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ARTICLE INFO ABSTRACT

Keywords: NLRCS, a newly discovered member of the NLR family, has been reported to regulate immune responses and
NLRC5 promote cell proliferation, migration, and invasion in hepatocellular carcinoma. However, to date, the potential
ccRCC

regulatory roles and molecular mechanisms by which NLRC5 affects the development and progression of clear
cell renal cell carcinoma (ccRCC) remain largely unknown. In this study, human clinical data from The Cancer
Genome Atlas database revealed that increased NLRC5 expression was associated with advanced stage and poor
prognosis in ccRCC patients. Moreover, experimental results showed that NLRC5 is aberrantly overexpressed in
human ccRCC tissues and cell lines. Depletion of NLRC5 attenuated ccRCC cell proliferation, migration, and
invasion and suppressed ccRCC growth in a nude mouse model. By contrast, overexpression of NLRC5 promoted
the proliferation, migration, and invasion of ccRCC cells in vitro. Additionally, NLRC5 expression is not only
positively correlated with (-catenin but also coordinates the activation of the downstream Wnt/B-catenin sig-
nalling pathway. Together, our data suggest that NLRC5 may be a potential therapeutic target for ccRCC
therapy.

Wnt/B-catenin pathway

1. Introduction receptors (NLRs) are a family of cytoplasmic pattern-recognition re-

ceptors with important roles in both innate and adaptive immunity

Renal cell carcinoma (RCC) is the second most common cancer in
urological system, representing approximately 2-3% of all adult ma-
lignancies [1]. RCC is also the most abundant type of kidney cancer,
and more than 30% of RCC patients present with locally advanced and
metastatic disease at the time of diagnosis [2]. Clear cell renal cell
carcinoma (ccRCC) is the most common histologic subtype of RCC,
constituting around 75% of cases [3]. ccRCC is characterized by loss of
function of the von Hippel Lindau (VHL) gene [4]. The five-year sur-
vival rate of advanced ccRCC is poor and may result in metastasis or
recurrence [5,6]. Hence, it is important to gain a better understanding
of the underlying molecular mechanisms of malignant ccRCC and
identify new efficacious therapeutic strategies.

Nucleotide-binding domain and leucine-rich repeat-containing

[7,8]. There are 22 NLR proteins in humans [9]. NOD-like receptor
family caspase recruitment domain family domain-containing 5
(NLRC5) is the most abundant NLR protein and contains three struc-
tural domains, including the N-terminal atypical caspase activation and
recruitment domain (CARD), the centrally located NACHT (named after
the NAIP, CIITA, HET-E, and TP-1 proteins) domain, and 27 leucine-
rich repeats (LRRs) at the C-terminus [10-13]. Recent studies have
revealed that NLRC5 is a key transcriptional coactivator of MHC class I
genes, the loss of which has been described as a major immune evasion
strategy in many cancers [14]. Cell-specific analysis indicates that
NLRCS5 is strongly expressed in immune cells and immune-related tis-
sues, such as B cells, bone marrow, and the spleen, lung, thymus, and
liver, suggesting that the function of the protein is biologically
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conserved in these tissues [7,11]. However, whether NLRC5 plays a
positive or negative role in tumour development remains controversial
[15]. Previous evidence has shown that NLRC5 regulates cell pro-
liferation, migration, and invasion in hepatocellular carcinoma (HCC)
[16,17] and that NLRC5 and MHC class I may be negative prognostic
indicators in stage III non-small-cell lung cancer (NSCLC) [18]. Fur-
thermore, Wang et al. reported that knockdown of NLRC5 inhibits the
proliferation of renal fibroblasts [19]. However, the functions of NLRC5
in ccRCC remain to be elucidated.

In this study, we investigated NLRC5 expression in human ccRCC
tissues and cell lines and the correlation between NLRC5 expression and
human ccRCC progression. We also performed a series of in vitro and in
vivo experiments involving the knockdown of NLRC5 expression in
ccRCC cells to investigate effects on proliferation, migration, and in-
vasion. Finally, we assessed the role of the Wnt/B-catenin signalling
pathway in the oncogenic function of NLRC5.

2. Materials and methods
2.1. RCC tissue samples and ethics statement

Patients with ccRCC were recruited from the First Affiliated Hospital
of Anhui Medical University. There were no age, gender, ethnicity, or
cancer stage restrictions on recruitment. After surgical removal, tissues
were immediately snap-frozen in liquid nitrogen and stored at —80 °C.
The current study was approved by the Ethics Committee of Anhui
Medical University.

