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Abstract: Notch signaling is a conserved and widely expressed signaling pathway, which mediates various physi-
ological processes including tumorigenesis. This study aims to explore the potential role and mechanism of notch1 
interacting with KRT6B in the progression of RCC. The results indicated that the mRNA and protein expression of 
notch1 and KRT6 were significantly increased in tumor tissues, and highly positive correlation existed between 
notch1 and KRT6. Moreover, the patients with high notch1 expression had a significantly poorer prognosis than 
those of low expression patients. In vitro, KRT6 loss-of-function could inhibit the expression of notch1 and induce 
renal carcinoma cell death. Eventually, we found that renin inhibitor, aliskiren, could inhibit cell proliferation and 
decrease the expression of notch1 and KRT6 as well as regulate apoptosis-related protein expression in 786-O and 
ACHN renal carcinoma cell lines. These results suggested that the upregulation of notch1 and KRT6B might be in-
volved in the development, progression and prognosis of human RCC, and aliskiren could suppress renal carcinoma 
cell proliferation, at least partially, through downregulation the expression of notch1 and KRT6. 
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Introduction 

Renal cell carcinoma (RCC) is the third most 
common urological cancer and accounts for 
approximately 3% of cancers in adults as well 
as 85% of all primary malignant kidney tumors 
[1]. Moreover, epidemiologic evidence demon-
strates that more than 61,000 patients are 
diagnosed, and over 13,000 patients die annu-
ally from RCC [2]. The scientific efforts and sig-
nificant progress in understanding the basic 
cellular event in RCC, but the precise mecha-
nisms underlying renal carcinogenesis are still 
unknown. Therefore, it is extremely urgent to 
explore the novel therapeutic targets and 
strategies. 

Aliskiren is the latest drug that blocks the renin-
agiontension system (RAS), and its primary 
indication is as an antihypertensive agent [3]. 
Moreover, aliskiren is widely used in the clinic 
to treat renal injury due to locally high RAS 
activity [4]. Intriguingly, the 5-year disease-spe-
cific survival rate is significantly higher among 
the RCC patients administered RAS inhibitors 

after surgery than among their counterparts [5, 
6]. In experimental animal model, blockade of 
RAS decreases tumor proliferation and meta-
static capacity of RCC [7]. Previous studies sug-
gest that notch signaling and keratin 6 (KRT6) 
play a crucial role in the transformation and 
neoplastic proliferation of human malignancy 
[8, 9]. KRT6 driven ODC expression to hair folli-
cle keratinocytes enhances stemness and 
tumorigenesis by negatively regulating Notch 
[8]. However, there is little evidence to suggest 
a potential role for KRT6 in RCC. Moreover, the 
interaction between Notch1 and KRT6 in RCC is 
unknown. While, given that renin is the rate-
limiting enzyme of the RAS, whether the RAS 
inhibitor by inhibiting notch1/KRT6 axis could 
show beneficial effects on RCC is not known. 

In the present study, we identified KRT6 as a 
novel mediator of dysregulated notch signaling 
and showed that activation of notch1 in renal 
carcinoma cell upregulated the expression of 
KRT6. We also performed a detailed experi-
mental analysis to investigate the interaction 
between notch1 and KRT6 in aliskiren-induced 
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cell apoptosis and to identify notch1/KRT6 axis 
which might be targeted for the treatment of 
highly aggressive RCC. 

Materials and methods

Patients and specimens

Thirty RCC tissues and matched adjacent non-
tumor tissues were collected from Shanghai 
Seventh People’s Hospital (Shanghai, China) 
between Jan 2007 and September 2013. All 
patients recruited in this study were not sub-
jected to preoperative radiotherapy or chemo-
therapy and diagnosed with RCC based on his-
topathological evaluation. Clinicopathological 
characteristics analysis was shown in Tables 1 
and 2. All collected tissue samples were imme-
diately stored at liquid nitrogen until use. 
Human samples were obtained with written 
informed consent from all patients. The study 
was approved by the Ethics Committee of the 
Shanghai Seventh People’s Hospital (Shanghai, 
China). 

