
Abstract. Background/Aim: Copper metabolism MURR1
domain-containing 5 (COMMD5) is mainly expressed in renal
tubules (RTs), where it facilitates re-differentiation of injured
RTs. We reported that COMMD5 regulates the expression of
epidermal growth factor receptor by participating in its
endocytic membrane trafficking, thus inhibiting tumor growth.
Here we aimed to determine the role of COMMD5 in malignant
phenotypes of renal cell carcinoma (RCC). Materials and
Methods: The associations between COMMD5 levels in RTs
adjacent to RCC tumors in patients and their clinicopathologic
characteristics were evaluated, and the effects of COMMD5 on
cancer stemness in RCC cells were investigated. Results: Low
COMMD5 levels in RTs correlated with high tumorigenesis and
poor patient outcomes. COMMD5 overexpression in RCC cells
reduced the proportion of cancer stem cell-like cells and their
malignant phenotypes, including proliferation, invasion and
sphere formation. Secreted COMMD5 from RT cells also
reduced malignant phenotypes. Conclusion: COMMD5 might
suppress malignant phenotypes of RCC, thus inhibiting tumor
development and improving patient prognosis.

Copper metabolism MURR1 domain-containing 5 (COMMD5),
also known as hypertension-related, calcium-regulated gene, is
characterized by a conserved COMM domain at its carboxy-
terminal end (1). Its expression is higher in the parathyroid and
kidney of spontaneously hypertensive rats than in normotensive
rats (2). Functional studies indicated that COMMD5
overexpression in kidney cells facilitates their differentiation,
with a lower proliferative capacity (3). Overexpression of
COMMD5 in proximal renal tubules (RTs) of mice accelerated
tubular repair after acute kidney injury by facilitating re-
differentiation of injured RT cells through the induction of
P21CIP1/WAF1 via a p53-independent pathway, resulting in faster
recovery of renal function and a superior survival rate (4).

Cancer afflicted about 18.1 million new patients worldwide
in 2018 and accounted for nearly 9.6 million related deaths
(5). Cancer morbidity and mortality are rapidly growing in
every region of the world. The high mortality rate often
correlates with a lack of clear symptoms, which results in late
diagnosis for patients and the development of cancer resistant
to chemotherapy and radiotherapy. Recent progress in cancer
research has revealed that the presence of cancer stem cells
(CSCs) is pivotal for the development of malignant
phenotypes of various cancer types, including invasion,
metastasis, recurrence and resistance to therapy (6-8). CSCs
are small populations of cells that have the potential to
reproduce and sustain cancer and the abilities of multiple
differentiation and self-renewal (9, 10).

Malignant kidney cancers afflict about 350,000 new
patients worldwide, and the incidence of renal cell carcinoma
(RCC) is increasing annually (11, 12). Advanced kidney
cancer in adults is resistant to conventional chemotherapy
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and radiotherapy (13). In recent years, CSC-like cells have
been identified in human RCC cell lines and renal carcinoma
specimens (14). These cells are characterized by rapid
proliferation, self-renewal capability, multiple differentiation,
resistance to chemotherapy and radiotherapy, and tumor
formation ability (15). We initially showed that COMMD5
levels were lower in different cancer cell lines from
glioblastoma, a partly differentiated RCC and a moderately
differentiated hepatocellular tumor, than in the corresponding
normal cells (2). In addition, COMMD5 overexpression in
murine renal cancer cells inhibited their proliferation and in
vivo tumor formation (16). Moreover, COMMD5 is
frequently underexpressed, not only in specimens of human
clear-cell RCC (ccRCC) but also in non-tumorous tubules
adjacent to ccRCCs of large size in patients.

We hypothesized that a low level of COMMD5 expression
in the kidneys would contribute to the transformation of
precancerous cells into CSCs and augment malignant
phenotypes in RCC. In the present study, we examined the
associations between COMMD5 expression level in the
kidneys and clinicopathological characteristics of ccRCC.
We next investigated the effects of COMMD5 on CSCs in a
human RCC cell line. This study allowed us to determine the
expression and clinical relevance of COMMD5 in patients
with RCC.

