Molecular Biology Reports (2020) 47:1143-1151
https://doi.org/10.1007/511033-019-05212-9

ORIGINAL ARTICLE q

Check for
updates

Silencing of nuclear factor kappa b 1 gene expression inhibits colony
formation, cell migration and invasion via the downregulation

of interleukin 1 beta and matrix metallopeptidase 9 in renal cell
carcinoma

Luiz Felipe S. Teixeira' - Jean Pierre S. Peron? - Maria Helena Bellini'

Received: 4 July 2019 / Accepted: 27 November 2019 / Published online: 10 December 2019
© Springer Nature B.V. 2019

Abstract

Renal cell carcinoma (RCC) is a highly deadly urological tumor due to its high metastatic incidence and its notorious
chemoresistance. The nuclear transcription factor kappa B (NF-kB) family has been associated with apoptosis resistance
and cellular invasion in RCC. The purpose of this study was to evaluate the impact of NF-kB1 gene silencing on the colony
formation, cell migration and invasion abilities of the RCC cell line. Renca—mock and Renca-shRNA-NF-xB1 cells were
used in this work. NF-kB1 downregulation was assessed by western blotting. The mRNA expression levels of interleukin-1
beta (IL-1f) and MMP-9 were assessed by real-time quantitative polymerase chain reaction (RT-qPCR). The IL-1 levels
in the culture media were determined by a commercial ELISA kit. The MMP-9 protein expression and gelatinolytic activity
were evaluated by western blotting and zymography, respectively, and the migration and invasion abilities were analysed.
The expression levels of p105 and p50 in Renca-shRNA-NF-kBmocl cells were significantly reduced compared with those
in the Renca—mock cells. The colony numbers of shRNA-NF-kB1 cells were lower than the colony numbers of the Renca—
mock cells. NF-kB1 knockdown inhibited the cell migration and invasion of Renca-shRNA-NF-kB1 cells. These cells also
exhibited reduced levels of IL-1p. The MMP-9 expression and activity levels were significantly reduced in Renca-shRNA-
NF-xB1 cells. Taken together, these results indicate that the downregulation of NF-xkB1 suppresses the tumourigenicity of
RCC by reducing MMP-9 expression and activity; thus, NF-kB1 could be a molecular target for RCC treatment.
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Introduction (VHL) tumour suppressor gene mutated, deleted or epi-
genetically silenced. The loss of VHL function leads to a
constitutively active hypoxia-inducible factor alpha (HIFx)

pathway. Additionally, the inactivation of VHL was shown

Renal cell carcinoma (RCC) accounts for 90-95% of the
kidney cancer cases, and approximately 25-30% of patients

with RCC develop metastasis after surgery [1, 2]. These
patients have a relatively low 5-year survival rate of less
than 10% [3]. The histological subcategory of RCC occuring
with the highest frequency is Clear cell RCC (ccRCC) [4].
Almost 85% of sporadic ccRCC has the Von Hippel-Lindau
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to activate nuclear factor kappa B (NF-kB), a family of
transcription factors that promotes tumour growth [5, 6].
Researchers have confirmed that this transcription factor is
expressed in almost all cell types and regulates many genes
with roles related to pathological processes, such as inflam-
mation, oxidative stress, apoptosis, cell survival, invasion,
and migration [7].

Mammals are known to exhibit these five menbers of
the Rel/NF-kB family: RelA (p65), RelB, c-Rel, NF-xB1
(p105/p50) and NF-xB2 (p100/p52). NF-xB1-p105 and
NF-kB2-p100 are precursor molecules that, when cleaved
from the N-terminal region of the proteasome (26S), gen-
erate mature proteins: p50 and p52 [7]. NF-kB-regulated
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products, such IL-6, TNF, IL-1, and chemokines are major
mediators of inflammation [8]. In the tumour milieu, IL-1
induces the expression of various metastatic mediators, such
as matrix metalloproteinases (MMP), VEGF, IL-8, IL-6,
TNF-a, and TGFp [9].

