
Abstract. Background/Aim: Targeted receptor tyrosine kinase
inhibitor (TKI) is a standard treatment in advanced renal cell
carcinoma (RCC). However, the role of PTEN in TKI resistance
remains poorly understood. We aimed to determine the
functional role of PTEN knockout and analyse the predictive
significance of PTEN expression for TKI treatment in RCC.
Materials and Methods: We developed PTEN knockout cells in
RCC cell lines using the CRISPR-Cas9 system and analysed the
effect of PTEN knockout on spheroid formation and resistance
to sunitinib and sorafenib. Results: PTEN knockout promoted
spheroid formation and decreased sunitinib/sorafenib sensitivity
in RCC cell lines. PTEN immunohistochemistry in 74 metastatic
RCCs treated with sunitinib and sorafenib revealed negative
PTEN expression in 23% of samples. Kaplan–Meier analysis
showed a significant association of negative PTEN expression
with poor progression-free survival in metastatic RCC treated
with sunitinib and sorafenib (p=0.024) or sunitinib alone
(p=0.009). Conclusion: PTEN may be a biomarker and
therapeutic target in patients with metastatic RCC.

Renal cell carcinoma (RCC) accounts for around 90% of all
renal tumours, and its incidence has been steadily increasing
by 2-4% each year (1). More than 30% of patients

diagnosed with RCC have metastatic disease (2). Patients
with metastatic RCC have an approximately 13 months’
median survival and a 5-year survival rate under 10% (3).
Sunitinib is an oral multi-target tyrosine kinase inhibitor
(TKI), which has potent anti-angiogenic effects and direct
anti-tumour activities due to the inhibition of vascular
endothelial growth factor receptor, platelet-derived growth
factor receptor, and stem cell growth factor receptor (4).
Sunitinib treatment is used as a first-line therapy for
metastatic RCC (5, 6) and significantly prolongs overall
survival in metastatic RCC (7). Although approximately
70% of the patients show an initial response to sunitinib,
eventually, sunitinib resistance and disease progression
occur. Recent evidence has shown that the mechanisms of
sunitinib resistance may be multifactorial (8-10); however,
the mechanisms that underpin sunitinib resistance are not
fully elucidated. Therefore, there is an urgent need to clarify
the mechanisms of sunitinib resistance.

Phosphatase and Tensin Homolog Deleted from
Chromosome 10 (PTEN) is a tumour-suppressive protein (11).
The PTEN gene has both recurrent point mutations and focal
deletions in RCC (12, 13). PTEN has been reported to
antagonize the phosphoinositol-3-kinase (PI3K)/PTEN/AKT
signalling pathway, which plays a crucial role in cell growth,
differentiation, survival and drug resistance in RCC (14, 15).
The Cancer Genome Atlas data showed that bi-allelic loss of
PTEN is rare and associated with poor overall survival in
RCC (16, 17). Although some studies have reported the
prognostic significance of PTEN for TKI treatment (18, 19),
the role of PTEN in sunitinib and sorafenib resistance in RCC
has not been fully elucidated.

In this study, we aimed to analyse the effect of PTEN
knockout on sunitinib and sorafenib resistance in RCC cell
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lines. We also analysed the expression of PTEN using
immunohistochemistry, in specimens obtained from metastatic
RCC patients treated with sunitinib and sorafenib.

Materials and Methods
Cell lines. Human RCC-derived cell lines Caki-1, ACHN, OSRC-2
and 786-O were purchased from the Japanese Collection of
Research Bioresources Cell Bank (Osaka, Japan). All cell lines were
maintained in RPMI 1640 (Nissui Pharmaceutical, Tokyo, Japan)
containing 10% fetal bovine serum (Whittaker, Walkersville, MD,
USA) in a humidified atmosphere of 5% CO2 and 95% air at 37˚C.

Western blot analysis. For western blot analysis, cells were lysed as
described previously (20). Primary antibodies against PTEN, Akt,
and p-Akt (Cell Signaling Technology, Inc., Danvers, MA, USA)
were used. β-Actin (Sigma-Aldrich, St. Louis, MO, USA) was used
as a loading control. The IDs and dilutions of the primary and
secondary antibodies used are summarized in Table I.