Materials and Methods

Patients and samples. This study received the approval of the
Examination Committee for Clinical Research of Nihon University
Itabashi Hospital (RK-131213-9). Patients with ccRCC who
underwent surgery at Nihon University Itabashi Hospital (Tokyo,
Japan) from 1997 to 2006 were enrolled. All patients provided
written informed consent prior to surgery. The samples were
collected from the archives of the Department of Pathology of
Nihon University. Clinical characteristics, such as age, sex and
serum creatinine level, were obtained from the electronic records.
Tumor size was based on the longest diameter of pathological
specimens. Kaplan–Meier curves were generated for determining
overall, metastasis- and recurrence-free survival, defined as the
interval between primary resection and death from disease, disease
metastasis and recurrence or the last follow-up date, respectively,
were compared using the log-rank test.

For immunohistochemical staining of COMMD5, tissue sections
including ccRCC and renal cortex were incubated with anti-
COMMD5 (Proteintech Group Inc., Chicago, IL, USA) overnight
as described previously (4), followed by visualization using a Cell
and Tissue Staining kit (R&D Systems, Minneapolis, MN, USA) in
accordance with the manufacturer’s recommendations. Finally,
sections were counterstained with Mayer’s hematoxylin. All slides
were reviewed by a pathologist blinded to the experimental groups.
The COMMD5 staining index of RTs was calculated as the product
of the staining intensity multiplied by the percentage of positively
stained area, producing an index ranging from 1 to 4. Patients were
then divided into groups with low (index 1 of and 2) and high
(index of 3 and 4) COMMD5 expression.

Stable transfection and cell culture. Human RCC23 cells were a gift
from Dr. Kyoko Fujiwara (Nihon University School of Dentistry,
Tokyo, Japan); HK-2, RT epithelial cell line from normal adult
human kidney, and TCMK-1 mouse kidney epithelial cells were
obtained from the American Type Culture Collection (Rockville,
MD, USA). Both the RCC23 and TCMK-1 cell lines were
transfected with control plasmid (pcDNA/Neo1; Thermo Fisher
Scientific, Waltham, MA, USA) or plasmid encoding rat COMMD5
using Attractene transfection reagent (Qiagen, Valencia, CA, USA)
following the manufacturer’s protocol (16). Transfected cells were
first selected in medium containing G418 (Merck Millipore,
Billerica, MA, USA). After isolation of single clones, the cells were
grown in Roswell Park Memorial Institute (RPMI)-1640 medium
(Sigma-Aldrich, St. Louis, MO, USA) or Dulbecco’s modified
Eagle’s medium/nutrient mixture F-12 (Sigma-Aldrich).

siRNA knockdown. Commd5 was knocked down with small
interfering RNA (siRNA) targeting a human COMMD5 sequence
(siCOMMD5; Thermo Fisher Scientific). Wild-type (WT)-RCC23
cells and WT-HK-2 cells were transfected with 25 nM of non-target
control siRNA (siNC; Thermo Fisher Scientific) or siCOMMD5
with HiPerFect transfection reagent (Qiagen), according to the
manufacturer’s instructions. At 48 h after transfection, the cells were
harvested, and knockdown efficacy was assessed by real-time
polymerase chain reaction (PCR) and western blot.

mRNA quantification and expression. Total RNA was isolated from
RCC23 cells stably transfected with control plasmid (Neo-RCC23) or
an expression plasmid containing rat Commd5 cDNA (COMMD5-
RCC23), and WT-RCC23 cells transfected with siCOMMD5
(siCOMMD5-RCC23) or siNC (siNC-RCC23) with TRIzol reagent
(Thermo Fisher Scientific), according to the manufacturer’s
instructions. Isolated total RNA was reverse-transcribed as described
previously (4). Real-time quantitative PCR was performed with
diluted cDNA using designed TaqMan probes (Thermo Fisher
Scientific) according to the manufacturer’s instructions. Real-time
PCR data were analyzed with standard curves and normalized to
those of glyceraldehyde-3-phosphate dehydrogenase with its specific
primer sets (5’ and 3’ primers: 5’-TGCACCACCAACTGCTTAGC-
3’ and 5’-GGCATGGACTGTGGTCATGAG-3’) as described
previously (4, 17). Correlation coefficients for each standard curves
all exceeded 0.95.

