of Ki67, p53, Prdx6 and SOD2. Higher expression of Nrf2 protein also resulted in poorer 5-year overall
survival (0S) outcomes, which could potentially be used to predict the prognosis of CRC patients. Our current study

implicates Nrf2 in the progression and pathogenesis of CRC.
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Introduction

Colorectal cancer (CRC) is the third leading
cause of cancer-related deaths worldwide, only
after lung and breast cancers [1]. An epidemio-
logical study showed that the incidence rate of
CRC has increased remarkably in China [2].
However, standard treatments, such as imag-
ing, surgical techniques, neoadjuvant chemo-
therapy and radiotherapy, are ineffective in
cases of advanced CRC [3]. It is therefore nec-
essary to discover the molecular mechanisms
that drive CRC tumorigenesis and to explore
novel and more effective treatments for CRC.

Nuclear factor erythroid 2-related factor 2
(Nrf2), a basic leucine-zipper containing tran-
scription factor that binds to the antioxidant
responsive element (ARE), is a major regulator
of many anti-oxidative and cytoprotective genes

[4]. Anearlier study has shown that mice with
downregulated Nrf2 were more prone to tumors
when exposed to carcinogens [5]. In addition,
uponexposure to different chemicals, such as-
dextran sulfate sodium, azoxymethane, N-
nitrosobutyl acid and 7, 12-xylene, the inci-
dence of cancer was found to be increased in
mice deficient in Nrf2 gene [6-9], which was
also accompanied by increased levels of oxida-
tion reactions and DNA damage in cells [10,
11]. Nrf2 also has an impact on carcinogene-
sis. Up-regulation of Nrf2 was observed in
breast cancer, lung cancer, ovarian cancer,
head and neck cancer, endometrial cancer,
pancreatic cancer, hepatocellular cancer (HCC)
and esophageal cancer [12-20], and was also
reported to be associated with poor clinical
outcomes and low patient survival in HCC,
esophageal cancer, ovarian cancer and oral
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Table 1. Clinical data for 149 CRC cases

Characteristics N cases (%)
Sex

Male 82 (55.0)

Female 67 (45.0)
Age

<60 years 44 (29.5)

>60 years 105 (70.5)
Tumor location

Colon 98 (65.8)

Rectum 51 (34.2)
General type

Uplift type 35 (23.5)

Infiltrating type 12 (8.0)

Ulcer type 102 (68.5)
Differentiation

Well/Moderate 36 (24.2)

Poor 113 (75.8)
Invasion

T1-2 30(20.1)

13-4 119 (79.9)
Lymphnode metastasis

NO 95 (63.8)

N1-2 54 (36.2)
TNM stage

[+ 95 (63.8)

1 54 (36.2)

squamous cell carcinoma [21-24]. These find-
ings indicate that Nrf2 may be a potential tar-
get for antibody-based therapy. However, little
study was conducted on the role of Nrf2 in
CRC. Considering the wide reported functions
of Nrf2 in carcinogenesis, it is necessary to fur-
ther investigate its role in CRC.

Superoxide dismutase manganese (SOD2), an
important component of the antioxidant cell
protection system, can remove superoxide
free radicals from aerobic organisms, and plays
an important role in the balance between oxi-
dation and antioxidant [25, 26]. When the
organism is exposed to various kinds of harm-
ful stimuli, SOD2 expression increases and
results in reduced damage caused by oxida-
tivestress [27, 28]. Peroxiredoxin 6 (Prdx6), a
newly discovered antioxidant of theperoxire-
doxins (Prdxs) family proteinsin the cytoplasm
[29], was reported to reduce levels of the oxi-
dant hydrogen peroxide and other reactive oxy-
gen species [30].
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We hypothesize that Nrf2 protein may be
involved in the oncogenesis of CRC, and that
the protein expression of Nrf2 can be a prog-
nostic factor. To elucidate the prognostic
value of Nrf2 protein in CRC, we analyzed the
protein expression of Nrf2 with immunohi-
stochemistry and assessed its associations
with various clinicopathological parameters
and 5-year overall survival (OS) rate outcomes
in CRC patients. This study demonstrates a role
of Nrf2 protein in CRC, and Nrf2 protein up-
regulationis correlated with reduced OS in CRC
patients.

