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ABSTRACT

Background: Tacrolimus is a potent immunosuppressant, but has various side effects, with
nephrotoxicity being the most common. Renal fibrosis is an important process of tacrolimus
nephrotoxicity. Therefore, it is important to identify the factors that contribute to renal fibrosis
after tacrolimus nephrotoxicity, and control its development.

Methods: The present study aims to determine whether tacrolimus may speed up the course of
renal fibrosis by upregulating noncoding RNA activated by DNA damage (NORAD) to compete
with miR-136-5p, and activating the TGF-B1/Smad3 pathway. Furthermore, in vivo rat models
and in vitro cell models were established. Then, the expression levels of NORAD and miR-136-5p
were determined by RT-gPCR, while the expression of the TGF-B1/Smad3 pathway was deter-
mined by western blot and RT-qPCR. In order to investigate the interaction between NORAD and
miR-136-5p, as well as miR-136-5p and SYK, two luciferase reporters were employed. The renal
fibrosis of mice was observed using Masson and PAS staining. The expression of inflammatory
factors IL-1, IL-6, MCP-1 and TNF-o was detected by ELISA.

Results: In the in vitro experiments, NORAD was upregulated, while miR-136-5p was downregu-
lated after tacrolimus induction. The expression of the TGF-f1/Smad3 pathway correspondingly
changed after the induction by tacrolimus. In the in vivo experiments, the expression of NORAD
and miR-136-5p, and the trend for renal fibrosis were consistent with the results in the in vitro
experiments. Furthermore, the inflammatory factors correspondingly changed with the severity
of renal fibrosis. Moreover, the expression trend of the TGF-B1/Smad3 pathway in tacrolimus-
induced rats was consistent with that in the in vitro experiments.

Conclusion: Through in vitro and in vivo experiments, the present study was able to successfully
prove that tacrolimus upregulates NORAD to compete with miR-136-5p, resulting in a decrease
in miR-136-5p expression, which in turn activates the TGF-B1/smad3 pathway, and finally induces
the aggravation of renal fibrosis.
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Introduction
has various side effects, in which nephrotoxicity is the

Tacrolimus is a potent immunosuppressant that was
developed in the 1990s, and this can be isolated from
Streptomyces tsukubaensis mainly for the treatment of
patients undergoing allogeneic organ transplantation,
or patients with autoimmune diseases [1]. Tacrolimus

most common, and renal fibrosis is an important pro-
cess of tacrolimus nephrotoxicity [2]. Therefore, it is
important to identify the factors that contribute to renal
fibrosis after tacrolimus nephrotoxicity, and control its
development.
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Studies have revealed that the tacrolimus activation
of the TGF-B1/Smad pathway is closely correlated to
calcineurin inhibitor  (CNI)-induced renal fibrosis.
Therefore, it is particularly important to study the
molecular mechanism by which tacrolimus activates the
TGF-B1/SMAD pathway [3]. A previous study revealed
that the expression of miR-136 was downregulated in
diabetic rats established using the streptozotocin (STZ)
method. The overexpression of miR-136 can target the
inhibition of spleen tyrosine kinase (SYK), while the
downregulation of miR-136 and the increase in SYK
activates the TGF-B1/Smad3 signaling to mediate the
renal fibrosis [4]. However, related studies on miR-136
and TGF-f1/Smad3 in tacrolimus-induced renal fibrosis
have not been reported, and it has not been deter-
mined whether miR-136 can be targeted and regulated
by long non-coding RNA (IncRNA).

As post-transcriptional regulators of the gene expres-
sion, miRNAs and LncRNAs participate in the body’s
pathological and physiological processes, and affects
the occurrence and development of renal fibrosis
through the TGF-f1/Smad signaling pathway [5-71].
Studies have revealed that the upregulation of miRNA-
1228-3p can alleviate the TGF-B1-induced renal tubular
epithelial cell fibrosis by inhibiting the Smad2/4 signal-
ing pathway, while the upregulation of miR-21 can dir-
ectly downregulate Smad7/p-Smad7 and indirectly
upregulate Smad3/p-Smad3, in order to enhance the
TGF-B1-induced EMT, and aggravate the renal fibrosis
progression [8,9]. In addition, TGF-B1 can upregulate
miR-93, miR-192, miR-216a and miR-377, and downre-
gulate the miR-29 and miR-200 families during renal
fibrosis [10]. Studies have also revealed that Erbb4-IR
and IncRNA9884 are both novel Smad3-dependent
IncRNAs. Erbb4-IR can lead to TGF-f1/Smad3-mediated
renal fibrosis by downregulating the expression of
Smad7 in UUO mice, while IncRNA9884 can enhance a
single fibrosis. Furthermore, monocyte chemoattractant
protein-1 (MCP-1)-dependent renal inflammation pro-
motes renal injury in diabetic mice [11,12]. Given that
the TGF-B1/Smad signaling pathway regulates various
miRNAs and IncRNAs that play important roles in renal
fibrosis, targeting these RNAs to prevent renal fibrosis
would be a feasible and promising therapeutic strategy.

