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Abstract: Ultrasonographic contrast medium (UCM) enhances radiological procedures. However, it raises a serious problem that
UCM induces acute kidney injury. However, the mechanism of kidney injury induced by ultrasonographic contrast medium remains
elusive. This work aims to explore kidney injury from a post-transcription view. UCM was identified to induce kidney injury by
activating NF-kappa B signaling. The expression of NF-kappa B was examined in mouse kidneys by western blot. The level of NF-
kappa B was upregulated in the kidney with the treatment of UCM. Hereof, the expression levels of miR-155 and miR-125a,
upstream of NF-kappa B, increased significantly in the UCM group, which RT-PCR detects. As a positive control, LPS was used to
induce acute kidney injury. The expressions of NF-kappa B, miR-155, and miR-125a all increased in the LPS group. Further, to verify
the necessity of NF-kappa B signaling in the process of UCM-induced kidney injury, the mice were treated with the antagonists of
miR-155 and miR-125a, and our results showed that the antagonists of miR-155 and miR-125a repressed NF-kappa B signaling by
western blot analysis. In conclusion, our results demonstrate that miR-155 and miR-125a antagonists mediate NF-kappa B signaling
to relieve kidney injury, which UCM induced.The antagonists would be further tested to alleviate kidney injury clinically.
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1. INTRODUCTION

medium-enhanced
sl,2

With  many contrast radiological
procedures widely being performed in clinic® ' %, it is immense
to pay more attention to understanding the etiology of
contrast medium-induced kidney injury. It's invaluable for
formulating effective prophylactic and therapeutic regimens to
reduce the incidence and associated morbidity and mortality
of kidney injury. Many previous studies indicate that contrast
medium-induces kidney injury **.To investigate the mechanism
of kidney injury induced by contrast medium, a series of animal
models were established '. Kidney injury occurred as we
injected SonoVue °, which was used as an ultrasonographic
contrast medium by the tail vein. Increased serum creatinine
and abnormal glomeruli are found in individuals with kidney
injury . However, the changes in molecular signaling underlying
this abnormal physiological index, which is crucial for kidney
injury, are still elusive. A previous study revealed that
lipopolysaccharide (LPS) induces acute kidney injury. Serum
creatinine and the percentage of abnormal glomeruli increased
via infusing LPS 7. More interestingly, they indicated that NF-
kappa B signaling was activated by LPS treatment. NF-kappa B
signaling participates in kidney injury. The expression of NF-
kappa B in the UCM-treated group was significantly higher than
saline control by Western blot.We suggested that NF-kappa B
signaling was activated by UCM treatment. However, NF-kappa
B signaling functions in each cell of the whole body. It's not
specific for targets as treatment regimens. As previously
indicated, miRNAs (19-22 nucleotides), which are small non-
coding RNAs, are often found to be differentially regulated in
different types of diseases *'2. Current progression also
revealed targeting miRNAs might be a therapeutic strategy to
suppress disease progression. MiR-125a '* and miR-155 ? are
upstream of NF-kappa B. Overexpression of miR-125a and
miR- 155 activated NF-kappa B signaling °. In this study, we have
analyzed the expression of miRNAs, miR-125a and miR-155,in
the injured kidney. We found that the expression of miR-125a
and miR-155 increased significantly in UCM-treated samples as
detected by qRT-PCR, suggesting the increased expression of
miR-125a and miR-155 leads to activation of NF-kappa B
signaling. To further touch the effective regimens, we used the
antagonists to inhibit miR-125a and miR155 to silence NF-
kappa B signaling. The antagonists may be potential
therapeutics to cure kidney injury clinically. Knockdown of
miR-125a in kidney tubular cell lines resulted in the
downregulation of NF-kappa B. As previously reported, miR-
I55 antagonist decreased NF-kappa B signaling °. NF-kappa B
signaling was attenuated, and the serum creatinine level was
reduced in antagonist-treated mice with kidney injury. It
suggested that miR-155 and miR-125a antagonists mediate NF-
kappa B signaling to relieve UCM-induced kidney injury. Our
results demonstrate that miR-125a and miR-155 participate in
kidney injury via mediating NF-kappa B signaling. Therefore, it's
worth studying further to utilize the antagonists to relieve
kidney injury in the clinic.