The involvement of p50 in carcinogenesis has been dem-
onstrated in vitro [10] and in clinical studies [11]. There is a
positive correlation between the histological grade, invasion,
and metastasis with NF-xB1 activation in RCC [12, 13]. In
addition, it has been reported that p50 promoter polymor-
phisms (— 94 ins/del ATTG, rs28362491) are associated with
an increased risk of RCC [14].

Metastasis is a multi-step process involving the proteo-
Iytic degradation of the basement membrane, cellular migra-
tion, and invasion through the barrier into secondary sites
[15]. The degradation of the matrix in the basement mem-
brane is largely controlled by extracellular proteinases, such
as the matrix metalloproteinases (MMPs) [16]. MMPs are
overexpressed in almost all cancers, including RCC [17].
Among them, the increased expression of MMP-9, which is
transcriptionally regulated by NF-kB, has been correlated
with a poor prognosis for RCC [18]. Thus, the aim of this
study was to evaluate the impact of the downregulation of
the NF-kB1 gene on the colony formation, cellular migration
and invasion abilities of the murine renal cell adenocarci-
noma cell line.

Materials and methods
Cell lines

The RCC cell line used (Renca) was obtained from Ameri-
can Type Culture Collection (catalogue no: CRL-2947™,
Manassas, VA, USA). Renca—mock and Renca-shRNA-
NF-kB1 cells were both obtained by our laboratory. In brief,
Short hairpin ribonucleic acid (ShRNA) targeting NF-xB1
messenger ribonucleic acid (mRNA) and the empty vector
were packet into HEK 293T cells. The concentrate lentivirus
supernatant of these cells was then used to transduce Renca
cells. After that, puromycin was added to the culture media
to select resistant clones [19].

All cell lines were cultured in RPMI-1640 (Gibco® Invit-
rogen, Grand Island, NY, USA) medium supplemented with
10% foetal bovine serum (FBS) (Gibco®, Invitrogen, Grand
Island, NY, USA), 100 U/ml penicillin and 100 pg/ml strep-
tomycin (Gibco® Invitrogen, Grand Island, NY, USA) in a
humidified incubator with 5% CO, at 37 °C. [19].

RNA extraction and RT-qPCR

Total cellular RNA was extracted with TRIzol® (Life
Technologies, Carlsbad, CA, USA). Next, the cDNA was
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synthesized with the QuantiTect® Reverse Transcription Kit
(Qiagen, Hilden, Germany) according to the manufacturer’s
protocol using 2 pg of RNA, and the cDNA was stored at
—20 °C. Absolute SYBR Green qPCR Mix® (Invitrogen,
Carlsbad, CA, USA) was used according to the manufac-
turer’s instructions. The reactions were carried out in a 10 pl
volume reaction system. The PCR conditions consisted of
40 cycles, with a 15 s denaturation at 95 °C, a 1 h anneal-
ing at 60 °C and a 1 min elongation step at 72 °C. The tar-
get gene expression levels were normalized to the GAPDH
mRNA levels. The primers used were as follows: MMP-9,
forward: 5'-CAAGTGGGACCATCATAACATCA-3" and
reverse: 5'-CTCGCGGCAAGTCTTCAGA-3'"; IL-1p, for-
ward: 5'-AGTTGACGGACCCCAAAAGAT-3' and reverse:
5'-GGACAGCCCAGGTCAAAGG-3'; GAPDH, forward:
5'-GCCTTCCGTGTTCCTACCC-3' and reverse: 5'-TGA
AGTCGCAGGAGACAACC-3'". The relative quantification
of gene expression was performed with the 2722¢T method
(13). PCR was carried out using the ABI-Prism 7000 quan-
titative PCR instrument (Applied Biosystems Company,
Foster City, CA, USA).

