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Abstract: Renal inflammation and fibrosis are the important pathological phenomena associated
with obstructive nephropathy. However, the underlying mechanism associated with this disease has
yet to be fully elucidated. The present study, therefore, aimed to investigate the effects mediated
by C1q/tumor necrosis factor-related protein 13 (CTRP13) on renal inflammation and fibrosis in
addition to elucidating the underlying mechanism. To meet this aim, a mouse unilateral ureteral
obstruction (UUO)-mediated renal dysfunction model was established. In addition, hematoxylin–
eosin staining (H&E) staining and immunofluorescence experiments as well as Western blotting
and reverse transcription quantitative (RT q) PCR analyses were performed. Recombinant CTRP13
was used to investigate the role of CTRP13 in chronic renal inflammation and fibrosis. A decreased
expression level of CTRP13 was identified in the plasma of patients with renal fibrosis and in
UUO-model mice. The renal histopathological and functional analyses revealed that CTRP13 could
both reverse UUO mediated renal dysfunction and ameliorate the conditions of tubulointerstitial
fibrosis and tubular injury. Additionally, CTRP13 was found to inhibit the expression levels of
extracellular matrix proteins and proinflammatory mediators. In terms of the underlying mechanism,
the protective effects on inflammation and fibrosis of the kidneys of CTRP13-treated mice undergoing
UUO were found to be associated with the inactivation of the TGF β/Smad and NF κB p65 signaling
pathways. Taken together, these findings have suggested that CTRP13 fulfills a vital role in the
progression of obstructive nephropathy, thereby uncovering brand new insights into possible leads
for the therapeutic treatment of chronic kidney disease (CKD).

Keywords: kidney; fibrosis; inflammation; CTRP13

1. Introduction

Chronic renal fibrosis, which leads to end-stage renal failure, is a major worldwide
health problem that results in high mortality and morbidity rates, and its incidence has
increased globally on an annual basis [1–4]. The renal fibrosis process is dynamic, charac-
terized by an increase in interstitial proinflammatory cell infiltration, the activation of renal
interstitial fibroblasts, and the deposition of extracellular matrix (ECM) proteins, eventually
leading to the loss of renal function and damage to renal parenchyma [3,5]. However, at
present, effective treatments designed to prevent the progression of kidney fibrosis and
to delay chronic-kidney-disease-associated complications remain limited. Consequently,
an improvement in our understanding of the mechanism(s) associated with renal fibrosis
and identifying relevant targets for the prevention of renal fibrosis’ progression, are both
necessary in order to provide the theoretical basis underlying the treatment of chronic
kidney disease (CKD).

Biomedicines 2024, 12, 51. https://doi.org/10.3390/biomedicines12010051 https://www.mdpi.com/journal/biomedicines

https://doi.org/10.3390/biomedicines12010051
https://doi.org/10.3390/biomedicines12010051
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/biomedicines
https://www.mdpi.com
https://doi.org/10.3390/biomedicines12010051
https://www.mdpi.com/journal/biomedicines
https://www.mdpi.com/article/10.3390/biomedicines12010051?type=check_update&version=1


Biomedicines 2024, 12, 51 2 of 12

C1q/tumor necrosis factor-related proteins (CTRPs), which share several structural
characteristics in common, are conserved members of the adiponectin family. The CTRP
family serves multiple roles in regulating the pathophysiology of metabolism in addition to
the immune and vascular systems [6,7]. To date, among the 15 identified CTRPs, it has been
reported that the sequence of CTRP13 only differs in one amino acid comparing the human
and mouse forms [8]. As an adipokine, CTRP13 has also been shown to mediate glucose
metabolism in hepatocytes, myotubes, and adipocytes [8,9]. A study published recently
by our group [10] demonstrated that the supplementation of CTRP13 inhibited vascular
calcium accumulation in end-stage renal failure. However, a precise knowledge both of
the association between chronic kidney disease and CTRP13 as well as the underlying
mechanism(s) remains lacking. The aims of the present study were therefore to investigate
whether there is an association between CTRP13 and unilateral ureteral obstruction (UUO)-
mediated renal fibrosis and tubulointerstitial inflammation and to elucidate the potential
underlying mechanism(s).