2. MATERIALS & METHODS
2.1. Animal

Male C57BL/6 mice, 8 weeks of age, were housed in cages at
20-25 °C with water and food available ad libitum. All animal
experiments were conducted by our Institutional Animal
Ethics Committee and Animal Care Guidelines for the Care,
and this experiment was approved by our Animal Ethics
Committee and Animal Care with the number 2021-06.
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2.2, Serum creatinine and abnormal glomeruli analysis

Serum creatinine (enzymatic method) concentration was
measured with an autoanalyzer (Accute TBA-40FR, Toshiba
Medical Systems, Tochigi, Japan)'*. The kidney from mice
treated with ultrasonographic contrast medium (SonoVue °,
200 ug in 200 ul), 20 mg/kg LPS 7, or saline-infused via tail veins
were histopathologically examined. Mice were treated with
0.12 nmol miR-155/125a antagonist (2 ul). The histological
evaluation was conducted in a blinded manner. Mice were
treated with 0.12 nmol miR-155/125a antagonist (2ul) via tail
veins to measure creatinine and analyze abnormal glomeruli.
The antagonists were purchased from GenePharma, Co.Ltd.
(Shanghai, China).

2.3. RNA isolation and cDNA preparation

Total RNA was extracted from kidney samples (~100-180 mg)
using the Trizol reagent (Invitrogen, Carlsbad, CA, USA),
following the manufacturer’s instructions. RNA concentration
was measured using Nanodrop 1000 (Thermo Scientific).
300ng total RNA was reverse transcribed using an oligo-d(T)
primer and RNase H-MMLY reverse transcriptase according to
the protocol of the manufacturer (Promega).

2.4. qRT-PCR

The cDNA was diluted to give a total volume of 200 ul, and 5 ul
of this dilution was used for each PCR reaction.The quality of the
cDNA was confirmed by the amplification of glyceraldehyde-3-
phosphatedehydrogenase (GAPDH, cytosolic protein), and only
samples with consistent and strong amplification were included in
the final analyses. The PCR primer sequences used for quantitative
real-time PCR were: NF-kappa B, forward primer:
GAGACATGGAGAGTTGCTAC, reverse primer:
GCCTTCACAGCCATATCGAA; miR-155, forward primer:
CAGCCTACACGGTGGGAGC, reverse primer:
CTGCTCTGAGTCATTGTGCTGG; miR-125a, forward primer:

GTCCTCACAACGATTCCACAAG, reverse primer:
GTGCAGGGTCCGAGGT; GAPDH,  forward primer:
TCATGACCACAGTGGATGCC, reverse primer:
GGAGTTGCTGTTGAAGTCGC.

2.5. Western blotting

Western blotting was performed as previously described ’.
Protein was extracted from frozen kidneys using radio-
immunoprecipitation-assay buffer (RIPA) and sonication. An
anti-GAPDH antibody was used to control for equal protein
loading. Membranes were washed with 0.1% TBS-T and
incubated with a secondary antibody (ECL Rabbit or Mouse
IgG, HRP Linked whole antibody) for |h at room temperature.
Membranes were washed with TBS-T, and chemiluminescent
detection was performed using ECL western blot substrate or
Super Signal West Pico substrate (Thermo Scientific).