Cell culture

The 786-O and ACHN renal carcinoma cell were 
obtained from the Chinese Academy of 
Sciences (Institute of Shanghai Cell Biology and 
Chinese Type Culture Collection, China), and 
maintained in DMEM (Dulbecco’s modified 
Eagle’s medium; Invitrogen), supplemented 
with 10% fetal bovine serum (FBS) (HyClone, 

fixed with 4% paraformaldehyde and permeabi-
lised in 0.1% Triton X-100, then blocked non-
specific binding sites with 1/100 diluted goat 
serum and incubated overnight at 4°C with 
anti-notch1 primary antibody (Santa Cruz 
Biotechnology, USA). After washed twice with 
PBS, cells were incubated for 1 h at 37°C with 
secondary antibody (Santa Cruz Biotechnology, 
USA). Cells were washed again and stained 
nuclear with DAPI. Samples were visualized by 
fluorescence microscopy (Carl Zeiss, Germany).

Gene silencing by small interfering RNA 

For small interfering RNA (siRNA) experiments, 
RNA primers complementary to notch1 was 
designed and synthesized by the Shanghai 
Invitrogen Biotechnology Company. 786-O cells 
were transfected with the annealed RNA primer 
pair using Lipofectamine 2000 (Invitrogen Inc, 
USA) in accordance with the instructions pro-
vided by the manufacturer. The small interfer-
ing RNA with the following primers: KRT6, 
Forward 5’-GUCUCUGAGAGCGACAAGGCGUGA- 
CA-3’ and Reverse 5’-UGCAGACGUUGUCGCCG- 
UGCACACUA-3’.

Reverse transcription-polymerase chain reac-
tion (RT-PCR)

Total RNA was extracted by Trizol reagent 
(Invitrogen, Carlsbad, CA, USA). Reaction mix-

Table 1. Correlation clinicopathological factors and notch1 
expression levels in RCC patients

Variable Number of 
patients

Notch1-
Low

Notch1-
High P value

Gender 0.634
    Male 17 9 8
    Female 13 7 6
Age (years) 0.332
    < 60 22 11 11
    ≥ 60 8 5 3
Tumor size (cm)
    < 3 12 6 6 0.197
    ≥ 3 18 10 8
TNM stages 0.001
    I-II 14 11 3
    III-IV 16 5 11
Lymph nodes metastasis 0.001
    Negative (N) 15 12 3
    Positive (P) 15 4 11

Logan, UT), 100 units/ml penicillin, 
and 100 mg/ml streptomycin 
(Invitrogen) at 37°C in a humidified, 
5% CO2, 95% air atmosphere. The 
medium was replenished every day.

Cell viability detection by CCK8

The 786-O and ACHN renal carcinoma 
cell (1.0 × 105/well) were plated and 
treated in 96-well plates (three wells 
per group) with aliskiren (0-100 μM) 
for 24 or 48 h, respectively. 10 μL of 
Cell Counting Kit-8 (CCK8, Dojindo) 
was added to the cells, and the viabil-
ity of the cells was measured at 490 
nm using an ELISA reader (BioTek, 
Winooski, VT, USA) according to the 
manufacturer’s instructions.

Immunofluorescence staining 

The 786-O cells were incubated in 
6-well plates and washed with PBS, 
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ture (20 μl) containing 2 μg of total RNA was 
reversely transcribed to cDNA by using 
PrimeScript RT-polymerase (Takara, Dalian, 
China). Quantitative PCR was performed on the 
cDNA using specific primers (Sangon, Shanghai, 
China). The first strand cDNAs served as the 
template for the regular polymerase chain reac-
tion (PCR) performed using a DNA Engine (ABI 
9700). The cycling conditions were 30 s poly-
merase activation at 95°C followed by 40 
cycles at 95°C for 5 s and 60°C for 30 s. PCR 
with the following primers: notch1, Forward 
5’-GTCTCCATTGCTAGCCAC-3’ and Reverse 
5’-ATGCAGCTGCAGGTCTTAAGAG-3’; KRT6, For-

