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Background: Acidic extracellular pH is a major feature of tumor tissue. Acid-sensing ion
channels (ASICs) represent an H*-gated subgroup of the degenerin/epithelial Na* channel
family and are activated by acidic microenvironment. Little is known about the expression and
clinical significance of ASICs in solid tumors. The purpose of this study was to examine the
expression of ASIC1 in human clear cell renal cell carcinoma (CCRCC) and to determine if
the expression of ASIC1 is associated with clinicopathological features.

Methods: The expression of ASIC1 in CCRCC tissues at the mRNA and protein levels was
determined by real-time quantitative polymerase chain reaction and Western blot analysis,
respectively. A tissue microarray was used to assess the expression of ASIC1 protein in tumor
tissue and matched adjacent normal tissues from 75 patients with CCRCC.

Results: ASIC1 expression was detected in normal renal and CCRCC samples. The expressions
of ASIC1 protein and mRNA were significantly decreased in the CCRCC tissues compared
with matched normal renal tissues (P<<0.05). The staining density measurement showed that
the expression of ASIC1 was significantly decreased in stage I (P=0.037), stage II (P=0.026),
and stage III (P=0.026), grades I-II CCRCC (P=0.004), and CCRCC from male patients
(P=0.00002). However, no significant difference was observed for ASIC1 expression between
CCRCC and normal tissue in patients with stage IV CCRCC (P=0.236), patients with grades
HI-IV CCRCC (P=0.314), and female patients (P=0.095). Spearman correlations demonstrated
that ASIC1 expression did not correlate to tumor stage (correlation coefficient [CC =0.168],
P=0.149) and the age of patients (CC —0.147, P=0.688) but showed a positive correlation to
higher tumor grades (CC =0.270, P=0.018).

Conclusion: ASICI is downregulated in CCRCC. ASIC1 expression may be potentially used
as a novel biomarker and even a CCRCC therapeutic target. Further efforts will be made to
clarify the mechanism of ASIC1 in occurrence, progression, and metastasis of CCRCC.
Keywords: ASIC1, biomarkers, clear cell renal cell carcinoma

Introduction

Renal cell carcinoma (RCC) constitutes approximately 5% of newly diagnosed male
patients with cancer and 3% of newly diagnosed female patients with cancer.! It was
estimated that 61,560 people would be diagnosed with RCC and 14,080 would die of
RCC in the United States in 2015." Despite early diagnosis, more than 30% of patients
are diagnosed with metastatic disease. Patients with locally advanced renal tumors
have a high risk of relapse with 5-year disease-free survival of 60%, a median time to
relapse of 6.8 years, and a probability of developing metastases of 20%—-30%.? Clear
cell renal cell carcinoma (CCRCC) represents the major proportion in RCC. Over
the past decade, significant progress has been made in the development of vascular
endothelial growth factor and mammalian target of rapamycin (mTOR) signaling
pathway-targeted drugs for patients with RCC. However, despite the advancement
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of these new agents, most patients with advanced RCC
progress on therapy, but the prognosis is still poor.> Many
genetic alterations and many kinds of biomarkers have been
observed in recent years.*> However, there is still a lack of
efficient biomarkers for RCC. Thus, identifying early-stage
diagnostic biomarkers and further understanding the under-
lying mechanisms of RCC progression, recurrence, and
metastasis is warranted.