Western blot. Cultured cells and acetone-precipitated supernatants
were lysed in a modified radioimmunoprecipitation assay protein
extraction buffer as described previously (4). Each sample was
applied equally to 12% polyacrylamide gels and transblotted to
polyvinylidene difluoride membranes (GE Healthcare, Uppsala,
Sweden). After blocking, samples were incubated with primary
antibodies to β-actin, glyceraldehyde 3-phosphate dehydrogenase
(Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) and
COMMD5 overnight, followed by incubation with secondary
horseradish peroxidase-conjugated antibodies (Santa Cruz
Biotechnology, Inc.). Immunocomplexes were visualized by the
western blot and chemiluminescence imaging system FUSION Solo
S (VILBER, Collégien, France).

Cell proliferation assay. Neo- or COMMD5-RCC23 cells, and
siNC- or siCOMMD5-RCC23 cells were seeded onto 96-well
microliter plates. After 24 h of serum starvation, cell proliferation
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was measured with PrestoBlue Cell Viability Reagent (Thermo
Fisher Scientific) according to the manufacturer’s recommendations.
The fluorescent signal was measured (excitation 530 nm and
emission 570 nm) using a Multilabel counter 1420 Victor3 V (Perkin
Elmer, Wellesley, MA, USA).

Cell invasion assay. The effect of COMMD5 on tumor cell
invasiveness was assessed by measuring cell invasion with a
CytoSelect™ 96-well cell invasion assay kit (Cell Biolabs, Inc., San
Diego, CA, USA) in accordance with the manufacturer’s
instructions. Briefly, a suspension of 15×105 Neo- and COMMD5-
RCC23 cells in 100 μl of serum-free RPMI medium or a suspension
of 15×105 WT-RCC23 in 100 μl of cell-culture supernatants from
Neo- and COMMD5-TCMK-1 cells were placed on top of the
basement membrane matrix inside the upper chamber and were
allowed to invade towards 10% fetal bovine serum through the
matrix and adhere to the bottom membrane of the insert. After 24
h, non-invading cells were removed from the upper chamber, and
invading cells on the bottom of the invasion membrane were lysed
and quantified using CyQuant® GR fluorescent dye in a microplate
reader at a wavelength of 480 nm.

Sphere-formation assay. Neo- and COMMD5-RCC23 cells, or WT-
RCC23 cells were suspended and incubated in serum-free RPMI-
1640 medium or serum-free cell-culture supernatants from Neo- and
COMMD5-TCMK-1 cells supplemented with 10 ng/ml of basic
fibroblast growth factor (Sigma-Aldrich) and epidermal growth
factor (Sigma-Aldrich) at a cell density of 1.5×104 cells per well in
ultralow-attachment 6-well plates (Greiner Bio-One International
GmbH, Kremsmunster, Austria). WT-RCC23 cells were harvested
48 h after transfection of siNC or siCOMMD5 then the cells were
seeded at a cell density of 1.5×104 cells per well onto 6-well plates.
After 14 days, cell spheres of diameter greater than 500 μm in each
well were counted using a microscope (Olympus IX73; Olympus,
Tokyo, Japan) directly on the plate.

Analysis of aldehyde dehydrogenase (ALDH) activity. An
ALDEFLUOR™ Kit (STEMCELL Technologies Inc., Vancouver,
BC, Canada) was used to detect cells expressing high levels of
ALDH (18). In brief, 1.0×106 Neo- and COMMD5-RCC23 cells
were resuspended in 1 ml of ALDEFLUOR™ assay buffer
containing 5 μl of activated ALDEFLUOR™ reagent. As a negative
control for each sample of cells, 500 μl of the cell suspension was
immediately transferred to another tube supplemented with 5 μl of
ALDEFLUOR™ diethylaminobenzaldehyde reagent, a potent
inhibitor of cytosolic ALDH1. After incubation at 37˚C for 30 min,
ALDH-positive Neo- and COMMD5-RCC23 cells were analyzed by
flow cytometry.

