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Introduction

Renal cell carcinoma (RCC) is the most common adult 
renal epithelial cancer, accounting for more than 90% of 
all renal neoplasms (1). 

RCC occurs most often in individuals between 70–75 
years of age, generally affects men more than women, and 
factors, such as obesity, smoking, hypertension, and gene-
tic alterations, contribute to the development of RCC (2,3). 
RCC is a clinically pathologically heterogeneous disease 
that can be classified into the following types: clear cell, 
papillary, chromophobic, collecting duct carcinoma, and 
unclassified (1). Clear cell RCC (ccRCC) is the most com-
mon type of RCC, accounting for 70% of all RCC cases 
(4). Whereas, papillary, chromophobic, and collecting 
duct RCC account for 10–15%, 4–6%, and less than 1% 
of all RCC cases, respectively, and unclassified lesions ac-
count for 4–5 % of all RCC cases (1,4). Most patients with 
ccRCC have a mutation in the von Hippel-Lindau (VHL) 
tumor suppressor gene. The VHL gene encodes the VHL 
protein, which negatively regulates various intracellular 
proteins, including the hypoxia-inducible factor (HIF). 
HIF is a heterodimeric transcription factor composed of 
alpha (α) and beta (β) subunits that regulate the expression 
of genes that facilitate tissue adaptation to low oxygen 
pressure. Under normoxic conditions, the VHL protein 
is involved in the degradation of the HIF-α subunit. Loss 
of function of the VHL gene causes an increase in HIF 
levels even in normoxic conditions, and consequently, an 
increase in the transcription of several angiogenic factors, 

such as vascular endothelial growth factor (VEGF), pla-
telet-derived growth factor (PDGF), vascular endothelial 
growth factor receptor 2 (VEGFR2), and basic fibroblast 
growth factor (5,6). Expression of angiogenic factors jus-
tifies the intense vascularization often seen in RCC and 
explains the high prevalence of metastasis (30–40% of 
cases) at the initial diagnosis of the disease (7).

The prognostic value of soluble factors, such as in-
terleukin 6 (IL-6), has been explored. IL-6 is an inflamma-
tory and angiogenic cytokine that acts as an autocrine tu-
mor growth factor, which induces a transcriptional inflam-
matory response, promoting tumor progression through 
the Janus kinase (JAK)- signal transducer and activator 
of transcription (STAT) pathway and inducing tumor an-
giogenesis by activating the JAK/STAT and phosphoino-
sitide 3-kinase (PI3K)/Akt signaling pathways (8). Clini-
cally, circulating IL-6 level is an important independent 
prognostic factor in patients with metastatic RCC (9). 
Zhang et al. demonstrated that STAT3 is a key regulator 
of the VEGF gene; in addition to being a direct activator 
of the VEGF promoter, STAT3 is also involved in PI3K-
Akt-mediated HIF-1 expression. Moreover, HIF-1 is a key 
regulator of the VEGF gene (10). 

Nuclear factor kappa B (NF-κB) was discovered in 
1986 by Sen and Baltimore and was described as a nuclear 
factor that binds to promoter elements of the light chain 
of activated B-cell immunoglobulin (11). Subsequent re-
search confirmed that this transcription factor is expressed 
in almost all cell types and regulates many genes involved 
in various pathological processes, such as inflammation 
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and immune response, oxidative stress, carcinogenesis, 
cell survival, and apoptosis (12).

NF-κB is a pleiotropic transcription factor belonging to 
the Rel/NF-κB family, which participates in the activation 
of many genes, including cytokines, metalloproteinases 
(MMPs), VEGF, Bcl-2, and Bax. In mammals, the Rel 
family is comprised of five proteins: RelA (p65), RelB, 
c-Rel, NF-κB1 p105/p50 and NF-κB2 p100/p52. NF-κB 
proteins can be classified into two groups: the first group 
includes the p65, RelB, and c-Rel subunits that contain a 
transactivation domain at the C-terminus and are synthe-
sized in their mature form; and the second group, which 
is composed of NF-κB1 p105/p50 and NF-κB2 p100/
p52 proteins that are synthesized as precursor molecules, 
which undergo cleavage of the N-terminal region in the 
proteasome (26S) to generate mature proteins (p50 and 
p52) (13,14).