ward 5’-CCGACGATTCGGTACACCAT-3’ and Re- 
verse 5’-GCGCAGGAGCTGCAGAGTTGTG-3’; GA 
PDH, Forward 5’-ACAGGGGAGGTGATAGCATT-3’ 
and Reverse 5’-GACCAAAAGCCTTCATACATC- 
TC-3’. Glyceraldehyde-phosphate dehydroge-
nase (GAPDH) as an internal control was used 
to normalize the data to determine the relative 
expression of the target genes. 

Western blotting

Protein extracted from tissues or cells were 
separated by 10% SDS-PAGE and transferred 
to PVDF membranes (Millipore, Germany). 

Table 2. Univariate and multivariate regression analyses of parameters associated with prognosis of 
RCC patients

Characteristics Subset
Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value
Gender Male/Female 1.126 (0.741-1.894) 0.663
Age < 60/≥ 60 1.248 (0.874-2.047) 0.449
Tumor size (cm) < 3/≥ 3 1.337 (0.834-1.985) 0.462
TNM stages I-II/III-IV 2.792 (1.645-5.069) 0.001 2.143 (1.152-3.569) 0.017
Lymph nodes metastasis N/P 3.627 (1.942-6.241) 0.001 2.425 (1.372-4.225) 0.002
Notch1 High/Low 2.779 (1.538-4.927) 0.001 1.936 (1.062-3.258) 0.029

Figure 1. Identification of tumor tissues-enriched notch1 and KRT6B implicated in RCC patients. Semi-quantitative 
reverse transcription polymerase chain reaction (RT-PCR) (A) and western blotting (B) are used to detect the expres-
sion of notch1 and KRT6 in the tumor tissues and corresponding nontumourous specimens from RCC patients, and 
densitometric quantification for western blotting (C). Linear correlation plot of protein expression between notch1 
and KRT6 in tumor tissues from RCC patients (D, n = 32). Kaplan-Meier survival curve and log-rank test are used 
to evaluate whether notch1 expression level is associated with overall survival rate. Patients are segregated into 
notch1-high group and notch1-low according to the median of notch1 expression in tumor tissues from RCC patients 
(E). *P < 0.05, versus normal control group. Semi-quantitative reverse transcription polymerase chain reaction (RT-
PCR) is used to detect the expression of UCA1 (n = 40). 
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Membranes were blocked and then incubated 
with primary antibodies specific for notch1, 
KRT6, BAX, Bcl-2 and caspase8 (Santa Cruz 
Biotechnology, CA, USA). β-actin was used as 
protein loading control .The membranes were 
next incubated with the appropriate HRP 
(horseradish peroxidase)-conjugated antibody 
visualized and detected by chemiluminescence 
(Thermo, USA).

Statistical analysis

All statistical analyses were performed using 
SPSS version 18.0 software. Data were ana-
lyzed using independent two-tailed t test. 
Categorical data were analyzed using the two-
side chi-square test. Overall survival was esti-
mated by using Kaplan-Meier method, and uni-
variate analysis was conducted by log-rank 
test. The Cox proportional hazards model was 
used in the multivariate analysis. Values of P < 
0.05 were considered statistically significant.