Acid-sensing ion channels (ASICs) represent an H*-
gated subgroup of the degenerin/epithelial Na* channel
family and are activated by extracellular protons.® There
are four ASIC genes in mammals (4SIC1-ASIC4), which
encode at least six distinct ASIC subunits, namely la, 1b,
2a, 2b, 3, and 4. ASICs are ubiquitous in the mammalian
nervous system and are activated in response to a drop in
pH to below 7.0.7 Activation of these channels by changes
in the extracellular pH is associated with a variety of physi-
ological and pathological processes, such as nociception,
mechanosensation, and acidosis-mediated neuronal injury.?
Recent studies reported that ASICs are also expressed in
non-neuronal cells and play an important role in their physi-
ological and pathological functions, including pH homeo-
stasis, inflammation, and cellular migration.’'> Acidic
extracellular pH is a major feature of tumor tissue. It has
been proposed that the fast growth of solid tumors can lead
to the acidification of the microenvironment and that acid
pH can promote local invasive growth and metastasis.!*!
Tumor cells may develop an enhanced acid resistance to
survive in the microenvironment, where normal cells will
die, and ASICs are thought to be involved in this process. '
Evidence suggests that ASIC1 may play a role in tumor
formation and metastasis.'* Knockdown of ASIC1 inhibits
glioblastoma cell migration.!” However, the expression and
function of ASICI1 in solid tumors, particularly in RCC,
remains undefined. In this study, we examined the expres-
sion of ASIC1 in human CCRCC tissues compared with
their normal counterparts and the association of ASIC1
expression with clinicopathological features.

Materials and methods

Patients and tumor samples

The clinical and pathological data of patients who were
diagnosed with CCRCC and underwent surgery at the
Department of Urology of Jinshan Hospital, Fudan Uni-
versity, People’s Republic of China, from 2013 to 2014
were collected. The study group consisted of eight patients
(female: five patients; male: three patients; Stage I: three
patients; Stage II: four patients; Stage III: one patient)

whose original pathological specimens were available for
Western blot and quantitative polymerase chain reaction
(qPCR). Paired CCRCC and adjacent non-tumor tissues
were obtained, snap-frozen in liquid nitrogen, and kept
at —80°C until used. The tissue microarrays were obtained
from Shanghai Outdo Biotech, Shanghai, People’s Republic
of China (HKid-CRCC150CS-02). Patients were staged
according to the tumor-node-metastasis criteria proposed
by the American Joint Committee on Cancer (stage I: T1
NO MO; stage II: T2 NO MO; stage I1I: T3 or N1 with MO;
stage IV: T4 or M1). Tumor grading was performed using
the Fuhrman grading scale (1—4).! Patients were selected on
the basis of the following inclusion and exclusion criteria:
(1) definite pathological diagnosis of CCRCC according
to the World Health Organization criteria; (2) suitable
formalin-fixed, paraffin-embedded tissue; (3) complete
clinicopathological data for the patients. The Ethics Com-
mittee of Jinshan Hospital, Fudan University, approved the
use of tumor specimens.

Western blot analysis

Frozen tumor tissue samples with corresponding adjacent
normal tissue were homogenized in SDS lysis buffer with 1%
phenylmethanesulfonyl fluoride (PMSF, Beyotime, Haimen,
Jiangsu, People’s Republic of China). The protein concentra-
tion was assessed using bicinchoninic acid assay (GenBio).
A total of 30 ug of protein from the tissues was separated on
10% SDS-PAGE gel and then transferred to polyvinylidene
difluoride membrane (Millipore, Billerica, MA, USA).
The membrane was blocked with 5% nonfat dry milk in
Tris-buffered saline solution with 0.1% Tween-20 for 2 hours
at room temperature. Membranes were then incubated with
rabbit polyclonal anti-ASIC1 (ASC-014; Alomone Company;
1:200 dilutions) primary antibody in blocking solution at 4°C
overnight. After washing with Tris-buffered saline solution
with 0.1% Tween-20 for three times, the membrane was
incubated with a horseradish peroxidase-conjugated goat
anti-rabbit IgG second antibody (1:3,000 dilutions, Boster
Bio, Wuhan, Hubei, People’s Republic of China) in blocking
solution for 1 hour at room temperature. Loading equivalency
was determined using a rabbit anti-human glyceraldehyde
3-phosphate dehydrogenase (GAPDH) antibody (1:2,000
dilution, Weiao Bio, Shanghai, People’s Republic of China).
Immunoreactive bands were visualized by Immobilon Western
Chemiluminescent HRP Substrate (Millipore) and semiquan-
tified using Tanon-4500 Gel Imaging System with GIS ID
Analysis software v4.1.5 (Tanon Science and Technology
Co., Ltd., Shanghai, People’s Republic of China).
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RNA extraction and real-time qPCR

