
Abstract. Background/Aim: Sunitinib continues to be
administered as a first-line therapeutic agent in metastatic
renal cell carcinoma (mRCC). This study examined the
potential role of p53 in sunitinib resistance and as a predictive
marker in mRCC. Materials and Methods: We analysed the
effects of p53 knockout on sunitinib resistance. p53 expression
in 53 mRCC patients receiving first-line sunitinib was
determined immunohistochemically. We performed in silico
analysis to examine the predictive value of p53 in mRCC.
Results: WST-1 assays showed that p53 knockout decreased
sensitivity to sunitinib. Sunitinib and nutlin-3 together
suppressed cell growth. Immunohistochemistry revealed 11
p53-positive cases among 53 patients with mRCC. Kaplan–
Meier analysis showed that p53-positive cases tended to be
associated with poor progression-free survival (PFS) after
first-line sunitinib treatment. In the JAVELIN 101 study, TP53
mutation was significantly associated with poor PFS after
sunitinib treatment. Conclusion: p53 may be involved in

sunitinib resistance and represent a valuable marker for
sunitinib treatment in mRCC. 

Renal cell carcinoma (RCC) accounts for approximately
90% of all renal tumours (1), and more than 30% of patients
are diagnosed with metastatic RCC (mRCC) (2). Morbidity
and mortality rates are high with the survival rate for mRCC
ranging from 0-20% (3). Sunitinib is a small molecule
multi-targeted tyrosine kinase inhibitor (TKI) that exerts its
potent anti-angiogenic effects by blocking vascular
endothelial growth factor receptor and platelet-derived
growth factor receptor (4). Although immune checkpoint
inhibitor (ICI)-based therapies are being increasingly used
in the management of mRCC, sunitinib treatment continues
to be administered as a first-line therapy for mRCC (5).
Further, the combination of ICI and TKI was recently
reported to improve overall survival in mRCC (6).
Therefore, clarifying the molecular mechanisms underlying
sunitinib resistance will significantly improve outcomes for
patients treated with sunitinib.

Tumour protein p53, encoded by TP53, has a tumour
suppressor role. p53 controls cell proliferation, DNA repair,
senescence, and apoptosis through the induction of target
genes such as p21 and BAX (7). A recent review showed that
TP53 mutations contribute to the resistance of chemotherapy
in cancer (8), and a recent report showed that a complex
interaction between p53 and von Hippel-Lindau tumour
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suppressor (VHL) influences the sensitivity to sunitinib in
RCC cell lines (9). A recent sequence study found that the rate
of TP53 genomic alterations in mRCC increased after first-
line treatment, including that with TKI, compared to the rate
before first-line treatment (10). Another study reported that
TP53 mutations had independent prognostic value in mRCC
treated with first-line TKIs including sunitinib (11). The
present study aimed to examine the involvement of p53 in
sunitinib resistance and the predictive value of p53 in mRCC
treated with first-line sunitinib. We generated p53 knockout
RCC cell lines by CRISPR-Cas9 and examined the effect of
p53 knockout on sunitinib treatment. The effect of the
combination of sunitinib with nutlin-3 was examined in RCC
cell lines. We also immunohistochemically analysed p53 in
mRCC treated with first-line sunitinib and performed in silico
analysis to analyse the predictive value of p53 in mRCC.

Materials and Methods

Cell lines. Two RCC cell lines (Caki-1 and ACHN) were purchased
from the American Type Culture Collection (Manassas, VA, USA).
These cell lines were maintained as described previously (12).
Sunitinib-resistant Caki-1 cells were established by culturing them with
increasing concentrations of sunitinib (1-40 nM) for 6 months (13).

Generation of p53 knockout cells. To knock out p53 in Caki-1 and
ACHN cells, we used the CRISPR-Cas9 technology, which was
performed as described previously (14). p53 single-guide RNAs
(sgRNAs; CRISPR-P53 vector) and scrambled sgRNAs (empty
vector) were purchased from ABM Inc. (Richmond, BC, Canada).
The sgRNA sequence of the CRISPR-P53 vector was GACGGAA
ACCGTAGCTGCCC. Lentiviral particles were generated by
cotransfection of HEK 293T cells with Cas9-sgRNA constructs and
packaging plasmids (GAG, VSVG, and REV). After 48 h, the
conditioned media containing lentiviral particles were harvested and
used to infect cells using Polybrene (Funakoshi, Tokyo, Japan) as
the transfection agent. Stable p53 knockout cells were selected by
passaging in media containing 4 μg/ml puromycin.