Statistical analysis. Values are reported as mean±standard error of
the mean. Values and percentages between groups were analyzed by
Student t-test, multiple logistic regression analysis or univariate Cox
proportional-hazards analysis. A value of p<0.05 was considered to
be statistically significant. All analyses were performed using JMP
software v14 (SAS Institute Inc., Cary, NC, USA).

Results
Low COMMD5 expression is associated with ccRCC
progression. Tumor size at the time of surgery is one of the
prognostic predictors of ccRCC, hence we first divided
patients into two groups according to tumor size (≤40 mm
and >40 mm) and the correlation of tumor size with survival
was analyzed. The data regarding 117 patients with ccRCCs
are shown Table I. Figure 1A illustrates the metastasis- and
recurrence-free survival curves during 5 years of follow-up
according to tumor size. A ccRCC tumor size larger than 40

Ikeda et al: The Effects of COMMD5 on Cancer Stemness of RCC

2807

Table I. Multivariate logistic analysis of factors associated with large
tumor size (>40 mm).

Variable                                 No. of cases       OR (95% CI)         p-Value

Age
  >50 Years                                   98             0.66 (0.21-2.04)        0.47
  ≤50 Years                                   19             1                                   
Sex
  Female                                       34             3.08 (1.19-7.95)        0.02
  Male                                           83             1                                   
Creatinine level
  Abnormal                                   25             2.41 (0.87-6.71)        0.091
  Normal                                       92                                                 
Fuhrman grade
  >2                                               10           10.6 (1.18-95.2)          0.035
  ≤2                                             107             1                                   
COMMD5 in normal RTs
  Low                                            65             2.8 (1.22-6.44)          0.02
  High                                           52             1
  
CI: Confidence interval; COMMD5: copper metabolism MURR1
domain-containing 5; OR: odds ratio; RTs: renal tubules. Significant p-
Values are shown in bold.

Table II. Univariate Cox proportional-hazards analysis of factors
associated with metastasis and recurrence.

Variable                                                  HR (95% CI)                 p-Value

Age
   >50 Years                                          0.69 (0.28-1.69)                0.412
   ≤50 Years                                          1                                          
Sex
   Female                                              2.21 (1.06-4.60)                0.033
   Male                                                  1                                          
Creatinine level
   Abnormal                                          1.23 (0.53-2.88)                0.634
   Normal                                              1                                          
Fuhrman grade
   >2                                                      2.53 (0.96-6.63)                0.06
   ≤2                                                      1                                          
Tumor size
   >40 mm                                          10.25 (3.10-33.92)           <0.0001
   ≤40 mm                                             1                                          
COMMD5 in normal RTs
   Low                                                   2.29 (1.01-5.18)                0.046
   High                                                  1                                          

CI: Confidence interval; COMMD5: copper metabolism MURR1
domain-containing 5; HR: hazard ratio; RTs: renal tubules. Significant
p-Values are shown in bold.



mm was significantly (p<0.0001) associated with worse
clinical outcome.

Next, we immunohistochemically examined COMMD5
expression in human ccRCCs and adjacent non-neoplastic
kidney tissue from 117 patients. Patients were then divided
into two groups according to the intensity of COMMD5
staining in RTs adjacent to ccRCC. In the group with high
COMMD5 expression, COMMD5 expression was much lower
in ccRCCs than in their paired RTs (Figure 1B). The mean
tumor diameter was significantly (p=0.0205) smaller when
COMMD5 expression level was high in adjacent non-
neoplastic kidney tissue than when COMMD5 expression
level was low (42.9±3.2 mm and 54.0±3.3 mm, respectively)
(16). In addition, multivariate analysis indicated that
COMMD5 expression in adjacent non-neoplastic kidney tissue
was related to an increased risk of large tumor size (Table I).

