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Objective: To study the protein expression level of Nrf2/HO-1 in clear cell renal cell carcinoma 

(ccRCC) and adjacent normal tissue and to explore its relationship with clinicopathological 

characteristics and prognosis in ccRCC patients.

Materials and methods: In total, 152 ccRCC patients with available follow-up and clinical 

data were enrolled, and sample microarrays were prepared for immunohistochemistry studies. 

The human ccRCC cell lines 786-O, OS-RC-2, A498, and ACHN were cultured for immunofluo-

rescence. The protein concentrations of five ccRCC patients’ tumor and adjacent normal renal 

tissues were prepared for Western blotting. Chi-squared tests, Fisher’s exact test, Kaplan–Meier 

analyses, log-rank tests, and Cox regression were performed for statistical analyses.

Results: The immunoreactivity results showed that the Nrf2 and HO-1 proteins were found in 

consistent locations in vitro and were expressed both in ccRCC and adjacent normal tissues. The 

two proteins were localized in the cytoplasm and nucleus of RCC tumor cells and in adjacent 

normal tissue cells. The expression levels of Nrf2 and HO-1 were significantly higher in ccRCC 

tissues than in the adjacent normal tissues. The Nrf2 protein level was found to be significantly 

correlated with the tumor size. Additionally, higher protein expression levels of Nrf2 and HO-1 

were also correlated with worse overall survival outcomes and could potentially be used to 

predict the prognosis of ccRCC patients.

Conclusion: Our study provides an important theoretical basis for evaluating the clinical 

prognosis of ccRCC patients, which implies that the Nrf2/HO-1 axis can be a prognostic factor 

in ccRCC.
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Introduction
Clear cell renal cell carcinoma (ccRCC) is the most common malignant subtype of 

RCC.1 A heterogeneous group of malignancies originating from renal tubular epithe-

lium cells, ccRCC is identified by specific histopathologic and genetic characteris-

tics.2 ccRCC tends to be misdiagnosed or not diagnosed because of atypical clinical 

presentation in the early stage, and 20%–40% of patients experience recurrence after 

surgery.3 Therefore, it is necessary to discover more effective novel biomarkers to use 

in the evaluation of the clinical prognosis of patients with ccRCC.

Recently, many studies have shown that the progression of tumors is closely related 

to oxidative stress. Nrf2 a basic leucine-zipper containing transcription factor that binds 

to the antioxidant responsive element, is a major regulator of many antioxidative and 

cytoprotective genes4 as well as the downstream sensor and regulator HO-1. Under 
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physiological conditions, the activation of the Nrf2/HO-1 

axis is involved in the maintenance of cellular homeostasis 

and plays a critical role in the adaptive response to cellular 

stress, representing a crucial factor in cytoprotection, cell 

survival, and the prevention of carcinogenesis. However, in 

cancer cells, the prolonged activation of Nrf2 and HO-1 is 

ambiguous and deleterious. No study has defined Nrf2 and 

HO-1 protein expression profiles in ccRCC.

In this study, immunohistochemistry (IHC) was per-

formed to investigate the expression profiles of the two 

proteins in ccRCC and adjacent normal tissues and to assess 

their associations with various clinicopathological parameters 

and postoperative survival in ccRCC patients. This study 

elucidated the roles played by Nrf2 and HO-1 proteins in 

ccRCC and their potential prognostic value.

Materials and methods
Patients and cell culture
In this retrospective study, archival formalin-fixed paraffin-

embedded (FFPE) specimens from 152 ccRCC patients 

treated from January 2010 to December 2012 at the Fudan 

University Shanghai Cancer Center were obtained. All 

patients underwent radical or partial nephrectomy without 

radiotherapy or chemotherapy before surgery. All specimens 

were fixed in 10% buffered formalin, dehydrated using an 

ethanol gradient, and embedded in paraffin. Four-micrometer-

thick serial sections were cut and stained using a 3,3′-diami-

nobenzidine staining kit (Dako, Glostrup, Denmark). The 

study was conducted in accordance with the Declaration of 

Helsinki and was also approved by the Clinical Research Eth-

ics Committee of Fudan University Shanghai Cancer Center. 

