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The study aimed to explore the effect of the nuclear factor-kappa B signaling pathway on apoptosis of rat
renal tubular epithelial cells caused by calcium oxalate monohydrate crystals. After being cultivated in vitro,
NRK-52E cells were split into a control group, 1 mm calcium oxalate monohydrate group and 10 pM QNZ+1
mm calcium oxalate monohydrate group. The optical density value was detected via cell counting kit-8 assay,
the content of lactate dehydrogenase in cell supernatant was detected via colorimetry, and the expressions
of nuclear factor-kappa B signaling pathway-related proteins p65 and p50 and B cell lymphoma-2, tumor
necrosis factor receptor 1 and caspase-3 were determined through Western blotting. 1 mm calcium oxalate
monohydrate could significantly reduce the proliferation ability of NRK-52E cell and cause cytotoxicity. 1
mm calcium oxalate monohydrate significantly up-regulated the expressions of p65, p50, tumor necrosis
factor receptor 1 and caspase-3, and significantly lowered the B cell ymphoma-2. Besides, 10 pM QNZ+1 mm
calcium oxalate monohydrate obviously down-regulated the expressions of p65, pS0, tumor necrosis factor
receptor 1 and caspase-3, and obviously increased the B cell lymphoma. The apoptosis of rat renal tubular
epithelial cells in rats with calcium oxalate kidney stones may be promoted through activating the nuclear
factor-kappa B signaling pathway. Inhibiting the nuclear factor-kappa B activity can alleviate apoptosis and