All Rel subunits have an N-terminal domain of ap-
proximately 300 amino acids called the Rel homology do-
main, which mediates DNA binding and subunit dimeriza-
tion. RelA (p65), RelB, and c-Rel contain transactivation 
domains in their C-terminal region that generally allow 
dimers containing these subunits to induce gene expres-
sion. This domain is also the site of several post-transla-
tional regulatory modifications including phosphorylation, 
acetylation, and nitrosylation. In contrast, NF-kB1 (p105/
p50) and NF-kB2 (p100/p52), which undergo proteolysis 
to produce the DNA-binding isoforms p50 and p52, do not 
have transactivation domains. Consequently, these p50 or 
p52 homodimers are generally viewed as transcriptionally 
inert, i.e., they have DNA-binding capacity but cannot 
activate gene expression; there are, of course, exceptions 
(14). There are two pathways of NF-кB p50 activation: the 
canonical pathway and the noncanonical pathway, which 
has not yet been fully elucidated (15). The canonical pa-
thway, also known as the classical pathway, is activated by 
viral infections and inflammatory cytokines. When this pa-
thway is activated, IκB kinase phosphorylates an inhibitor 
of NF-кB (IκB) protein that is subsequently ubiquitinated 
and degraded by the proteasome. The free subunits (p65 
and p50) of NF-кB translocate to the nucleus, where they 
induce the transcription of specific genes. In the noncano-
nical pathway, p50 or p52 homodimers translocate to the 
nucleus, where they interact with Bcl-3, which has a tran-
sactivation domain, and induce gene transcription. These 
subunits heterodimerize or homodimerize to form activa-
ting (p50/p65) and repressing (p50/p50 and p52/p52) di-
mers, respectively. Without stimulation, NF-κB remains in 
the cytoplasm in its inactive form bound to an IkB protein, 
such as IkB-α, IkB-β, IkBγ, IkBδ, and Bcl-3 (13,16).

The connection between the NF-κB and HIF signaling 
pathways has been proposed by several authors. Studies 
have shown that NF-κB subunits are linked to the HIF-1α 
promoter and their depletion results in reduced basal le-

vels of HIF-1α mRNA. Furthermore, the authors showed 
that the induction of NF-κB by tumor necrosis factor pro-
motes an increase in the expression and activity of HIF-1α 
under hypoxic conditions [17-20]. In summary, hypoxia 
promotes the activation of NF-kB, which subsequently 
upregulates HIF-α transcription, which activates the trans-
cription of genes responsible for the adaptive response to 
hypoxia. Therefore, in the present study, we aimed to eva-
luate the impact of NF-κB1 gene knockout on angiogene-
sis. We measured the expression of IL-6 in human renal 
adenocarcinoma cells under normoxic and hypoxic condi-
tions for the same.

Materials and Methods

Cell culture
The human clear cell renal adenocarcinoma with VHL 

gene mutation, 786-0, was purchased from the American 
Type Culture Collection (ATCC®CRL-1932; Manassas, 
VA, USA). Cells were cultured in Roswell Park Memo-
rial Institute (RPMI)-1640 medium (Life Technologies, 
Carlsbad, CA, USA) supplemented with 10% fetal bovine 
serum (FBS), 100 U/mL penicillin, and 100 μg/mL strep-
tomycin (all obtained from Gibco, Waltham, MA, USA) in 
a humidified incubator with 5% CO2 at 37 °C.

NF-ĸB1 gene knockout
For knockout of the NF-ĸB1 gene, the CRISPR-Cas9 

technique was used, and the three single guides RNA 
(sgRNA) sequences used in the present study were desig-
ned using the Broad Institute sgRNA Design tool (portals.
broadinstitute.org/gpp/public/analysis-tools/sgrna–de-
sign). A scrambled control sequence (mock) was designed. 
The sequences used are listed in Table 1. The lentiCRIS-
PR v2 vector, provided kindly by Dr. Matheus Henrique 
Dos S. Dias, Special Laboratory of Applied Toxinology, 
Center for Toxins, Immune Response and Cell Signaling, 
Instituto Butantan, São Paulo, Brazil (Addgene Plasmid 
#52961), was used to clone sgRNA sequences following 
the protocol described by Sanjana et al. (2014) (21,22).

After transformation into Escherichia coli DH5α (Sub-
cloning Efficiency DH5α Competent Cells; Invitrogen, 
Waltham, MA, USA), a two-plasmid system was used to 
pack the virus particles (pSPAX2-y PSI and pCMV-VsVg; 
Addgene, Watertown, MA, USA), and the lentiviral par-
ticles were cotransfected into HEK 293T cells with the 
constructed lentiviral interference vectors using Lipofec-
tamine® 2000 (Invitrogen). The virus supernatant was col-
lected 48 h after transfection.