Written informed consent was obtained from all the patients.

Patients (103 males and 49 females) with available follow-

up and clinical data were included in the IHC studies. The 

related data, including age, gender, ROS, Nrf2, HO-1, immu-

nohistochemistry, prognosis, tumor size, T stage, sarcoma-

toid differentiation status, and lymph node metastasis, were 

collected from the medical record system. Patient follow-up 

visits were performed every month during the first year after 

surgery and every 3 months thereafter until December 31, 

2017. Adjacent normal renal tissues obtained from the same 

patients were used as controls.

The human ccRCC cell lines 786-O, OS-RC-2, A498, and 

ACHN were cultured in DMEM (Thermo Fisher Scientific, 

Waltham, MA, USA) supplemented with 10% FBS (Thermo 

Fisher Scientific), 50 U/mL penicillin, and 50 µg/mL strep-

tomycin (Thermo Fisher Scientific). They were maintained 

at 37°C and 5% CO
2
 in a humidified atmosphere.

Immunofluorescence
To investigate the localization of Nrf2 and HO-1 in vivo, 

immunofluorescence analysis of Nrf2 and HO-1 was per-

formed in 786-O, OS-RC-2, A498, ACHN cell lines using the 

mouse monoclonal Nrf2 antibody (Santa Cruz Biotechnology, 

Santa Cruz, CA, USA, sc-365949) and the rabbit polyclonal 

HO-1 antibody (Abcam, Cambridgeshire, UK, ab13243). 

Briefly, formaldehyde-fixed cells (2% formaldehyde for 10 

minutes) were washed and incubated with primary antibodies 

for 20 minutes. Then, the cells were washed and incubated 

with a fluorescent secondary antibody for 15 minutes. The 

cover slips were mounted onto slides using Dako fluorescent 

mounting medium (Agilent, Carpinteria, CA, USA). The 

cells were scanned using a Leica confocal microscope. The 

excitation source for Alexa 488 was a 20 mW Argon Laser 

at 488 nm, whereas the excitation source for Alexa 594 was 

a 1.2 mW Green HeNe Laser at 543 nm.

Western blotting
Five ccRCC patients’ tumor and adjacent normal renal tis-

sues were obtained and lysed in RIPA buffer (Sigma-Aldrich) 

supplemented with a protease inhibitor (Roche, Basel, Swit-

zerland) and a phosphatase inhibitor (Roche). The protein 

concentration was measured using a BCA protein assay kit 

(Thermo Fisher Scientific). The primary rabbit anti-Nrf2 and 

anti-Ho-1 antibodies were purchased from Abcam.

immunohistochemical staining
Four-micrometer-thick serial sections were cut from the FFPE 

tissue blocks for IHC. The slides were heated in an oven at 

65°C for 1 hour, then deparaffinized (xylene, three times 

for 15 minutes) and rehydrated using the following series 

of washes: 100% ethanol for 5 minutes (repeated twice), 

3 minutes in an ethanol gradient (twice at each concentra-

tion), and finally twice with PBS (3 minutes each). A pilot 

experiment was conducted, and according to the test results 

and design requirements, the experimental protocol was 

improved and fine-tuned.

Heat-induced epitope retrieval was performed with 

Tris–EDTA buffer (Servicebio, WuHan, China) in a pres-

sure cooker programmed to run for 30 seconds at 125°C, 

followed by 10 seconds at 90°C. The samples were then 

cooled to room temperature over 10–20 minutes. After 

the slides were washed three times with PBS on a shaker 

(3 minutes each), endogenous peroxidases were blocked 

by incubation with 3% H
2
O

2
 for 10 minutes. This step was 

followed by blocking in 10% normal serum in PBS for 1 

hour at room temperature.
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The primary Nrf2 and HO-1 antibodies (Santa Cruz 

Biotechnology) were diluted 1:200 in 5% normal serum 

in PBS and then incubated with the tissue slices overnight 

at 4°C. On the second day, the slices were warmed for 30 

minutes in a 37°C incubator. Then, the slides were washed 

three times in PBS on a shaker (3 minutes each). The samples 

were incubated with the secondary antibodies for 30 minutes. 