Quantitative RT-PCR analysis. Quantitative RT-PCR analysis was
performed as described previously (15). Total RNA was isolated from
frozen samples or cancer cell lines using Isogen (Nippon Gene,
Tokyo, Japan), and 1 g of total RNA was converted to cDNA with a
First Strand cDNA Synthesis Kit (Amersham Biosciences Corp.,
Piscataway, NJ, USA). qPCR was performed with SYBR Select
Master Mix (Applied Biosystems, Austin, TX, USA). The TP53
primer sequences were: Forward: GAGCTGAATGAGGCCTTGGA
and Reverse: CTGAGTCAGGCCCTTCTGTCTT. Real-time
detection of the emission intensity of SYBR green bound to double-
stranded DNA was performed with a CFX Connect Real-Time
System (Bio-Rad Laboratories, Hercules, CA, USA). Actin Beta
(ACTB)-specific PCR products, which were amplified from the same
RNA samples, served as internal controls.

Western blotting analysis. Western blotting analysis was performed
as described previously (16). Antibodies against p53 (DO-1),
phosphorylated p53, p21, and cleaved PARP (Cell Signaling
Technology, Inc., Danvers, MA, USA) were used at a 1:1,000

dilution. β-actin (Sigma-Aldrich, St. Louis, MO, USA) was detected
as a loading control.

Sunitinib treatment. Sunitinib maleate and nutlin-3 were obtained
from Funakoshi (Tokyo, Japan) and handled according to the
manufacturer’s recommendations. Cell lines were treated with
vehicle (0.5% ethanol) or escalating doses of sunitinib. A WST-1
assay was performed to assess cell viability after the cells had been
exposed to drug (sunitinib and nutlin-3) treatment for 48 h. Drug
sensitivity curves and 50% inhibitory concentration (IC50) values
were calculated using GraphPad Prism 4.0 software (GraphPad
Software Inc., San Diego, CA, USA).

Tissue samples. We used 53 mRCC tissue samples obtained from the
Hiroshima cohort (Table I) for immunohistochemical analysis. The
samples were collected from patients at Hiroshima University Hospital,
Kure Medical Center, Chugoku Cancer Center, and Hiroshima City Asa
Citizens Hospital under an institutional review board-approved protocol
(Hiroshima University, IRB# E912; Kure Medical Center/Chugoku
Cancer Center: 2019-08; Hiroshima City Asa Citizens Hospital: 01-3-
14). Written comprehensive approvals for basic or clinical research
were obtained from all patients whose samples were used. This study
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Table I. Clinicopathologic characteristics of 53 mRCC patients treated
with sunitinib.

Number of cases                                                                      53
Median age (years)                                                           68 (40-89)
Gender                                                                                        
   Male                                                                                      40
   Female                                                                                   13
Race                                                                                            
   Asian                                                                                     55
Median follow-up periods (months)                                  4 (1-74)
Histology                                                                                    
   Clear cell                                                                               42
   Papillary                                                                                 4
   Chromophobe                                                                        3
   Unclassified                                                                           4
Metastasis sites                                                                          
   Lung                                                                                      43
Lymph node                                                                             20
   Bone                                                                                      17
   Brain                                                                                       5
   Liver                                                                                       7
Nephrectomy                                                                             
   Yes                                                                                         48
   No                                                                                           5
IMDC criteria                                                                            
   Favorable                                                                               5 
   Intermediate                                                                          30 
   Poor                                                                                       18 
Tumor response                                                                         
   Complete response                                                                0
   Partial response                                                                     5
   Stable disease                                                                       27
   Progression disease                                                              15
   Not evaluable                                                                         6

mRCC: Metastatic renal cell carcinoma.



was conducted in accordance with the Ethical Guidance for Human
Genome/Gene Research of the Japanese Government.

Immunohistochemistry. Immunohistochemistry was performed as
described previously (17). Sections were incubated with anti-p53
antibody (1:100) (DAKO, Glostrup, Denmark) for 1 h at room
temperature. p53 expression in RCC was scored in all tumors as
positive or negative. When more than 10% of tumor cells were
stained, the specimen was considered positive for p53 (according to
the median cut-off values rounded off to the nearest 10%). Using
this definition, two observers (KS and NO) without knowledge of
the patients’ clinical and pathologic parameters or outcomes
independently reviewed immunoreactivity in each specimen.

In silico analysis. Expression array data were downloaded from the
Gene Expression Omnibus (GEO) and Array Express under
accession numbers GSE64052 (18), GSE76088 (19), and E-MTAB-
3267 (20). Gene expression data from 370 mRCC patients treated
with sunitinib and 352 mRCC patients treated with
avelumab+axitinib were downloaded from the JAVELIN RENAL
101 study performed by Motzer et al. (21).

