
Abstract. Background/Aim: Sunitinib continues to be
administered as a first-line therapeutic agent in metastatic
renal cell carcinoma (mRCC). This study aimed to examine
the role of CD44 in sunitinib resistance and as a predictive
marker in mRCC. Materials and Methods: We analyzed the
effect of CD44 knockdown on sunitinib resistance in RCC
cell lines using WST-1 assays. CD44 expression in mRCC
patients treated with first-line sunitinib was determined by
immunohistochemistry. We validated the findings of this
study by in silico analysis. Results: CD44 knockdown
increased sensitivity to sunitinib. Immunohistochemical
analysis revealed that 19 (34.5%) of 55 mRCC cases were
positive for CD44. CD44-positive cases were associated with
poor progression-free survival (PFS) after first-line sunitinib
treatment. In the JAVELIN 101 study, high CD44 expression
was significantly associated with poor PFS after sunitinib
but not after avelumab + axitinib therapy. Conclusion: CD44

is involved in sunitinib resistance and may be a promising
marker for sunitinib treatment in mRCC.

Renal cell carcinoma (RCC) represents approximately 90%
of all renal tumors (1). Radical nephrectomy remains the
standard treatment for patients with localized RCC (2), while
systemic drug therapy is an established treatment for
metastatic RCC (mRCC)  (3). Sunitinib is a multi-targeted
tyrosine kinase inhibitor (TKI) with anti-angiogenic effects
through its blockade of vascular endothelial growth factor
receptor and platelet-derived growth factor receptor (4).
Although immune checkpoint inhibitors have been
introduced, sunitinib treatment is still used as the first-line
therapy in mRCC (5, 6). However, most patients treated with
sunitinib become refractory due to sunitinib resistance (7).
Furthermore, there are few reports regarding biomarkers to
select suitable patients for sunitinib treatment. Therefore,
identifying new molecular mechanisms underlying sunitinib
resistance and a biomarker for sunitinib treatment will greatly
improve outcomes for mRCC patients treated with this drug.

CD44 is a multi-structural and multi-functional
transmembrane glycoprotein and a receptor for hyaluronan
encoded by the CD44 gene (8). CD44 is a cancer stem cell
(CSC) marker that communicates with the microenvironment
and regulates properties of stemness (9). A number of studies
have reported that CD44 is involved in cancer initiation,
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progression, and drug resistance in several cancers (10).
Although some studies have shown that high CD44
expression was associated with poor progression-free
survival (PFS) in mRCC treated with sunitinib (11, 12), the
sample size was small. In this study, we examined the effect
of CD44 knockdown on sunitinib resistance in RCC cell
lines. We investigated the potential role of CD44 as a
predictive marker for sunitinib treatment in mRCC using
immunohistochemical analysis and in silico analysis. We also
analyzed the involvement of CD44 in epithelial to
mesenchymal transition (EMT).

Materials and Methods

Cell lines. The RCC cell lines 786-O, Caki-1, and ACHN were
purchased from the American Type Culture Collection (Manassas, VA,
USA). These cell lines were maintained as described previously (13).
Sunitinib-resistant Caki-1 cells were established by culturing them with
increasing concentrations of sunitinib (1-40 nM) for 6 months (14).

RNA interference. Silencer® Select (Ambion, Austin, TX, USA)
against CD44 was used for RNA interference as described
previously (15). Transfection was performed using Lipofectamine
RNAiMAX (Invitrogen, CA, USA) according to the manufacturer’s
instructions. Cells were used 48 h after transfection.

Western blotting. For western blotting analysis, cells were lysed as
described previously (16). The antibodiy against CD44 (Cell
Signaling Technology, Inc., Danvers, MA, USA) was used at a
1:1000 dilution. β-actin (Sigma-Aldrich, St. Louis, MO, USA) was
detected as a loading control.

Drug treatment. Sunitinib maleate was 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 exposure to sunitinib
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).