The slides were then washed with PBS as before, followed 

by staining with 3,3′-diaminobenzidine (Dako) for 1–10 

minutes at room temperature. Finally, the slides were rinsed 

in running tap water and counterstained with haematoxylin 

(Servicebio, WuHan, China) (generally 10 seconds).

expression scoring
The staining of tumors was quantitated by determining the 

percentage of positive cells and the staining intensity.5,6 All 

slides were independently evaluated by three board-certified 

pathologists, and the observers were required to randomly 

select five different high-power visual fields (400×) from each 

section to determine the intensity and extent of positively 

stained cells. The intensity of cell staining was categorized 

as follows: 0, no staining; 1, weak staining; 2, moderate 

staining; and 3, strong staining. The staining extent scores 

(percentage of cells stained positive) were assigned as fol-

lows: 0, no positive cells; 1, <10% positively stained cells; 

2, 11%–30% positively stained cells; 3, 31%–60% positively 

stained cells; 4, 61%–90% positively stained cells; and 

5, >90% positively stained cells. The final staining score 

was calculated by adding the points from the positive cell 

percentage and the staining intensity. A score of 0 points 

was considered an absence of expression (–), whereas 1–3 

points were weakly positive expression (+). 4–6 points were 

moderately positive expression (++), and 7–8 points were 

strongly positive expression (+++).

statistical analyses
The statistical analyses were performed using SPSS Statistics 

R23 (IBM, Chicago, IL, USA) and Prism 5.0 (GraphPad, 

La Jolla, CA, USA) software. To assess the correlations 

between clinical variables with Nrf2/HO-1 protein expres-

sion, the chi-squared test and Fisher’s exact test were used for 

categorical variables. A chi-squared test was also performed 

to compare the levels of protein expression of Nrf2/HO-1 

between tumor tissues and adjacent benign tissues. As the 

study endpoint, overall survival (OS) time was defined as the 

time from surgery until the date of death or last follow-up. To 

determine statistical significance, the OS rate of all patients 

was estimated by Kaplan–Meier analysis with a log-rank test. 

The Cox regression and proportional hazards models were 

used for univariate/multivariate analysis. All P-values were 

two-sided. P≤0.05 was considered statistically significant.

Results
nrf2 and hO-1 were consistently located 
in vitro and upregulated in human ccRCC 
tissues
As mentioned in the Introduction section, Nrf2 and the down-

stream effector HO-1 play important roles in tumorigenesis, 

but their prognostic value in ccRCC is unknown. Immuno-

fluorescence staining was first performed to assess Nrf2 and 

HO-1 localization. Figure 1A shows that these two proteins 

are consistently located in 786-O, OS-RC-2, A498, and ACHN 

cell lines and are both found in the cytoplasm and the nucleus, 

which suggests that they may exert their functions jointly. We 

next compared their expression levels in ccRCC tissues and 

adjacent normal tissues. Figure 1B shows that compared to 

normal kidney tissues, both Nrf2 and HO-1 protein levels were 

upregulated in cancer. This finding confirms previous reports 

that Nrf2 and HO-1 may act as oncogenes in cancer. More-

over, Spearman’s correlation analysis suggested a significant 

positive correlation between Nrf2 and HO-1 expression levels 

(r=0.9, P=0.0417, Figure 1C), which further confirmed the 

relationship between Nrf2 and HO-1.

increased nrf2/hO-1 protein expression 
in ccRCC
The protein expression levels of Nrf2/HO-1 in ccRCC were 

determined by IHC (Figure 2). Nrf2 and HO-1 were expressed 

in both ccRCC and adjacent normal tissues. Positive immu-

nostaining was predominantly localized in the cytoplasm, 

and low levels of nuclear staining were also evident in some 

cancer cells (Figure 3). The percentages of ccRCC cells posi-

tive for Nrf2 and HO-1 were 78.3% and 85.7%, respectively. 