Protein extraction and western blotting analysis

The protein contents were extracted from the cells and were
prepared with the CelLytic™ M reagent (Sigma-Aldrich,
St Louis, MO, USA). After centrifugation, the superna-
tant was collected and added to Protease Inhibitor Cocktail
powder (Sigma-Aldrich, St Louis, MO, USA). The protein
concentration was detected by the bicinchoninic acid assay
(BCA) method and was stored at — 80 °C until required for
use. The protein was loaded at a concentration of 50 pg per
lane, separated by 12% SDS-PAGE and transferred onto GE
Hybond-P polyvinyl difluoride (PVDF) membranes, which
were then blocked in 5% skim milk in Tris—buffered saline
at room temperature for 1 h. The membranes were incu-
bated overnight at 4 °C with the following primary antibod-
ies: anti-NF-kB1 p105/p50 (rabbit monoclonal anti-mouse;
Abcam, Cambridge, UK), anti-MMP-9 goat polyclonal
(Santa Cruz Biotechnology, Dallas, Texas, USA), Anti-
IL-1p goat polyclonal (Sigma-Aldrich, St Louis, MO, USA)
and anti-GAPDH (MAB374 mouse monoclonal; Millipore,
Massachusetts, USA), all diluted 1:500; then the mem-
branes were incubated with the following HRP-conjugated
secondary antibodies: goat anti-rabbit (Santa Cruz Biotech-
nology, Texas, USA), donkey anti-goat (Santa Cruz Bio-
technology, Texas, USA) and goat anti-mouse (Invitrogen,
CA, USA), all diluted 1:1000, for 2 h at room temperature.
The anti-GAPDH antibody was used as a loading control.
To detect the Western blot signals, the SuperSignal® West
Pico Chemiluminescent Substrate Kit (Thermo Scientific,
Waltham, USA) was used. Photos were taken using the
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Uvitec Cambridge Alliance 4.7 equipment. The results were
quantified using ImagelJ software.

Colony formation assay

Renca cells were seeded (1 x 107 cells) onto 60 mm plates
containing RPMI medium with 10% FBS and were main-
tained in growth conditions for 10 days. Then, the plates
were washed twice with PBS, fixed and stained with 3 ml
of 2% formaldehyde/4% rhodamine B (Synth, SP, Brazil)
for 20 min. After this, the plates were washed with distilled
water, and the colonies were manually counted.

Wound healing assay

Renca cells were seeded into six-well plates (4 x 10° cells/
well). Once the cells reached 90% confluence, a wound area
was carefully created by scraping the cell monolayer with a
sterile 1000 pl pipette tip. The cells were then washed once
with PBS to remove the detached cells. Subsequently, the
cells were incubated at 37 °C in 5% carbon dioxide. The
width of the wound area was monitored with an inverted
microscope at various time points. The cells that migrated to
the lower compartment of the membrane were photographed
on the inverted Nikon Eclypse 100 microscope for cell quan-
tification using ImageJ software; then, the following for-
mula was used to calculate the percentage of migrated area:
% =(Area 0 h— Area 48 h)/(Area 0 h) x (100).

Transwell migration assay

Transwell chambers (BD Biosciences, Bedford, MA, USA)
with 2 mm diameter polycarbonate filters and 8 pm pores
were used. Renca cells (2 x 10° cells/chamber) were resus-
pended in 100 pL. of RPMI medium without FBS and were
transferred to the Transwell chambers that were placed in
24-well plates containing RPMI medium with FBS, which
functioned as a chemotactic solution. After incubation for
48 h, the chambers were washed with PBS, fixed with 3.7%
formaldehyde for 2 min, washed with PBS, and permeabi-
lized with 100% methanol for 20 min. The methanol was
removed by washing with PBS, and the cells were stained
with 1% Giemsa stain (Synth, SP, BRA) for 15 min. The
cells retained in the upper membrane compartment were
removed with a cotton swab. The cells that migrated to the
lower compartment of the membrane were photographed on
an inverted Nikon Eclipse E100 microscope for cell quanti-
fication using ImagelJ software.