improve renal cell function.
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Kidney Stones (KS) are one of the prevalent
illnesses of the urinary system, characterized by a
high morbidity rate and proneness to recurrence.
With the development of disease, the normal
kidney function will be seriously affected, harming
the patient’s physical and mental health and
reducing the social productivity!'.  The
pathogenesis of urinary system stones remains
unclear, which involves the uptake of stone
formation-related substances, formation of stone
crystals, crystal adhesion and kidney injury!,
Oxalate, a metabolic end product, is primarily
excreted by the kidneys and is implicated in
various pathological conditions. This organic
dicarboxylate undergoes filtration in the glomeruli
and is subsequently transported bidirectionally
into the Renal Tubules (RT)B!. The most common
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urinary system stones are calcium oxalate stones,
whose main component is Calcium Oxalate
Monohydrate (COM). Under normal physiological
conditions, the urine in the RT has a high flow rate
and there is less adhesion of various substances.
Once supersaturation occurs in the urine, crystals
may form in the urine, and crystal sedimentation
may cause damage to the Renal Tubular Epithelial
(RTE) cells!. Due to the physical adhesion and
the recognition of cell surface molecules, crystals
can adhere firmly to renal tubular epithelium,
which, as a result, will greatly promote the
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formation of stones®). According to related studies,
crystal adhesion is a key initiator for crystal
growth and its damage to RTE cells!®. The
transcription factor known as Nuclear Factor
Kappa B (NF-kB) plays a crucial part in mediating
inflammatory and immune responses by
stimulating the production of diverse cytokines
and growth factors!”.. In the realm of vertebrates, a
total of five members of the NF-kB family have
been successfully identified, specifically RelA
(p65), NF-xB1 (p50/p105), RelB, c-Rel, and NF-
kB2 (p52/p100). These proteins collectively
possess the Rel Homology Domain (RHD), which
is highly conserved and spans 300 amino acids in
the N-terminal region. The RHD is accountable for
various crucial functions, including
Deoxyribonucleic Acid (DNA) binding,
dimerization, nuclear translocation, and interaction
with inhibitory kB protein®!. Previous research has
demonstrated that NF-kB is able to promote
apoptosis in different stimuli and specific cell
types!. The induction of NF-kB signaling pathway
has been observed to trigger apoptosis in mice
suffering from acute kidney injury, while the
specific blockage of NF-«xB can effectively reduce
renal cell apoptosist'®. However, the association
between the expression of NF-xB signaling
pathway and the apoptosis of RTE cells in COM-
induced KS is rarely studied. Therefore, the
primary objective of this study is to investigate the
impact of COM on the expression of the NF-kB
signaling pathway and apoptosis in RTE cells. The
findings of this research endeavor aim to establish
a theoretical foundation and potentially offer a
therapeutic approach for the investigation and
clinical management of KS. NRK-52E cells
(Shanghai Cell Bank), Dulbecco’s Modified Eagle
Medium (DMEM), Fetal Bovine Serum (FBS) and
Phosphate-Buffered Saline (PBS) (Gibco), COM
(Sigma), p65, p50, B-Cell Lymphoma 2 (BCL-2),
Tumor Necrosis Factor Receptor 1 (TNFR1),
caspase-3, p-actin antibodies and Horseradish
Peroxidase (HRP)-labeled secondary antibodies
(Abcam), QNZ (Selleck), TRIzol (Invitrogen),
Terminal Deoxynucleotidyl Transferase dUTP
Nick End Labeling (TUNEL) apoptosis assay kit
(Beyotime), and 0.22 pm pinhole filter (Millipore).
NRK-52E cell culture including the NRK-52E
cells were cultured in DMEM supplemented with
10 % FBS under standard conditions of 5 % Carbon
dioxide (CO,) at 37°. Upon reaching 90 %
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confluence, the cells were subjected to two washes
with PBS and subsequently digested using 0.25 %
trypsin, followed by passage (1:3). Treatment of
NRK-52E cells with COM crystal suspension
including the COM was resuspended in DMEM
containing 10 % FBS and prepared into COM
crystal suspension at concentrations of 0.1 mM, 1
mM and 10 mM. NRK-52E cells cultured in the
culture plate were added with the above COM
crystal suspension at different concentrations. Cell
Counting Kit-8 (CCK-8) assay cells were cultured
and treated with COM crystal suspension at
concentrations of 0.1 mM, 1 mM and 10 mM for
24 h, with those cultured in normal medium as
control group at 24 h after different treatment.
Subsequently, the supernatant was gathered, and
the Lactate Dehydrogenase (LDH) concentration
was assessed employing the LDH assay kit. NRK-
52E cells were cultured in the 6-well plate and
treated with COM crystal suspension at
concentrations of 0.1 mM, 1 mM and 10 mM for
24 h, with those cultured in normal medium as
control group. At 24 h after different treatment,
the cell supernatant was collected and subjected to
centrifugation in order to eliminate any impurities.
Subsequently, the supernatant was obtained
following the centrifugation process, and the LDH
content was assessed utilizing the LDH assay kit.
Western blotting including the after cells were
normally cultured and treated with 1 mM COM
and 10 uM QNZ+1 mM COM for 24 h. Then the
protein was separated via 8 % Sodium Dodecyl
Sulphate-Polyacrylamide Gel Electrophoresis
(SDS-PAGE), transferred onto Polyvinylidene
Difluoride (PVDF) membrane, sealed with 5 %
skim milk powder and 0.1 % tris-buffered saline
with Tween-20, incubated with p65, p50, BCL-2,
TNFR1 and caspase-3 primary antibodies at 4°
overnight, and then incubated again with HRP-
labeled secondary antibodies. Finally, the protein
was detected using the Enhanced
Chemiluminescence (ECL) reagent, with B-actin
as the control. NRK-52E cells were cultured in the