LncRNAs, called NORAD (non-coding RNA activated
by DNA damage), are upregulated, and these help cells
advance in a variety of human cancer types [13].
Studies have revealed that NORAD accelerates the
development of non-small cell lung cancer (NSCLC) by
acting as a miR-136-5p competitor and an endogenous
RNA [14]. In addition, it has been demonstrated that
LncRNA NORAD may activate the miR-144-3p/MYCN

axis by acting on miR-144-3p to promote the prolifer-
ation and migration of renal carcinoma [15]. The pre-
sent study hypothesized that the renal fibrosis induced
by high tacrolimus concentration was exacerbated by
the upregulation of LncRNA NORAD, the downregula-
tion of miR-136-5p, and the activation of the TGF-B1/
Smad3 pathway. A potentially novel treatment
approach to treat renal fibrosis symptoms is to artifi-
cially suppress the NORAD expression.

The present study aims to determine whether tacroli-
mus may speed up the course of renal fibrosis by upregu-
lating NORAD to compete with miR-136-5p, and
activating the TGF-f1/Smad3 pathway. Furthermore,
in vivo rat models and in vitro cell models were estab-
lished. Then, the NORAD and miR-136-5p expression lev-
els were detected by RT-gqPCR, while the expression of the
TGF-B1/Smad3 pathway was determined by western blot
and RT-gPCR. In order to determine the interaction
between NORAD and miR-136-5p, as well as miR-136-5p
and SYK, two luciferase reporters were employed. The
renal fibrosis of mice was observed using Masson and
PAS staining. The expression of inflammatory factors IL-1,
IL-6, MCP-1 and TNF-o was detected by ELISA.

Materials and methods
Experiment design

All experiments in the present study were carried out
according to standard experimental procedures. The
present study was approved by the Ethics Committee
of The First Affiliated Hospital of Zhengzhou University
(No. 20200304).

In vitro experiments: Rat renal tubular duct epithelial
cells (NRK-52E) were cultured strictly under sterile con-
ditions. These cells were split in two, and one of which
was treated with tacrolimus at 50 pg/mL. The knock-
down of IncRNA NORAD was achieved by the transfec-
tion of si-NORAD (Thermo-Fisher, USA). The transfection
of miR-136-5p mimics (Thermo-Fisher, USA) led to the
overexpression of miR-136-5p. The NORAD and miR-
136-5p expression levels were detected in each batch
of cells by RT-gPCR. The expression of the TGF-B1/
Smad3 pathway was detected by western blot and RT-
dPCR. In order to determine the interaction between
NORAD and miR-136-5p, as well as miR-136-5p and
SYK, two luciferase reporters were employed.

In vivo experiments: Male Wistar rats (3 weeks old,
body weight: 64+3g) were purchased for the experi-
ments. These rats were randomly divided into two groups:
normal group (Control) and tacrolimus nephrotoxicity
group (Tac). In the Tac group, 2 mg/kg of tacrolimus was
intraperitoneally injected daily. In the control group, the



rats received an intraperitoneal injection of the same
amount of solvent, including polyoxyethylene hydrogen-
ated castor oil and absolute ethanol, daily, for 2 weeks.
Then, these rats were euthanized by cervical dislocation
under deep anesthesia with 10% chloral hydrate, and the
kidney tissues were collected for the subsequent experi-
ments. The NORAD and miR-136-5p expression levels in
each set of renal tissues were detected by RT-gPCR. The
renal fibrosis of mice was observed using Masson and
PAS staining. The expression of inflammatory factors IL-1,
IL-6, MCP-1 and TNF-o was determined by ELISA. The
expression of the TGF-f1/Smad3 pathway was detected
by western blot and RT-qPCR.