2.6. Statistical analysis

Data were expressed as mean + SEM. Student's t-test and one-
way ANOVA evaluated statistical differences between more
than two test groups. Data were considered statistically
significant when P<0.05. Data were considered statistically
highly significant when P<0.0l. Statistical analyses were
performed using GraphPad Prism version 6 (GraphPad
Software, La Jolla, CA).
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3. RESULTS

3.1. Ultrasonographic contrast medium-induced acute
kidney injury

The mice were treated with ultrasonographic contrast
medium SonoVue to increase serum creatinine (Fig.l). As the

positive control, LPS also increased serum creatinine levels.
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The enzymatic method was used to analyze serum creatinine
in saline, SonoVue, and LPS groups. The serum creatinine level
increased in both SonoVue and LPS groups (Fig.lA).
Simultaneously, the abnormal glomeruli number in the kidney
with SonoVue and LPS treatment was measured. The
percentage of abnormal glomeruli increased in SonoVue and
LPS groups, compared to that of saline (Fig.|B).
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Fig.l Ultrasonographic contrast medium increased serum creatinine level and percentage
of abnormal glomeruli.

(A) Serum creatinine level in ultrasonographic contrast
medium treatment (n=6) and in corresponding normal control
with saline (n=6).As the positive control, 20mg/kg LPS induced
kidney injury (n=6). The levels of serum creatinine in the
Ultrasonographic contrast medium group (P=0.0003) and LPS
group (P=0.0002) were significantly higher than those in the
controls. (B) The percentage of abnormal glomeruli was
analyzed from the kidney with SonoVue treated. The analysis
of the percentage of abnormal glomeruli (SonoVue, P=0.014,
LPS, P=0.024) significantly up-regulated compared to normal
saline control.

3.2. NF-kappa B signaling activity increased via the
treatment of UCM.

As previously revealed, LPS mediates NF-kappa B signaling
activation and results in kidney injury. Next, NF-kappa B

signaling activity was investigated after the treatment of UCM
(Fig.2). The mRNA expression level of NF-kappa B increased
in the kidney of SonoVue and LPS groups (Fig.2A). Then, the
protein level of NF-kappa B which were treated with SonoVue
and LPS was measured. It was identified that the expression of
NF-kappa B was increased in SonoVue and LPS groups (Fig.2B,
C). The UCM group can significantly increase p65
phosphorylation levels compared to controls (Fig. 2D), and the
expression of pro-inflammatory cytokines (IL-1pB, IL-6, and
TNF-a) was significantly increased under UCM treatment (Fig.
2E). This result suggested that UCM induced kidney, activated
NF-kappa B signaling to result in kidney injury as LPS
treatment. However, what is the abnormal upstream of NF-
kappa B signaling leads to kidney injury?
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Fig.2 The expression of NF-kappa B was up-regulated by ultrasonographic contrast medium.

(A) Expression of mRNA of NF-kappa B in three groups (n=6).
Expression levels were standardized for GAPDH
expression. Expression of NF-kappa B (SonoVue, P=0.032,
LPS, P=0.013) was significantly increased in SonoVue and
LPS than in saline.

(B) Western blot analysis analyzed 30 ug of protein lysates
from the kidney for NF-kappa B protein expression. The
protein expression level of NF-kappa B (SonoVue,
P=0.0095, LPS, P=0.024, n=6) was significantly increased in
SonoVue and LPS than in saline.

(C)The statistics for NF-kappa B protein expression by
Western blot analysis.

(D)Immunofluorescence for detection of p-p65. Scale bar = 50
pum (400x%). Data are presented as mean + SEM of three
independent experiments. *p < 0.05.

(E) Expression of pro-inflammatory cytokines mRNA (IL-1,
IL-6, and TNF-a) in three groups (n=6). Expression levels
were standardized for GAPDH expression. Expression of

pro-inflammatory cytokines (SonoVue, P=0.032, LPS,
P=0.013) was significantly increased in SonoVue and LPS
than in saline.