RNA isolation and real-time qPCR were performed as previously
described.” Total RNA from tissues was extracted using TRIzol
reagent (Invitrogen, Carlsbad, CA, USA) according to the manu-
facturer’s protocol and reversely transcribed into cDNA using the
reverse transcription kit (Takara Biotechnology Co., Ltd., Dalian,
Liaoning, People’s Republic of China). The primer sequences of
human ASIC1 were 5-GACTACGCCTACGAGGTCATT-3’
(forward) and 5’-CTTGTCCGCACTGCTCCTT-3’
(reverse). The primer sequences of human GAPDH were
5-AGAAGGCTGGGGCTCATTTG-3" (forward) and
5-AGGGGCCATCCACAGTCTTC-3’ (reverse). The PCR
amplification was performed at 95°C for 15 seconds and 60°C
for 1 minute for 40 cycles in a 20 UL reaction system with
SYBR Select Master Mix (Invitrogen) using the ABI PRISM
7300 Real-Time PCR system (Applied Biosystems, Foster City,
CA, USA). All reactions were done in triplicate and repeated
three times. The identity was confirmed by sequencing. The
amount of target (ASIC1) normalized to an endogenous control
(GAPDH) given by 244,

Immunohistochemistry staining

Immunohistochemistry was performed as reported previously.?
Arrays were deparaffinized in xylene and hydrated in an alco-
hol series. After deparaffinization, the arrays were treated with
boiling citrate buffer (10 mmol/L; pH 6.0) for 2 minutes for
antigen retrieval. The treated slides were rinsed with phosphate
buffered saline (PBS) three times for 5 minutes. The endog-
enous peroxidase activity was blocked during 5-10 minutes
incubation in 3% hydrogen peroxide at room temperature.
The slides were then incubated overnight at 4°C with primary
antibody against ASIC1 (ASC-014) at a 1:100 dilution in 5%
bovine serum albumin solution. After three sequential washes in
0.1% Tween 20 PBS, the slides were then treated with polymer
accentuator for 20 minutes. The slides were thoroughly rinsed
with 0.1% Tween 20 PBS for 5 minutes followed by horserad-
ish peroxidase-labeled goat anti-rabbit 1gG (1:150 dilutions,
Gene Tech Co., Ltd., Shanghai, People’s Republic of China) in
5% bovine serum albumin solution for 30 minutes. The arrays
were then processed with a chromogen using freshly prepared
diaminobenzidine solution. Finally, the slides were washed,
counterstained with hematoxylin, dehydrated, and evaluated with
light microscopy. Negative control slides were incubated with
a rabbit IgG isotype antibody. Image analysis was performed
using Image pro-plus 6.0. Each slide was carefully examined.
The mean staining density was calculated for each sample with
the same condition. The staining intensity was scored as: 1, weak;
2, medium; and 3, intense staining. Immunohistochemical results

were independently assessed by two pathologists without the
knowledge of patient characteristics.

Statistical analysis

Data were expressed as the mean + standard error of the mean.
The difference of ASIC1 expression between RCC tissue and
normal tissue was measured by paired #-test. The association
between ASIC1 expression and pathological parameters of
CCRCC was performed with Spearman’s test. P-values <<0.05
were considered to indicate statistical significance.

Results

ASICI was downregulated in human
CCRCC

ASICI expression in tumor tissue was compared with ASIC1
expression in matched normal tissue samples and normal-
ized to the expression of the housekeeping gene GAPDH.
The results of qPCR showed that the expression of ASIC1
mRNA was significantly decreased in CCRCC compared
with matched normal tissues (Figure 1, n=8, P<<0.05). Sub-
sequently, we examined the expression of ASICI protein in
these tissues using Western blot analysis. The results showed
aband migrating at 55 kDa for ASIC1. Densitometric analy-
sis showed that ASIC1 protein expression was significantly
decreased in the CCRCC tissues compared with matched
normal tissue (Figure 2, n=8, P<<0.05).