RT-PCR analysis

In order to extract the total RNA from the cells, the
NRK-52E cells or kidney tissue cells were treated with
TRIzol reagent. Then, the first strand cDNA was created
using the Revert Aid TW first Strand cDNA Synthesis Kit.
For the PCR analysis, the QuantiNova SyBr Green PCR
Kit was utilized. The conditions for the reaction were, as
follows: pre-denaturation at 95°C for 1min, denatur-
ation at 95 °C for 30s, annealing at 60°C for 305, and
elongation at 72 °C for 30s.

Western blot analysis

The cells were collected from each group, and each six-
well plate was filled with 200 L of cell lysate. Then, the
cells were sonicated and lysed for one hour on ice.
Afterwards, the lysed cell sample was centrifuged at
12,500 rpm for 15 min at 4 °C. Subsequently, the super-
natant in the centrifuge tube was transferred into a
clean centrifuge tube. Next, the protein concentration
was measured using a actin or tubulin protein measure-
ment kit. Then, the analyzed protein samples were
maintained at —80°C. The protein loading concentra-
tion in the western blot electrophoresis was 50 ug per
well. After the sodium dodecyl-sulfate polyacrylamide
gel electrophoresis (SDS-PAGE), the membrane was
transferred and blocked. In order to utilize the concen-
tration, proteins SYK, TGF-B1, p-Smad3 and Smad3
were diluted using a primary antibody (1:500, anti-
human; Thermo-Fisher, USA). Then, the samples were
shaken overnight at 4°C in an incubator. After washing
with PBS, the samples were incubated for 30 min at
room temperature in the dark with the secondary anti-
body (1:1000, anti-human; Thermo-Fisher, USA). Finally,
the developer was utilized for photography and
development.
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Dual luciferase reporter analysis

When preparing cells and target plasmids for transfec-
tion in 96-well plates, it is best to wait until the cell
density reaches 50-70%. Next, 0.16 mg of IncRNA
(circRNA/3’UTR)/Mut target plasmid was combined with
5 pmol of miR/Negative in 10 mL of DMEM. The controls
were place at room temperature and imitated (solution
A). Then, 10 mL of DMEM was combined with 0.3 mL of
the transfection agent (solution B), and the mixture was
allowed to sit in room temperature for 5min. After
combining solution A and B, these were allowed to sit
in room temperature for 20 min. Prior to the transfec-
tion, new media was introduced to the cells. This was
followed by the addition of the transfection solution
and mixing. The cells were grown in culture at 37°C
with 5% CO,. At 48 h after transfection, these cells were
harvested, and after six hours, fresh media was added.
The detection kit used for the experiment was the
Promega Dual-Luciferase System. The 96-well plate
wells were filled with 100 uL of 1’PLB, which was diluted
from 5'PLB with distilled water. The cell lysate was
pipetted into a 1.5-mL centrifuge tube after gently
shaking the cells using a shaker at room temperature
for 15 min to disperse these. Then, the supernatant was
transferred to a fresh tube after centrifugation at
13,200g for 10min at 4°C. Afterwards, 100uL of
Luciferase Assay Reagent Il (LAR II; Luciferase Assay
Reagent, Promega) was added to the working solution
in the 96-well plate. Next, 20 pL of cell lysate was added
and mixed by pipetting for two to three times, and the
Firefly luciferase value was measured and recorded as
the internal reference value. Then, 100 uL of Stop&Glo®
Reagent (Luciferase Assay Reagent, Promega) was
added and mixed by pipetting for two to three times,
and the Firefly luciferase value was measured and
recorded as the reporter gene luminescence value.

Masson staining and PAS staining

Masson staining: The kidney tissue in each group was cut
into sections, and repeatedly deparaffinized to water.
After 5min of staining with the ready-made Weigert iron
hematoxylin stain, the sections were thoroughly washed
in the area. Then, these were rinsed with distilled water
for 1 min before restoring to blue with the Masson’s blue
solution for 3 min. After 5min, these were stained with
Ponceau-magenta. Then, the weak acid working solution
was prepared using the following formula: 2:1 weak acid-
to-distilled water. Afterwards, these were washed for
1min with this solution. After washing for 1 min with a
solution of 1% phosphomolybdic acid, these were rinsed
for 1 min with the prepared weak acid working solution.
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Then, the sections were rinsed with the prepared weak
acid working solution for 1 min before directly staining for
1 min, without washing in aniline blue staining solution.
Subsequently, these were dehydrated with absolute etha-
nol for three times for five seconds each, and quickly fixed
with 95% ethanol. Afterwards, these were mounted with
neutral gum after cleaning with xylene for three times, for
a total of 1min each time. The staining effect was
observed using an optical microscope.