In the group with low COMMD5 expression, 21 out of 65
patients were diagnosed as having tumor metastasis or
recurrence, whereas in that with high COMMD5 expression,
only eight out of 52 patients developed tumor metastasis or
recurrence within 5 years after surgery. As the number of
cases in this study was small, we used a univariate Cox
proportional-hazards model to estimate the relative hazard of
the metastasis- and recurrence-associated prognostic factors.
In this univariate analysis, three factors were significantly
related to tumor metastasis and recurrence: Sex, tumor size
and COMMD5 expression in normal RTs (Table II). In
addition, a Kaplan–Meier plot showed that a low COMMD5
level in normal RTs was significantly (p=0.0389) associated
with poor metastasis- and recurrence-free survival (Figure
1A) (16). Thus, low COMMD5 expression in normal RTs
might be a risk factor for tumor growth, metastasis and
recurrence in ccRCC.

COMMD5 inhibits tumor cell proliferation. To test whether
COMMD5 inhibits tumor growth of ccRCCs, we first
evaluated the impact of its overexpression in human RCC23
cells. The cells were stably transfected with control plasmid
(Neo-RCC23) or an expression plasmid containing rat
Commd5 cDNA (COMMD5-RCC23) as described previously
(16). As expected, exogenous expression of rat Commd5
mRNA was detected only in the COMMD5-RCC23 cells,
whereas endogenous expression of human COMMD5 mRNA
was not different between the Neo- and COMMD5-RCC23
cells (Figure 2A). The total COMMD5 protein level was
higher in stably transfected COMMD5-RCC23 cells than in
Neo-RCC23 cells (Figure 2B). COMMD5 overexpression
significantly inhibited proliferation of RCC23 cells (Figure
2C) as we previously reported for other cancer cell types (16).

We then tested the effect of loss of COMMD5 expression
on the growth of RCC cells by using specific siRNA. The
mRNA and protein levels of COMMD5 were drastically
reduced after treatment with siCOMMD5, indicating its

successful gene silencing (Figure 3A and B). Loss of
COMMD5 expression by siRNA resulted in a significant
increase of cell proliferation in RCC23 cells after 24 h
compared with the cells treated with non-targeted control
siRNA (Figure 3C).

COMMD5 inhibits cancer stemness. To explore the
possibility that COMMD5 might reduce the malignant
phenotype of RCC cells, we performed a sphere colony-
formation assay, which is commonly used to identify CSCs
(19). As shown in Figure 4A, overexpression of COMMD5
significantly reduced the number of cell spheres compared
with Neo-control cells 14 days after culture, while loss of
COMMD5 expression enhanced the spheroid production of
RCC23 cells (Figure 4B).

ALDHs are enzymes that participate in cellular
homeostasis through the reaction of aldehyde detoxification.
Recent evidence suggests that high ALDH1 enzyme activity
as measured by the ALDEFLUOR assay is associated with
increased drug resistance, metastasis and self-renewal of
CSCs in various cancer types, including RCC (14, 20). A shift
to the right of the fluorogram, indicative of an ALDH-positive
population, was detected by ALDEFLUOR assay in Neo-
RCC23 cells but not in COMMD5-RCC23 cells (Figure 4C).

To assess the impact of COMMD5 on tumor cell
invasiveness, a suspension of Neo- and COMMD5-RCC23
cells was deposited on top of a basement membrane matrix.
After 24 h, cells that had invaded through the matrix were
lysed and quantified, showing that COMMD5
overexpression significantly inhibited tumor cell invasion
(Figure 4D). Overall, our results demonstrate that COMMD5
suppressed the cancer-related phenotype of RCC cells.

Secretory COMMD5 inhibits cancer stemness. We previously
reported that COMMD5 protein is secreted from cells into
the culture medium (16). Here, we show that secretion of
COMMD5 protein was higher in the cell-culture supernatant
of COMMD5-overexpressing mouse kidney epithelial
TCMK-1 (COMMD5-TCMK-1) cells than that of control
Neo-TCMK-1 cells (Figure 5A, left panel). Human kidney
epithelial HK-2 cells also secreted endogenous COMMD5 in
the culture medium, and levels of both intracellular and
secreted COMMD5 protein were reduced by siCOMMD5 in
HK-2 cells (Figure 5A, right panel).