3.3. MiR-125a and miR-155 increased during kidney
injury.

MiR-125a " and miR-155 ° are upstream of NF-kappa B.
Therefore, the expression of miR-125a and miR-155 in the
kidney with SonoVue treatment was measured. (Fig. 3). It was
found that the expression of miR-125a (Fig. 3A) and miR-155
(Fig. 3B) was significantly increased in samples with UCM as
detected by qRT-PCR, suggesting that the increased expression
of miR-125a and miR-155 lead to activation of NF-kappa B
signaling. The induction of pro-inflammatory cytokines could
be enhanced by transfection of miR-125a-5p mimics or miR-
I55 mimics (Fig. 3C, D). Alternatively, it can be attenuated by
transfection with miR-125a or miR-155 antagonists (Fig. 3E, F).
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Fig.3 miR-125a and miR-155 increased by ultrasonographic contrast medium.

(A)Expression of mRNA of miR-125a in ultrasonographic
contrast medium treatment(n=6). Expression levels were
standardized with GAPDH expression. Expression of miR-
125a was significantly increased in SonoVue than in saline
(P=0.0002).

(B) Expression of mMmRNA of miR-125a in a panel of
ultrasonographic  contrast medium treatment(n=6).
Expression levels were standardized for GAPDH

expression. Expression of miR-125a was significantly
increased in SonoVue than in saline (P=0.03).

(C)Expression of pro-inflammatory cytokines mRNA (IL-1,
IL-6,and TNF-a) in six groups (Sal, SonoVue, LPS, Sal+ miR-
125a mimics, SonoVue + miR-125a mimics, and LPS + miR-
125a mimics) (n=6). Expression levels were standardized
for GAPDH expression.

(D)Expression of pro-inflammatory cytokines mRNA (IL-1,
IL-6,and TNF-a) in six groups (Sal, SonoVue, LPS, Sal+ miR-
155 mimics, SonoVue + miR- miR-155 mimics, and LPS +
miR- miR-155 mimics) (n=6). Expression levels were
standardized for GAPDH expression.

(E) Expression of pro-inflammatory cytokines mRNA (IL-18,
IL-6,and TNF-a) in six groups (Sal, SonoVue, LPS, Sal+ miR-
125a antagonists, SonoVue + miR-125a antagonists,and LPS
+ miR-125a antagonists) (n=6). Expression levels were
standardized for GAPDH expression.

(F) Expression of pro-inflammatory cytokines mRNA (IL-18,
IL-6,and TNF-a) in six groups (Sal, SonoVue, LPS, Sal+ miR-
miR-155 antagonists, SonoVue + miR- miR-155 antagonists,
and LPS + miR- miR-155 antagonists) (n=6). Expression
levels were standardized for GAPDH expression.

3.4. Antagonists of miR-125a and miR-155 mediate NF-

kappa B signaling to reverse kidney injury.

To verify that, miR-125a and miR-155 participate in kidney
injury, the antagonists of miR-125a and miR-155 were used to
treat mice with UCM-induced kidney injury. The expression
levels of NF-kappa B decreased in kidneys treated with anti-
miR-125a (Fig.4A). The expression levels of NF-kappa B also
decreased in kidneys with antagonists of miR-155. (Fig. 4B)
More interestingly, the antagonist of miR-155 could reverse the
level of serum creatinine, which was increased with UCM
treatment. (Fig. 4C) The level of serum creatinine in anti-miR-
155 group has no significance, compared with saline (Fig.4C).
Furthermore, immunofluorescence analysis showed that miR-
125a and miR-155 antagonists significantly reduced UCM-
stimulated NF-kB p65 phosphorylation. (Fig.4D) Together,
these data indicated that miR-155 and miR-125a antagonists
mediated NF-kappa B signaling to relieve kidney injury induced
by UCM. The antagonists might be further tested to alleviate
kidney injury in the clinic.
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Fig.4 Antagonist of miR-125a and miR-155 reduced NF-kappa B to reverse kidney injury.

(A) Expression of mRNA of NF-kappa B in three groups (n=6).
Expression levels were standardized for GAPDH
expression. Expression of NF-kappa B (anti-miR125a,
P<0.0001, anti-miR155, P<0.0001) decreased significantly
than of control.