PAS staining: The kidney tissues obtained from each
group were sectioned and routinely deparaffinized in
water. Then, these were stained with the prepared peri-
odic acid alcohol solution for 10 min, and washed with
distilled water for 10 min. Afterwards, these were stained
with prepared Schiff's solution for 10 min, and washed
with distilled water for 5min. Subsequently, these were
stained with hematoxylin for 3 min, and washed with dis-
tilled water for 5min. Then, these were quickly dehy-
drated with 95% ethanol, and dehydrated with absolute
ethanol for three times, for five seconds each time. Finally,
these were cleared with xylene for three times, for 1 min
each time, and mounted with neutral gum. The staining
effect was observed using an optical microscope.

ELISA analysis

Five standard wells were set on the ELISA-coated plate.
Then, the standard samples were added to the wells,
according to the concentration requirements, and were
serially diluted. The sample volume in each well was
50 pL. Next, a blank control well and a sample well to
be tested were set. The blank control well was not
added with the sample and enzyme-labeled reagent.
The other steps were the same with those for the sam-
ple well. Next, 40 uL of the sample diluent was added
to the sample well, and 10 pL of the sample was added.
The final dilution of the sample was five times. Next,
the plate was sealed using a sealing film, and incubated
at 37°C for 30min. After incubation, the plate was
washed using a washing solution, and dried. After dry-
ing, 50uL of enzyme-labeled reagent was added to
each well, except for the blank well. The incubation and
washing steps were repeated. Next, 50 pL of developer
A and 50uL of developer B were sequentially added
into each well, and the color was allowed to develop at
37°C for 15min in the dark. Lastly, 50 uL of stop solu-
tion was added to stop the reaction (the blue color
immediately turned yellow). The blank control well was
set as zero, and the absorbance (OD value) of each well
was measured in sequence at 450 nm wavelength.

Statistical analysis

The statistical method used for the present experiment
was paired t-test. The experimental results were
expressed as mean *standard deviation. The statistical
analysis was performed using the SPSS 23.0 software.
The figures were produced using the Origin 2022 b and
Adobe lllustrator 2021 software.

Results and discussion
In vitro experiments

NORAD was upregulated after tacrolimus induction,
while miR-136-5p was downregulated

Figure 1 presents the results for the detected expres-
sion levels of NORAD and miR-136-5p in each set of
cells by RT-gPCR. The results for the expression of
NORAD and miR-136-5p in the Control group and Tac
group are presented in Figure 1(A). In the figure, the
miR-136-5p expression was significantly downregulated,
while the NORAD expression was significantly upregu-
lated in the Tac group, when compared to the Control
group. Since NORAD is an endogenous RNA that com-
petes with miR-136-5p for expression, it is possible that
tacrolimus can increase the NORAD expression while
decreasing the miR-136-5p expression.

By transfecting si-NORAD to cells in the Tac group,
the expression of NORAD was successfully knocked
down. Figure 1(B) presents the expression results for
NORAD and miR-136-5p after the NORAD expression
was knocked down. It can be observed from the
figure that when the expression of NORAD was
artificially downregulated, the expression of miR-136-5p
correspondingly increased. This once again confirms
that NORAD can negatively regulate miR-136-5p,
thereby affecting the miR-136-5p-regulated molecular
pathways.

The expression of the TGF-£1/Smad3 pathway cor-
respondingly changed after induction by tacrolimus
Figure 2 presents the results for the tacrolimus-induced
and si-NORAD transfection levels for the protein and
RNA expression of the TGF-B1/Smad3 pathway. The
non-receptor tyrosine kinase spleen tyrosine kinase
(SYK), which is present in the majority of hematological
and non-hematopoietic cells, is essential for both
immune and non-immune biological responses.
Through immunoreceptor tyrosine activation motif
(ITAM)-dependent signaling pathways and ITAM semi-
dependent signaling pathways, SYK promotes a variety
of cellular responses [16]. A significant member of the
superfamily of transforming growth factors is TGF-p.
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Figure 1. The results for the expression levels of NORAD and miR-136-5p in each group of cells after tacrolimus induction. (A)
Before NORAD transfection. (B) After NORAD transfection. *p < 0.05, compared to the Control group. *p < 0.05, compared to the

Tac and Tac + si-NC groups.
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Figure 2. The results for the protein and RNA expression levels of the GF-B1/Smad3 pathway. (A) The results for the protein
expression levels detected by western blot. (B) The results for the RNA expression levels detected by RT-qPCR. *p < 0.05, com-
pared to the Control group. *p < 0.05, compared to the Tac and Tac + si-NC groups.