786-0 cells were seeded in six-well plates at 5 × 104 
cells per plate in a medium containing lentivirus with NF-
kB1–sgRNA or scrambled-sgRNA and polybrene (hexadi-
methrine bromide; Sigma-Aldrich, St. Louis, MO, USA). 
After 6 h, the medium containing 10% FBS was refreshed, 

Clones Sequences
sgRNA NF-ĸB1 1 (sg1) 5′ – ACTGGAAGCACGAATGACAG – 3′
sgRNA NF-ĸB1 2 (sg2) 5′ – TTGTCTATGAACATCTGTGG – 3′
sgRNA NF-ĸB1 3 (sg3) 5′ – AAGTAGGAAATCCATAGTGT – 3′

Scramble/ empty vector (Mock) 5′ – GACCCCCTCCACCCCGCCTC – 3′
Abbreviations: NF-ĸB, nuclear factor kappa B; sgRNA, single guide RNA.

Table 1 . Plasmid vector sequences (single guide RNA).



10

Luiz Felipe S. Teixeira and Maria Helena Bellini / NF-ĸΒ1 knockout reduces IL6 under hypoxia in RCC, 2023, 69(6): 08-14

antibodies (diluted 1:1,000) for 2 h at room temperature. 
Immunoreactive protein bands were detected using the 
SuperSignal® West Pico Chemiluminescent Substrate Kit 
(Thermo Fisher Scientific, Waltham, MA, USA). Images 
were acquired using Uvitec Cambridge Alliance 4.7 (Uvi-
tec Cambridge, Cambridge, UK).

MILLIPLEX assay
IL-6 was quantified using the MILLIPLEX MAP Hu-

man Circulating Cancer Biomarker kit (Cat. #HCCBP-
1MAG-58K, Merck Millipore, Burlington, MA, USA) 
following the manufacturer's instructions.

Plate reading and data processing were performed at 
the Immunology Department of the Institute of Biome-
dical Sciences (ICB-USP) using Luminex® 200™ – Bio 
Plex®200 system (Bio-Rad, Hercules, CA, USA).

Statistical analysis 
Statistical analyses were performed using GraphPad 

Prism 6.0 (GraphPad Software, Inc., La Jolla, CA, USA). 
Results are presented as mean ± standard deviation. Sta-
tistically significant differences between groups for each 
assay were analyzed using a one-way analysis of variance, 
followed by Bonferroni’s test. P < 0.05 was considered to 
indicate a statistically significant difference. In the MIL-
LIPLEX assay comparisons between the groups were per-
formed using the chi-square test.

Results

786-0-WT cells and non-target sg-RNA (mock) were 
used as controls across all experiments. The expression of 
p50 and p105 proteins was verified in total protein extracts 
from 786-0 WT, 786-0 mock, 786-0 sg1, 786-0 sg2, and 
786-0 sg3 cells. The results showed that the anti-NF-κB1 
p105/p50 (ab32360 rabbit monoclonal) antibody was more 
specific for the p50 portion of NF-kB1, and therefore, this 
band was used to analyze the efficiency of gene silencing, 
as shown in Figure 1, the CRISPR/Cas9 technique suc-
cessfully knocked out the NF-κB1 gene, resulting in silen-
cing of p50 and p105 protein expression.

HIF-α expression was verified by western blot analy-
sis of total protein extracts (Figure 2a). Under normoxia, 
HIF-α levels were low, with no difference between the 
groups (Figure 2b). However, under hypoxia, HIF-α levels 
increased in all groups, especially in 786-0 WT and 786-
0 mock cells. When compared to HIF-2α levels in 786 
0-mock cells, the decrease in HIF-2α levels under nor-
moxia was 0.63 ± 0.10-fold, 0.64 ± 0.09-fold, and 0.65 ± 
0.11-fold in 786-0 sg1, 786-0 sg2, and 786-0 sg3 cells, res-
pectively (P < 0.05; Figure 2b). Similarly, under hypoxia, 
the decrease in HIF-2α levels when compared to levels in 
786-0-mock cells was 0.50 ± 0.05-fold, 0.51 ± 0.08-fold, 
and 0.53 ± 0.08-fold in 786-0 sg1, 786-0 sg2, and 786-0 

and after 48 h, puromycin (Invitrogen) was added to select 
infected cells. The cells were divided into three groups: 
786-0-wild type (WT; cells without viral transfection), 
786-0-mock (empty vector-transfected control cells), and 
Renca-shRNA-NF-kB1 (cells transfected with lentivirus 
NF-kB1-sgRNA).