Transwell invasion assay

Transwell chambers (BD Biosciences, Bedford, MA, USA)
with 2 mm diameter polycarbonate filters and 8 pm pores

were used. Matrigel (Corning, Bedford, MA, USA) was
diluted in RPMI free of fetal bovine serum (FBS) ina 1:10
proportion (32 pg/ml) and was then incubated for 1 h for
gel polymerization. Renca cells (2 x 107 cells/chamber) were
resuspended in 100 pL of RPMI medium without FBS and
were transferred to the Transwell chambers that were placed
in 24-well plates containing RPMI medium with FBS, which
functioned as a chemotactic solution. After incubation for
48 h, the chambers were washed with PBS, fixed with 3.7%
formaldehyde for 2 min, washed with PBS, and permeabi-
lized with 100% methanol for 20 min. The methanol was
removed by washing with PBS, and the cells were stained
with 1% Giemsa stain (Synth, SP, BRA) for 15 min. The
cells retained in the upper membrane compartment were
removed with a cotton swab. The cells that migrated to the
lower compartment of the membrane were photographed on
an inverted Nikon Eclypse 100 microscope for cell quantifi-
cation using ImageJ software.

Zymography

Gelatine zymography was performed as follows: polyacryla-
mide gels (SDS-PAGE, 10%) were copolymerized with
gelatine (0.1%) (Sigma-Aldrich). For each sample, 25 pl of
serum-free conditioned media and sample buffer (without
B-mercaptoethanol) were loaded into the gel well. Electro-
phoresis was performed in the presence of SDS at a con-
stant voltage of 100 V. Following electrophoresis, the gels
were washed twice in 2.5% Triton X-100 for 15 min in an
orbital shaker. After that, the zymograms were incubated for
18 h at 37 °C in the incubation buffer (5 mM CaCl2, 50 mM
Tris—HCI1 pH 7.5, 1 mM ZnCl2). After incubation, the gels
were fixed with methanol:acetic acid:water (4.5:1:4.5, v/v)
for 15 min at room temperature with moderate agitation. The
gels were then stained with 0.1% Coomassie Brilliant Blue
G-250 and were destained with methanol:acetic acid:water
(4.5:1:4.5, v/v). The areas of enzymatic activity appeared as
clear bands over the dark background.

Measurement of IL-1f3 production

Renca cells were trypsinized, counted, and 1 X 10° cells were
transferred into 6-well flasks with 4 mL of RPMI without
serum. After 24 h, the conditioned media was transferred
into 1.5-mL tubes, centrifuged (300xg) to remove cellular
debris, and the resulting supernatants were filtered using
0.22 pum disposable TPP syringe filters (Techno Plastic Prod-
ucts, Trasadingen, Switzerland) and were stored at —20 °C
until they were assayed for IL-1p.

The concentrations of IL-1p in the supernatants of the
Renca cell cultures were determined using an ELISA kit
according to the manufacturer’s instructions (Invitrogen,
Carlsbad, CA).
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Statistical analysis and protein—protein interaction
map

Simple comparisons of the means were performed by Stu-
dent’s 7 test. The results of the present study are presented
as the mean + SDs. Multiple mean comparisons were per-
formed using one—way analysis of variance (ANOVA)
followed by Bonferroni’s test using GraphPad Prism 6.0
(GraphPad Software, Inc., La Jolla, CA, USA). P<0.05
indicated a statistically significant difference. All experi-
ments were performed in triplicates. A protein—protein
interaction map was generated using the STRING v11.0
website by inputting the following proteins: NFxB1,
MMp-9 and IL-1. The results were set to display up to ten
interactions [20].