Materials and instruments
Patients and specimens

For this retrospective study, archival forma-
lin fixed paraffin-embedded (FFPE) specimens
from 149 CRC cases were obtained from the
Second Hospital of Wuxi (Wuxi, China) from
2010 to 2012. As shown in Table 1, cases (82
male and 67 female individuals) with available
follow-up and clinical data were included for
immunohistochemically studies. Patients who
had received chemotherapy or radiation thera-
py before surgery were excluded. Among the
149 CRC patients selected, 98 tumors were
located in the colon, and 51 were in the rectum.
Information regarding sex, age, disease stage,
and histopathological parameters were retri-
eved from the patient medical records. The
tumors were confirmed as malignant after sur-
gery by pathologists from the Second Hospital
of Wuxi. This study was approved by the Ethics
Committees of the Second Hospital of Wuxi.
Informed consent was provided by all patients.
Of the 149 samples, 49 CRC samples had cor-
responding adjacent normal tissues. All of the
tissue samples were routinely fixed in formalin
and embedded in paraffin for immunohisto-
chemically examination.

Immunohistochemistry

For immunohistochemistry, 4-um-thick sec-
tions were cut from the FFPE tissue blocks and
deparaffinized and rehydrated using xylene and
a graded series of ethanol (absolute, 95%,
80%, 50%), followed by two 3-min washes in
phosphate buffered saline with Tween-20
(PBST). Antigen (Nrf2, SOD2, Prdx6, P53, Ki67,
C-erbB-2, nm23; Cell Signaling Tech., USA)
retrieval was performed in 10 mmol sodium
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Figure 1. Increased expression of Nrf2, Prdx6 and SOD2 proteins in human colorectal cancer (CRC) and adjacent
normal tissues. A. The red lines partitioned the sections into normal tissue region (N) and tumor tissue region (T).
B. Cellular distribution of Nrf2 protein in CRC and adjacent normal tissues.

citrate buffer (pH 6.0), which was microwaved
at 90-100°C for 20 min and then washed in
PBST for 2 washes of 3 min each. The sections
were then incubated for 30 min in 3% (v/v)
hydrogen peroxide in methanol to block the
endogenous peroxidase activity. They were
then washed in PBST for 3 washes of 3 min
each; blocked at room temperature for 30 min
with 2% normal goat serum, 2% bovine serum
albumin (BSA), and 0.1% Triton-X in phosphate
buffered saline (PBS); and incubated overnight
in a humidified chamber at 4°C with the prima-
ry antibodies. The sections were then washed
in PBST 3 washes of 3 min and incubated for 1
h with secondary antibodies. After washing
again with PBST 3 washes of 3 min, the sec-
tions were incubated with ready-to-use strepta-
vidin peroxidase at room temperature for 10
min and then rinsed well with distilled water.
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The staining was developed with a DAB kit. The
sections were then counterstained with hema-
toxylin, followed by dehydration and mounting.
Negative controls were prepared by substitut-
ing the primary antibodies with PBS.

Immunoreactivity scoring

To evaluate the expression of Nrf2, P53, Ki67,
C-erbB-2 and nm23 proteins, a reproducible
semi-quantitative method that considers both
staining intensity and area scores was adopt-
ed. The staining intensity was scored as fol-
lows: 1 (weak staining = light yellow), 2 (moder-
ate staining = yellow brown), and 3 (strong
staining = brown). The staining area was the
percentage of positive tumor cells, which was
scored as follows: O (no tumor cell stained), 1
(1-25% positive tumor cells), 2 (25-50% positive

Int J Clin Exp Med 2017;10(1):1034-1042
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Table 2. Protein expression levels of Nrf2, Prdx6 and SOD2

in 149 CRC samples

was obtained as the product of the
staining intensity and area scores. A

Nrf2 expression Prdx6 expression SOD2 expression

score of 0-1 is considered as nega-

CRC (149) 1.62 + 0.86 1.75+£0.88
Control (49) 0.77 £0.75 0.96 £ 0.89
t 6.181 5.401
P 0.000* 0.000*

1.87 £0.73
0.94 £0.83
7.426
0.000*

tive expression (-); 2-3 points, as-
weak expression, (+); 4-6 points,
asmoderate expression, (++); and
>6, as strong expression (+++). Ba-

*P<0.05, considered statistically significant.