2.2. Cell culture

The human normal cell line HK-2 (an immortalised proximal tubule
epithelial cell line) and the ccRCC cell lines Caki-1, 786-0, and 769-P
were purchased from the Cell Bank at the Chinese Academy of Sciences
(Shanghai, China). HK-2cells were cultured in Dulbecco's modified
Eagle's medium (DMEM)/F12 (HyClone, Logan, UT, USA) supple-
mented with 10% heat-inactivated foetal bovine serum (FBS) at 37 °C in
humidified 5% CO,. Caki-1, 786-O, and 769-P cells were cultured in
RPMI-1640 (HyCone) with 10% FBS in humidified 5% CO at 37 °C.

2.3. Histopathological analysis

Tissues were fixed with 4% paraformaldehyde for 24h and em-
bedded in paraffin before being were sliced and baked for 1 h at 60 °C.
Sections were xylene-dewaxed and dehydrated with a gradient of
ethanol. Antigen retrieval was performed by immersing sections in
0.01 M citrate buffer and heating to boiling (98-100 °C) by microwave
for 15 min. After antigen retrieval, the sections were blocked with 5%
bovine serum albumin (BSA) at 37 °C for 20 min and incubated with
primary antibody against NLRC5 (1:100, Abcam, Cambridge, UK)
overnight at 4°C and with secondary antibody for 1hat 37 °C. The
expression of NLRC5 was visualized by staining with diaminobenzidine
tetrahydrochloride solution (DAB) for 5min. Then, the sections were
counterstained with haematoxylin for 5min, mounted with gum, and
subjected to microscopic examination.

2.4. RNA extraction and quantitative real-time PCR analysis

Total RNA was extracted using TRIzol total RNA isolation reagent
(Invitrogen, Carlsbad, CA, USA). One microgram of total mRNA was
used for reverse transcription with the Takara RT-PCR synthesis kit
(Takara, Dalian, China), according to the manufacturer's instructions.
cDNA synthesis was performed using SYBR Premix Ex Taq II (Takara)
on the PikoReal 96 qPCR system (Thermo Fisher Scientific, Waltham,
MA, USA). The primer sequences used were as follows:

B-actin forward, 5-GCCAACACAGTGCTG TCTGG-3";

B-actin reverse, 5-CTCAGGAGGAGCAATGATCTTG-3%;
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NLRCS5 forward, 5-CTATCAACTGCCCTTCCACAAT-3";

NLRCS5 reverse, 5-TCTCTATC TGCCCACAGCCTAC-3".

B-actin was used to normalize the expression values of the other
genes. All experiments were repeated at least three times.

2.5. RNA interference (RNAi)

Small interfering RNA (siRNA) oligonucleotides against NLRC5 and
negative control (NC) scrambled siRNA were designed and synthesized
by the Gema Pharma Corporation (Shanghai, China). The siRNA se-
quences were as follows:

siRNA-NLRC5  (human), 5-GGAGAGGGCUGCAUUUCUUTT-3"
(sense) and 3-AAGAAAUGCAGCCCUCUCCTT-5" (antisense);

scrambled siRNA, 5-UUCUCCGAACGUGUCACGUTT-3" (sense) and
3’-ACGUGACACGUUCGGAGAATT-5" (antisense).

Cells (5 x 10°cells) were seeded in 6-well plates for 24h and
transfected with siRNA in opti-MEM (Gibco, Gaithersburg, MD, USA)
culture medium. RNAi was performed using Lipofectamine™ 2000
(Invitrogen) according to the manufacturer's protocol. The opti-MEM
was replaced after 6h with RPMI-1640. Knockdown efficiency was
determined by real-time PCR and western blotting analysis.