Cell culture in hypoxia
For the hypoxia assay, approximately 2 × 105 cells 

were seeded in 60 mm dishes the day before the assay 
was performed. Cells were incubated for 6 h in a humid 
hypoxia chamber (StemCellTM Technologies, Vancouver, 
Canada), with an atmosphere of 1% O2, 5% CO2, and 94% 
N2 at 37 °C [23]. An O2 Altair PRO single gas detector 
(Code:217597, MSA Safety, Cranberry Township, PA, 
USA) was used to measure O2 concentration in the hy-
poxia chamber.

RNA extraction and quantitative real-time reverse 
transcriptase polymerase chain reaction (qRT-PCR) 

Total cellular RNA was extracted using the RNeasy 
Mini Kit (Qiagen, Valencia, CA, USA). cDNA was then 
synthesized using the QuantiTect® Reverse Transcription 
Kit (Qiagen, Hilden, Germany) according to the manu-
facturer’s protocol using 2 μg of RNA and was stored at 
−20 °C. The Absolute SYBR Green qPCR Mix® (Invi-
trogen) was used for qRT-PCR according to the manufac-
turer’s instructions. Reactions were carried out in 10 μL 
and the following PCR conditions were used: 40 cycles 
of denaturation at 95 °C for 15 s, annealing at 60 °C for 
1 h, and elongation at 72 °C for 1 min. The target gene 
expression levels were normalized to transferrin recep-
tor (TFRC) mRNA levels. The primers used were as fol-
lows: IL-6, 5′-ATTCCTCCCCCGCATCA-3′ (forward) 
and 5′-CAGAGGGGCCTACCCTTAGC-3′ (reverse); 
TFRC, 5′-GGAGGACGCGCTAGTGTTCT-3′ (forward) 
and 5′-TGCTGATCTAGCTTGATCCATCA-3′ (reverse). 
Relative gene expression was quantified using the 2-ΔΔCt 
method [24]. PCR was performed using an ABI-Prism 
7000 quantitative PCR system (Applied Biosystems, Fos-
ter City, CA, USA).

Protein extraction and western blot analysis
Proteins were extracted from cells using CelLyticTM 

M (Sigma-Aldrich). After centrifugation at 20.000 × g at 4 
ºC for 15 min, the supernatant was collected and a protease 
inhibitor cocktail (Sigma-Aldrich, St. Louis, MO, USA) 
was added. 

Protein concentration was determined using the bicin-
choninic acid method, and protein samples were stored at 
−80 °C until use in experiments. Proteins (40 μg per lane) 
were separated by 12% sodium dodecyl sulfate-polya-
crylamide gel electrophoresis (SDS-PAGE) and transfer-
red onto polyvinyl difluoride (PVDF) membrane (Thermo 
Fisher Scientific, Waltham, MA, USA) ), which were then 
blocked in 5% skim milk in Tris-buffered saline at room 
temperature for 1 h. Membranes were then incubated over-
night at 4 °C with the following primary antibodies (all 
diluted 1: 500): anti-NF-kB1 p105/p50 (ab32360, rabbit 
monoclonal, Abcam, Cambridge, UK), EPAS-1/HIF-2α 
(sc-46691, mouse monoclonal, Santa Cruz, Dallas, TX, 
USA), and anti-β-actin (ab123020, mouse monoclonal, 
Abcam). Membranes were then incubated with goat or 
mouse horseradish peroxidase-conjugated secondary 

Figure 1. Western blot analysis of p50 and p105 expression in the 
control and 786-0 sgRNA NF-κB1 groups normalized to the expres-
sion of β-actin.
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sg3 cells, respectively (P < 0.05; Figure 2c).
A comparative analysis of HIF-α expression in hypoxic 

and normoxic conditions is shown in Figure 2d. With re-
gards to the expression of HIF-α in normoxia, 786-0 WT 
cells showed an increase of 2.02 ± 0.13-fold (P < 0.001), 
whereas 786-0-mock, 786-0 sg1, 786-0 sg2, and 786-0 sg3 
cells showed an increase of 2.19 ± 0.34-fold (P < 0.001), 
1.07 ± 0.01-fold (P < 0.05), 1.40 ± 0.18-fold (P < 0.05), 
and 1.62 ± 0.12-fold (P < 0.05), respectively.