In our recent work, dynamic changes in CTRP13 were observed during the devel-
opment of kidney fibrosis, and, subsequently, the protective effects of CTRP13 on kidney
fibrosis together with the underlying mechanism were explored through ectopic CTRP13
infusion. The results obtained suggested that CTRP13 is a critical regulator that serves as a
‘brake’ to minimize kidney dysfunction and fibrosis in the renal injury process.

2. Materials and Methods
2.1. Establishment of the UUO-Induced CKD Model

C57BL/6 mice were purchased from the Model Animal Research Center of Huazhong
University of Science and Technology. The mice were provided with free access to diet
and water and housed under conditions of 22 ◦C temperature, 50–60% humidity, and
regular lighting conditions (12 h light/dark cycles). The experimental C57BL/6 mice (male
mice aged 8–10 weeks) were subjected to double-ligation of the left ureter. Renal fibrosis
was induced following a UUO operation, as described previously [11]. In brief, mice
were anesthetized by the intraperitoneal injection of ketamine (100 mg/kg) and xylazine
(10 mg/kg) and were placed on a temperature-controlled operating table to maintain
their body temperature at 37 ◦C. Through a midline incision in the abdomen, the right
proximal ureter was exposed and ligated at two separated points using 3-0 black silk. The
sham operation was performed using the same method but without the ligation of the
ureter. Following surgery, the mice were subsequently randomly assigned to two groups:
(i) vehicle injection and (ii) CTRP13 injection. Vehicle (normal saline) or recombinant
human CTRP13 protein (Aviscera Bioscience, Inc., Santa Clara, CA, USA; 200 mg/kg) was
intraperitoneally injected into the mice every other day for 2 weeks. After the completion
of the experiment, the mouse kidneys were obtained through an abdominal incision under
anesthesia, and, subsequently, the mice were euthanized (the collected blood and kidneys
were stored at −80 ◦C prior to further analysis, and all mice were anesthetized using 2%,
and sacrificed with 5% isoflurane). Death was confirmed when the mice had stopped
breathing and after they had lost all of their bodily responses upon receiving a stimulus.
All animal experimental protocols were approved by the Ethics Committee of Huazhong
University of Science and Technology (Institutional Animal Care and Use Committee
(IACUC) no. #2948).

2.2. Histology Staining

With the scheduled necropsy, the left kidney was removed, fixed in cold 70% ethanol,
and routinely embedded in paraffin. The blocks were cut into 5 µm sections and subse-
quently stained using H&E and Masson’s trichrome staining. Image Pro-Plus 6.0 software
was employed to analyze the quantification of the fibrotic area.

The mouse kidney sections were incubated with anti-α-smooth muscle actin (anti-α-
SMA) (1:200 dilution; cat. no. 50,513), anti-vimentin (1:200, cat. no. 5741), anti-collagen
I (1:200, cat. no. 81,375), anti-F4/80 (1:200, cat. no. 30,325), or anti-phospho-NF-κB p65
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(1:200, cat. no. 3033) antibody overnight at 4°C (all the antibodies were purchased from
Cell Signaling Technology, Inc., Danvers, MA, USA). The slides were subsequently stained
using a secondary antibody for 1 h at 37 ◦C and visualized on a ZEISS confocal microscope
(Zeiss AG, Oberkochen, Germany).

Renal injury, including tubular and glomerular deformation and tubular epithelial
cell detachment, was assessed using a semi-quantitative analysis method, as described
previously [12], according to the following scoring system: 0, no abnormality; 1, renal
impairment < 10%; 2, renal impairment < 25%; 3, renal impairment < 50%; 4, renal impair-
ment < 75%; and 5, renal impairment > 75%. Semi-quantitative analysis of the fibrotic area
was assessed by calculating the percentage of blue staining over the entire view [11]. Both
semi-quantitative assessments were performed on 10 randomly selected non-overlapping
areas under an optical microscope. These assessments were assessed in a blind manner by
the researchers.

2.3. Biochemical Detection

Urine and serum samples were retained for assaying the levels of blood urea nitrogen
(BUN), 24-hour urine protein (24-h UP) and serum creatinine (SCr) using the corresponding
kits [13] (Nanjing Jiancheng, Nanjing, China; cat. nos. C035-2-1, C013-2-1, and C011-2-1,
respectively).