Both proteins had significantly higher levels in ccRCC tis-

sues than in the adjacent normal tissues (P<0.05) (Table 1).

associations between nrf2 and hO-1 
expression and the clinicopathological 
characteristics of ccRCC patients
Analysis of the correlations between Nrf2 and HO-1 expres-

sion levels and clinical parameters showed that there were 

no statistically significant differences in expression related to 

age, gender, ISUP grade, T stage, sarcomatoid differentiation, 

or lymph node metastasis. No significant difference in HO-1 

expression was observed in patients with different tumor sizes 
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(P>0.05), whereas significantly higher Nrf2 expression was 

observed in patients with tumors >9 cm than in those with 

tumors <9 cm (P<0.05) (Table 2).

Correlation between nrf2 and hO-1 
protein expression levels in ccRCC tissue
Among the 108 Nrf2-positive patients, 96 (88.9%) were HO-1 

positive and 12 (11.1%) were HO-1 negative. Among the 25 

Nrf2-negative patients, 18 (72.0%) were HO-1 positive and 

7 (28%) were HO-1 negative. The chi-squared test showed 

that the differences in the expression of Nrf2 and HO-1 

in ccRCC tissues was statistically significant (χ2=4.729, 

P=0.030, r=0.435) (Table 3).

Protein expression levels of nrf2/hO-1 
and the prognosis of patients with 
ccRCC
The protein expression levels of Nrf2/HO-1 were used to 

divide the samples into several groups (Table 4). Tissues that 

were moderately or strongly positive for Nrf2 and HO-1 were 

Figure 1 nrf2 and hO-1 were consistently located in vitro and were upregulated in human ccRCC tissues.
Notes: (A) Nrf2 and HO-1 were consistently located in the 786-O, OS-RC-2, A498, and ACHN cell lines using immunofluorescence. Scale bar, 50µm. (B) nrf2 and hO-1 
protein levels were upregulated in ccRCC tissues. (C) Pearson’s correlation curves are shown, revealing the positive relationship between nrf2 and hO-1 expression.
Abbreviation: ccRCC, clear cell renal cell carcinoma.
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labeled as the high-expression group, and those that were neg-

ative or weakly positive were labeled as the low-expression 

group. All patient follow-up information was available. The 

Kaplan–Meier survival curves were generated to determine 

the mean survival time (MST) and patient postoperative OS. 

The results suggested that patients with a high expression 

level of Nrf2 or HO-1 tended to have a poorer prognosis, 

with MSTs of 76.88±2.722 and 76.39±1.456 months and 

OS of 88.2% and 93.1%, respectively, compared with the 

low Nrf2 or HO-1 expression group (MST: 78.55±1.072 and 

80.28±0.716 months; OS: 91.7% and 98.1%, respectively) 

(Table 4). The differences in the expression of Nrf2 and HO-1 

in ccRCC were associated with a statistically significant dif-

ference in survival curves (Nrf2: χ2=4.127, P=0.042; HO-1: 

χ2=4.846, P=0.028) (Figure 4 and Table 4).

Interestingly, through the joint analysis of Nrf2 and HO-1 

protein expression in carcinoma and adjacent normal tissues, 

we discovered that the group with a high expression level of 

Nrf2 in cancer tissues but no Nrf2 expression in paracancer-

ous tissues had the worst prognosis of all subgroups (MST 
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Figure 2 nrf2 and hO-1 were expressed both in ccRCC and adjacent normal tissues. expression scoring was performed as follows: the staining of tumors was quantitated 
by determining the percentage of positive cells and the staining intensity (Scale bar, 50µm).
Notes: The intensity of cell staining was categorized as follows: 0, negative staining; 1, weak staining; 2, moderate staining; and 3, strong staining. The extent scores 
(percentages of cells stained positive) were as follows: 0, no positive cells; 1, positive cells staining <10%; 2, 11%–30% of cells; 3, 31%–60%; 4, 61%–90% of cells; and 5, the 
percentage of positive cells staining >90%. The final staining score was calculated by adding the points from the positive cell percentage and the staining intensity. A score of 
0 points was considered negative expression (–), 1–3 points were considered weakly positive expression (+), 4–6 points were considered moderately positive expression 
(++), and 7–8 points were considered strongly positive expression (+++).
Abbreviation: ccRCC, clear cell renal cell carcinoma.