Results

Expression of p105 and p50 proteins decreased
significantly in Renca-shRNA-NF-kB1 cells

First, the NF-kB1 gene knockdown effect on the protein level
was evaluated by western blotting. The results revealed that
the expression of p105 and p50 in Renca-shRNA-NF-kB1
cells was reduced by 84 +0.01% (P<0.01) and 77 +£0.08%
(P <0.001), respectively (Fig. 1a, b). In all experiments,
Renca non-target shRNA transduced cells (Renca—mock)
were used as controls.
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Fig. 1 Stable knockdown of NF-kB1 in Renca cells. a Western blot-
ting analysis. The optical density values of the corresponding bands
were quantified by Imagel] software, and GAPDH was used as an
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Silencing of NF-kB1 inhibited the clonogenic
capacity of RCC cells

To determine whether NF-xB1 is required for the clono-
genic growth of Renca cell lines, the cells were plated and
maintained in culture for 10 days with or without knock-
down. NF-kB1 knockdown led to the inhibition of colony
formation. The colony numbers of shRNA-NF-kB1 cells
(49.0 + 1.0/plate) were significantly lower than those of the
Renca—mock control group (69.33 +4.0/plate) (P <0.01 vs
Renca-mock) (Fig. 2a and b).

Silencing of NF-kB1 inhibits the migration
and invasion of Renca cells

To establish whether the decreased NF-kB1 levels would
impact the migration of Renca cells, a wound healing assay
and a transwell migration assay were performed. Wound
healing assay results (Fig. 3a) demonstrated that NF-kB1
knockdown produced a 10% inhibition of Renca-shRNA-
NF-kB1 cell migration (P <0.01 vs. Renca mock). (Fig-
ure 3al). This finding was Corroborated by those obtained
by transwell migration assay where the number of Renca-
shRNA-NF-kB1 cells that had migrated decreased by
0.5-fold compared with the number of Renca—mock cells
(P <0.001 vs. Renca mock) (Fig. 3b, bl). The invasion abil-
ity was assessed using a transwell assay (Fig. 3¢). The num-
ber of Renca-shRNA-NF-kB1 cells penetrating the mem-
brane decreased by 0.6-fold compared with the number of
Renca—mock cells (P <0.001 vs. Renca mock) (Fig. 3cl).
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Fig.2 shRNA-mediated knockdown of NF-kB1 inhibited the clo-
nogenic capacity of Renca cells. a Representative images of stained
colonies. b Quantitative analysis revealed a significant difference

Knockdown of NF-kB1 inhibited IL-1p mRNA
expression and protein production by Renca cells

The effect on the production of /L-1f, a known target
gene of NF-kB, by Renca-shRNA-NF-kB1 cells was
evaluated. The /L-1b mRNA production was assessed
by RT-gPCR, demonstrating lower expression levels in
the Renca-shRNA-NF-kB1 cells, with an mRNA-level
reduction of 98.3+0.11% (P <0.001) compared to that
of the Renca—mock cells (Fig. 4a). Protein expression
was verified by ELISA assays using culture media and
western blotting of cell protein extracts. Corroborating
the RT-qPCR data, the IL-1$ expression in the Renca-
shRNA-NF-kB1 culture media was 0.39 +0.01 pg/mL
whereas mock cells showed 9.58 +0.27 pg/mL (P < 0.001)
(Fig. 4b). As expected, the western blotting analysis
revealed a reduction of IL-1§ by 92.13 +0.55% compared
to that in the Renca—mock cells (P < 0.001) (Figs. 4c, d).

Knockdown of NF-kB1 downregulated MMP-9
expression and activity by Renca cells

MMP-9 expression was assessed by RT-gPCR and western
blotting analyses. NF-kB1 mRNA expression decreased by
89.00 +0.05% compared to that in the Renca—mock cells
(P <0.001) (Fig. 5a). This was further corroborated by
western blotting, revealing a decrease in active MMP-9
(86 kDa) by approximately 49.4 +0.57% (P <0.01)
(Fig. 5b, c). Furthermore, the gelatinolytic activity of
MMP-9 was also significantly decreased in the Renca-
shRNA-NF-kB1 cells (Fig. 5d). Corroborating all these
findings, a protein interaction map was generated using the
STRING website and provided evidence of the interaction
between NF-xkB1, MMP-9 and IL-1.
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(**P<0.01 vs Renca—mock) Values are the mean+SD; n=3