Tissue samples. We used 55 metastatic RCC tissue samples (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 (IRB# E912: Hiroshima University, 2019-08: Kure Medical
Center/Chugoku Cancer Center, 01-3-14: Hiroshima City Asa Citizens
Hospital). Written comprehensive approvals for basic or clinical
research were obtained from all 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 (17). Sections were incubated with an antibody
against CD44 (1:100) (DAKO, Glostrup, Denmark) for 1 h at room
temperature. CD44 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 CD44 (according
to the median cut-off values rounded to the nearest 10%). Using
these definitions, 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. The expression array data were downloaded from
Gene Expression Omnibus (GEO) and Array Express under
accession numbers GSE59264 (18), GSE64052 (19), GSE76088
(20), and E-MTAB-3267 (21). Gene expression data from 371
mRCC patients treated with sunitinib and 362 mRCC patients
treated with avelumab+axitinib were downloaded from the
JAVELIN RENAL 101 study by Motzer et al. (22). Gene expression
data from 286 mRCC patients were downloaded from the
checkmate 010-025 study (23). The information about sarcomatoid
changes in the TCGA cohort was downloaded from the study by
Bakouny et al. (24). The UCSC Xena web tool was used to
determine the EMT signature (Table Ⅱ) (25, 26). 

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
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Table Ⅰ. Clinicopathologic characteristics of 55 mRCC patients treated
with sunitinib.

Number of cases                                                                        55
Median age (years)                                                             68 (40-89)
Gender                                                                                          
   Male                                                                                        40
   Female                                                                                    15
Race                                                                                              
   Asian                                                                                       55
Median follow-up periods (months)                                    4 (1-74)
Histology                                                                                      
   Clear cell                                                                                42
   Papillary                                                                                   4
   Chromophobe                                                                          3
   Unclassified                                                                             6
Metastasis sites                                                                            
   Lung                                                                                        43
Lymph node                                                                               20
   Bone                                                                                        17
   Brain                                                                                        5
   Liver                                                                                         7
Nephrectomy                                                                                
   Yes                                                                                          49
   No                                                                                            6
IMDC criteria                                                                              
   Favorable                                                                                 5 
   Intermediate                                                                            32 
   Poor                                                                                         18 
Tumor response                                                                           
   Complete response                                                                  1
   Partial response                                                                       6
   Stable disease                                                                         27
   Progression disease                                                                21

mRCC: Metastatic renal cell carcinoma.



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
CD44 knockdown increased sensitivity to sunitinib in renal
cell carcinoma. We examined CD44 expression and the

efficacy of CD44 knockdown in RCC cell lines. Western
blotting showed that CD44 is expressed in the 786-O,
ACHN, and Caki-1 cells (Figure 1A). We used RNA
interference targeting CD44 in the 786-O, ACHN, and
Caki-1 cells and confirmed the efficiency of CD44
knockdown (Figure 1A). Then, we performed WST-1
assays to measure cell viability in these three cell lines with
knockdown of CD44 under various concentrations of
sunitinib. The WST-1 assays showed that down-regulation
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Table Ⅱ. Epithelial to mesenchymal transition signature.

Gene VIM+CDH2+FOXC2+SNAI1+SNAI2+TWIST1+GSC+FN1+ITBG6+MMP2+MMP3+MMP9+SOX10-CDH1-DSP-TJP1

Figure 1. CD44 knockdown increases sensitivity of renal cell carcinoma cell lines to sunitinib. (A) Western blotting of CD44 in 786-O, ACHN, and
Caki-1 cells transfected with negative control or siRNA targeting CD44. β-actin was used as a loading control. (B-D) Dose-dependent effect of
sunitinib on the viability of 786-O, Caki-1, and ACHN cells transfected with negative control or siRNA targeting CD44. The 50% inhibitory
concentration (IC50) values are indicated. *p<0.05.



of CD44 increased the sensitivity of the RCC cell lines to
sunitinib (Figure 1B-D).

CD44 is over-expressed in sunitinib-resistant status. To verify
whether CD44 is involved in sunitinib resistance, we
investigated the expression of CD44 in parental and sunitinib-
resistant Caki-1 cells. Western blotting showed that CD44
expression was increased in sunitinib-resistant Caki-1 cells
compared with that in parental Caki-1 cells (Figure 2A). We
also found that CD44 expression was increased in sunitinib-
resistant samples compared to untreated samples from public
databases (GSE64052 and GSE76088) (Figure 2B).