Nrf2

Negative Weak Moderate Strong

ccRCC

Normal

HO-1

Nrf2

HO-1

Figure 3 Positive immunostaining was predominantly localized in the cytoplasm.
Notes: low levels of nuclear staining were also evident in some cancer cells. (A) 
H&E staining in ccRCC tissue. Scale bar, 20 µm. (B) some scattered nrf2 nucleus-
positive cells were observed in ccRCC tissue (shown by black arrows, scale bar, 
20 µm). (C) some scattered hO-1 nucleus-positive cells were observed in ccRCC 
tissue (shown by black arrows, scale bar, 20 µm).
Abbreviation: ccRCC, clear cell renal cell carcinoma.
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=62.65±4.249, OS =76.9%, χ2=8.029, P=0.005), patients 

with high expression levels of HO-1 in cancer tissues but no 

HO-1 expression in paracancerous tissues also had poor sur-

vival (MST =58.59±3.824, OS =76.2%, χ2=9.601, P=0.002, 

respectively) (Figure 5A, B and Table 4). The HRs of high 

protein expression levels of Nrf2/HO-1 in ccRCC but not 

in paracancerous tissues were 4.932 and 7.436, respectively 

(Figure 5A, B). However, when the Nrf2/HO-1 protein was 

expressed at low levels in ccRCC but at higher levels in 

paracancerous tissues, the patient prognosis was improved; 

the HRs were 0.159 and 0.400, respectively (Figure 5C, D).

These results indicate that there are negative correlations 

between Nrf2/HO-1 protein expression levels and patient OS, 

and higher levels of expression of both proteins are associ-

ated with a worse OS; the subgroup with the worst prognosis 

is that with high expression level of the Nrf2/HO-1 axis in 

cancer tissues but no expression in paracancerous tissues.

Univariate and multivariate analyses of 
the association of clinicopathological 
factors with Os
Cox univariate regression analysis was performed to inves-

tigate the correlations between OS and clinical pathological 
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indexes. Eleven prognostic factors were analyzed and showed 

that ISUP grade, T stage, the presence of perirenal fatty 

invasion, and the presence of tumor necrosis or sarcomatoid 

differentiation were related to poor patient survival (P<0.05), 

while no associations were found with gender, age, intra-

venous tumor thrombus, fiber capsule invasion, and other 

factors, including the expression of Nrf2 or HO-1 (Table 5). 

Notably, a significant difference was observed in the univari-

ate model when we jointly analyzed the protein expression 

Table 1 The difference expression of nrf2/hO-1 in ccRCC

Characteristics n Nrf2 positive (%) P-value n HO-1 positive (%) P-value

ccRCC 152 119 (78.3) 0.000*** 133 114 (85.7) 0.032*
normal tissue 151 87 (57.6) 129 97 (75.2)

Note: *P<0.05; ***P<0.001.
Abbreviation: ccRCC, clear cell renal cell carcinoma.

Table 2 Correlation analysis between nrf2/hO-1 protein expression and clinicopathological parameters

Clinical indexes n Nrf2 positive (%) P-value n HO-1 positive (%) P-value

age (years)
<53 87 69 (79.3) 0.724 80 70 (87.5) 0.470

≥53 65 50 (76.9) 53 44 (83.0)
gender

Male 103 82 (79.6) 0.566 91 78 (85.7) 1.000
Female 49 37 (75.5) 42 36 (85.7)

isUP grade
1 13 8 (61.5) 0.298 13 9 (69.2) 0.303
2 54 44 (81.5) 49 43 (87.8)
3 65 53 (81.5) 54 48 (88.9)
4 20 14 (70.0) 17 14 (82.4)