Generation of PTEN knockout cells. The CRISPR-Cas9 technology
via the lentiviral transfection approach was used to knockout PTEN
in ACHN and OSRC-2 cells. PTEN single-guide RNAs (PTEN-
CRISPR vector) or scrambled single-guide RNAs (empty vector),
and CRISPR/Cas9 All-in-One lentivector pLenti-U6-sgRNA-SFFV-
Cas9-2A-Puro were purchased from ABM Inc. (Richmond, BC,
Canada). The sgRNA sequence of the PTEN-CRISPR vector was
TGGGAATAGTTACTCCC. Lentiviral particles were generated by
co-transfection of HEK293T cells with Cas9-sgRNA constructs and
packaging plasmids (GAG, VSVG, REV). After 48 h, the
conditioned media containing lentiviral particles were harvested and
used to infect Caki-1 cells using polybrene as the transfection agent.
Stable PTEN knockout ACHN and OSRC-2 cells were selected by
passaging in media containing 4 μg/ml puromycin.

Spheroid formation assay. For the generation of spheres, 2×103 cells
(transfected with TUBB3 siRNA, or negative control siRNA) were
plated on 24-well ultra-low attachment plates (Corning, New York,
NY, USA). Cells were grown in mTeSR medium (STEMCELL
Technologies Inc., Cambridge, MA, USA). The plates were
incubated at 37˚C in a 5% CO2 incubator for 15 days. Sphere size
was then determined using a microscope.

Sunitinib and sorafenib treatment. Sunitinib maleate and sorafenib
tosylate 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
and sorafenib. An MTT assay to assess cell viability was performed
after the cells had been exposed to sunitinib and sorafenib treatment
for 48 h. Drug sensitivity curves and IC50 values were calculated
using GraphPad Prism 4.0 software (GraphPad Software Inc., San
Diego, CA, USA) (21).

Tissue samples. We used 74 metastatic RCC tissue samples (Table
II) for immunohistochemistry. The samples were collected from
patients at the Hiroshima University Hospital, Kure Medical Center,
and Chugoku Cancer Center under an institutional review board-
approved protocol (IRB# E912, 2019-08). Written comprehensive
approvals for basic or clinical research were obtained from all of
the patients whose samples were used. This study was conducted in

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

Immunohistochemistry. Immunohistochemistry was performed as
described previously (22). Sections were incubated with a rabbit
polyclonal anti-PTEN antibody (1:100) (Cell Signaling
Technology, Inc.) for 1 h at room temperature. Cytoplasmic PTEN
positivity and negativity in the tumour samples were recorded.
Tumour samples with high PTEN intensity were considered
positive, whereas no expression of the protein was considered
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Table I. ID and dilution of primary and secondary antibody.

Primary antibody                                                     ID               Dilution

PTEN                                                                     138G6              1:500
Akt                                                                          9272                1:500
p-Akt                                                                       9271                1:500
β-actin                                                                   A5441            1:10000

Secondary antibody                                                 ID               Dilution

Anti-IgG (H+L chain) (Mouse) pAb-HRP            330                 1:500
Anti-IgG (H+L chain) (Rabbit) pAb-HRP            458                 1:500

Table II. Patient characteristics.

Number of cases                                                                 74

Gender                                                                                  
  M                                                                                60 (81%)
  F                                                                                  14 (19%)
Median age (years)                                                      65 (40-89)
Race                                                                                      
  Asian                                                                                74
Histology                                                                              
  Clear cell                                                                   60 (81%)
  Papillary                                                                      4 (5%)
  Chromophobe                                                              3 (4%)
  Unclassified                                                                 7 (9%)
Metastasis sites                                                                     
  Lung                                                                           57 (77%)
  Lymph node                                                               23 (31%)
  Bone                                                                           25 (34%)
  Brain                                                                             5 (7%) 
  Liver                                                                           11 (15%)
  Nephrectomy                                                              65 (88%)
IMDC criteria                                                                      
  Favorable                                                                    11 (15%)
  Intermediate                                                               44 (59%)
  poor                                                                            19 (26%)
1st line TKI                                                                           
  Sunitinib                                                                     51 (69%)
  Sorafenib                                                                   23 (31%)

RCC: Renal cell carcinoma; IMDC: International Metastatic RCC
Database Consortium.



negative (23). Two pathologists (DT and KS), without knowledge
of the patients’ clinical and pathologic parameters or their
outcomes, independently reviewed immunoreactivity in each
specimen.