Mammals produce TGF-B in three different isoforms:
TGF-B1, TGF-B2, and TGF-B3. Among these, TGF-B1 is
the most prevalent. In addition, there are three TGF-
receptors: TGF-type | receptor (TRI), TGF-type Il receptor
(TRI), and TGF-type Il receptor (TRIll). According to the
structure and function, the Smad protein family can be
classified into three groups: inhibitory type (Smad4),
universal type (Smad1), and receptor activation type
(Smad1, Smad2, Smad3, Smad5, Smad8 and Smad9;
Smad6 and Smad7). The important downstream signal-
ing components of the TGF-B1 signaling include the fol-
lowing: Smad2, Smad3, Smad4 and Smad7 [17]. TGF-B1
is typically released in an inactive state, which can mix
with latency-related peptides to create a latent form of
TGF-B1. Then, this latent form of TGF-B1 forms a signifi-
cant latent complex with latent TGF-binding proteins.
TGF-B1 is produced and activated in response to
diverse stimuli, binding to TRIl by phosphorylating and

activating TRI kinase, which in turn, phosphorylates and
activates the downstream Smad2 and Smad3. Smad4
can join with the phosphorylated Smad2 and Smad3 to
create a trimeric complex that controls the transcription
of target genes. Smad7 has a detrimental regulatory
impact on the TGF-B1/Smad signaling pathway,
because this might compete with the receptor-
activated Smad protein that binds to the activated
receptor [18]. The TGF-canonical pathway plays a sig-
nificant role in controlling the development of renal
fibrosis through the TGF-B1/Smad signaling pathway.
Figure 2(A) presents the results for the detected
expression of each protein in the TGF-$1/Smad3 path-
way by western blot. It can be observed from the figure
that after the induction by tacrolimus, the expression
levels of the main proteins SYK, TGF-f1 and p-Smad3/
Smad3 in the TGF-B1/Smad3 pathway all increased,
indicating that the TGF-B1/Smad3 pathway was
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activated. When si-NORAD was transfected, the expres-
sion of each protein in the TGF-B1/Smad3 pathway sig-
nificantly decreased. Combined with the above results,
it can be concluded that tacrolimus induces the upre-
gulation of NORAD, thereby activating the TGF-B1/
Smad3 pathway, and promoting the occurrence of renal
fibrosis.

Figure 2(B) presents the results for the detected
expression of each mRNA in the TGF-B1/Smad3 path-
way by RT-gPCR. It can be observed from the figure
that the mRNA expression trend in the TGF-B1/Smad3
pathway was completely consistent with the protein
expression trend, which further strengthens the cred-
ibility of the experimental results and conclusions.

Confirmation of NORAD targeting miR-136-5p and
miR-136-5p targeting SYK

Figure 3 presents the outcomes of the dual luciferase
reporter detection of the binding of NORAD to miR-
136-5p and miR-136-5p to SYK. Through bioinformatics
research, the theoretical binding sites for NORAD, miR-
136-5p, MiR-136-5p and SYK were extracted, and these
were employed as detection sites in the dual-luciferase
reporter experiment. As demonstrated, the NORAD wt
construct significantly decreased, while the NORAD mut
construct had no impact on the activity of the luciferase
reporter gene that contained the hypothetical NORAD
binding site in miR-136-5p. These findings suggest that
miR-136-5p might be a target for NORAD.
Simultaneously, the SYK wt construct drastically
decreased the activity of the luciferase reporter gene,
which contains the hypothetical miR-136-5p binding
site in SYK, but the SYK mut construct had no impact.
These findings suggest that miR-136-5p may specifically
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target SYK. By examining the likelihood of NORAD to
bind to miR-136-5p, and miR-136-5p to bind to SYK, it
was concluded that NORAD controls miR-136-5p, which
in turn, controls the expression of the TGF-$1/
Smad3 pathway.

In vivo experiments

The expression of NORAD and miR-136-5p, and
the renal fibrosis trends were consistent with the
in vitro experiments

The results for the expression levels of NORAD and
miR-136-5p in tacrolimus-induced and si-NORAD-trans-
fected rats are presented in Figure 4(A). It can be
observed from the figure that the expression trends of
NORAD and miR-136-5p were completely consistent
with the expression trends in the in vitro experiments,
under the premise that the treatment methods in the
four groups of rats corresponds to the treatment meth-
ods for the four groups of cells in the in vitro experi-
ments. This shows that the conclusions speculated
by the in vitro experiments were strengthened in vivo.
That is, NORAD can negatively regulate miR-136-5p,
thereby affecting the miR-136-5p-regulated molecular
pathways.