Clinical significance of CD44 in response to sunitinib
treatment in mRCC. We performed immunohistochemistry for
CD44 in 55 patients with mRCC (Hiroshima cohort) treated
with sunitinib as first-line treatment to analyze the association
between CD44 expression and therapeutic outcomes. Positive
CD44 expression was found in 19 of the 55 (34.5%) patients
(Figure 3A). The CD44-positive cases were associated with
the unfavorable outcome: stable disease/ progression disease
(p=0.011) (Table Ⅲ). Kaplan–Meier analysis revealed that
the CD44-positive cases treated with sunitinib as first-line
treatment were associated with poor PFS (p=0.023) (Figure
3B). Although the p-value did not reach statistical
significance, high CD44 expression tended to be associated
with poor PFS of patients with mRCC treated with first-line

sunitinib in the public database (E-MTAB-3267) (p=0.128)
(Figure 3C). In the JAVELIN101 study, the PFS of first-line
avelumab+axitinib, and first-line sunitinib were examined in
mRCC (22). High CD44 expression was significantly
associated with poor PFS in mRCC treated with first-line
sunitinib (p=0.018) (Figure 3D). In contrast, high CD44
expression was not associated with poor PFS in mRCC
treated with first-line avelumab+axitinib (Figure 3E). In the
CD44 high group, PFS was significantly longer in patients
with mRCC treated with avelumab+axitinib than in those
treated with sunitinib (Figure 3F). 

CD44 is associated with epithelial to mesenchymal transition
and increased in tissues with sarcomatoid changes. To clarify
the involvement of CD44 in sunitinib resistance, we focused
on epithelial to mesenchymal transition (EMT) because EMT
is reported to be involved in TKI resistance in mRCC (27).
In the JAVELIN 101 study, a moderate correlation between
CD44 expression and EMT signature was found (p<0.001,
R=0.43) (Figure 4A). Then, we analyzed the association
between CD44 and sarcomatoid change in RCC. In the
Hiroshima cohort, CD44 positive cases were associated with
tissue sarcomatoid changes (p=0.050) (Table Ⅳ). In the
public database (GSE59264), CD44 expression was higher in
sarcomatoid components than that in epithelial components
(Figure 4B). Furthermore, in TCGA KIRC and the clinical
study (Checkmate 010, 025), CD44 expression was increased
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Figure 2. CD44 is increased in sunitinib-resistant status. (A) Western blotting for CD44 in parental and sunitinib-resistant Caki-1 cells. β-actin was
used as a loading control. (B) CD44 expression value in untreated and sunitinib-resistant samples from GSE64052 and GSE76088.
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Figure 3. Clinical significance of CD44 in response to sunitinib treatment in metastatic RCC (mRCC). (A) Immunohistochemical staining for CD44
in mRCC. Original magnification: 400×. (B-D) Kaplan–Meier plot of progression-free survival of mRCC patients treated with sunitinib according
to CD44 expression from the Hiroshima cohort, E-MTAB-3267, and the JAVELIN 101 study. (E) Kaplan–Meier plot of progression-free survival of
mRCC patients treated with avelumab+axitinib according to CD44 expression from the JAVELIN 101 study. (F) Kaplan–Meier plot of progression-
free survival of mRCC patients treated with avelumab+axitinib and sunitinib in the CD44 high group from the JAVELIN 101 study.



in the tissues with sarcomatoid changes (Figure 4C). In the
Hiroshima cohort, the patients with sarcomatoid change were
significantly associated with poor PFS in mRCC treated with
first-line sunitinib (p=0.018) (Figure 4D). In the JAVELIN
101 study, a high EMT signature was significantly associated
with poor PFS in mRCC treated with first-line sunitinib
(p=0.007) (Figure 4E).