2.6. Western blotting analysis

Tissues and cells were lysed with RIPA lysis buffer (Beyotime,
Shanghai, China) with 1% phenyl methyl sulfonyl fluoride (PMSF;
Beyotime). Proteins (20 pg) were separated on 8-12% sodium dodecyl
sulphate-polyacrylamide gels and then transferred onto PVDF mem-
branes (Millipore, Billerica, MA, USA). After blocking membranes with
5% skim milk, they were incubated overnight at 4 °C with appropriate
dilutions of the following specific primary antibodies: anti-NLRC5, anti-
PCNA, anti-MMP2 (rabbit, 1:800; Abcam); anti-c-Myc, anti-cyclin D1,
anti-B-catenin, anti-MMP9 (rabbit, 1:800; Cell Signaling Technology,
Danvers, MA, USA); and anti-B-actin (mouse, 1:200; Santa Cruz
Biotechnology, Santa Cruz, CA, USA). After three washes in TBS/
Tween-20, membranes were incubated for 1h in goat anti-mouse or
goat anti-rabbit horseradish peroxidase (HRP, Santa Cruz
Biotechnology)-conjugated antibody at 1:10000 dilutions in TBS/
Tween-20 containing 5% skim milk. After washing in TBS/Tween-20,
the membranes were processed with distilled water for antigen detec-
tion using the enhanced chemiluminescence system. Proteins were vi-
sualized with an ECL-chemiluminescence kit (ECL-plus, Thermo Fisher
Scientific). B-actin was used as an internal control. All experiments
were repeated three times.

2.7. Transwell migration assay

Two hundred microlitres of a cell suspension (5 X 10%cells) in
serum-free medium was added to the upper chamber of a Transwell
system (8-um pore size, #3422, Corning Inc., Corning, NY, USA). The
bottom chamber was filled with 0.5 ml medium containing 20% FBS.
After a 24-h incubation period, cells were fixed with 4% paraf-
ormaldehyde and stained with 0.1% crystal violet. The numbers of cells
that penetrated the membrane in five random fields were counted. All
experiments were repeated three times.

2.8. Transwell invasion assay

Transwell invasion assay was performed in 24-well plates with
chamber inserts with an 8-um pore size (#3422, Corning Inc.), ac-
cording to the manufacturer's protocol. Briefly, Transwell inserts were
coated with 50 pl of Matrigel (Corning Inc.) diluted 1:5 for 4 hat 37 °C.
Then, cells were seeded at 2 x 10° cells/well with serum-free medium
into the upper chamber. The bottom chamber was filled with 0.5ml
medium containing 20% FBS. After incubation for 48 hat 37 °Cin a 5%
(v/v) CO, incubator, the non-invading cells and Matrigel in the upper
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Fig. 1. High expression of NLRC5 is as-
sociated with advanced stage and poor
prognosis in clear cell renal cell carci-
noma patients. (A) Box and whisker plots
for NLRC5 gene expression in ccRCC and
normal kidney tissues from TCGA. (B)
Kaplan-Meier survival plot of overall sur-
vival of ccRCC patients in TCGA, categor-
ized according to NLRC5 gene expression
(high vs. low, based on mean expression).
(C) T stage analysis of TCGA data. Higher
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chamber were removed gently by cotton swab, and the cells on the
lower surface were then fixed with 4% paraformaldehyde and stained
with 0.1% crystal violet. Invaded cells were counted in five randomly
chosen microscopic fields. All experiments were repeated three times.

2.9. Cell counter kit-8 (CCK8) cell proliferation analysis

Cells were grown in 96-well plates at a density of 5000 cells per well
and were incubated for 24 h. Then, 10 pul of CCK8 (Bestbio, Shanghai,
China) solution was added to each well on days 1, 2, and 3. After 2h,
the absorbance of each well was measured at 450 nm using a microplate
reader (Thermo Fisher Scientific). Results are shown as the average of
at least three independent experiments.

2.10. Cell cycle analysis

After transfection for 48h, cells were trypsinized, washed with
phosphate-buffered saline (PBS), and then fixed in 70% cold ethanol at
4°C overnight. Cells were centrifuged at 1000 xg for 5min and re-
suspended in PBS. After that, cells were incubated with a 0.5-ml mix-
ture of RNase and PI (Beyotime) at 37 °C for 30 min in the dark. The cell
cycle was analysed by flow cytometer (BD Biosciences, Franklin Lakes,
NJ, USA). DNA content was assessed using ModFit software (Verity
Software House, USA). All experiments were repeated three times.

2.11. Stable cell line establishment assay

To generate stable NLRC5 knockdown cell populations, 786-O cells
were infected with pLKD-CMV-EGFp-2A-Puro-U6-shNLRC5 or pLKD-
CMV-EGFp-2A-Puro-U6-Scramble. Puromycin (8 mg/ml) was used to
select for stably transfected cells for 2 weeks. The human NLRC5 shRNA
sequence was designed as follows:

5-GATAGAGAATCTCAGCTTT-3".