2.4. Cell Culture and Treatment

NRK-49F cells (i.e., renal interstitial fibroblasts) were obtained from Jennio Biotech Co.,
Ltd. (Guangzhou, China). The cells were cultured in DMEM supplemented with 10% fetal
bovine serum and were incubated in the presence of 5% CO2 at 37 ◦C [14]. For those cells
that were to be treated with TGF-β1, 5 ng/mL TGF-β1 (cat. no. 240-B-002; R&D Systems,
Inc., Minneapolis, MI, USA) was added to the NRK-49F cells at the indicated times on the
next day after the cells had reached 40% confluence.

2.5. Western Blot Analysis

Total protein was extracted from the kidney and cultured cells using RIPA lysis buffer.
Western blot analysis was performed essentially as described previously [15,16]. Total
protein from mouse tissues were resolved by SDS-PAGE. Antibodies against monocyte
chemoattractant protein-1 (MCP-1) (1:1000; cat. nos. 39,091 and 41,987; Cell Signaling
Technology, Inc., Danvers, MA, USA), interleukin (IL)-1β (1:500; cat. no. 12,242; Cell
Signaling Technology, Inc., Danvers, MA, USA), IL-6 (1:1000; cat. nos. 12,912 and 12,153;
Cell Signaling Technology, Inc., Danvers, MA, USA), vimentin (1:1000; cat. no. 5741l;
Cell Signaling Technology, Inc., Danvers, MA, USA), α-SMA (1:1000; cat. no. 50,513; Cell
Signaling Technology, Inc., Danvers, MA, USA), collagen I (1:200; cat. no. 81375; Cell
Signaling Technology, Inc., Danvers, MA, USA), TGF-β (1:1000; cat. no. 3711; Cell Signaling
Technology, Inc., Danvers, MA, USA), Smad7 (1:1000; cat. no. 9523; Cell Signaling Technol-
ogy, Inc., Danvers, MA, USA), Smad7 (1:1000; cat. no. 516288; Zen-Bioscience, Durham,
NC, USA), Smad3 (1:200; cat. no. 9523; Cell Signaling Technology, Inc., Danvers, MA, USA),
NF-κB p65 (1:1000; cat. no. 8242; Cell Signaling Technology, Inc., Danvers, MA, USA),
phospho-Smad3 (1:1000; cat. no. 9520; Cell Signaling Technology, Inc., Danvers, MA, USA),
NF-κB phosphorylated-p65 (1:1000; cat. no. ab76302; Abcam, Cambridge, UK), and β-actin
(1:2000; cat. no. ab8226; Abcam, Cambridge, UK) were used as the primary antibodies.
Subsequently, the membranes were incubated with blocking serum and horseradish peroxi-
dase (HRP)-labeled secondary antibody. Finally, immunoreactivity was visualized using
enhanced chemiluminescence reagents (Bio-Rad Laboratories, Inc., Hercules, CA, USA),
and a semiquantitative analysis was conducted using Fiji ImageJ software.

2.6. Reverse Transcription Quantitative (RT-q) PCR Analysis

Total RNA was isolated from cell samples using an Invitrogen™ TRIzol® reagent kit
(Thermo Fisher Scientific, Inc., Waltham, MA, USA), following the manufacturer’s protocol.
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RNA was reverse-transcribed into cDNA using a PrimeScript™ RT Reagent Kit (Takara
Bio, Inc., Kusatsu, Japan) followed by qPCR analysis using SYBR™ Green PCR Master
mix (Promega Corporation, Madison, WI, USA) on a CFX96 PCR Detection System. The
sequences of the primers used in the present study were as follows: E-cadherin, forward, 5′-
GGCCCAGGAGCTGACAAAC, and reverse, 5′-CC AGAGGCTGCGTCACTTTC; vimentin,
forward, 5′-ATGAAAGTGTGGCTGCC AAGAAC, and reverse, 5′-GTG ACTGCACCT-
GTCTCCGGTA; and α-SMA, forward, 5′-CCTCTTCCAGCCATCTTTCAT, and reverse,
5′-CGAGAGGACGTTGTTAGCAT AG. Quantification of the cDNA was determined using
the 2−∆∆Cq method.