Statistical analysis. All experiments were repeated at least three
times with each sample in triplicate. The results are expressed as
the mean±S.D. of the triplicate measurements. Statistical differences
were evaluated using the Mann-Whitney U-test. A p-value of <0.05
was considered statistically significant. Kaplan–Meier analyses were
performed, and the log-rank Mantel–Cox test was used to determine
any statistical difference between the survival curves of the cohorts.
Statistical analyses were conducted primarily using GraphPad Prism
software (GraphPad Software Inc.).

Results
p53 knockout decreases sensitivity to sunitinib in RCC. We
examined p53 expression and the efficacy of p53 knockout by
CRISPR-Cas9 in Caki-1 and ACHN cells. Western blotting
showed that p53 expression was not detected in the Caki-1 and
ACHN cells transfected with p53-CRISPR vector at mRNA
and protein levels (Figure 1A and B). Then, we performed a
WST-1 assay to measure cell viability in these two cell lines
with knockout of p53 under various concentrations of sunitinib.
The WST-1 assay showed that p53 knockout decreased the
sensitivity to sunitinib (Figure 1C and D).

Phosphorylated p53 is overexpressed in sunitinib-resistant Caki-
1 cells. To verify whether p53 is involved in sunitinib resistance,
we investigated its expression in two public databases
(GSE64052 and GSE76068). The expression of TP53 did not
change significantly in either the untreated or sunitinib-resistant
statuses (Figure 2A). Although p53 expression was not changed
in parental and sunitinib-resistant Caki-1 cells, phosphorylated
p53 expression was suppressed in sunitinib-resistant Caki-1
cells under sunitinib treatment (Figure 2B).

Anti-proliferative effects of sunitinib and nutlin-3 in RCC
cell lines. The above findings indicate that p53 is involved

in sunitinib resistance. Nutlin-3 activates the p53 pathway by
preventing the interaction of MDM2 with p53 (22).
Therefore, we evaluated the efficacy of the combination of
nutlin-3 and sunitinib in RCC cell lines. We measured cell
viability following treatment with sunitinib alone or its
combination with nutlin-3 in Caki-1 and ACHN cells. The
combination of sunitinib and nutlin-3 significantly reduced
cell viability compared to sunitinib alone in the Caki-1 and
ACHN cells (Figure 3A). p21 expression was induced by
nutlin-3 treatment, indicating that nutlin-3 activated the p53
pathway. We also analysed cleaved PARP, which is a marker
of apoptosis. Western blotting showed that cleaved PARP
was increased with the combined treatment of sunitinib and
nutlin-3 compared to that with sunitinib alone (Figure 3B).

Clinical significance of p53 in response to sunitinib
treatment in mRCC. We performed immunohistochemistry of
p53 to analyse the association between p53 expression and
therapeutic outcome in 53 patients with mRCC (Hiroshima
cohort) treated with sunitinib as first-line treatment.
Missense mutations of TP53 led to prolonged half-life of the
protein, which is immunohistochemically detected as nuclear
accumulation (23). Positive p53 expression was found in 11
of the 53 (20.7%) patients (Figure 4A) but was not
associated with objective response rate (complete response
and partial response) (p=0.941) (Table II). Although not
statistically significant, the results of Kaplan–Meier analysis
revealed that the p53-positive cases of mRCC treated with
first-line sunitinib tended to be associated with poor
progression-free survival (PFS) (p=0.113) (Figure 4B). Low
TP53 expression was associated with poor PFS in mRCC
treated with first-line sunitinib in the public database (E-
MTAB-3267) (p=0.038) (Figure 4C). A recent large clinical
study (JAVELIN101) examined PFS of patients with mRCC
treated with first-line avelumab+axitinib or first-line
sunitinib (21). Mutation of TP53 was significantly associated
with poor PFS in mRCC patients treated with first-line
sunitinib (p=0.047) (Figure 4D) but not in those treated with
first-line avelumab+axitinib (p=0.53) (Figure 4E).

Discussion

Considering that combination therapy with an ICI and TKI
improves outcomes in mRCC, overcoming TKI resistance
remains an essential goal. Recent evidence has led to the
proposal that the mechanisms of sunitinib resistance might be
multifactorial (24). In the present study, we showed that p53
knockout decreased sensitivity to sunitinib in RCC cell lines.
What is more, phosphorylated p53 expression was suppressed
in sunitinib-resistant RCC cell lines. A recent report showed that
p53 knockdown suppressed the sensitivity to sunitinib through
interaction with VHL (9). These results suggest that the p53
pathway is involved in sunitinib resistance in RCC cell lines. In
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the present study, the combination of sunitinib with nutlin-3
significantly reduced cell growth and increased cleaved PARP
expression. One study showed that nutlin-3 enhances the
efficacy of another TKI, sorafenib, in RCC (25). Although a
recent review showed that seven p53-MDM2 inhibitors are
promising in cancer treatment, they have not been clinically
utilized (26). Although further studies are needed, the p53
pathway may be a promising therapeutic target.