(B) Western blot analysis analyzed 30 ug of protein lysates
from the kidney for NF-kappa B protein expression. The
expression level of NF-kappa B (anti-miR125a, P=0.018,
anti-miR 155, P=0.033, n=4) was significantly reduced in the
antagonists treated group than in control.

(C) The levels of serum creatinine in a panel of anti-miR125a
(n=6), anti-miRI55 (n=6), and in corresponding normal
control (n=6). The serum creatinine levels in the anti-
miR125a group (P=0.028) and anti-miRI55 group
(P=0.028) decreased significantly than in the control group.

(D) Immunofluorescence for detection of p-p65. Scale bar =
50 um (400x). Data are presented as mean + SEM of three
independent experiments. *p < 0.05.

4. DISCUSSION

Our study provides strong evidence that UCM induced kidney
injury by activating NF-kappa B signaling. The upstream of NF-
kappa B signaling, miR-125a and miR-155, was also activated by
UCM. Antagonists of miR-125a and miR-155 could reverse
kidney injury by suppressing the NF-kappa B signaling pathway.
This is the first time to demonstrate that antagonists of miR-
125a and miR-155 could relieve kidney injury induced by UCM.
Many studies demonstrated contrast medium-mediated kidney
injury '8 Therefore, UCM was used to induce kidney

injury. Serum creatinine was considered a powerful index to
justify kidney injury *'°. In our study, it is found that the level
of serum creatinine is dramatically increased by UCM
treatment. This finding strongly argued against previous
reports that UCM didn’t induce acute kidney injury "7. Kidney
injury is dosage-dependent on UCM. This data should have
been shown. Another critical index of kidney injury is the
percentage of abnormal glomeruli 2. Similar findings have
previously been reported that UCM increased the percentage
of abnormal glomeruli '®. These findings indicate that a high
dosage of UCM leads to kidney injury. The mechanism of
kidney injury is reported by NF-kappa B signaling activation. In
this case, the expression of NF-kappa B was measured. The
expression of NF-kappa B increased significantly by UCM
treatment. As the positive control, LPS also increased the
expression of NF-kappa B. It's consistent with previous studies
5. Current progression also revealed targeting miRNAs would
be a therapeutic strategy to suppress diseases. miRNAs
function by regulating the expression of target genes by either
inducing mMRNA degradation or inhibiting mMRNA translation '
12 MiR-125a '* and miR-155 ? are upstream of NF-kappa B. Our
analyses showed that UCM upregulated miR-125a and miR-
I55 targeting NF-kappa B. Given the function of miR-221
targeting NF-kappa B *'*?', miR-125a/155 were supposed to
activate the NF-kappa B signaling pathway. Further, the
antagonist of miR-125a/155 could reverse kidney injury. The
antagonists were used to treat UCM-treated mice. First of all,
NF-kappa B signaling was suppressed.Western blot analyses of
NF-kappa B in the antagonists' group showed significantly
lower expression than that of UCM treated group. The

P315



ijlpr 2023; doi 10.22376/ijlpr.2023.13.6.P310-P317

expression level of mMRNA of NF-kappa B was also reduced by
antagonist treatment. It is suggested that antagonists mediated
NF-kappa B by suppressing the expression. These phenomena
were consistent with previous studies. Further, antagonists of
miR-125a/155 reversed the increased level of serum creatinine
and decreased the percentage of abnormal glomeruli by UCM.
This result suggests that the antagonist of miR-125a/155 may
be the potential regimen for kidney injury. However, the
inflammation regulation pathways form a large network?, and
the NF-kappa B pathway in UCM-induced Kidney injury may
be regulated by other genes, which made this research very
preliminary.

5. CONCLUSION

Our results demonstrate that miR-125a and miR-155
participate in kidney injury via mediating NF-kappa B signaling.
And antagonists of miR-125a and miR-155 reduced NF-kappa

9. REFERENCES

l. Kiss N, Hamar P. Histopathological evaluation of
contrast-induced acute kidney injury rodent models.
BioMed Res Int. 2016;2016:3763250.  doi:
10.1155/2016/3763250, PMID 27975052.