The culture medium of HK-2 cells under the treatment of
siCOMMD5 might contain siRNA against human
COMMD5, hence cell-culture supernatant of COMMD5-
TCMK-1 or Neo-TCMK-1 cells was used to avoid the effect
of loss of COMMD5 by siCOMMD5 on WT-RCC23 cells in
the subsequent experiments. The cell-culture supernatant of
COMMD5-TCMK-1 cells (containing more COMMD5)
inhibited proliferation of WT-RCC23 cells compared with
cells incubated with cell-culture supernatant of Neo-TCMK-
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1 cells (Figure 5B). When the suspensions of WT-RCC23
cells in the serum-free supernatant from COMMD5- or Neo-
TCMK-1 cells were placed on top of the basement
membrane matrix, we noted after 24 h that the number of
invading cells arising from incubation in the supernatant
from COMMD5-TCMK-1 cells were significantly reduced
compared with cells incubated in the supernatant from Neo-
TCMK-1 (Figure 5C), suggesting that secreted COMMD5
inhibits tumor cell invasion. As expected, supernatant from

COMMD5-TCMK-1 cells inhibited sphere formation
compared with that from Neo-TCMK-1 cells 14 days after
culture (Figure 5D).

Discussion

The incidence of kidney cancer is on the rise globally, and
RCC remains one of the most lethal urological malignancies,
despite improvements in its diagnosis and management (12,
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Figure 1. A: 5-Year metastasis and recurrence-free survival curves of patients with clear-cell renal cell carcinoma (ccRCC) according to tumor size
(left) and expression of copper metabolism MURR1 domain-containing 5 (COMMD5) in non-neoplastic renal tubules. Small tumor size (≤40 mm),
and high COMMD5 level were associated with significantly better prognosis. B: Representative immunohistochemical staining of COMMD5 was
performed on sections that included not only ccRCC but also normal kidney tissue adjacent to tumor. Examples of high (left) and low (right)
expression of COMMD5 in non-neoplastic kidney tissues the adjacent to ccRCC. Scale bar=100 μm.



21). Moreover, RCC incidence rates are higher in rapidly
developing countries, and this may be partly attributable to
increases in the prevalence of obesity, hypertension and
chronic kidney disease (12, 21, 22). Hypertension is not only
a well-established risk factor for the progression of renal
failure but also increases the risk for RCC (23-28). We
initially identified that COMMD5 was more highly expressed
in the kidneys of hypertensive rats and facilitated repair of
RTs after ischemic reperfusion injury (2, 4). Here we found
that COMMD5 expression was suppressed in ccRCC
specimens compared with adjacent kidney tissues. Tumor size
at the time of surgery is one of the prognostic predictors of
ccRCC, and nephron-sparing treatments for patients with
stage T1a (40 mm or smaller lesions) are effective for
preserving renal function (29, 30). Our univariate analysis
showed that tumor size was a significant risk factor for
metastasis and recurrence within 5 years after surgery, and
the Kaplan–Meier plot indicated that a tumor size above 40

mm was significantly associated with poor metastasis- and
recurrence-free survival. Despite the small sample size, our
multivariate analysis showed that low COMMD5 expression
in normal RTs was an independent risk factor for large tumor
size compared with its high expression. Moreover, low
COMMD5 expression was also a predictor for metastasis and
recurrence in the univariate analysis. Based on the above
findings, COMMD5 expression in the kidney might be
effective in preventing tumorigenesis in ccRCC. Additional
studies with an increased number of participants should be
able to confirm or clarify the prognostic significance of the
loss of COMMD5 in relation to ccRCC recurrence.