Pathological parameters and ASICI

expression on CCRCC tissue

To analyze ASIC] as a valuable diagnostic tissue marker for
CCRCC, we performed tissue-microarray based on immu-
nohistochemical analysis and performed a statistical analysis
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Figure | ASICI mRNA expression in matched tumor and normal kidney samples.
Notes: The expression level of ASICI mRNA was sixfold higher in the normal
tissue than that in the tumor tissue. *Represents P<<0.05 and n=8.

Abbreviation: ASICI, acid-sensing ion channel I.
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Figure 2 (A) ASICI protein expression in matched tumor and normal kidney samples. (B) Histogram shows the semiquantitative analyses of the gels from Western blots.
Notes: The expression level of ASIC| protein markedly decreased in RCC compared with corresponding adjacent normal tissue. *Denotes P<<0.05 and n=8. T represents

tumor sample; N represents matched normal sample.

Abbreviations: ASICI, acid-sensing ion channel |; RCC, renal cell carcinoma; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

of the immunohistochemical ASIC1 protein expression.
CCRCC tissues and matched adjacent normal tissues from
75 patients were included in this study. The clinicopatho-
logical characteristics of the study population and the ASIC1
staining intensity in different groups are depicted in Table 1.
The mean age of patients was 57.5 (range 34—82). Figure 3
shows representative examples of the expression of ASIC1
in human CCRCC and normal renal tissues. Of the 75 renal
carcinomas, 30 cases (40.0%) were weakly positive, 14 cases
(18.7%) showed a moderate ASIC1 expression, and 31 cases
(41.3%) were strongly positive. Of adjacent normal tissues,
20 cases (26.7%) were weakly positive, 15 cases (20%)
showed a moderate ASIC1 expression, and 40 cases (53.3%)
were strongly positive. CCRCC tissues showed a downregu-
lation of ASICI1 in 68% of the cases. The staining density
measurement showed that the expression of ASIC1 was sig-
nificantly decreased in stage I (P=0.037), stage 11 (P=0.026),
and stage 111 (P=0.026), grades I-II CCRCC (P=0.004)
and CCRCC from male patients (P=0.0004). However, no

significant difference was observed for ASIC1 expression
between CCRCC and normal tissue in patients with stage
IV CCRCC (P=0.236), patients with grades III-IV CCRCC
(P=0.314), and female patients (P=0.095). In Spearman cor-
relations, ASIC1 expression did not correlate to tumor stage
(CC =0.168, P=0.149) and age of patients (CC =—0.147,
P=0.688) but showed a positive correlation to higher tumor
grades (CC =0.270, P=0.018).

Discussion

The metabolic pattern of cancer cells associates with an
elevated production of lactate, proton accumulation, and a
reversed intraextracellular pH gradient, causing a drop in
extracellular pH.?' Low pH values have been shown to be
involved in cancer development, migration, invasion, and
cancer progression.?!?> ASICs are H*-gated Na* channel
subfamilies that are mainly expressed in peripheral sensory
and central nervous system neurons. They are acid respon-
sive and permeable to cations. Recent studies indicated that
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Table | Pathological characteristics of patients and the ASICI staining intensity in tissue-microarray

Patient characteristics Number of patients Mean staining intensity P-value
CCRCC tissue Normal tissue
Overall 75 0.038+0.002* 0.046+0.003 0.0003
Sex
Male 48 0.033+0.003* 0.043+0.003 0.0004
Female 27 0.047+0.003 0.05240.003 0.095
Fuhrman grade
-l 52(39M, 13F) 0.033+0.002* 0.044+0.003 0.00002
111 23 (11 M, 12F) 0.050+0.005 0.052+0.005 0314
Tumor stage
' 29 (18 M, 11 F) 0.031:0.003* 0.037+0.002 0.037
Il 23 (11 M, 12F) 0.047+0.005* 0.055%0.005 0.026
11l 17 (14M,3F) 0.034+0.005* 0.046+0.005 0.026
v 6(5M,1F) 0.052+0.01 0.058+0.01 0.236

Notes: *Significant difference of mean ASICI staining intensity between CCRCC tissues and matched normal tissue, P<<0.05. F represents female patients; M represents
male patients.
Abbreviations: ASICI, acid-sensing ion channel |; CCRCC, clear cell renal cell carcinoma.