2.7. Statistical Analysis

Data are presented as the mean ± SD for at least 3 independent experiments. The
significance was calculated via Student’s t test (for comparisons of 2 groups) or one-way
ANOVA with Bonferroni post hoc test (for comparisons of ≥3 groups). All statistical
analyses were performed using GraphPad Prism v.6.0. p < 0.05 was considered to indicate
a statistically significant difference.

3. Results
3.1. Plasma CTRP13 Levels Are Lower during the Progression of Renal Fibrosis

To investigate whether CTRP13 was associated with the pathogenesis of CKD, first,
changes in the serum level of CTRP13 during renal fibrosis’ development in UUO-model
mice were investigated. These experiments revealed that the plasma CTRP13 levels pro-
gressively decreased following UUO injury, reaching a minimal point at 14 days (Figure 1
and Table S1). These results indicated that, during the development of kidney fibrosis,
the level of CTRP13 gradually decreased, suggesting that CTRP13 may be involved in
renal fibrosis.
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Figure 1. Plasma CTRP13 levels were decreased in the UUO mice with renal fibrosis. The concen-
tration of CTRP13 in the mouse kidney at 3, 7, and 14 days after UUO surgery. * p < 0.05 versus
Sham group.

3.2. CTRP13 Treatment Leads to an Improvement in UUO-Mediated Renal Dysfunction

Subsequently, the effect of administering CTRP13 on the UUO-mediated renal fibrosis
model in C57BL/6 mice was investigated. CTRP13 was injected into mice every other day
for 2 weeks, and the serum CTRP13 levels were found to have been successfully increased
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(Figure 2A and Table S2). As shown in Figure 2B,D and Table S2, after 2 weeks of treatment,
the levels of BUN, SCr, and 24 h UP were statistically markedly different comparing
between the sham and the UUO groups. Furthermore, CTRP13 treatment led to a reduction
in the levels of Scr and Bun as well as those of 24 h UP, suggesting that ectopic CTRP13
infusion led to the alleviation of UUO-mediated renal function deterioration in vivo.
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Figure 2. CTRP13 improves UUO-mediated renal dysfunction.C57BL/6 mice were subjected to
UUO-induced experimental renal fibrosis model and then were injected with or without recombinant
CTRP13 every other day for 2 weeks. (A) Plasma CTRP13 levels in the mice. (B–D) CTRP13-reduced
BUN, 24 h UP, and SCr in the UUO mouse model. * p < 0.05 versus Sham+Vehicle group. # p < 0.05
versus UUO+Vehicle group.

3.3. CTRP13 Ameliorates Kidney Injury and Fibrosis in UUO-Model Mice

Kidney fibrosis is identified by tubule atrophy, interstitial chronic inflammation and
fibrogenesis, glomerulosclerosis, and vascular rarefaction [17]. As shown in Figure 3A,B,
kidney fibrosis and injuries were assessed via Masson and H&E staining. Following
UUO surgery, the tubules were found to be markedly dilated, with extensive interstitial
fibrosis and massive inflammatory cell infiltration. Following intervention with CTRP13,
histopathological damage and interstitial fibrosis were found to be reduced; moreover,
glomerular and tubular malformations were reversed. The injury scores of the kidneys and
the area of fibrosis both indicated that CTRP13 exerts a protective effect on UUO-mediated
kidney fibrosis and pathological injury (Figure 3C,D).
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Figure 3. CTRP13 protects UUO-mediated renal injury. (A,B) Representative Masson and HE staining
of kidney tissue sections. After UUO surgery, the tubules were markedly dilated, with extensive
interstitial fibrosis and massive inflammatory cell infiltration. After CTRP13 intervention, histopatho-
logical damage and interstitial fibrosis were reduced, and glomerular and tubular malformations
were reversed. Scale bar = 50 µm. (C,D) Results of semiquantitative analysis of fibrotic area and renal
injury scores. * p < 0.05 versus Sham+Vehicle group. # p < 0.05 versus UUO+Vehicle group.

