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ABSTRACT

Renal fibrosis is a common feature of various chronic kidney diseases. However, the underlying
mechanism remains poorly understood. The CXC chemokine receptor (CXCR) family plays a role in
renal fibrosis; however, the detailed mechanisms have not been elucidated. In this study, we
investigated the potential role of CXCR7 in mediating renal fibrosis. CXCR7 expression is decreased
in unilateral ischemia-reperfusion injury (UIRI) and unilateral ureteral obstruction mouse models.
Furthermore, CXCR7 was specifically expressed primarily in the Lotus Tetragonolobus
Lectin-expressing segment of tubules, was slightly expressed in the peanut agglutinin-expressing
segment, and was barely expressed in the Dolichos biflorus agglutinin-expressing segment.
Administration of pFlag-CXCR7, an overexpression plasmid for CXCR7, significantly inhibited the
activation of [-catenin signaling and protected against the progression of epithelial-to-
mesenchymal transition (EMT) and renal fibrosis in a UIRI mouse model. Using cultured HKC-8
cells, we found that CXCR7 significantly downregulated the expression of active B-catenin and
fibrosis-related markers, including fibronectin, Collagen |, and a-SMA. Furthermore, CXCR7
significantly attenuated TGF-B1-induced changes in B-catenin signaling, EMT and fibrosis. These
results suggest that CXCR7 plays a crucial role in inhibiting the activation of -catenin signaling
and the progression of EMT and renal fibrosis. Thus, CXCR7 could be a novel therapeutic target
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Introduction

Chronic kidney disease (CKD) is defined as chronic renal
structural and functional impairment due to various causes
(including a history of kidney damage greater than 3 months),
including normal and abnormal pathological impairment of
renal filtration rate (GFR), abnormal blood or urine composi-
tion, and imaging abnormalities for more than 3months [1].
The impact of CKD on worldwide morbidity and mortality is
rapidly increasing, indicating the shortcomings of therapeutic
drugs at present. Hence, studies aimed at identifying thera-
peutic targets for CKD are desperately needed.

Renal fibrosis is a typical pathological change in CKD, is
strongly associated with the deterioration of renal function
and long-term prognosis in CKD patients and is characterized
by abnormal deposition of extracellular matrix, gradual scle-
rosis of the renal parenchyma and scar formation to the
point where the kidney completely loses its organ function.

EMT is an important biological process that contributes to
renal fibrosis and CKD. The TGF-B1/Smad and Wnt/f3-catenin
signaling pathways are the major pathways involved in EMT
[2]. Despite many attempts to block kidney fibrosis, few
treatments have been approved for clinical practice, and a
large treatment gap remains unknown [3]. Thus, novel antifi-
brotic therapies are urgently needed to prevent the progres-
sion of EMT and renal fibrosis in CKD patients.

Chemokine receptors are a family of GPCRs that respond
to chemokines. These proteins are small, secreted proteins
with molecular weights in the range of 8 to 12kDa that are
involved mainly in the regulation of immune cell recruitment.
Subsequently, their role has been extended to other patho-
logical and physiological conditions, including embryogene-
sis, angiogenesis, hematopoiesis, atherosclerosis, tumor
growth, and metastasis, and they function as coreceptors for
several human immunodeficiency virus strains [4]. Changes
in chemokine levels and in the expression of chemokine
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receptors at lesion sites are also important components of
renal fibrosis [5]. Thus, investigations of the role of CXCRs in
the process of renal fibrosis are urgently needed.

During EMT and renal fibrosis, many chemokines and
their receptors are crucial players in this process. A previous
study showed that high expression of CXCR2 was strongly
associated with the Wnt/B-catenin signaling pathway and
renal fibrosis. Moreover, blockade of CXCR2 protects renal
function, inhibits the Wnt/B-catenin signaling pathway and
reduces renal fibrosis [6-8]. High expression levels of CXCR4
have been reported in glomerular and tubular cells indepen-
dent of the progression of renal fibrosis [9-11]. Evidence
indicates that CXCR6 plays an important role in Ang Il-induced
renal injury and fibrosis [12,13]. Accumulating evidence indi-
cates that chemokine receptors are key regulators of renal
fibrosis in diseased kidneys. However, the mechanisms by
which chemokine receptors modulate renal fibrosis have not
been fully elucidated.

CXCR7, also known as a typical chemokine receptor 3
(ACKR3), is not a classic seven transmembrane-spanning
receptor and therefore belongs to the class of ACKRs
expressed in monocytes, endothelial cells, B cells, and car-
diomyocytes. CXCR7 has previously been reported to be
involved in physiological and pathophysiological processes
such as cancer, coronary artery disease, stroke, inflammatory
conditions, and HIV infection [14,15]. Recently, CXCR7 was
found to control cell adhesion and migration by regulating
EMT [16,17]. Another report showed that activation of CXCR7
can override the fibrotic activity of macrophages to reduce
JAG1 expression in PCECs and subsequent lung fibrosis [18].
CXCR7 has been discovered to be a novel small-molecule
modulator that can treat cardiac fibrosis [19]. It has also
been reported that overexpressed CXCR7 might inhibit fibro-
sis via the Wnt/B-catenin pathway during angiogenesis in
human umbilical vein endothelial cells [20]. Thus, CXCR7
seems to be closely associated with fibrotic disease. To date,
relatively little is known about the role of CXCR7 in renal
fibrosis.

In this study, we investigated CXCR7 expression and local-
ization and revealed the contribution of CXCR7 to the regu-
lation of B-catenin signaling, EMT and renal fibrosis in vivo
and in vitro. These results suggest that CXCR7 could be a
new target for mitigating renal fibrosis.