2. Tsamouri MM, Rapti M, Kouka P, Nepka C,Tsarouhas K,
Soumelidis A, et al. Histopathological evaluation and
redox assessment in blood and kidney tissues in a rabbit
contrast-induced nephrotoxicity model. Food Chem
Toxicol. 2017;108(A):186-93. doi:
10.1016/j.fct.2017.07.058, PMID 28774741.

3. Stacul F, van der Molen AJ, Reimer P,Webb JA, Thomsen
HS, Morcos SK, et al. Contrast-induced nephropathy:
updated ESUR Contrast Media Safety Committee
guidelines. Eur Radiol. 2011;21(12):2527-41. doi:
10.1007/s00330-011-2225-0, PMID 21866433.

4. Sadat U, Usman A, Boyle JR, Hayes PD, Solomon R].
Contrast medium-induced acute kidney injury.
Cardiorenal Med. 2015;5(3):219-28. doi:
10.1159/000430770, PMID 26195974.

5. Sun W, Li Z, Zhou X, Yang G, Yuan L. Efficient exosome
delivery in refractory tissues assisted by ultrasound-
targeted microbubble destruction. Drug Deliv.
2019;26(1):45-50. doi:
10.1080/10717544.2018.1534898, PMID 30744440.

6. CaoW, Cui S,Yang L,Wu C, Liu J,Yang F, et al. Contrast-
enhanced ultrasound for assessing renal perfusion
impairment and predicting acute kidney injury to
chronic kidney disease progression. Antioxid Redox
Signal. 2017;27(17):1397-411. doi:
10.1089/ars.2017.7006, PMID 28715949.

7. Niu X,Yao Q, Li W, Zang L, Li W, Zhao J, et al. Harmine
mitigates LPS-induced acute kidney injury through
inhibition of the TLR4-NF-kB/NLRP3 inflammasome
signalling pathway in mice. Eur ] Pharmacol.
2019;849:160-9. doi:  10.1016/j.ejphar.2019.01.062,
PMID 30716318.

8. Kim SW, Ramasamy K, Bouamar H, Lin AP, Jiang D,
Aguiar RC. MicroRNAs miR-125a and miR-125b
constitutively activate the NF-kB pathway by targeting
the tumor necrosis factor alpha-induced protein 3
(TNFAIP3, A20). Proc Natl Acad Sci U S A
2012;109(20):7865-70. doi: 10.1073/pnas.1200081 109,
PMID 22550173.

9. Tong L, Yuan Y,Wu S.Therapeutic microRNAs targeting
the NF-kappa B signaling circuits of cancers. Adv Drug

Pharma

B signaling and alleviated kidney injury. Therefore, it's worth
studying further to utilize the antagonists to relieve kidney
injury in the clinic eventually.

6. FUNDINGS

Baiyin Integrated Traditional Chinese and Western Medicine
Hospital supported this work.

7. AUTHORS CONTRIBUTION STATEMENT

Zhengiang Yao performed all the experiments. Zhengshun
Zhang conceived the project and wrote the manuscript.

8. CONFLICT OF INTEREST

Conflict of interest declared none.

Deliv Rev. 2015;81:1-15. doi:
10.1016/j.addr.2014.09.004, PMID 25220353.

10. LiuY,LiY,Ren Z, Si W, Li Y, Wei G, et al. MicroRNA-
125a-3p is involved in early behavioral disorders in
stroke-afflicted rats through the regulation of Cadm?.
Int ] Mol Med 2017;40(6):1851-9. doi:
10.3892/ijmm.2017.3179, PMID 29039453.

Il.  LiuG,JiL Ke M,Ou Z Tang N, Li Y. miR-125a-3p is
responsible for chemosensitivity in PDAC by inhibiting
epithelial-mesenchymal transition via Fyn. Biomed
Pharmacother. 2018;106:523-31. doi:
10.1016/j.biopha.2018.06.1 14, PMID 29990840.