3.4. CTRP13 Inhibits UUO-Induced ECM Accumulation

Fibrosis occurs when wound healing is deregulated, leading to excessive ECM protein
accumulation. Accumulation of the ‘classical’ ECM proteins, such as collagen I, vimentin,
and α-SMA, is the central feature during fibrogenesis [18]. As shown in Figure 4B, in con-
trast with the sham group, the levels of collagen I, vimentin, and α-SMA were significantly
upregulated following UUO surgery, whereas the administration of CTRP13 prevented
the UUO-mediated upregulation of collagen I, vimentin, and α-SMA. These findings were
corroborated by the immunofluorescence assay experiments, wherein significant decreases
in the expression levels of the ECM proteins at 14 days following surgery were identified
in the kidneys of the CTRP13-treated UUO-model mice (Figure 4A). Taken together, these
findings suggested that CTRP13 can effectively protect against fibrosis by reducing the
accumulation of ECM in the UUO-model mice.
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Figure 4. CTRP13 inhibits ECM accumulation in UUO mice. (A) Representative immunofluorescence
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Sham+Vehicle group. # p < 0.05 versus UUO+Vehicle group.

3.5. CTRP13 Regulates the TGF-β1/Smad Signaling Pathway in UUO-Model Mice

To explore the potential protective effects of CTRP13 on kidney fibrosis in the UUO-
model mice, the role of the TGF-β1/Smad pathway was analyzed. Compared with the sham
group, the UUO-model kidneys showed a marked increase in the levels of TGF-β1 and
Smad3 phosphorylation. Interestingly, supplementation of CTRP13 led to an attenuation of
the increase in phosphorylated Smad3 and TGF-β1 in the UUO-model mice. Smad7, another
downstream negative modulator of TGF-β1, was shown to be downregulated during
renal fibrosis (Figure 5A). CTRP13 treatment was found to reverse the UUO-regulated
downregulation of Smad7 (Figure 5A). Subsequently, whether CTRP13 could modulate
renal matrix protein production and myofibroblast activation in normal rat fibroblasts was
investigated. After 24 h of incubation, TGF-β1 treatment led to a marked increase in the
expression levels of collagen I, vimentin, and α-SMA, whereas treatment with CTRP13
significantly decreased the TGF-β1-induced upregulation of collagen I, vimentin, and
α-SMA (Figure 5B). Taken together, these data suggested that CTRP13 exerts a major role
on the TGF-β1/Smad pathway, which could be an important mechanism underpinning the
protective function of CTRP13 on the progression of kidney ECM deposition and fibrosis.
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Figure 5. CTRP13 mediates UUO-induced TGF-β1/smads signaling pathway transduction. (A) Rep-
resentative Western blot analysis of TGF-β1, Smad3, phosphorylated Smad3, and Smad7 in the
kidney of UUO mice. (B) Quantitative real-time PCR analysis of α-SMA, VIM, and COL I in NRK-49F
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3.6. CTRP13 Suppresses Renal Inflammation in UUO-Model Mice

Subsequently, whether the supplementation of CTRP13 could influence renal inflam-
mation in the UUO-model mice was investigated. As shown in Figure 6A, in the tubuloint-
erstitial regions, the UUO-treated mice developed kidney inflammation with the infiltration
of F4/80+ macrophages (Figure 6A). This was accompanied by a significant increase in the
expression levels of MCP-1, IL-6, and IL-1β. However, ectopic CTRP13 infusion alleviated
the UUO-exacerbated kidney inflammation, with the infiltration of fewer F4/80+ cells and
the downregulation of MCP-1, IL-1β, and IL-6 (Figure 6B).
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3.7. CTRP13 Suppresses NF-κB p65 Signaling Pathway in UUO-Model Mice

The NF-κB signaling pathway has been reported to have a critical role in the pro-
gression of inflammation and renal fibrosis [19]. As shown in Figure 7A, the expression
levels of p65 and phosphorylated p65 were markedly upregulated following UUO surgery.
However, treatment with CTRP13 markedly disrupted the UUO-mediated upregulation
of p65 phosphorylation. These results were corroborated by the results of the immunoflu-
orescence experiments, which revealed that CTRP13 treatment mitigated the kidney in-
flammation that was associated with the suppression of NF-κB signaling, a finding that
was also supported by a significant decrease in p65 phosphorylation in UUO-model mice
(Figure 7B). Collectively, these data indicated that CTRP13 could mediate the inhibition
of the UUO-induced NF-κB p65 signaling pathway, thereby inhibiting the recruitment of
proinflammatory factors in the tubulointerstitial regions.