The control shRNA sequence was as follows:

5-TTCTCCGA ACGTGTCACGT-3". NLRC5 knockdown in the stable
cell line was verified by western blotting assay. Stable knockdown cells
were maintained in complete medium containing 4 mg/ml puromycin.
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Days associated with advanced stage. T3-T4 vs.
T1-T2. *P < 0.05, **P < 0.01,
***p < 0.001.

2.12. Xenograft tumour model in nude mice

Six-week-old male BALB/c nude mice were obtained from the Model
Animal Research Center of Nanjing University (Nanjing, China) and
housed under pathogen-free conditions in the animal experiment centre
of Anhui Medical University (Hefei, China). The nude mice were as-
signed to the following two groups: NLRC5-shRNA and NC. Then,
200 ul of a 786-O (NLRC5-shRNA/NC) cell suspension containing 5 X
10° cells was subcutaneously injected into the right flank of each
mouse. Tumour sizes were measured weekly. Eight weeks later, the
mice were killed, and the tumours were removed for further assess-
ment. All protocols involving live mice were approved by the Animal
Care and Use Committee of Anhui Medical University.

2.13. The cancer genome atlas (TCGA) data analysis

Published mRNA expression data from 72 normal kidney tissues and
534 kidney cancer (ccRCC/KIRC) cases were downloaded from TCGA
(http://xenabrowser.net/). We used the Student's t-test to assess the
difference between tumour and normal samples. Clinical details from
each patient, including TNM stage, survival status, and time to follow-
up were also extracted from TCGA database (http://www.oncolnc.org/
and http://xenabrowser.net/, data downloaded in June 2018). We se-
lected high and low target gene expression groups as defined by the
mean value, and survival curves were constructed using the
Kaplan-Meier method and compared by log-rank test.

2.14. Statistical analysis

All values are presented as mean = SD of at least three in-
dependent experiments unless otherwise stated. The statistical sig-
nificance of differences was determined by the Student's t-test for
comparisons between means. P < 0.05 was considered statistically
significant.
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3. Results

3.1. High NLRC5 expression is associated with advanced stage and poor
prognosis in ccRCC patients

To investigate the role of NLRC5 in human ccRCC, we first analysed
available human datasets of ccRCC patients in TCGA database. We
found that mRNA levels of NLRC5 are significantly higher in ccRCC
tissues compared to those in normal tissues (Fig. 1A) (http://
xenabrowser.net/). TCGA human clinical data revealed that patients
with higher NLRC5 mRNA expression exhibited significantly worse
overall survival (Fig. 1B) (http://www.oncolnc.org/), suggesting that
NLRC5 may play a role in promoting ccRCC progression. In addition,
our analysis showed that NLRC5 mRNA levels were significantly higher
in T3/T4-stage tumours than in T1/T2-stage tumours (Fig. 1C) (http://
xenabrowser.net/).

In summary, results from TCGA human clinical sample surveys
suggest that increased expression of NLRC5 is associated with advanced
stage and poor prognosis in ccRCC patients.

3.2. NLRCS5 is aberrantly overexpressed in ccRCC tissue samples and ccRCC
cell lines

To confirm the above findings, NLRC5 expression was first analysed
in ccRCC and adjacent noncancer tissues (ANTs). Western blotting and
real-time PCR results confirmed that NLRC5 was overexpressed in
carcinoma tissues compared to levels in ANTs (Fig. 2A and B). Fur-
thermore, representative haematoxylin and eosin (H&E) staining in
ccRCC tissues and immunohistochemistry (IHC) for NLRC5 confirmed
these results (Fig. 2C). Next, the expression of NLRC5 was assessed in a
panel of ccRCC cell lines (Caki-1, 786-0O, and 769-P), with HK-2 cells
serving as a control. Results indicated that NLRC5 protein was sig-
nificantly elevated in ccRCC cell lines in comparison to HK-2 cell levels
(Fig. 2E), and this was consistent with the results of real-time PCR
(Fig. 2D). Taken together, these results suggest that NLRC5 is aber-
rantly upregulated in human ccRCC tissues and ccRCC cell lines.

3.3. Lipidosome-mediated transduction resulted in NLRC5 knockdown or
overexpression in ccRCC cell lines

To confirm the above data derived from human ccRCC tissues and to
corroborate the function of NLRC5 in ccRCC cells, we knocked down
NLRC5 expression using targeted siRNA in 786-O and 769-P cells.
NLRC5-siRNA induced a clear decrease in NLRC5 protein and mRNA
levels in 786-O and 769-P cells in comparison with levels induced by
NC-siRNA (Fig. 3A and C). In contrast, NLRC5 protein and mRNA levels
were increased by pEGFP-C3-NLRCS5 introduction in 786-O and 769-P
cells (Fig. 3B and D).