12. Zheng L,Meng X, Li X, ZhangY, Li C, Xiang C, et al. miR-
125a-3p inhibits ERalpha transactivation and overrides
tamoxifen resistance by targeting CDK3 in estrogen
receptor-positive breast  cancer. FASEB  ].
2018;32(2):588-600. doi: 10.1096/j.20170046 | RR,
PMID 28939591.

13. Sun YM, Lin KY, Chen YQ. Diverse functions of miR-125
family in different cell contexts. | Hematol Oncol.
2013;6:6.doi: 10.1186/1756-8722-6-6, PMID 23321005.

14.  Kim TH, Seo YS, Kang SH, Kim MY, Kim SG, Lee HY, et
al. Prognosis predictability of serum and urine renal
markers in patients with decompensated cirrhosis: a

multicentre prospective study. Liver Int.
2020;40(12):3083-92. doi: 10.1111/liv.14631, PMID
32750739.

I15.  Stenberg B, Talbot D, Khurram M, Kanwar A, Ray C,
Mownah O, et al. A new technique for assessing renal
transplant perfusion preoperatively using contrast-
enhanced ultrasound (CEUS) and three-dimensional
ultrasound (3DUS)--a porcine model pilot study.
Ultraschall Med. 201 1;32;Suppl 2:E8-13. doi: 10.1055/s-
0031-1281650, PMID 22179806.

16.  Scarfe L, Rak-Raszewska A, Geraci S, Darssan D, Sharkey
J, Huang J, et al. Measures of kidney function by
minimally invasive techniques correlate with histological
glomerular damage in SCID mice with adriamycin-
induced nephropathy. Sci Rep. 2015;5:13601. doi:
10.1038/srep 13601, PMID 26329825.

17. Linta N, Baron Toaldo M, Bettini G, Cordella A, Quinci
M, Pey P, et al. The feasibility of contrast-enhanced
ultrasonography (CEUS) in the diagnosis of non-cardiac
thoracic disorders of dogs and cats. BMC Vet Res.

P316



ijlpr 2023; doi 10.22376/ijlpr.2023.13.6.P310-P317

2017;13(1):141.doi: 10.1186/s12917-017-1061-0, PMID
28545570.

Cai Z,Li S, Li S, Song F, Zhang Z, Qi G, et al. Antagonist
targeting microRNA-I55 protects against lithium-
pilocarpine-induced status epilepticus in C57BL/6 mice
by activating brain-derived neurotrophic factor. Front
Pharmacol. 2016;7:129. doi: 10.3389/fphar.2016.00129,
PMID 27303295.

Chen DQ, Cao G, Chen H,Argyopoulos CPYu H,SuW,
et al. Identification of serum metabolites associating
with chronic kidney disease progression and anti-
fibrotic effect of 5-methoxytryptophan. Nat Commun.
2019;10(1):1476. doi: 10.1038/s41467-019-09329-0,
PMID 30931940.

20.

21.

22.

Pharma

Sasaki Y, lIwama R, Sato T, Heishima K, Shimamura S,
Ichijo T, et al. Estimation of glomerular filtration rate in
conscious mice using a simplified equation. Physiol Rep.
2014;2(8). doi: 10.14814/phy2.12135, PMID 25168878.
Poveda |, Tabara LC, Fernandez-Fernandez B, Martin-
Cleary C, Sanz AB, Selgas R, et al. TWEAK/Fn14 and
non-canonical NF-kappaB signaling in kidney disease.
Front Immunol. 2013;4:447. doi:
10.3389/fimmu.2013.00447, PMID 24339827.

RenY, Song Z, Rieser J, Ackermann |, Koch [, Lv X, et al.
USPI5 represses hepatocellular carcinoma progression
by regulation of pathways of cell proliferation and cell
migration: A system biology analysis. Cancers.
2023;15(5):1371. doi: 10.3390/cancers15051371, PMID
36900163.

P317