Tumor size (cm)
<9 137 104 (75.9) 0.042* 121 102 (84.3) 0.214

≥9 15 15 (100) 12 12 (100)
T staging

T1–T2 134 108 (80.6) 0.060 119 101 (84.9) 0.684
T3–T4 18 11 (61.1) 14 13 (92.9)

sarcomatoid differentiation
no 132 105 (79.5) 0.335 116 100 (86.2) 0.958
Yes 20 14 (70.0) 17 14 (82.4)

lymph node metastasis
no 149 118 (79.2) 0.230 130 112 (86.2) 0.905
Yes 3 1 (33.3) 3 2 (66.7)

Note: *P<0.05.
Abbreviation: isUP, international society of Urological Pathology.

Table 3 Correlation between nrf2 protein expression and hO-1 protein in ccRCC tissues

Characteristics Nrf2 c2 P-value r-Value

Positive (%) Negative (%)

hO-1 positive 96 (88.9) 12 (11.1) 4.729 0.03* 0.435
hO-1 negative 18 (72.0) 7 (28)

Notes: *P<0.05. The chi-squared test showed that the difference in expression of Nrf2 and HO-1 in ccRCC tissues was statistically significant.
Abbreviation: ccRCC, clear cell renal cell carcinoma.

of Nrf2 and HO-1 in carcinoma and adjacent normal tissues. 

The multivariate analysis identified the prognostic value of 

tumor T stage as an independent prognostic factor for ccRCC 

patients (Table 5).

Discussion
Recently, advancements in the understanding of the important 

role that ROS play in modulating cellular signaling have 

greatly expanded our knowledge of the roles of these reactive 
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species in disease processes.7 An increased ROS level may 

promote significant injury to cell structure and functions,8 

such as changing the cellular genetic material and triggering 

tumors.9,10 Nrf2 is well known as a transcription factor in 

the regulation of oxidative stress and inflammation and the 

maintenance of mitochondrial function and nitric oxide equi-

librium.11 The human Nrf2 gene was first described in 1994 

and consists of a 66.1 kDa protein with 589 amino acids,12 

which functions as a key trigger in promoting the expres-

sion of various antioxidant proteins.13 Intricate networks of 

intracellular signaling events are involved in the activation of 

transcription factors. The HO-1 protein has been recognized 

Table 4 Kaplan–Meier survival analysis based on different subgroups

ccRCC tissue Normal tissue n (%) MST (months) OS (%) c2 95% CI Sig. (P-value)

nrf2 152
low – 106 (69.7) 78.55±1.072 91.7 4.127 76.445–80.647 0.042*
high – 46 (30.3) 76.88±2.722 88.2 71.547–82.217

hO-1 133
low – 59 (44.4) 80.28±0.716 98.1 4.846 78.875–81.680 0.028*
high – 74 (55.6) 76.39±1.456 93.1 70.799–81.988

nrf2 nrf2 149
high Positive 131 (87.9) 80.91±1.151 95 8.029 78.651–83.164 0.005**
low Positive
low negative
high negative 18 (12.1) 62.65±4.249 76.9 54.322–70.977

hO-1 hO-1 119
high Positive 105 (88.2) 81.90±1.044 94.5 9.601 79.856–83.947 0.002**
low Positive
low negative
high Positive 14 (11.8) 58.59±3.824 76.2 51.101–66.090

nrf2 nrf2 149
high Positive 91 (61.1) 77.75±1.903 94.2 4.040 74.017–81.476 0.044*
high negative
low negative
low Positive 58 (38.9) 80.19±0.803 98.3 78.615–81.764

hO-1 hO-1 119
high Positive 84 (70.6) 80.15±1.520 93.4 0.778 77.165–83.125 0.378
high negative
low negative
low Positive 35 (29.4) 79.78±1.200 96.9 77.430–82.132

Note: *P<0.05; **P<0.01.
Abbreviations: ccRCC, clear cell renal cell carcinoma; high (expression), moderate and strong positive; low (expression), negative and weak positive; MsT, mean survival 
time; OS, overall survival; sig., significance.