Table 3. Correlation between Nrf2 protein
expression level and clinicopathological
parameters

Nrf2
Characteristics expression P Value
Low High

N 50 99
Sex

Male 25 57

Female 25 42 P=0.38
Age

<60 12 32

>60 38 67 P=0.293
Tumor location

Colon 32 66

Rectum 18 33 P=0.746
General type

Uplift type 12 23

Infiltrating type 6 6

Ulcer type 32 70 P=0.431
Differentiation

Well/Moderate 6 30

Poor 44 69 P=0.014
Invasion

T1-2 5 25

13-4 45 74  P=0.028
Lymph node metastasis

NO 40 55

N1-2 10 44 P =0.003
TNM stage

[+ 21 74

I 29 25 P=0.000

There were no significant relationship between Nrf2
and the basic clinical parameters (age, sex, tumor and
location). Positive correlations between Nrf2 expression
and lymph node status, TNM stage, and differentiation
were obvious.

tumor cells), 3 (50-75% positive tumor cells),
and 4 (75-100% positive tumor cells). The final
immunoreactivity score (IS) for each specimen
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sed on Nrf2 expression the cases
were divided into Nrf2 high (IS>1)
and Nrf2 low (IS<1) groups. Each
section was assessed independently by two
histopathologists, who were blinded to patient
information. Positive samples were defined as
those showing brown signals in the cytoplasm
and/or the nuclei of cancer cells.

Statistical analysis

As the study endpoint, total survival time was
considered as the time from surgery until the
date of death or last follow-up (August 2015).
To assess the correlations of demographic and
clinical variables with Nrf2 protein expres-sion,
the chi-square test and Fisher’s exact test were
used for categorical variables and the two-sam-
ple t-test was used for continuous variables.
The chi-square test was also performed to com-
pare the expression of Nrf2 protein between
tumor tissues and adjacent benign tissues.
Overall 5-year survival rates of all patientswere
estimated by Kaplan-Meier analysis with a log-
rank score for determining statistical signifi-
cance. All P values were two-sided. P<0.05 was
considered as statistically significant. All statis-
tical analyses were performed by SPSS 16.0 for
Windows (Release 17.0, SPSS Inc.).

Results
Increased Nrf2 protein expression in CRC

Protein expression levels of Nrf2 in CRC were
determined by immunohistochemistry (Figure
1). We compared the protein expression levels
of Nrf2, Prdx6 and SOD2 in 149 CRC tissue
samples. Nrf2 immunoreactivity was predomi-
nantly localized in the nucleus of the CRC tumor
cells [14], although low levels of cytoplasmic-
staining were also evident in some cancer cells
as illustrated in Figure 1. Most adjacent non-
neoplastic cells were not stained, and weak
staining could be found in some normal coun-
terparts in the non-dysplastic tissues. High and
moderate expressions were found in the tumor
cells. High expressions of Nrf2 protein was

Int J Clin Exp Med 2017;10(1):1034-1042
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Table 4. Correlation between Nrf2 protein ex-
pression and C-erbB-2, Ki-67, p53, and nm23
protein expressions

Nrf2 protein
Characteristics _expression P Value R Value

Low High
C-erbB-2 (-) 22 53
C-erbB-2 (+) 28 46 P=0.272 r=-0.90
Ki-67 (-) 18 18
Ki-67 (+) 32 81 P=0.016 r=0.197
P53 (-) 39 38
P53 (+) 11 61 P=0.000 r=0.374
nm23 (-) 44 94
nm23 (+) 6 5 P=-0.126 r=0.125

found in 66.4% (99/149) of CRC tissues. In
contrast, Nrf2 protein expression was low in
75.5% (37/49) of the non-dysplastic tissues.
The expression levels of Nrf2, Prdx6 and SOD2
proteins in 149 CRC samples were higher than
those in the corresponding adjacent normal
tissues (P = 0.000). There was a positive cor-
relation between protein levels of Nrf2 and
Prdx6 (r = 0.405, P = 0.000), as well as Nrf2
and SOD2 (r = 0.21, P = 0.01) in the CRC tis-
sues (Table 2).