3.4. NLRC5 promotes proliferation of ccRCC cells in vitro

Upon establishment of the NLRC5 knockdown and overexpression
lines, CCK8 assay was performed to assess the effect of NLRC5 on 786-O
and 769-P cell proliferation. Results showed that depletion of NLRC5
with siRNA dramatically attenuated cell proliferation compared with
that in cells treated with NC-siRNA (Fig. 4A and B). Furthermore, we
found that expression of the cell proliferation marker PCNA was sig-
nificantly reduced following NLRC5 depletion (Fig. 4C and E). Con-
versely, enforced overexpression of NLRC5 in 786-O and 769-P cells
resulted in higher PCNA protein levels compared with that in the
control group (Fig. 4D and F). Next, a fluorescence-activated cell
sorting assay was employed to investigate whether the NLRC5 knock-
down-induced inhibition of ccRCC cell proliferation is associated with
cell cycle arrest. Flow cytometry results indicated that NLRC5-depleted
ccRCC cells exhibited a larger GO/G1 population compared with that in
786-0O and 769-P NC cells (Fig. 5A and C), indicating that NLRC5
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knockdown blocked cell cycle progression. Conversely, the percentage
of cells in GO/G1 phase was reduced in 786-O and 769-P cells over-
expressing NLRC5 compared with that in the control group (Fig. 5B and
D). These results demonstrate that NLRC5 expression levels are posi-
tively correlated with ccRCC cell proliferation.

3.5. NLRC5 mediates migration and invasion of ccRCC cells in vitro

Having observed a change in cell proliferation following the
knockdown of NLRC5, we utilised a series of assays to detect whether
knockdown of NLRC5 affected ccRCC cell migration and invasion.
Transwell migration assays revealed that NLRC5-depleted 786-O and
769-P cells migrated significantly less than cells transfected with NC-
siRNA (Fig. 6A and E). Next, using Matrigel-coated Transwell invasion
assays, we found that NLRC5 depletion reduced the ability of cells to
migrate across the gel matrix into the adjacent chamber compared to
that in the control group (Fig. 6C and G). In contrast, overexpression of
NLRCS5 in 786-O and 769-P cells increased cell migration and invasion
compared to that in the control group (Fig. 6B, D, F, and H).

A previous study showed that degradation of the extracellular ma-
trix (ECM) by matrix metalloproteinases potentially contributes to
cancer progression, invasion, and metastasis [20]. MMP2 and MMP9
play a critical role in the invasion and metastasis of ccRCC [21-24]. We
then examined MMP2/9 protein expression in HK-2, Caki-1, 786-0, and
769-P cells. Results showed a significant increase in MMP2/9 protein
levels in ccRCC cell lines compared to that in the HK-2 cells (Fig. 2G).
As early studies indicated that HGF/Met signalling may promote cancer
cell migration and invasion by elevating MMP2/MMP9 expression [25],
we also assayed these potential downstream signals. Results revealed
that knocking down NLRC5 with NLRC5-siRNA suppressed the ex-
pression of MMP2/9 proteins in 786-O and 769-P cells (Fig. 7A and C),
while overexpression of NLRC5 led to increases in the expression of
MMP2/9 (Fig. 7B and D).

Collectively, these data reveal that NLRC5 potentially contributes to
ccRCC tumour migration and invasion in vitro.

3.6. NLRC5 activates Wnt/B-catenin signalling pathway in ccRCC cells

Some oncogenic signalling pathways, such as the Wnt/}-catenin
pathway, are associated with tumour cell proliferation, invasion, and
migration. The involvement of the Wnt/p-catenin pathway is com-
monly studied in ccRCC [26]. In this study, western blotting analysis
showed that the protein levels of B-catenin, c-Myc, and cyclin D1 in
ccRCC cells were higher than those in HK-2 cells (Fig. 2F). To determine
the mechanism underlying NLRC5-induced tumour cell proliferation,
invasion, and migration, we further measured the protein levels of [3-
catenin and its downstream targets c-Myc and cyclin D1 when NLRC5
expression levels were modulated in 786-0 and 769-P cells. Knockdown
of NLRC5 by siRNA significantly decreased the protein levels of 3-ca-
tenin, c-Myc, and cyclin D1 compared with those in 786-O and 769-P
cells transfected with NC-siRNA (Fig. 8A and C). In contrast, the protein
expression of B-catenin, c-Myc, and cyclin D1 was dramatically upre-
gulated after transfection with pEGFP-C3-NLRC5 compared with that in
the control group (Fig. 8B and D). Taken together, these results de-
monstrate that NLRC5 depletion suppresses the Wnt/B-catenin
pathway.