Figure 4 Kaplan–Meier survival curves were performed to determine the MsT and Os rate.
Notes: (A) Patients with a high expression level of nrf2 or hO-1 tended to have a worse prognosis. (B) additionally, patients with a high expression level of hO-1 tended 
to have a worse prognosis.
Abbreviations: ccRCC, clear cell renal cell carcinoma; MsT, mean survival time; Os, overall survival.
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Figure 5 simultaneous analysis of the protein expression levels in carcinoma and adjacent normal tissues.
Notes: The Kaplan–Meier survival estimate was performed to determine the MsT and Os rate. (A) The group highly expressing nrf2 in cancer tissues but not in 
paracancerous tissues had the worst prognosis of all the subgroups (log-rank P=0.005, hR =4.932). (B) There was a group with high expression levels of hO-1 in cancer 
tissues but not in paracancerous tissues had the worst prognosis (log-rank P=0.002, hR =7.436). (C) Patients with low levels of expression of nrf2 in ccRCC but positive 
expression of nrf2 in paracancerous tissues had better prognoses (log-rank P=0.044, hR =0.159). (D) The hO-1 protein was expressed at low levels in ccRCC and at higher 
levels in paracancerous tissues, and the patient’s prognosis was better (log-rank P=0.378, hR =0.400).
Abbreviations: ccRCC, clear cell renal cell carcinoma; MsT, mean survival time; Os, overall survival.
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Table 5 Cox regression: univariate/multivariate analysis

Variables Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value
T stage 12.742 3.684–44.07 0.000*** 20.946 4.459–43.10 0.001**
isUP 0.426

isUP (1) 0.359 0.017–4.331 0.356 0.077 0.003–2.020 0.124
isUP (2) 0.497 0.051–4.833 0.547 0.113 0.005–2.429 0.164
isUP (3) 3.670 0.435–30.93 0.232 0.151 0.005–4.717 0.282

P for trend 0.009**
Conjoint analysis the expression of nrf2 in 
ccRCC and normal tissues

5.043 1.454–17.49 0.011* 1.697 0.197–14.63 0.631

Conjoint analysis the expression of hO-1 
in ccRCC and normal tissues

7.505 1.681–34.41 0.008** 4.333 0.360–52.18 0.248

Perirenal fatty invasion 5.066 1.337–19.20 0.017*
necrosis 3.291 1.000–10.83 0.013*
sarcomatoid differentiation 7.872 2.389–25.94 0.001**
nrf2 expressed in ccRCC 3.283 0.977–11.03 0.055
hO-1 expressed in ccRCC 7.390 0.919–59.44 0.060
intravenous tumor thrombus 1.185 0.150–9.350 0.872
Fiber capsule invasion 2.132 0.622–7.315 0.229

Note: *P<0.05; **P<0.01; ***P<0.001.
Abbreviation: ccRCC, clear cell renal cell carcinoma; isUP, international society of Urological Pathology. 
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as the key enzyme in the degradation of heme, and its produc-

tion involves biliverdin, serum ferritin, and serum bilirubin, 

which function as antioxidants, maintaining the homeostasis 

of the cell microenvironment.14 HO-1 is also reported to be 

a “high-flyer” mediated by Nrf2 to resist anticancer treat-

ments,13 and the Nrf2/HO-1 pathway has been studied in a 

variety of diseases.15,16 However, the role of the two entities 

in determining the prognosis of patients tumors, particularly 

those with ccRCC, is not well defined.