Discussion

NF-xB is a very important transcription factor, is ubiqui-
tously expressed in many different cell types, and orches-
trates several cellular and molecular mechanisms, mainly
those involved in the immune response because most toll-
like receptors and several cytokines signalling pathways
converge for NF-kB translocation into the nucleus [8].
Of further interest, clinical evidence has suggested that
nuclear NF-kB also plays a crucial role in tumour cell
functions, such as proliferation, migration, and apoptosis
[21]. An altered expression of NF-kB in solid tumours
has been correlated with poor prognosis and resistance to
antineoplastic treatments [11, 22].

In this report, we demonstrate that the colony formation
ability, as well as the migration and invasion capacity of
Renca-shRNA-NF-xB1 cells, were significantly impaired;
this was likely due to a reduction in MMP-9 activity as
well as other NF-kB target genes. The results from the
western blots revealed that p105/p50 protein expression
was efficiently downregulated in these cells. The strategy
of using an shRNA to successfully reduce the expression
of a target gene has been widely used [23, 24].

Renca-shRNA-NF-kB1 cells presented with decreased
colony formation, indicating that NF-xB1 mediates the
proliferative potential of Renca colony-forming cells.
However, whether this is a direct effect of NF-kB inhibi-
tion on cell cycle-related genes has not been addressed. In
fact, NF-xB1 may directly target several genes that modu-
late cell survival and proliferation, such as Cyclins and
MAP kinases (Fig. 5e). Thus, it is possible that NF-xB1
inhibition in Renca-shRNA-NF-xB1 cells could lead to the
reduced expression of such genes, impairing cell viability
and expansion.
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Renca-Mock

Fig.3 NF-kB1-knockdown inhibits Renca cell migration and inva-
sion. a The migration of Renca cells was assessed by a wound-
healing assay. Representative images of wound closure were taken
at 0 h and 48 h after wounding under x 100 magnification. al Cell
migration was quantified and represented in a Bar graph (*P <0.05
vs Renca—mock). b Assessment of cell migration by transwell assay.

On the other hand, NF-kB may also have an indirect
impact on the aforementioned phenomenon. It has been
shown that during cancer, several tumoural growth fac-
tors are secreted, either by the tumour cells themselves or
by nearby host cells [25, 26]. Here, we show that Renca-
shRNA-NF-kB1 cells exhibited a decreased IL-1 response
compared to that of Renca-shRNA-cells. IL-1 is a very
important cytokine for the innate immune response, not
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Representative image of migration by transwell assay. B1 migration
was quantified and represented in a Bar graph (P <0.001 vs. Renca—
mock) (b1). ¢ Representative images of the invasion assay, ¢l Cell
invasion was quantified and represented in a Bar graph (***P <0.001
vs Renca-mock). Values are the mean+SD; n=3

only against pathogens but also against tumour cells. IL-1
secretion follows a complex and orchestrated molecular
mechanism called pyroptosis, which is dependent on inflam-
masome assembly and the cleavage of pro-IL-1beta in the
cytoplasm [26, 27]. Interestingly, it has been shown that IL-1
may also act as a tumour growth factor, boosting tumour
cell growth and survival [10]. Thus, it is plausible that
Renca-shRNA-NF-xB1 cells have not only a reduced IL-1
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Fig.4 NF-kBl-knockdown inhibited IL-1p expression. a RT-PCR
analysis. b Determination of IL-1p concentration in the superna-
tants of Renca cell culture. (***P <0.001 vs Renca—Mock). ¢ West-
ern blotting analysis. The optical density values of the corresponding

secretion level, but also an impaired signalling pathway, as
IL-1 activates the IL-1R signalling pathway that also results
in NF-kB1 translocation. However, these implications must
be addressed in vivo because, as already mentioned, IL-1 has
an important anti-tumoural function, mainly by recruiting
inflammatory cells.