Although a recent paper reviewed biomarkers predictive
of TKI efficacy, including sunitinib treatment, in mRCC
(27), clinically relevant biomarkers are lacking. In the
present study, immunohistochemical analysis showed that
p53-positive cases tended to be associated with poor

prognosis after first-line sunitinib treatment. Tumor tissue is
easily available for immunohistochemical analysis because
patients with mRCC are usually treated by partial or radical
nephrectomy. Of note, we showed that mutation of TP53 was
not associated with poor PFS after treatment with
avelumab+axitinib but was significantly associated with poor
PFS after sunitinib treatment. A recent clinical trial study
(IMmotion151) also showed mutation of TP53 to be
associated with poor PFS in mRCC treated with first-line
sunitinib (p=0.001). On the contrary, mutation of TP53 was
not associated with atezolizumab+bevacizumab (p=0.161)
(28). Collectively, these results suggest that p53 may serve
as a potential biomarker for drug selection.
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Figure 1. p53 decreased sensitivity to sunitinib in RCC cell lines. (A) Western blotting of p53 in Caki-1 and ACHN cells transfected with empty
vector and P53-CRISPR vector. β-actin was used as a loading control. (B) qRT-PCR of p53 in Caki-1 and ACHN cells transfected with empty vector
and P53-CRISPR vector. The results are expressed as the mean±S.D. of triplicate measurements. (C-D) Dose-dependent effect of sunitinib on the
viability of Caki-1 and ACHN cells transfected with empty vector and P53-CRISPR vector. The 50% inhibitory concentration (IC50) values are
indicated. *p<0.05.



Sekino et al: Involvement of p53 in Sunitinib Resistance in Renal Cell Carcinoma

4291

Figure 2. The expression of p53 in sunitinib-resistant status. (A) TP53 expression value in untreated and sunitinib-resistant samples from GSE64052
and GSE76088. (B) Western blotting of p53 and phosphorylated p53 in parental and sunitinib-resistant Caki-1 cells upon treatment with 10 nM
sunitinib. β-actin was used as a loading control. p-p53: Phosphorylated p53.

Figure 3. Anti-proliferative effects of sunitinib and nutlin-3 in RCC cell lines. (A) The effect of combination therapy with sunitinib (10 μM) and
nutlin-3 (30 μM) on the viability of Caki-1 and ACHN cells. The results are expressed as the mean±SD of triplicate measurements. *p<0.01. (B)
Western blotting of p21 and c-PARP in Caki-1 and ACHN cells treated with either sunitinib (10 μM) alone or with sunitinib (10 μM) and nutlin-3
(30 μM). β-actin was used as a loading control. c-PARP: Cleaved PARP.



There are some limitations in this study. We performed
immunohistochemistry of p53 in 53 patients with mRCC
treated with first-line sunitinib. A prospective study with a
larger number of patients with mRCC will be necessary to
verify the present data. Although we showed that p53 was

involved in sunitinib resistance, the detailed mechanism was
not fully clarified.

In summary, our results showed that p53 was involved in
sunitinib resistance in RCC cell lines. The combination of
sunitinib with nutlin-3 reduced cell growth compared to
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Figure 4. Clinical significance of p53 in response to sunitinib treatment in metastatic RCC (mRCC). (A) Immunohistochemical staining of p53 in
mRCC. Original magnification: 400×. (B) Kaplan–Meier plot of progression-free survival (PFS) of mRCC patients treated with sunitinib according
to p53 expression from the Hiroshima cohort. (C, D) Kaplan–Meier plot of PFS of mRCC patients treated with sunitinib according to TP53
expression from E-MTAB-3267 and the JAVELIN 101 study. (E) Kaplan–Meier plot of PFS of mRCC patients treated with avelumab+axitinib
according to TP53 expression from the JAVELIN 101 study.



sunitinib alone in RCC cell lines. The p53-positive cases
tended to be associated with poor prognosis after sunitinib
treatment. In silico analysis showed that mutation of TP53
was significantly associated with poor PFS after sunitinib
therapy. The data presented here highlight the potential of
p53 as a predictive marker and therapeutic target in patients
with mRCC.
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