3.7. Effects of NLRC5 on tumour growth in vivo

In order to confirm the effect of NLRC5 on tumour formation in vivo,
we first established a stable 786-O cell line using shNLRC5, with control
shRNA used as a negative control (Fig. 9A). Treatment with shNLRC5
significantly decreased the expression of NLRC5 compared with that in
the control group (Fig. 9B). Then, nude mice received subcutaneous
injections of shNLRC5-treated or control 786-O cells to establish the
tumour model. After 8 weeks, tumours were completely stripped.
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Fig. 2. NLRCS5 is overexpressed in ccRCC
tissues and cell lines. (A) Western blotting
analysis of NLRC5 protein levels in ccRCC
and normal tissues. (B) Expression of
NLRC5 mRNA in ccRCC and normal tissues.
(n = 33). (C) Expression of NLRC5 as ex-
amined by immunohistochemistry (original
magnification, x200). (D) Real-time PCR
analysis of relative NLRC5 mRNA expres-
sion levels in a panel of three human ccRCC
cell lines and an immortalised proximal tu-
bule epithelial cell line (HK-2). (E) Western
blotting analysis of NLRC5 expression in
ccRCC cell lines and HK-2cells. (F, G)
Western blotting analysis of B-catenin, c-
Myec, cyclin D1, MMP2, and MMP9 in ccRCC
cell lines and HK-2 cells. B-actin served as a
loading control, and the indicated proteins
were quantified with ImageJ software. Data
are presented as the mean = SD of three
independent experiments. *P < 0.05,
**P < 0.01, compared with normal or HK-
2 cells or tissues.
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Photographs and measured volumes of the tumours indicated that
NLRC5-depleted cells grew much more slowly than control cells
(Fig. 9C and E). Moreover, the weights of the tumours from these mice
were lower than those from control mice (Fig. 9D). Western blotting
showed that NLRC5 knockdown inhibited the expression of MMP9,
MMP2, PCNA, f-catenin, c-Myc and cyclin D1 compared with levels in
control tumours (Fig. 9F and G). Together, these data demonstrate that
NLRCS5 knockdown inhibits tumour growth in vivo by blocking the Wnt/
B-catenin signalling pathway in 786-O cells.

4. Discussion

Pattern recognition receptors (PRRs) are critical sensors in the

HK-2 Caki-1 786-O
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769-P

innate immune system, detecting invading microbes and cellular stress.
NLRs are a recently discovered family of cytoplasmic PRRs, the function
of which mainly involves inducing inflammation and cell death
[27,28]. Additionally, the activation of NLRs have has been implicated
in numerous types of cancer, including colon cancer, breast cancer, and
glioma [29-31]. NLRC5 is a newly identified member of the NLR family
that has been demonstrated to function in both innate and adaptive
immune signalling. NLRC5 acts as a transcriptional regulator of MHC
class I expression [8]. However, the role of NLRC5 in regulating im-
mune responses is unclear and remains to be further explored [15].
Rodriguez et al. reported that NLRC5 may play a prominent role in
antitumour immunity and that its loss may promote tumour immune
evasion [32]. However, our previous study showed that NLRC5
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*P < 0.05, **P < 0.01, compared with the NC group.

promoted cell proliferation, migration, and invasion in HCC [16]. Li
et al. reported that NLRC5 may be a negative prognostic indicator in
patients with stage III NSCLC [18]. This represents the first report of the
effect of NLRC5 on ccRCC.

In the present study, data from TCGA database showed higher ex-
pression of NLRC5 mRNA in ccRCC tumour tissues than in normal tis-
sues. Furthermore, clinical data from TCGA database confirmed that
increased NLRC5 expression is associated with shorter overall survival
and higher T stages in ccRCC patients. This provides powerful clinical

+

SD of three independent experiments.

evidence that NLRC5 plays a positive role in ccRCC progression. In our
experimental analyses, we demonstrated the roles of NLRC5 in human
ccRCC and investigated the possible underlying mechanism. We
showed that NLRC5 was aberrantly overexpressed in human ccRCC
tissues and ccRCC cell lines. These results demonstrate that NLRC5 may
function as an oncogene, playing an important role in the tumorigenesis
and progression of ccRCC.