We previously reported that COMMD5 overexpression in
murine renal cancer cells inhibited tumor growth and
vascularization in a homograft tumor model (16). In the
present study, we observed that both intracellular and secreted
COMMD5 inhibited proliferation of human RCC23 cells,
whereas loss of COMMD5 stimulated RCC23 cell
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Figure 2. Copper metabolism MURR1 domain-containing 5 (COMMD5) overexpression inhibits proliferation of renal cell carcinoma (RCC) cells.
A: Real-time polymerase chain reaction analysis of exogenous rat and endogenous human COMMD5 mRNA in RCC23 clones. In each experiment,
expression levels were normalized to those of glyceraldehyde 3-phosphate dehydrogenase (GAPDH) mRNA. Exogenous COMMD5 was expressed
only in COMMD5-RCC23 cells. The endogenous level of COMMD5 did not differ between Neo-control RCC23 cells and COMMD5-RCC23 cells.
B: Total COMMD5 protein levels revealed by western blot were higher in COMMD5-RCC23 cells than in Neo-control cells. C: Growth curves of
RCC23 clones. COMMD5-RCC23 cells proliferated less than Neo-RCC23 control cells. Values are the mean±standard error of the mean (n=6).
†Significantly different at p<0.0001.



proliferation. We have reported that mechanistically,
COMMD5 binds to endosomal RAS oncogene family
member RAB5A and mediates epidermal growth factor
receptor transport to sorting endosomes via the organization
of actin and microtubule networks through RhoA signaling
(31). Consequently, COMMD5 promotes de-phosphorylation
of the erb-b2 receptor tyrosine kinase family, thus inactivating
the phosphatidylinositol 3-kinase/protein kinase B signaling
pathways which facilitate tumor cell proliferation (16).

RCC is the most common subtype of kidney cancer, and
advanced RCC and metastatic RCC are resistant to
conventional therapies, including chemotherapy and
radiotherapy (32, 33). It was recently hypothesized that
CSCs mediate resistance to most therapies, facilitate tumor
metastasis and recurrence due to their ability for self-renew,
and differentiate into heterogeneous cell types of the original
tumor (7, 10, 34, 35). Renal CSCs have been identified and
isolated from human RCCs by a specific marker of
mesenchymal stem cells (36). CD105+ cells derived from
RCCs were enriched in tumor-initiating stem cells that
expressed stem cell markers. Renal CSCs have been
frequently identified by use of stem cell markers such as

CD133 and CD44 (19, 37) and by use of several functional
methods including the sphere-formation assay and ALDH
activity (15, 38-40). However, there are contradicting reports
on CSC markers and functional analysis. For example,
CD133 expression was not restricted to CSCs of metastatic
colon cancer (41), and side-population cells of
gastrointestinal cancer were not enriched in CSCs (42). We
examined the protein expression of several CSC markers in
RCC23 cells, however, CD44+ or CD133+ RCC23 cells were
not detected by flow cytometry. We therefore performed
several types of functional analysis to assess the effects of
COMMD5 on CSC-like properties of cells in italics studies.
COMMD5 reduced the RCC23 cell population with high
ALDH1 enzyme activity. High ALDH1 activity was shown
to result in higher tumorigenicity and greater sphere-forming
ability and invasive capability in several cancer types (43).
As expected, our study showed COMMD5 reduced the
invasiveness and sphere-forming ability of RCC23 cells. In
addition, COMMD5 secreted from RT cells also reduced
their CSC-like properties.

This study investigated the relationship between
COMMD5 and tumor progression in patients with ccRCC.
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Figure 3. Loss of expression of copper metabolism MURR1 domain-containing 5 (COMMD5) facilitates renal cell carcinoma (RCC) cell
proliferation. A: Real-time polymerase chain reaction analysis of endogenous human COMMD5 mRNA in RCC23 clones with the treatment of non-
target siRNA (siNC) or siRNA targeting COMMD5 sequence (siCOMMD5). Expression levels were normalized to those of glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) mRNA levels. siCOMMD5 treatment reduced the mRNA level of COMMD5 by 80% compared with siNC-RCC23
control cells. B: COMMD5 protein levels revealed by western blot were lower in siCOMMD5-RCC23 cells than in siNC-RCC23 cells. C: Growth
curves of RCC23 cells under treatment with siNC or siCOMMD5. siCOMMD5-RCC23 cells proliferated more than siNC-RCC23 cells. Values are
the mean±standard error of the mean (n=6). Significantly different at: *p<0.05, ***p<0.0005 and †p<0.0001.