Analysis of IL-6 mRNA levels
The expression of IL-6 mRNA in transduced cells under 

normoxia and hypoxia was analyzed using RT-qPCR. Un-
der both conditions, IL-6 mRNA expression was similar in 
786-0 WT and 786-0-mock cells. However, IL-6 mRNA 
expression in the knockout cells was lower than that in 
786-0-mock cells. The expression of the IL-6 gene in the 
knockout cells was significantly lower than that in 786-0-
mock cells, both in normoxia (786-0 sg1, 49.03 ± 0.80%; 
786-0 sg2, 76.59 ± 12.43%; 786-0 sg3, 66.98 ± 10.89%) 
and hypoxia (786-0 sg1, 95.85 ± 0.36%; 786-0 sg2, 96.45 
± 0.49%; 786-0 sg3, 91.08 ± 1.42%) (Figure 3a and 3a1).

Analysis of the relative mRNA expression of IL-6 in 
normoxia was compared to that in hypoxia. We observed 
that there was an increase in the expression in all cells, 
but the 786-0 WT and 786-0-mock cells had a higher ex-
pression when compared to that in the transduced cells. 
Analysis of IL-6 mRNA expression showed that there was 
an increase in expression in hypoxia, 594.67 ± 108.29 %, 
420.74 ± 69.78 %, 168.30 ± 39.09%, 213.90 ± 42.77%, 
132.45 ± 36.89%, in 786-0 WT, 786-0 mock,  786-0 sg1, 
786-0 sg2, and 786-0 sg3 cells, respectively,  compared to 
that in normoxia (Figure 4).

Analysis of IL-6 protein levels
The levels of IL-6 in the culture medium were eva-

luated under normoxic and hypoxic conditions. Hypoxia 
was found to upregulate the expression of IL-6. There 
was a considerable reduction in IL-6 levels in the culture 
medium of knock-out cells under normoxia and hypoxia 
(Figures 3b and 3b1). However, 786-0 sg1 cells had higher 

IL-6 expression than 786-0 sg2 cells under normoxia (P ˂ 
0.05). Additionally, under hypoxia, IL-6 levels in 786-0 
sg3 cells were significantly lower than those in other cells 
(P ˂ 0.001).

The data presented in Figures 3b and 3b1 was also used 
to calculate the differential expression of IL-6 in hypoxia/
normoxia. The three groups that were knocked out for NF-
κB showed significantly lower differential expression of 
IL-6 in hypoxia/normoxia compared to that in the control 
cells (786 sg1 vs 786-0 Mock, P < 0.05; 786 sg2 vs 786-
0 mock, P < 0.05, 786 sg3 vs 786-0-mock,- P < 0.001) 
(Table 2).

Discussion

Hypoxia is a characteristic feature of malignant tumors 
and is responsible for a cellular adaptive response, which 

Figure 2. Levels of hypoxia inducible factor (HIF)-2α. (a) Graphic 
representation of protein levels in NF-κB-knock out and control cells, 
as analyzed by western blotting. Quantitative analysis of protein le-
vels was performed using the ImageJ 1.6.0_24 program and expres-
sion was normalized to β-actin levels. (b) Protein levels in normoxia. 
(c) Protein levels in hypoxia. (d) Comparison of HIF-2α expression 
in normoxia and hypoxia. Values are presented as mean ± standard 
deviation. (b and c) One-way analysis of variance (ANOVA) followed 
by Bonferroni's test, (d) t-test with Welch correction program.

Figure 3. Relative mRNA expression under normoxia and hypoxia 
normalized to the endogenous expression of TRFC. (a) IL-6 in nor-
moxia condition. (a1) IL-6 in hypoxic condition. Level of IL-6 ex-
pression (pg/mL) in the culture medium under normoxia and hypoxia.  
IL-6 expression in (b) normoxia and (b1) hypoxia. One-way ANOVA 
followed by the Bonferroni test; GraphPad Prism 6.0 program Values    
are presented as mean ± standard deviation. *P < 0.05, **P < 0.01, 
***P < 0.001

Figure 4. Relative mRNA expression under normoxia and hypoxia 
normalized to the endogenous expression of TRFC. IL-6 expression in 
(a) 786-0 WT cells; (b) 786-0 Mock cells; (c) 786-0 sg1 cells; (d) 786-
0 sg2 cells; (e) 786-0 sg3 cells. ANOVA t-test with Welch correction. 
Values   are presented as mean ± standard deviation. *P < 0.05, **P < 
0.01, ***P < 0.001
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regulates the expression of genes that affect tumor cell sur-
vival, and consequently, tumor progression (25). Hypoxia 
can activate the NF-κB signal transduction pathway, in-
creasing its binding activity to promoter regions of target 
genes. Genes activated by the NF-κB pathway allow cells 
to survive in an environment of low oxygen pressure. In 
the present study, the expression of NF-κB1, one of the 
components of the NF-κB dimer, was suppressed in the 
clear cell adenocarcinoma cell line 786-0 using CRISPR / 
Cas9 technology.