In addition, our data show that the low levels of NF-xB
p50 caused a significant decrease in the cell migration and
invasion of Renca cells. This is due to a decrease in the
expression of MMP-9, an important metastasis promoting
factor. The promoter of MMP-9 has responsive elements
for several different transcriptional factors, including AP-1,
SP-1, Ets and NF-xB [28]; this is evidence for a direct cor-
relation between them. Accumulated data have correlated
the enhanced expression of MMP-9 with the activation of
NF-kB and metastasis [18, 29]. MMP-9 is an endopeptidase
with three fibronectin Type II domains that confer higher
affinity for its collagen substrate [30]. This activity helps
degrade the extracellular matrix, allowing metastatic cells
to detach from the primary tumour and to gain access to the
circulation, leading to metastasis. Moreover, MMP-9 may
also act on endothelial cells, facilitating the carcinogenesis
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bands were quantified by ImageJ software, and GAPDH was used as
an internal control. d The results show a reduction of IL-1p protein
(***P<0.001 vs Renca—mock). Values are the means +SD; n=3

of skin cells and the spread throughout the body [31]. Thus,
consistent with these findings, we have shown that NF-xB1
abrogation led to reduced MMP-9 secretion, impairing
Renca cells to migrate in Transwell assays. Although it has
already been shown in the literature that NF-xB acts on
MMP-9 transcription, it is worth mentioning that we also
observed a significant reduction of MMP-9 activity after
NF-xB1 knockdown, probably due to the reduced level of
this molecule in the supernatant.

As mentioned, IL-1 also signals through NF-xB1. Thus,
IL-1 signalling pathway impairment by shRNA-NF-xB1 in
Renca cells may also account for the overall suppression of
MMP-9 secretion. In addition, a published meta-analysis on
ccRCC gene expression was performed by Suraj Peri and
collaborators and identified that the elevated expression
of MMP-9 was significantly associated with a higher rela-
tive risk, poorer prognosis, and reduced survival for RCC
patients [32].

In summary, our data, presented here, show the role of
NF-kB1 in orchestrating the proliferation and metastatic
potential of RCC cells in vitro. As mentioned, RCC accounts
for 90-95% of kidney cancer cases, of which, 25-30% of
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Fig.5 NF-kBl-knockdown downregulated MMP-9 expression and
activity. a RT-PCR analysis. b Western blot analysis. ¢ The opti-
cal density values of the corresponding bands were quantified using
Image] software, with B-actin serving as an internal control. The
results show a reduction in MMP-9 at the protein level (*P<0.01

patients develop metastasis after surgery. This evidence
supports the clinical importance of RCC as well as the
importance of understanding its biology. The relevance of
our findings in vivo was not addressed, but it is one of our
further goals. Both IL-1 and MMP-9 seem to have a dual
role in vivo, as both may boost the immune response [26],
facilitating the recruitment of inflammatory cells and pro-
moting tumoural growth and metastasis. This is clinically
corroborated, as bladder tumours may be treated by the
intravesical inoculation of BCG (Bacille Calmette-Guérin),
a robust immune stimulus of pro-inflammatory cytokines,
including IL-1.

Conclusion
The knockdown of NF-xB1 renal tumour cells significantly

reduced the potential for colony formation, expansion and
cellular migration in vitro. These findings correlate with the

@ Springer
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vs Renca—mock). d MMP-9 Gelatinase activity in 48 h conditioned
medium from Renca—mock and Renca-shRNA-NF-kB1 cells. e Pro-
tein Interaction Maps elaborated using STRING website shows direct
interaction between NFk-B1, MMP-9 and IL-1

downregulation of IL-1 and MMP-9 secretion, as well as
with MMP-9 activity, indicating a possible molecular mech-
anism for NF-kB1 in the development and progression of
RCC. Finally, this study suggests that NF-xB1 could be a
molecular target for RCC therapy.
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