Association of protein expression levels of Nrf2
with the clinicopathological parameters of CRC

In order to explore the clinical role of Nrf2 pro-
tein in CRC, we assessed the correlations
between Nrf2 protein expression levels and
various clinicopathological parameters, includ-
ing sex, age, location, invasion, tumor differen-
tiation, lymphnode status and TNM stage of the
CRC patients (Table 3). Among 149 CRC cases
examined, high Nrf2 protein expression was
detected in the carcinoma tissues of 99 cases.
Statistical analysis showed that Nrf2 protein
expression was not significantly correlated with
clinical parameters such as age, sex and tumor
location in CRC patients (P>0.05). However, sig-
nificant correlations were found between Nrf2
protein expression and lymph node status (P =
0.003), TNM stage (P = 0.000) and tumor dif-
ferentiation (P = 0.014) in CRC patients.

Correlation between Nrf2 protein expression
and c-erb-2, Ki-67, P53 and nm23 proteins

As shown in Table 4, analyses for correlations
between Nrf2 protein and c-erbB-2, Ki67, p53
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and nm23 proteins showed positive correl-
ation of Nrf2 protein expression withKi67 (P =
0.016) and p53 (P = 0.000) proteins; however,
Nrf2 protein was not correlated with c-erbB-2or
nm23 (P>0.05) proteins.

Protein expression level of Nrf2 and prognosis
patients with CRC

Protein expression levels of Nrf2 were divided
into two groups, Nrf2-low and Nrf2-high. The
correlations were evaluated by Kaplan-Meier
analysis for 5-year overall survival (OS). The
results showed that there was a negative cor-
relation between patient OS and Nrf2 protein
expression level, and higher expression of Nrf2
protein resulted in poorer OS (Figure 2A). We
compared the cases of 99 patients for which
complete follow-up information was available.
The mean survival time (MST) was 32.2 months
and the 5-year survival rate (5-YSR) was 67.7%
for the 65 patients with high Nrf2 protein
expression; these values were significantly
lower than those for the remaining 34 patients
with low Nrf2 protein expression (MST>42.7
months, 5-YSR = 79.4%; P<0.001, Figure 2A).
Furthermore, the results indicated that TNM
stage (P = 0.027, P<0.05; Figure 2C) and Nrf2
protein (P = 0.029, P<0.05; Figure 2A) expres-
sion, as well as differentiation grade (P = 0.001,
P<0.05; Figure 2B), could be used to predict
the prognosis of CRC patients.

Discussion

The physiological and pathological functions of
Nrf2 protein are highly similar to an oncogene,
due to its ability to upregulate the expressions
of enzymes and antioxidant proteins, which in
turn changes the redox state and maintains
the balance of cells [31]. Results in our current
study showed that Nrf2 protein expression
exhibited a positive correlation with Prdx6and
SOD2 proteins in CRC tissues. Recent study
has revealed that Nrf2 function was regulated
by Kelch-like ECH-associatedprotein | (Keapl)
[32]. Under normal circumstances, the combi-
nation of Keapl and Nrf2 play a negative regu-
latory role, resulting in the degradation of Nrf2
protein. In the case of oxidative stress and the
presence of electrophilic reagents, Nrf2 can-
not be degraded, because Keapl, which is rich
in cysteine, cannot be ubiquitinated. Moreover,
Nrf2 protein is enriched in the nucleus and
binds to the antioxidant response element

Int J Clin Exp Med 2017:10(1):1034-1042
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Figure 2. Survival curves of patients. A. 5-year overall survival curves of patients with CRC, subdivided according
to Nrf2 expression. Group 1 = Nrf2 low expression, n = 34; Group 2 = Nrf2 high expression, n = 65; P = 0.029. B.
5-year overall survival curves of patients with CRC, subdivided according to differentiation. Group 1 = differentia-
tion well/moderate, n = 68; Group 2 = differentiation poor, n = 31; P = 0.001). C. 5-year overall survival curves of
patients with CRC, subdivided according to TNM stage. Group 1 =TNM | + I, n =58; Group 2 =TNM Ill, n =41; P =

0.027).