6-well plate, and normally cultured and treated
with | mM COM and 10 pM QNZ+1 mM COM for
24 h. Then apoptosis was determined according to
the instructions of the one-step TUNEL apoptosis
assay kit. Finally, the cells were enclosed using an
anti-fluorescence quenching blocking buffer and
subsequently imaged utilizing a fluorescence
microscope. The Statistical Package for the Social
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Sciences (SPSS) 20.0 was employed to conduct
the analysis, specifically utilizing the Chi-square
(x*) test for count data, and was used for
measurement data. The t-test was employed to
conduct a comparison between two distinct groups,
statistical significance was observed (p<0.05).
Following a 24 h treatment of cells with varying
concentrations of COM, the cell proliferation was
assessed utilizing the CCK-8 kit. As shown in fig.
1, the proliferation of NRK-52E cells was
suppressed with the increase of COM concentration,
which was obviously weaker under 10 mM COM
than that under 1 mM COM. Furthermore, the
toxic effect of COM on NRK-52E cells was
detected via LDH assay, and the LDH content in
cell supernatant was detected after COM treatment
for 24 h. As shown in fig. 2, the LDH content in
supernatant was increased with the increase of
COM concentration, which was obviously higher
under 10 mM COM than that under 0 mM, 0.1 mM
and 1 mM COM, and also obviously higher under
1 mM COM than that under 0 mM and 0.1 mM
COM. After NRK-52E cells were treated with 1
mM COM and 10 uM QNZ+1 mM COM for 24 h,
the protein expressions of p65 and p50 were
detected via Western blotting. The findings
indicated that in comparison to the control group,
COM evidently raised the p65 and p50, while QNZ
could evidently inhibit the p65 and p50 (fig. 3).
After NRK-52E cells were treated with 1 mM
COM and 10 uM QNZ+1 mM COM for 24 h, the
TNFR1, caspase-3 and BCL-2 were detected via
Western blotting. The finding revealed that
compared with control group, COM remarkably
increased the expressions of apoptotic proteins
TNFR1 and caspase-3, while QNZ could
remarkably decrease the expressions of TNFRI1
and caspase-3 (fig. 4A and fig. 4B). Besides, COM
remarkably decreased the anti-apoptotic protein
BCL-2, while QNZ could remarkably increase the
expression of BCL-2 (fig. 4C). The results of
TUNEL assay showed that COM treatment
increased apoptosis and QNZ could suppress
COM-induced apoptosis (fig. 5). The formation of
KS is often complicated, and one major cause is
that the microcrystals are separated out due to
super saturation of urine, and adhere to the RTE
cells, thus further forming aggregates, the main
component of which is usually COM!!Y. The
mechanism of adhesion between COM crystals
and RTE cells is considered to be mediated by
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anion molecules or urine macromolecules!'?. The
adhesion of COM crystals to RTE cells can cause
cell damage, lead to massive production of free
radicals in cells and result in death of renal tubular
surface cells. After cell death, the adhesion of
COM crystals is further promoted, ultimately
leading to development of KS'*), In this experiment,
it was found that a large amount of COM adhered
to the surface of NRK-52E cells after treatment
with COM crystals, and a large number of adherent
crystals could still be observed even after being
washed with PBS. Studies have demonstrated that
COM crystals can aggregate in cluster on the cell
surface, and they are wrapped by microvilli and
move towards cells under the further movement of
microvilli', suggesting that the adhesion of COM
crystals to cells may be one of the causes of the
development of KS. The NF-«xB signaling pathway
assumes a pivotal role in regulating diverse cellular
physiological processes, for instance, cell
apoptosis, growth, and differentiation!''). NF-xB
can be induced by various exogenous stimuli,
encompassing established carcinogens!!l. Tt has
been found in studies that the NF-xB signaling
pathway is activated in kidney injury caused by
ischemia-reperfusion!'”.  Therefore, there is
speculation that the adherence of COM crystals to
the surface of NRK-52E cells could potentially
lead to the activation of the NF-xB signaling
pathway. In this study, the expressions of NF-«xB
signaling pathway-related  proteins were
determined, and the results manifested that COM
crystals activated the NF-xB signaling pathway
and promoted the expressions of p65 and p50 in
the pathway. Moreover, as the concentration of
COM crystals increases, the proliferation ability
of NRK-52E cells declined or apoptosis even
occurred. According to the LDH assay, cytotoxicity
caused by COM crystals was enhanced with the
increase of concentration. The above research
demonstrate that COM crystals may cause damage
to NRK-52E cells, and the cell injury pathway may
be mediated by the activation of the NF-kB due to
COM crystals, which may further cause apoptosis.
To verify the association between NF-kB signaling
pathway and apoptosis, the expressions of
apoptosis-related genes were further detected.
According to related studies, the NF-kB signaling
pathway has a bidirectional regulatory effect,
which can promote or resist apoptosis under
different stimulation conditions. Research revealed
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that the activation of NF-xB in RTE cells, induced
by elevated glucose levels, can potentially enhance
the expression of X-Linked Inhibitor of Apoptosis
Protein (xIAP), thus inhibiting apoptosis. NF-«xB
also activates the release of Tumour Necrosis
Factor Alpha (TNF-a), and promotes the expression
of caspase-8, leading to apoptosis!'®l. In the study
on Kupffer cells, elastase-induced activation of
NF-kB can up-regulate Fas/Fas Ligand (FasL) and
induce apoptosis, but it has no influence on TNF,
while inhibiting the NF-xB activity can reduce
apoptosis!!'”. In the experiments conducted both in
the focus was on Human