Biomedicines 2024, 12, x FOR PEER REVIEW  10  of  13 
 

 

Figure 7. CTRP13 suppresses UUO-induced NF-κB p65 signaling pathway activation. (A) Repre-

sentative Western blot analysis of P65 and phosphorylated p65 in the kidney of UUO mice. (B) Rep-

resentative immunofluorescence staining of phosphorylated p65 in the kidney of UUO mice. Scale 

bar = 50 µm. * p < 0.05 versus Sham+Vehicle or Vehicle (UUO) group. # p < 0.05 versus UUO+Vehicle 

group. 

4. Discussion 

In the present study, we first found that, in renal fibrosis, the serum level of CTRP13 

decreased gradually with the development of kidney interstitial fibrosis. Ectopic CTRP13 

infusion resulted  in an  inhibition of fibroblast activation, excessive deposition of ECM, 

and infiltration of proinflammatory cells, ultimately halting the development of UUO-in-

duced renal interstitial fibrosis. The findings of the present study have provided new ev-

idence for a vital role of CTRP13 in the progression of UUO-induced kidney inflammation 

and fibrosis.   

Regarding both acquired and congenital etiologies in patients with CKD, renal struc-

tural abnormalities and dysfunction are known to cause abnormally low levels of protein 

excretion and filtration [20]. Therefore, optimizing microcirculation, lowering the levels 

of urinary protein, and preventing the deterioration of kidney function are the critical ob-

jectives and means of the management of CKD [21]. Angiotensin receptor blockers, angi-

otensin-converting enzyme inhibitors, immunosuppressants and glucocorticoids are the 

agents  primarily  used  to  decrease  urinary  protein  levels  [22].  These medications  are 

Figure 7. CTRP13 suppresses UUO-induced NF-κB p65 signaling pathway activation. (A) Rep-
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mice. Scale bar = 50 µm. * p < 0.05 versus Sham+Vehicle or Vehicle (UUO) group. # p < 0.05 versus
UUO+Vehicle group.

4. Discussion

In the present study, we first found that, in renal fibrosis, the serum level of CTRP13
decreased gradually with the development of kidney interstitial fibrosis. Ectopic CTRP13
infusion resulted in an inhibition of fibroblast activation, excessive deposition of ECM, and
infiltration of proinflammatory cells, ultimately halting the development of UUO-induced
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renal interstitial fibrosis. The findings of the present study have provided new evidence for
a vital role of CTRP13 in the progression of UUO-induced kidney inflammation and fibrosis.

Regarding both acquired and congenital etiologies in patients with CKD, renal struc-
tural abnormalities and dysfunction are known to cause abnormally low levels of protein
excretion and filtration [20]. Therefore, optimizing microcirculation, lowering the levels
of urinary protein, and preventing the deterioration of kidney function are the critical
objectives and means of the management of CKD [21]. Angiotensin receptor blockers,
angiotensin-converting enzyme inhibitors, immunosuppressants and glucocorticoids are
the agents primarily used to decrease urinary protein levels [22]. These medications are
associated with different contraindications and side effects, although CTRP13 is currently
gaining a lot of attention, as it has the advantage of exerting a comprehensive range of
unique treatment effects, unlike the abovementioned pharmaceuticals. The findings of
the present study have demonstrated that CTRP13 attenuates UUO-induced renal dys-
function via the TGF-β1/Smad and NF-κB p65 signaling pathways. It is anticipated
that its protective effects may be generally applicable, working against fibrosis and in-
flammation due to the natural properties of CTRP13. Therefore, from a therapeutic and
adverse-event standpoint, the present findings have potentially expanded the possibilities
of administering CTRP13 therapy to multiple inflammatory and fibrosis diseases beyond
obstructive nephropathy.