Results 

Identification of tumor tissues-enriched notch1 
and KRT6B implicated in RCC patients

To demonstrate the pathogenesis of RCC, the 
RT-PCR and western blotting analysis were per-
formed to determine the levels of notch1 and 
KRT6B in tumor tissues and corresponding 
nontumourous specimens from RCC patients. 
The mRNA and protein expression of notch1 
and KRT6 were significantly higher in tumor tis-
sues than those of corresponding nontumor 
adjacent tissues (Figure 1A-C). To assess the 
correlation of notch1 with KRT6B, the protein 
expression levels of notch1 and KRT6B in 32 
RCC tumor tissues was measured. As shown in 
Figure 1D, the measurements obtained from 
tumor tissues were strongly correlated between 
notch1 and KRT6B (r = 0.848, P < 0.01). In 
addition, to understand the prognostic signifi-
cance of notch1 upregulation in RCC, we ana-

Figure 2. KRT6 regulates the expression of notch1 in renal carcinoma cell. The small interfering RNA is transfected 
into 786-O cells for 24 h or 48 h suppressing the expression of KRT6, which is measured by western blotting (A), 
Cont, si-RNA-Control; siRNA, siRNA-KRT6. Notch1 is visualized by fluorescent microscopy (B). The protein expression 
of notch1 is measured by western blotting (C). The cell viability of siRNA-KRT6 786-O cells is evaluated by CCK-8 (D). 
Values are expressed as mean ± SEM, n = 3 in each group. *P < 0.05 versus control group. 
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lyzed the relationship between notch1 expres-
sion in RCC and patient survival and found that 
the patients with high notch1 expression had a 
significantly poorer prognosis than those of low 
expression patients (Figure 1E; Table 2, P < 
0.001). In general, these results suggested 
that the upregulation of notch1 and KRT6B 
might be involved in the development, progres-
sion and prognosis of the majority of human 
RCC. 

KRT6 regulates the expression of notch1 in 
renal carcinoma cell 

To inhibit the function of notch1, 786-O cells 
were transfected with small interfering RNA 
(siRNA). Western blotting analysis demonstrat-
ed that the expression of KRT6 was dramati-
cally inhibited by siRNA-KRT6 transfection 
(Figure 2A). Therefore, our data suggested that 
the siRNA experiments were successfully per-
formed. As shown in Figure 2B, a dramatic 
decrease in notch1 expression was clearly con-
firmed by immunofluorescence staining in siR-
NA-KRT6 transfected renal carcinoma cells. In 
addition, western blotting showed that the pro-
tein expression of notch1 was significantly 
increased in siRNA-KRT6 treatment group com-
pared to the control group (Figure 2C). Finally, 
we investigated the cell viability of 786-O cell 

lines transfected with siRNA-KRT6, the results 
indicated that siRNA-KRT6 transfection in- 
duced cell death in a time-dependent manner 
(Figure 2D). 

Aliskiren inhibits cell proliferation

786-O and ACHN renal carcinoma cell viability 
were measured when cells were exposed to 
various concentrations of aliskiren (0-100 μM) 
for 24 and 48 h. The results showed that the 
growth of 786-O and ACHN renal carcinoma 
cell were inhibited with aliskiren (Figure 3A and 
3B). The viabilities of 786-O cells treated with 
aliskiren were significantly lower than those of 
ACHN cells (Figure 3A and 3B). As shown in 
Figure 3A and 3B, the concentrations at which 
aliskiren inhibited 786-O cells growth by 50% 
(IC50) was 80 μM at 24 h or 20 μM at 48 h. The 
IC50 of growth inhibition of aliskiren for ACHN 
was above 100 μM at 24 h or 80 μM at 48 h. 
Moreover, treatment of 786-O and ACHN with 
aliskiren induced cell growth inhibition in a 
dose-dependent manner by using CCK8 assay. 
Interestingly, the mRNA and protein of notch1 
and KRT6 were significantly inhibited both 
786-O and ACHN cells by aliskiren with a dose-
dependent manner (Figure 3B-D). In addition, 
western blotting results showed that treatment 
of 786-O and ACHN cells with increasing doses 

Figure 3. Aliskiren inhibits cell proliferation. The 786-O and ACHN cells are incubated with various concentrations of 
aliskiren (0-100 μM) for 24 h and 48 h respectively, and the cell viability is examined by CCK8 assay (A). The mRNA 
(B) and protein (C) expression of notch1 and KRT6 are measured by RT-PCR and western blotting respectively, and 
protein bands are quantified (D). Values are expressed as mean ± SEM, n = 3 in each group. *P < 0.05, **P < 0.01 
versus control group. 
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of aliskiren could significantly increase the pro-
apoptotic protein BAX and caspase8 levels as 
well as decrease the anti-apoptotic protein 
Bcl-2 levels (Figure 4A and 4B). 