vivo and in vitro,

Immunodeficiency Virus (HIV)-induced nephritis,
is

the up-regulation of Fas/FasL expression
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observed, causing severe apoptosis, while
inhibiting the NF-kB activity can lower the activity
of FasL promoter in renal epithelial cells, reduce
the mRNA expression of Fas and relieve
apoptosis!'®l. In the present study, NF-xB activated
could promote the TNFRI1 and caspase-3, and
decrease the BCL-2, while suppressing the NF-kB
activity could decrease the expressions of TNFR1
and caspase-3, and increase the BCL-2. The results
of TUNEL assay further confirmed the results of
apoptosis assay. In conclusion, the apoptosis of
RTE cells in rats with calcium oxalate KS may be
promoted through activating the NF-xB. The
inhibition of NF-kB activity has the potential to
mitigate apoptosis and enhance renal cell function.

COM (mM)

Fig. 1: Effects of COM at different concentrations on proliferation of NRK-52E cells detected via CCK-8 assay
Note: The NRK-52E cells is obviously stronger under 0 mM COM than that under 0.1 mM, 1 mM and 10 mM COM, obviously
stronger under 0.1 mM COM than that under 1 mM and 10 mM COM, and also obviously stronger under 1 mM COM than that

under 10 mM COM, (*p<0.05)
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Fig. 2: Toxic effects of COM at different concentrations on NRK-52E cells detected via LDH assay
Note: The LDH content is significantly higher under 10 mM COM than that under 0 mM, 0.1 mM and 1 mM COM, and also
significantly higher under 1 mM COM than that under 0 mM and 0.1 mM COM, (*p<0.05)
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Fig. 3: NF-kB signaling pathway in NRK-52E cells detected via Western blotting, (A): Western blotting bands in 1 mM COM group,
10 pM QNZ+1 mM COM group and control group after treatment of NRK-52E cells for 24 h and (B): Compared with control
group, COM evidently raises the p65 and p50, while QNZ can evidently inhibit the p65 and p50

Note: *p<0.05
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Fig. 4: Effect of COM on apoptosis of NRK-52E cells, (A): The expression of apoptotic protein TNFR1 is remarkably higher in
COM group and QNZ+COM group than control group, while it is also remarkably higher in COM group than QNZ+COM group;
(B): The expression of apoptotic protein caspase-3 is remarkably higher in COM group and QNZ+COM group than control group,
while it is also remarkably higher in COM group than that in QNZ+COM group and (C): The anti-apoptotic protein Bcl-2 is
remarkably lower in COM group and QNZ+COM group than control group, while it is remarkably higher in QNZ+COM group
than that in COM group

Note: *p<0.05
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Fig. 5: Apoptosis of NRK-52E cells detected via TUNEL assay
Note: There is almost no apoptosis in control group. COM treatment obviously increases apoptosis and QNZ effectively suppresses
apoptosis (bar=100 pm)
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