Here, we first determined the localization of the two pro-

teins in vitro and their protein expression levels using immu-

nofluorescence and Western blotting. Then, the correlation 

between Nrf2/HO-1 expression levels and survival outcomes 

was analyzed in ccRCC samples. The results showed that the 

primary locations of Nrf2 and HO-1 were the cytoplasm and 

nucleus of the tumor, as well as in normal tissues; the two 

proteins are upregulated in human ccRCC tissues. This find-

ing is consistent with the report by Lister et al17 who observed 

that Nrf2 levels were significantly elevated in the cytoplasm 

and nuclei of pancreatic tumor cells compared to the levels 

in the matching normal tissues. Accordingly, we agree with 

the view that the primary signaling response to oxidative 

stress involves facilitating the movement of cytoplasmic Nrf2 

into the nucleus. In the normal state, Nrf2 is combined with 

Keap-1 in the cytoplasm and forms an enzyme–inhibitor com-

plex that prevents Nrf2 from entering the nucleus. According 

to the “Keap1-Nrf2”18,19 and “latch and hinge” theories,20,21 

the increased generation of electrophiles or ROS in patients 

with various disorders releases the restriction on Keap-1, 

moving Nrf2 into the nucleus where it combines with the 

5′-antioxidant response element, activating the Nrf2 signal 

transduction pathways. Therefore, redox-stimulated tumors 

or normal cells will tend to differences in the protein expres-

sion levels of Nrf2 and HO-1, and the two proteins could be 

located in both the cytoplasm and nucleus.

Consistent with the research results in other systems, 

our IHC experiments showed that the expression of Nrf2 or 

HO-1 was significantly higher in ccRCC than in normal tis-

sues. However, 78.3% of ccRCC patients were Nrf2-positive, 

which was higher than the proportion of Nrf2-positive 

patients among those with colorectal cancer (66.4%),22 gastric 

carcinoma (61.7%),23 non-small cell lung cancer (26%),24 and 

gall bladder cancer (23%).25 We believe that this difference 

might be caused by different materials and methods.

A series of prior studies revealed that Nrf2/HO-1 are 

overexpressed in a variety of tumor cell lines,26–28 promoting 

the proliferation of various tumor cells, including renal cell 

carcinoma cells.29 In our work, the chi-squared test showed 

that the difference in expression of Nrf2 and HO-1 in ccRCC 

tissues was statistically significant. Clinical pathological 

index analysis indicated that Nrf2 was associated with tumor 

size. Kaplan–Meier survival estimates suggested that patients 

with high expression of Nrf2 or HO-1 tended to have a worse 

prognosis than those with low expression levels of the two 

proteins, whereas patients with high expression levels of Nrf2 

or HO-1 in cancer tissues but not in paracancerous tissues 

had the worst prognosis of all the subgroups analyzed. These 

results further demonstrate that the Nrf2/HO-1 signaling 

pathway can promote the development of ccRCC.

The Nrf2/HO-1 proteins can function as a “double-edged 

sword”30 and are regulated by a number of factors.31,32 These 

proteins protect normal tissues from the damage caused by 

ROS.33 At the same time, high expression levels of these 

proteins may represent the stronger intrinsic power of tumor 

cells to respond to an adverse environment and to act as anti-

oxidants to protect cancer cells from ROS-mediated injuries.34 

For example, Nrf2/HO-1 were reported to enhance drug 

resistance. Shibata et al found that mutant Nrf2 promoted cell 

growth and insensitivity to 5-fluorouracil and γ-irradiation.35 

Lester et al reported that Nrf2 promoted pancreatic adenocar-

cinomas and attenuated the effects of chemotherapy.17 These 

findings may explain why patients who had high expression 

levels of Nrf2/HO-1 in ccRCC but not in normal tissues 

exhibited the shortest survival time of all the subgroups.

Conclusion
This is the first report to detect the effect of the protein 

expression of Nrf2/HO-1 in the prognosis of ccRCC patients. 

Nrf2 and HO-1 were consistently located in vitro and were 

upregulated in human ccRCC tissues. Various factors are 

related to the prognosis of patients with ccRCC, including 

ISUP stage, T stage, perirenal fat invasion, necrosis, and 

sarcomatoid differentiation. While the T stage appears to 

be an independent prognostic factor, it may be important 

that high expression levels of Nrf2 or HO-1 in patients 

tended to indicate a worse prognosis, and a high expression 

in ccRCC but no expression in normal tissues indicated 

the worst prognosis, showing that the Nrf2/HO-1 axis can 

be a prognostic factor in ccRCC. These findings provide 

an important theoretical basis for clinically evaluating the 

prognosis of ccRCC patients.
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