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. Sample sizes for
relevant experiments were determined by power analysis. Statistical
differences were evaluated using the two-tailed Student t-test or
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., CA, USA).

Results

Generation of PTEN knockout RCC cell lines. Previously, we
generated PTEN knockout cells by using the PTEN-CRISPR
vector in Caki-1 cells (24). Additionally, we generated PTEN
knockout cells in ACHN and OSRC-2 cells, which are well
established RCC cell lines (25, 26). An initial western
blotting experiment performed before the knockout
experiment showed that PTEN expression was detected in
ACHN and OSRC-2 cells but not in 786-O cells (Figure 1A).
Western blotting after transfection with the PTEN-CRISPR
vector confirmed he loss of PTEN expression in ACHN and
OSRC-2 cells, while the expression of phosphorylated AKT
was upregulated (Figure 1B, C).

Knockout of PTEN promotes spheroid formation in RCC.
Recent studies have shown that PTEN deletion induces
spheroid formation in ovarian and colorectal cancer (27, 28).
Therefore, we analysed the effect of PTEN knockout on
spheroid formation in Caki-1, ACHN, and OSRC-2 cells.
Caki-1 cells did not form spheroids. The size of the
spheroids was larger in ACHN and OSRC-2 cells transfected
with the PTEN-CRISPR vector than in ACHN and OSRC-2
cells transfected with the empty vector (Figure 2A, B).

Knockout of PTEN promoted sunitinib and sorafenib
resistance in RCC. Some studies have shown that spheroid
formation induces drug resistance (29, 30), and recent papers
have indicated that sunitinib is more toxic to cells cultured
in monolayers than in three-dimensional spheroids (31, 32).
Therefore, to examine the effect of PTEN knockout on
sunitinib and sorafenib resistance, we performed MTT assays
to measure cell viability under various concentrations of
sunitinib and sorafenib in Caki-1, ACHN, and OSRC-2 cells
transfected with the empty vector or the PTEN-CRISPR
vector. Previously, we have shown that knockout of PTEN
promoted sunitinib resistance in Caki-1 cells (24). Knockout
of PTEN decreased the sensitivity of ACHN and OSRC-2
cells to sunitinib (Figure 3A, B) and the sensitivity of all
three cell types to sorafenib (Figure 3C-E).

Impact of PTEN on response of sunitinib and sorafenib
treatment in metastatic RCC. We analysed the association
between PTEN expression and therapeutic outcomes in 74
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Figure 1. Generation of PTEN knockout cells in RCC cell lines. (A) Western blot analysis of PTEN and β-actin in ACHN, 786-O, and OSRC-2 cells.
β-actin was used as a loading control. (B, C) Western blot analysis of PTEN, Akt, p-Akt, and β-actin in ACHN and OSRC-2 cells transfected with
PTEN-CRISPR vector or empty vector. β-actin was used as a loading control.



metastatic RCCs treated with sunitinib and sorafenib as first-
line treatment. Negative PTEN expression was found in 17
of 74 (23%) metastatic RCC patients (Figure 4A). Kaplan–
Meier analysis revealed a significant association between
negative PTEN expression and poor progression-free
survival (PFS) in metastatic RCC treated with sunitinib and
sorafenib as first-line treatment (p=0.024) (Figure 4B). We
also analysed the PFS data in patients treated with sunitinib
and sorafenib separately. In the sunitinib group, negative

PTEN expression was significantly associated with poor PFS
(p=0.009) (Figure 4C), whereas in the sorafenib group,
negative PTEN expression was not significantly associated
with poor PFS (p=0.744).