ASICs are also expressed in non-neuronal cells. Their role
of sensing pH change makes it a potential target in tumor
growth and metabolism. Previous study demonstrated that
the co-expression of ASIC1 and ASIC2 controls the cation
current in grade IV gliomas, and inhibition of this conduc-
tance decreases the growth of glioma and cell migration.?

Kapoor et al also showed that knockdown of ASICI and
ENaC inhibits glioblastoma cell migration.!” Although these
data suggest a functional relevance of regulation of ASICs
in the process of cancer cell growth and migration, little
is known about the expression and clinical significance of
ASICs in solid tumors. In the present study, we report for the

Figure 3 ASICI| immunohistochemistry.
Notes: (A) Normal renal tissue with prominent ASIC| expression. (B-D) ASIC| expression in CCRCC with high- (B), intermediate- (C), and low- (D) staining density, respectively.
Abbreviations: ASICI, acid-sensing ion channel |; CCRCC, clear cell renal cell carcinoma.
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first time the expression of ASIC1 in CCRCC at the mRNA
and protein levels. Our results also indicated that the expres-
sion of ASICI is associated with the clinicopathological
features of human CCRCC.

Ion channels are major signaling molecules expressed in
a wide range of tissues where they have significant involve-
ment in determining a variety of cellular functions includ-
ing proliferation, solute transport, volume control, enzyme
activity, secretion, invasion, gene expression, excitation-
contraction coupling, and intercellular communication.**%
The exact role of ASIC1 in cellular function and behavior is
still unclear. Several studies showed that ASIC1 was involved
in the acid-induced cell death.?*?® Blockade of ASIC1 by
the blocker amiloride significantly decreased the cell death
and inhibited cell apoptosis by regulating Bcl-2 family gene
expression and activity of caspase 3/9.% Silencing ASIC1
by short hairpin RNA not only protected the cell from death
but also protected the cell from apoptosis.*® These studies
suggested that ASIC1 may act as a cancer suppressor protein
in the acid tumor microenvironment.

In the present study, the molecular weight of 55 kDa
does not match the about 70 kDa of ASIC1 expressed in
nervous system, suggesting ASIC1 channel responsible for
the proton-induced currents are homomeric or heteromeric.
ASICs may have a variable composition, and hence, tissue-
specific differences in biophysical parameters may result
from different channel compositions in different tissues.'
The results of our present study also suggested that ASICs
may play different roles in different tissues.

The immunohistochemistry demonstrated lower ASIC1
expression in CCRCC tissues compared with matched nor-
mal adjacent renal tissues in male patients, but not in female
patients. Previous studies also found that the expression and
function of ASICs showed significant sex differences.’!*
ASIC1 might contribute to the sex difference of incidence
and mortality in patients with RCC.

Most types of cancer, including RCC, go undetected and
are non-painful in early stage. Chronic or breakthrough pain
usually indicates cancer progression and metastasis. Studies
have demonstrated that ASICs modulation may contribute to
the generation and maintenance of pain.>* Tissue acidosis is an
important feature of the tumor and a direct cause of pain and
hyperalgesia. It has been shown that ASICs can detect moder-
ate acidifications, mediating acute pain in acidic solution.*
In the present study, we found significant decrease of ASIC1
in early stage and low-grade CCRCC tissues. However,
ASIC1 did not decrease in stage IV and grades III-1V CCRCC
tissues. The result suggests that ASIC1 may decrease in the

early stage of cancer and make cancer a non-painful disease
even in the acidic extracellular microenvironment. However,
this hypothesis is new and obviously requires validation.

Conclusion

The current study indicates that ASICI is downregulated
in CCRCC. These findings suggest that ASIC1 may be
potentially used as a novel biomarker and even as a CCRCC
therapeutic target. Further efforts will be made to clarify
the mechanism of ASIC1 in occurrence, progression, and
metastasis of cancers.
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