Discussion

It is known that notch signaling pathways play a 
role in multiple cancers [10]. Previous study 
demonstrates that high-level expression of 
notch signaling is associated with the metasta-
sis of T1 stage RCC by stimulating the prolifera-
tion and migration of tumor cells [9], however, 
the exact role of notch signaling in conclusion, 
high-level expression of notch signaling is asso-
ciated with the metastasis of T1 stage ccRCC 
by stimulating the proliferation and migration of 
tumor cells, kidney cancer is not clear yet, so 
we intended to explore the function of notch 
signaling in the RCC. In the present study we 
made several important observations. First, we 
studied the basic expression level of notch1 
and KRT6 in 32 tumor tissues and adjacent 
nontumorous kidney tissue counterparts. 
Compared to corresponding nontumor adja-
cent tissues, notch1 and KRT6 expression were 
significantly elevated both in mRNA and protein 
expression. Next, the correlation of notch1 with 
KRT6B was confirmed, and the linear correla-
tion plot of protein expression between notch1 
and KRT6 in tumor tissues from RCC patients 
was highly positive correlation. Furthermore, 
we analyzed the relationship between notch1 
expression in RCC and patient survival and 
found that the patients with high notch1 expres-
sion had a significantly poorer prognosis than 
those of low expression patients. These results 

suggested that notch1 signaling provided a 
new angle for the treatment of renal cancer in 
clinic. 

Recent studies have indicated that RAS inhibi-
tors may have a protective effect against angio-
genesis and prevent carcinogenesis [7, 11, 12]. 
In murine orthotopic model of RCC, losartan 
and captopril alone or in combination treat-
ment can significantly reduce tumor growth 
and the number of lung metastases [7]. 
Captopril and losartan also suppress vascular 
endothelial growth factor-A expression in lung 
carcinoma cells under hypoxia [13]. Intriguingly, 
(Pro) renin receptor is crucial for 
Wnt/β-catenin-dependent genesis of pancre-
atic ductal adenocarcinoma [14]. Based on the 
above research results, we postulated that 
aliskiren, as a renin inhibitor, might possess the 
anti-cancer ability in RCC. In our study, we 
found that the growth of renal carcinoma cell 
was inhibited with aliskiren treatment, and the 
underlying mechanism was mediated, at least 
partially, through downregulation the expres-
sion of notch1 and KRT6. Recent studies have 
identified a high expression of KRT6 in triple-
negative breast cancer [15] and urothelial can-
cer [16]. Moreover, KRT6 drives ornithine 
decarboxylase (ODC) expression to hair follicle 
keratinocytes enhances stemness and tumori-
genesis by negatively regulating notch signaling 
[8]. In contrast to that KRT6 loss-of-function 
inhibited the expression of notch1 and renal 
carcinoma cell proliferation. These studies sug-
gested that KRT6 down-expression might be 
involved in the proliferation of renal carcinoma 
by down-regulating notch1 expression. 

Figure 4. Aliskiren regulates apoptosis-related protein expression. The 786-O and ACHN cells are incubated with 
aliskiren (0, 50, 100 μM) for 48 h, the expression levels of BAX, Caspase8 and Bcl-2 are determined by western 
blotting (A), and protein bands are quantified in 786-O and ACHN cells (B). Values are expressed as mean ± SEM, n 
= 3 in each group. *P < 0.05, **P < 0.01 versus control group.
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In conclusion, upregulation of notch1 and 
KRT6B might be involved in the development, 
progression and prognosis of the majority of 
human RCC, and aliskiren might block the 
growth of renal carcinoma cell through sup-
pression KRT6 as well as downregulation the 
expression of notch1. 
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