CTRP13, an adipose-tissue-derived adipokine, has been reported to mediate glucose
metabolism via activating the AMP-activated protein kinase (AMPK) signaling pathway [8].
In hepatocytes, CTRP13 has also been shown to increase lipid-induced insulin resistance
through inhibiting stress-activated protein kinase/c-Jun N-terminal kinase stress signal-
ing [8]. However, in CTRP13 knockout mice fed a high-fat diet, CTRP13 deficiency im-
proved the systemic metabolic profiles as well as reduced adipose tissue inflammation and
hepatic steatosis [23]. Recently, our group has shown that CTRP13 exerts multiple beneficial
effects on cardiovascular disease [10,24–26]. In chronic coronary artery disease, ectopic
CTRP13 infusion was shown to dramatically reduce the progression of atherosclerosis [25].
Furthermore, CTRP13 infusion was able to improve endothelial nitric oxide synthase
(eNOS) coupling, thereby protecting the endothelial function in diabetic mice [24]. Interest-
ingly, to the best of our knowledge, that study was the first to uncover a new and crucial
role of CTRP13 in UUO-mediated renal dysfunction, as it demonstrated that CTRP13 has
the effect of ameliorating tubulointerstitial fibrosis and tubular injury via the TGF-β1/Smad
and NF-κB p65 signaling pathways. Moreover, in addition to CTRP13 and consistent with
previous studies, the CTRP family members exert multiple effects on regulating the patho-
physiological and physiological processes of the immune and metabolic systems [27,28].
In addition, the adipokine CTRP6 was shown to alleviate ischemia–reperfusion injury of
the kidney by modulating the PI3K/Akt signaling pathway [29]. Furthermore, CTRP3
and CTRP6 have been reported to be potential therapeutic targets for diabetic nephropa-
thy, exerting their effects via the regulation of glomerular mesangial cell function [30,31],
indicating that the CTRP family of adipokines may be involved in the regulation of the
urinary system. Future studies will need to be focused on whether other CTRP members
can also participate in the progression of kidney inflammation and fibrosis. Developing
therapies comprising a mixture of CTRPs may have potential therapeutic value in terms of
overcoming the progression of chronic renal dysfunction.

In the present study, it has been shown that CTRP13 can ameliorate UUO-induced
kidney dysfunction via NF-κB-driven kidney inflammation and TGF-β1/Smad3-mediated
renal fibrosis. Previous studies have reported that Smad7 is negatively regulated via Smad3
according to Arkadia- and Smurf2-associated ubiquitin degradation mechanisms [32,33].
Smad7 has been reported to be a suppressor of NF-κB signaling. The inactivation of
NF-κB signaling mediated by Smad7 might serve as a critical ‘bridge’ that connects the
protective effects on renal fibrosis and inflammation that result from treatment with CTRP13.
Additionally, Smad3 has been shown to be capable of inducing the expression of MCP-1
via binding to the MCP-1 promoter [34]. In addition, inhibiting both MCP-1-dependent
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inflammatory cytokine production and the infiltration of macrophages might provide an
alternative mechanism that underlies the observed protection of UUO-induced kidney
inflammation mediated by CTRP13 in this study. In this work, we used recombinant
CTRP13 protein infusion to produce protective effects on renal function. It is possible
that CTRP13 may exert kidney protective effects by acting on other organs rather than the
kidney directly. Next, constructing kidney-specific CTRP13 knockout mice will help us to
test this hypothesis in the future.

In conclusion, in the present study, we have shown that CTRP13 fulfills an important
role in UUO-mediated obstructive nephropathy. CTRP13 exerts its renal protective effects
through inhibiting the TGF-β1/Smad and NF-κB signaling pathways. Therefore, these
findings have provided a rationale for recruiting CTRP13 as a possible therapeutic approach
for patients with renal inflammation and fibrosis.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/biomedicines12010051/s1, Table S1: Plasma CTRP13 levels were
decreased in the UUO mice with renal fibrosis; Table S2: Effects of CTRP13 treatment on plasma
CTRP13, Scr, Bun, and 24 h UP levels in the UUO mice with renal fibrosis.
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