The results suggest that loss of COMMD5 in normal RTs
might result in greater tumorigenicity, thus leading to poor
clinical outcome. We also found that not only intracellular
COMMD5, but also COMMD5 secreted from RT cells
reduced malignant behaviors such as proliferation, invasion
and sphere formation by RCC cells. Our results show that

COMMD5 might represent a promising therapeutic target for
malignant RCC to improve patient outcomes.
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Figure 4. Copper metabolism MURR1 domain-containing 5 (COMMD5) inhibited cancer stemness of renal cell carcinoma (RCC) cells. Neo- and
COMMD5-RCC23 cells (A) and cells transfected with non-target siRNA (siNC) or siRNA targeting COMMD5 sequence (siCOMMD5) (B) were
incubated in a floating condition. Cell spheres of diameter greater than 500 μm were counted after 14 days. COMMD5 significantly inhibited sphere
formation by RCC23 cells. Scale bar=500 μm. C: ALDEFLOUOR assay of Neo- and COMMD5-RCC23 cells. The presence of aldehyde
dehydrogenase (ALDH)-positive cells was indicated by a shift to the right compared with the negative control (gray line) Neo-RCC23 cells. Absence
of ALDH activity was indicated by no shift to the right in COMMD5-RCC23 cells. Diethylaminobenzaldehyde, an ALDH-specific inhibitor, was
used as the negative control. D: Cells were plated onto a basement membrane matrix and allowed to invade. After 24 h, cells that had invaded
through the matrix were quantified, showing that COMMD5 overexpression inhibited invasion by RCC23 cells. Values are the mean±standard error
of the mean (n=6). Significantly different at: *p<0.05 and †p<0.01.
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Figure 5. Secreted copper metabolism MURR1 domain-containing 5 (COMMD5) inhibited stemness of renal cell carcinoma (RCC) cells. COMMD5
was secreted from renal tubular cells. A: Total COMMD5 protein levels in cell lysates (upper panel) and acetone-precipitated supernatants of culture
media (lower panel) from mouse kidney epithelial cells. Left: As revealed by western blot, COMMD5 protein levels were higher in COMMD5-
TCMK-1 cells than in Neo-TCMK-1 cells.  Right: COMMD5 protein levels in cell lysates and their supernatants from human renal tubular epithelial
cells. Protein levels in HK-2 cells after treatment with non-target siRNA (siNC) or siRNA targeting COMMD5 sequence (siCOMMD5) were lower
in siCOMMD5-HK-2 cells than in siNC-HK-2 control cells. COMMD5 protein from siCOMMD5-HK-2 cells was secreted in much smaller amounts
than conventional COMMD5. B: Growth curve of WT-RCC23 cells incubated with the supernatant from Neo-TCMK-1 cells or COMMD5-TCMK-
1 cells. Cell proliferation was inhibited in wild-type (WT)-RCC23 cells incubated with the supernatant from COMMD5-TCMK-1 cells compared
with cells incubated with the supernatant from Neo-TCMK-1 cells. C: WT-RCC23 cells were plated onto a basement membrane matrix and incubated
in supernatant from Neo- or COMMD5-TCMK-1 cells. After 24 h, cells that had invaded through the matrix were quantified, showing that secreted
COMMD5 inhibited invasion by WT-RCC23 cells. D: WT-RCC23 cells were incubated with supernatant from Neo- or COMMD5-TCMK-1 cells for
14 days. Cell spheres of diameter greater than 500 μm were counted under the floating condition. Secreted COMMD5 significantly inhibited sphere
formation by WT-RCC23 cells. Scale bar=500 μm. Values are the mean±standard error of the mean (n=6). *Significantly different at p<0.05.
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