Discussion

Sunitinib resistance has been reported to be caused by multiple
factors and molecular mechanisms (28, 29). Recent studies have
reported that sunitinib targeted CSCs (30) and inhibited CSC-
dependent tumor vasculogenesis in RCC (31). In breast cancer,
dopamine has been shown to enhance the response to sunitinib
partly through CSCs (32). Furthermore, CD133/CXCR4-
expressing RCC cell lines, which are considered to be CSCs,
showed decreased sensitivity to sunitinib (33). These findings
indicate that CSCs play an essential role in sunitinib resistance.
In the present study, we showed that CD44 knockdown
increased the sensitivity to sunitinib in RCC cell lines. CD44
was upregulated in sunitinib-resistant Caki-1 cells, and this was
also validated in public databases, indicating that CD44 is
involved in sunitinib resistance in RCC. A recent review has
shown that CD44 plays an essential role in EMT (10). In this
study, CD44 expression was positively correlated with EMT
signature in the public database JAVELIN 101. These findings
may help to explain the mechanism through which CD44 is
involved in sunitinib resistance. Although so far, the drug
targeting CD44 has not been clinically utilized, a recent review
reported that preclinical studies targeting CD44 are ongoing in
various cancers (34). Collectively, these findings indicate that
targeting CD44 may be a promising strategy to overcome
sunitinib resistance in mRCC.

Although several biomarkers for sunitinib treatment have
been reported so far (35), clinically relevant biomarkers to
predict sunitinib response in mRCC are lacking. A recent study
showed that high CD44 expression was associated with poor
PFS after sunitinib treatment in RCC (12). In our study, CD44-
positive cases were also associated with poor prognosis after
sunitinib treatment. An ideal predictive biomarker is easily
measured by using immunohistochemistry in a simple,
inexpensive, and reliable way. Moreover, tumor tissue is
routinely available for immunohistochemical analysis because
patients with mRCC are usually treated by partial or radical
nephrectomy. Of note, our findings were validated in the public
database JAVELIN 101, which is a relatively large cohort. We
also showed that high CD44 expression was not associated
with PFS after avelumab + axitinib, but was significantly
associated with poor PFS after sunitinib in the JAVELIN 101
study. A recent report has shown that ICI-based treatment
improved efficacy versus sunitinib in patients with sarcomatoid
changes (36). In our study, immunohistochemistry showed that

CD44 positive cases were associated with patients with
sarcomatoid changes, which was validated by in silico analysis.
Collectively, these results suggest that CD44 may serve as a
potential biomarker for drug selection.

There are some limitations in this study. First, we
performed immunohistochemical analysis of CD44 expression
using a relatively small sample size. Therefore, a study with
a larger number of patients with mRCC will be necessary to
verify the present findings. Second, CD44 has variant isoforms
(37). In this study, we focused only on the standard form of
CD44. In the future, we will analyze the involvement of
variant forms of CD44 involved in sunitinib resistance.

In summary, our results showed that CD44 was involved
in sunitinib resistance in RCC cell lines. The CD44-positive
cases were associated with poor prognosis after sunitinib
treatment, which was validated in public databases. CD44
expression was correlated with EMT signature and increased
in patients with sarcomatoid changes. The data presented
here highlight the potential of CD44 as a predictive marker
and therapeutic target in patients with mRCC.
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Table III. Relationship between CD44 expression and tumor response
in metastatic renal cell carcinoma treated with first line sunitinib.

                                                CD44 expression                           p-Valuea

                             Positive (n=19) (%)     Negative (n=36) (%)            

CR/PR (n=7)                 0 (0%)                        7 (100%)                     
SD/PD (n=48)             19 (43%)                      29 (57%)                0.011

CR: Complete response; PR: partial response; SD: stable disease; PD:
progressive disease. ap-Values were calculated with Fisher’s exact test.

Table IV. Relationship between CD44 expression and sarcomatoid
change in 55 metastatic renal cell carcinomas treated with first line
sunitinib.

                                                CD44 expression                           p-Valuea

                            Positive (n=19) (%)     Negative (n=36) (%)           

Sarcomatoid 
change
  Negative                   12 (28%)                      31 (72%)                     
  n=43
  Positive                     7 (58%)                        5 (42%)                 0.050
  n=12

ap-Values were calculated with Fisher’s exact test.
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Figure 4. CD44 is associated with epithelial to mesenchymal transition and increased in tissues with sarcomatoid changes. (A) The correlation
between the expression of CD44 and epithelial-to-mesenchymal transition (EMT) signature in the JAVELIN 101 study. Spearman’s correlation
coefficients and p-Values are indicated. (B) CD44 expression value in epithelial and sarcomatoid samples from GSE59264. (C) CD44 expression
value in untreated and sunitinib-resistant samples from GSE64052.
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