786-0 cells were transduced with lentiviruses using the 
VSVG envelope encoding three sgRNA sequences (sgR-
NA1, sgRNA2, or sgRNA3) for the puromycin resistance 
cassette. The clones obtained after selection with puromy-
cin were termed 786-0 sg1, 786-0 sg2, and 786-0 sg3. The 
effectiveness of gene knockout was confirmed by western 
blot. These results demonstrated that the CRISPR/Cas9 
technique is highly effective in editing the clear cell renal 
tumor lineage. Similar results were obtained by Liu et al. 
(2020), who used the technique to knockout the epidermal 
growth factor receptor gene in renal tumor cell lines (26).

Using the clones produced by the CRISPR/Cas9 tech-
nique, we verified the effect of NF-ĸB1 (p105/p50) knoc-
kout on the expression of HIF-2α and IL6. The activa-
tion of many genes regulated by oxygen pressure (pO2) 
is mediated by the HIF, a heterodimer composed of the 
subunits HIF-1α and HIF-1β. Although HIF-1α is the 
better studied of the HIF-alpha subunit isoforms, recent 
studies have suggested that HIF-2α is a critical regulator 
of physiological and pathophysiological angiogenesis and 
is at least equally important as HIF-1α, HIF-2α regulates 
several aspects of angiogenesis, including cell prolifera-
tion, migration, blood vessel maturation, and metastasis 
(27). HIF-2α is unstable in normoxia, which explains the 
low intracellular levels observed in the present study and 
Albadari et al. (2019) (28). 

Despite the low baseline levels, it was possible to verify 
that NF-ĸB1 knockout cells showed a significant reduction 
in the expression of HIF-2α. We attribute this to the fact 
that the NF-ĸB signaling pathway is constitutively activa-
ted in 786-0 cells, which promotes an imbalance in oxida-
tive metabolism, which in turn, stimulates the production 
of HIF-2α. The hypoxic microenvironment exacerbates 
cellular oxidative stress, and consequently, increases HIF-
2α expression (29).

IL-6 mRNA and protein levels followed the same trend 
as HIF-2α mRNA and protein levels in NF-ĸB1 knockout 
cells; even in a hypoxic microenvironment that is known 
to positively regulate these two molecules, significant re-
ductions in mRNA and protein expression were observed. 
With regards to IL-6, mRNA and protein expression were 

significantly reduced in NF-ĸB1 knockout cells. In addi-
tion, there was a decrease in the differential expression 
in hypoxia/normoxia between the NF-ĸB1 knockout and 
control cells, suggesting that there was a change in cellular 
responsiveness to hypoxia with respect to IL-6 expression.

The results of our study are very promising because 
IL-6 is a prognostic marker for RCC and high plasma 
IL-6 levels are correlated with therapeutic resistance and 
reduced patient survival (30,31). These data correlate with 
and are corroborated by data previously published by our 
group, where we demonstrated that reduced levels of p50 
expression in murine ccRCC led to the downregulation of 
MMP-9, decreasing the migratory capacity of these cells 
(32). The effect of IL-6 on cell migration and invasion, 
mediated by regulation of MMP-2 and MMP-9 expres-
sion, was also verified by Sun et al. in nasopharyngeal car-
cinoma (33). 

In summary, the CRISPR/Cas9 technique was effec-
tive in producing 786-0 NF-κB1 (p105/p50)-knockout 
cells.  Suppression of p50 expression in 786-0 sg1, 786-0 
sg2, and 786-0 sg3 cells resulted in the reduction of IL6 
expression under both normoxia and hypoxia. Additional-
ly, the decrease in the differential expression in hypoxia/
normoxia suggested a change in cellular responsiveness to 
hypoxia with respect to IL-6. 
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differences in expression are presented as fold change.

Abbreviations: sg, single guide RNA; WT, wild type.
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