The results for the degree of renal fibrosis in mice
detected by the Masson and PAS staining are presented
in Figure 4(B). Masson staining and PAS staining are
typical staining methods used to determine the fibers
and inflammatory factors in tissues. It can be observed
from the figure that after the induction with tacrolimus,
the severity of renal fibrosis in rat kidneys significantly
increased. After the si-NORAD conversion, the renal
fibrotic lesions were alleviated. This indicates that the
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Figure 3. The results for the dual luciferase reporters in detecting the binding of NORAD to miR-136-5p and miR-136-5p to SYK.
(A) The normalized luciferase activity of NORAD wt and mut binding to miR-136-5p. (B) The normalized luciferase activity of SYK
wt and mut binding to miR-136-5p. *p < 0.05, compared to the Mimic NC group.
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Figure 5. The results for the expression of inflammatory
factors IL-1pB, IL-6, MCP-1 and TNF-o in each group of kidney
tissues detected by ELISA. *p < 0.05, compared to the Control
group. *p<0.05, compared to the Tac and Tac+ si-
NC groups.

upregulation of NORAD can activate the TGF-B1/smad3
pathway, thereby aggravating the degree of
renal fibrosis.

Inflammatory factors correspondingly changed with
the severity of renal fibrosis

Figure 5 presents the outcomes for the ELISA per-
formed to determine the expression of inflammatory
factors IL-1, IL-6, MCP-1 and TNF-a in each group of kid-
ney tissues. As observed from the figure, the tacrolimus
induction significantly enhanced the expression of IL-1
and MCP-1, while this only slightly decreased the
expression of IL-6 and TNF-a. In addition, the expression
levels of IL-1, IL-6, MCP-1 and TNF-a again shifted in the
reverse direction after the si-NORAD transfection. The
typical pro-inflammatory factors are, as follows: inter-
leukin-1 (IL-1) and monocyte chemoattractant protein 1

(MCP-1) [19,20]. The typical anti-inflammatory substan-
ces are, as follows: tumor necrosis factor alpha (TNF-o)
and interleukin-6 (IL-6) [21,22]. Therefore, the induction
of tacrolimus increases the secretion of pro-inflamma-
tory factors, and reduces the secretion of anti-inflamma-
tory factors, which in turn, leads to the aggravation of
inflammatory response, and promotes the aggravation
of renal fibrosis. By transfecting si-NORAD and knocking
down the expression of NORAD, the secretion of pro-
inflammatory factors was reduced, the secretion of anti-
inflammatory factors increased, the inflammatory
response was relieved, and the renal fibrosis lesions
were relieved. This indicates that tacrolimus promotes
renal fibrosis by upregulating the expression of NORAD.

The expression trend of the TGF-$1/Smad3 path-
way in tacrolimus-induced rats was consistent
with the in vitro experiments

Figure 6 presents the results for the protein and RNA
expression levels of the TGF-B1/Smad3 pathway in each
group of kidney tissues, as determined by western blot
and RT-gqPCR. The figure shows that the protein and
MRNA expression levels of SYK, TGF-B1 and p-Smad3/
Smad3 in the in vivo studies were identical to the
expression levels in the in vitro trials. This shows that
the conclusions speculated by the in vitro experiments
were strengthened in vivo. That is, tacrolimus induces
the upregulation of NORAD, thereby activating the TGF-
B1/Smad3 pathway, and promoting the occurrence of
renal fibrosis.

Conclusion

Through in vitro and in vivo experiments, the present
study was able to successfully prove that tacrolimus
upregulates NORAD to compete with miR-136-5p,
resulting in a decrease in miR-136-5p expression, which
in turn, activates the TGF-B1/smad3 pathway, and
finally induces the aggravation of renal fibrosis. This
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Figure 6. The results for the protein and RNA expression levels of the TGF-B1/Smad3 pathway in each group of kidney tissues.
(A) The results for the protein expression levels detected by western blot. (B) The results for the RNA expression levels detected
by RT-gPCR. *p < 0.05, compared to the Control group. *p < 0.05, compared to the Tac and Tac + si-NC groups.

provides a new potential therapeutic strategy for tar-
geting NORAD in the treatment of renal fibrosis.
Nevertheless, more in-depth studies are still needed to
improve these present conclusions, and better under-
stand the mechanisms of tacrolimus and NORAD in the

initiation and progression of renal fibrosis.
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