Discussion

PTEN has been reported to antagonize the PI3K/PTEN/AKT
signalling pathway, which plays a crucial role in cell growth,
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Figure 2. PTEN knockout promoted spheroid formation in RCC cell lines. (A, B) The size of the spheres formed in ACHN and OSRC-2 cells
transfected with PTEN-CRISPR vector or empty vector. Bars and error bars indicate the mean and S.D., respectively, of three independent
experiments. Representative images of spheroid formation in ACHN and OSRC-2 cells. *p<0.01.
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Figure 3. The effect of PTEN knockout on sunitinib and sorafenib
sensitivity in RCC cell lines. (A, B) The dose-dependent effects of
sunitinib on the viability of ACHN and OSRC-2 cells transfected with
PTEN-CRISPR vector or empty vector. Bars and error bars indicate the
mean and S.D., respectively, of 3 independent experiments. *p<0.01.
(C, D, E) The dose-dependent effects of sorafenib on the viability of
ACHN, OSRC-2, and Caki-1 cells. Bars and error bars indicate the
mean and S.D., respectively, of three independent experiments. *p<0.01.



differentiation, survival, and drug resistance in RCC (11, 33).
Recent evidence has indicated that PTEN overexpression
overcomes sunitinib resistance in RCC cell lines (34). We have
previously shown that PTEN is involved in sunitinib resistance
in Caki-1 cells (24). In the present study, loss of PTEN
promoted sunitinib resistance in ACHN and OSRC-2 cells.
Several reports have shown that PTEN is involved in sorafenib
resistance in hepatocellular carcinoma (35, 36). However, the
role of PTEN in sorafenib resistance in RCC is not well
understood. In the present study, the loss of PTEN promoted
sorafenib resistance in RCC cell lines. Collectively, these
results indicated that PTEN may be involved in sunitinib and
sorafenib resistance in RCC. Some preclinical studies have

shown that PI3K inhibitors overcome sunitinib and sorafenib
resistance in RCC (34, 37). Although further studies are
necessary, the targeting of PTEN may be a promising strategy
to overcome sunitinib and sorafenib resistance in RCC.

A number of reports have used sequencing and
immunohistochemistry to identify the predictive biomarkers for
TKI treatment (38-40). So far, however, no biomarker has been
firmly established. A recent study has reported that negative
expression of PTEN, determined by immunocytochemistry,
tended to correlate with poor PFS of patients treated with
sunitinib (18). In the present study, immunohistochemistry
showed that negative PTEN expression was associated with
poor PFS in metastatic RCC treated with sunitinib. Meanwhile,

ANTICANCER RESEARCH 40: 1943-1951 (2020)

1948

Figure 4. The expression of PTEN in metastatic renal cell carcinoma (RCC) treated with sunitinib and sorafenib. Immunohistochemical staining of
PTEN in the non-neoplastic kidney and RCC. Left panel: Original magnification, 100×. Right panel: Original magnification, 400×. (B) A Kaplan–
Meier plot of progression-free survival (PFS) in metastatic RCC patients treated with sunitinib and sorafenib (C) A Kaplan–Meier plot of PFS in
metastatic RCC patients treated with sunitinib (D) A Kaplan–Meier plot of PFS in metastatic RCC patients treated with sorafenib.



a recent clinical trial (RECORD-3 trial) has shown that
negative PTEN expression by immunohisto-chemistry was not
associated with therapeutic outcomes sunitinib treatment (41).
These results suggest that the predictive value of PTEN-
regarding the response to sunitinib treatment is controversial.
A recent study showed that the immunohistochemical
evaluation of PTEN has not been sufficiently standardized (42).
In our study, negative PTEN expression was observed in 23%
of metastatic RCC patients. On the other hand, in the
RECORD-3 clinical trial, negative PTEN expression was found
in 53% of metastatic RCC patients. In addition, recent studies
have shown that racial differences may contribute to the
diversity of genomic aberrations including PTEN (43, 44).
These findings help to explain why the predictive value of
PTEN in sunitinib treatment is controversial. However, further
studies are necessary to identify the predictive value of PTEN.

This study has some limitations. First, although we
showed that negative PTEN expression was associated with
sunitinib response in RCC, we used a relatively small sample
size for immunohistochemical staining of PTEN. A
prospective study with a larger number of patients with
metastatic RCC will be necessary to verify the present data.
Second, we used a CRISPR-Cas9 system to examine the
effect of the loss of PTEN in RCC cell lines. To verify the
current findings, we will need to analyse the overexpression
of PTEN in 786-O cells.

In conclusion, the present study showed that knockout of
PTEN induced spheroid formation and promoted sunitinib and
sorafenib resistance in RCC cell lines. Immunohistochemistry
revealed that negative PTEN expression was correlated with a
poor survival outcome of sunitinib treatment. The data
presented here emphasize the great potential of PTEN as a
biomarker and therapeutic target in patients with metastatic
RCC.
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