The proliferation, migration, and invasion abilities of cells are the
three most important features of malignant cell behaviour. We found

786-0 Fig. 5. Effects of NLRC5 on cell cycle
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experiments. *P < 0.05, **P < 0.01, compared with the NC group.

that depletion of NLRC5 suppressed the proliferation, migration, and
invasion of ccRCC cells. Moreover, our findings indicated that the
overexpression of NLRC5 promoted these behaviours in ccRCC cells.
The most frequent form of ccRCC presents with inactivating mutations
or epigenetic silencing of VHL [33]. However, VHL inactivation alone
may not be sufficient to drive tumour formation, as evidenced in ge-
netically engineered VHL ™/~ animal models [34]. In addition to VHL
inactivation, recent studies in mice have identified mutations in other
genes, including cell cycle regulatory genes, in the development of
ccRCC [35]. We further showed in this study that knockdown of NLRC5
induced cell cycle arrest in GO/G1 phase. However, the effects of
NLRC5 on apoptosis and drug resistance remain to be elucidated in
future studies.

The inhibition of MMP2/9 expression and secretion is important for
preventing cell migration, invasion, and metastasis [23,34,36]. A
polymorphism in MMP9, while not associated with increased risk of
RCC, is correlated with malignancy potential [37]. In RCCs, Kugler
et al. [38] reported strong correlations between increased MMP2 and
MMP9 mRNA expression and tumour stage. By contrast, Lein et al. [39]
reported that MMP9 expression was elevated in both RCC tissues and
sera of patients with RCC, but it was not correlated with tumour type,
grade, stage, or prognosis. In the present study, western blotting results
indicated that MMP2 and MMP9 were upregulated in ccRCC cell lines,
in comparison to levels in HK-2 cells. Our results showed that NLRC5
depletion attenuated MMP2 and MMP9 protein expression in vitro and
in vivo, thereby leading to a less aggressive tumour phenotype. These
results further indicate that NLRC5 may be a cancer-promoting protein
in ccRCC.

It has been shown that the dysregulation of Wnt signalling con-
tributes to the development of human cancers, including colorectal,

16

SD of three independent

ovarian, and breast cancer and ccRCC [26,42,44]. Various cellular
functions, such as apoptosis, proliferation, migration, and invasion, are
involved in Wnt-dependent carcinogenesis. Besides the PI3K/Akt/
mTOR, HGF/Met, and VHL/hypoxia cellular signalling pathways, the
involvement of the Wnt/B-catenin pathway is commonly studied in
ccRCC [26]. Ectopic regulation of the Wnt/B-catenin signalling
pathway by DNA methylation [40] or mutation [41-43] can induce
changes in the expression of Wnt/p-catenin signalling molecules that
are linked to renal malignancy. These findings highlight the potential
prognostic and therapeutic value of the Wnt/p-catenin signalling
pathway in ccRCC.

The present study indicated that NLRC5 promotes tumour cell
proliferation, migration, and invasion by stimulating [-catenin tran-
scription and translation through the Wnt/B-catenin signalling
pathway. This was demonstrated by the fact that (3-catenin protein le-
vels in ccRCC cells were much higher than those in control HK-2 cells.
Moreover, the silencing of NLRC5 significantly suppressed [(-catenin
expression, while its overexpression had the opposite effect. The on-
cogene c-Myc and cell cycle regulator cyclin D1 have been identified as
target genes in the Wnt/p-catenin signalling pathway [45-47]. We
observed increased protein levels of c-Myc and cyclin D1 in Caki-1, 786-
0O, and 769-P cells. Furthermore, knockdown of NLRC5 attenuated the
expression of c-Myc and cyclin D1 proteins, suggesting that NLRC5 may
influence cell proliferation, migration, and invasion via the Wnt/[3-ca-
tenin signalling pathway.

In conclusion, our study showed that NLRC5 is a crucial modulator
of human ccRCC progression, proliferation, migration, and invasion via
the Wnt/pB-catenin signalling pathway. These data suggest that NLRC5
may represent a new therapeutic target for ccRCC therapy.
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