(ARE), which activates the expression of a
series of antioxidant genes and two phase
detoxification enzymes to protect the cell from
DNA damage [33, 34].

The TNM stage and the lymph node status are
two widely used prognostic indexes for CRC
in the clinic. Poorly differentiated cancer cells
of CRC are often aggressive and highly meta-
static. A recent study has shown that the Nrf2
protein expression level was correlated with
tumor stage and lymph node metastasis [35].
E-cadherin may limit the localization and tran-
scriptional activity of Nrf2 protein in the nucle-
us, and in the absence of activated Nrf2 pro-
tein, tumor growth and metastasis increase
[22]. Considering the association observed bet-
ween Nrf2 protein expression and the clinico-
pathological characteristics in our study, Nrf2
protein could be used as a potential factor
to predict tumor progression and poor progno-
sis in CRC.

Ki67 and p53 protein are two commonly used
clinical indicators of cancer. Ki67, a non-his-
tone protein, is a nuclear antigen related to cell
proliferation, and is currently the most used
positive marker of nuclear proliferation [36,
37]. Recent studies have shown that Ki67 was
abnormally expressed in many tumors and pre-
cancerous lesions, and was positively associ-
ated with the degree of tumor malignancy [38-
41]. The mutation and/or deletion of p53 are
considered to be the major cause of many
tumors. Mutant p53 not only promotes the
growth of cancer cells, but also enhances the
invasion capacity of tumor cells and metastasis
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[42]. In this study, we found that the expression
of Nrf2 protein exhibited a positive correlation
with Ki67 and p53 proteins, which suggested
that Nrf2 protein may be involved in the origin
and development of CRC tumor, but the specific
mechanism needs to be further elucidated.

Although the Keapl-Nrf2 signaling pathway
enhances the tolerance of tissue cells to carci-
nogenic factors, abnormalities in the activation
of the Nrf2 signaling pathway may play a role
in promoting the process of carcinogenesis.
Homma et al. [43] confirmed that the tumor
cell proliferation rate was significantly slowed
when the expression of Nrf2 was repressed
with interference techniques, and they also
found that cells were arrested in G1 phase
when the expression of Nrf2 was comple-
tely eliminated. Another study has discovered
mutations in Keapl in tumor cells, which aff-
ected the negative regulation on Nrf2 and led
to its overexpression and sustained activation
[44]. In our study, the expression of Nrf2 pro-
tein in CRC was higher than that in the corre-
sponding adjacent normal tissues (P = 0.001).
Most adjacent non-neoplastic cells were not
stained, although weak stainings could be
found in some normal counterparts of non-dys-
plastic tissues. In contrast, high and moderate
stainings of Nrf2 protein were observed in the
tumor cells of CRC.

Furthermore, early report has demonstrated
that Nrf2 expression correlated with the sur-
vival of patients with malignant diseases, indi-
cating that Nrf2 could facilitate the prolifera-
tion of tumor cells and increase their resistance

Int J Clin Exp Med 2017:10(1):1034-1042
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to chemical drugs and radiation [45]. Mitsuishi
et al. found that Nrf2 played an important role
in the proliferation of A549 lung cancer cells
[46]. Studies have shown that cancer cells
overexpressing Nrf2 were less sensitive to
common chemotherapeutic drugs, such as eto-
poside, cisplatin, 5-fluorouracil (FU) and adria-
mycin (ADM), than those with low Nrf2 expres-
sion [12-43], and Nrf2 overexpression may also
protect the cancer cells against ionizing radia-
tion [48]. Yang et al. [49] found that patients
with high Nrf2 positive stainings (75%-100%)
were less sensitive to chemotherapy than those
with low Nrf2, indicating that high Nrf2 expres-
sion may predict poor prognosis.

In our study, Kaplan-Meier analysis showed
that patient survival time was negatively corre-
lated with the Nrf2 protein expression level,
and higher Nrf2 protein expression was corre-
lated with shorter survival time in CRC pati-
ents. The observed correlation between high
Nrf2 protein expression and poor prognosis
in CRC patients in our current study is consis-
tent with the abovementioned studies. Thus,
Nrf2 protein expression may be a clinically rel-
evant prognostic marker in various malignan-
cies, including CRC.
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