Materials and methods
Animal models and treatments

The unilateral ureteral obstruction (UUO) mouse model was
described previously [21]. Six- to eight-week-old male
C57BL/6 mice (22-249) were generated by ligating the left
ureter. After 7days, renal tissue samples were collected from
the mice for analysis. Two groups of mice were used: (1)
Sham control (n=5) and (2) UUO mice (n=5).

The UIRI mouse model was generated in C57BL/6 male
mice according to an established protocol. First, the left
renal pedicle was clipped with a microaneurysm clamp

(item no. 18051-35; Fine Science Tools, Cambridge, UK).
Throughout the process of ischemia, the mouse body tem-
perature was controlled between approximately 37°C and
38°C through a metal bath system. After removing the
microaneurysm clamps, reperfusion of the left ischemic kid-
ney was visually confirmed. Ten days later, the whole right
kidney was excised under sterile conditions. One day later,
serum, urine and left renal tissue samples were collected
for analysis. Two groups of mice were used: (1) Sham con-
trol (n=5) and (2) UIRI mice (n=5).

For the CXCR7-overexpressing UIRI mouse model, three
groups of mice were used: (1) Sham control (n=5), (2) UIRI
mice rapidly injected with a large volume of the pcDNA3
plasmid via the tail vein as previously reported (n=5), and
(3) UIRI mice injected with the pFlag-CXCR7 plasmid via the
tail vein (n=5). All mice were kept in a room maintained at
an appropriate temperature and humidity on a 12h light/
dark cycle and were provided ample food and water. All the
experiments were performed according to the Guidelines for
the Care and Use of Laboratory Animals. The animal ethics
approval number was MDL2023-04-08-01.

Histology staining

Paraffin-embedded mouse kidney sections were prepared by
a routine procedure. Periodic acid-Schiff (PAS) staining was
performed on paraffin-embedded kidney sections (3um) to
determine the morphology of renal tubules according to the
manufacturer’s instructions (PAS Staining Kit, C0142S-3,
Beyotime). Sections (3um) were subjected to Masson stain-
ing to assess collagen deposition and fibrotic lesions accord-
ing to the manufacturer’s instructions (Masson’s Trichrome
Stain Kit, G1340, Solarbio). Sirius red staining was performed
on paraffin-embedded kidney sections (6um) to determine
the distribution of collagen according to the manufacturer’s
instructions (Sirius Red Stain Kit, DC0040; Leagene).

Cell culture and treatment

Human proximal tubular epithelial (HKC-8) cells were cultured
as previously described [7]. HKC-8 cells were stimulated with
recombinant human TGF-31 protein (R&D Systems, Minneapolis,
MN) (5ng/ml). To upregulate CXCR7 expression in HKC-8 cells,
a plasmid encoding overexpressed CXCR7 was constructed by
cloning the CXCR7 gene into the Notl and Xhol sites on the
pcDNA3.1-3 x Flag-C vector. The CXCR7 cDNA was amplified
using the following primers: forwards primer 5-3' GACGAT
GACAAGCTTGCGGCCGCCATGGATCTGCATCTCTTCGAC
and reverse primer 5'-3' GGTACCTCATCTAGACTCGAGTCATTTGGT
GCTCTGCTCC. A control plasmid (pcDNA3) or CXCR7 expres-
sion plasmid (pFlag-CXCR7) was also transfected into HKC-8
cells using Lipofectamine 2000 (Life Technologies, Carlsbad,
CA) according to the manufacturer’s instructions. After trans-
fection for 24h, the efficacy of the various treatments was
determined by quantitative real-time PCR, Western blotting,
and immunostaining.



RNA isolation and qRT-PCR analysis

Total RNA was extracted from kidney tissue or HKC-8 cells using
TRIzol reagent (Life Technologies, Grand Island, NY). After isola-
tion, single-stranded cDNA was generated from 1ug of total
RNA via reverse transcription by using a superscript reverse tran-
scriptase kit (R333-01, Vazyme) according to the manufacturer’s
instructions. Quantitative real-time PCR was performed using Taq
Pro Universal SYBR qPCR Master Mix (Q712-02, Vazyme). The
detection of cDNA expression of the specific genes was per-
formed with an ABI PRISM 7000 instrument (Applied Biosystems,
Foster City, CA). The mRNA expression levels of various genes
were calculated after normalization to that of B-actin. All primers
used in gRT-PCR are displayed in Table S1.

Serum creatinine (Scr) and blood urea nitrogen (BUN)
assays

The levels of Scr and BUN in the UIRI model animals were
determined by an automatic chemical analyzer (AU480
Chemistry Analyzer, Beckman Coulter, Atlanta, Georgia). The
level of Scr or BUN was expressed as mg/dl.

Western blot analysis

Protein expression was analyzed by western blot (WB) analysis as
described previously [7]. The following primary antibodies were
used: anti-fibronectin (F3648; Sigma—Aldrich), anti-active-B-catenin
(19807T; Cell Signaling Technology), anti-B-catenin (610154; BD
Biosciences), anti-CXCR7 (SAB2700198; Sigma), anti-a-SMA
(ab5694; Abcam), anti-Collagen | (ab34710; Abcam), anti-vimentin
(SAB1305447, Sigma-Aldrich), anti-snaill (ab180714; Abcam),
anti-E-cadherin (3195; Cell Signaling Technology), anti-a-tubulin
(RM2007; Ray Antibody Biotech, Beijing, China), anti-GAPDH
(RM2001; Ray Antibody Biotech), and anti-flag-tag (KM3002;
Sungene Biotech Co.).

Immunohistochemical staining

Mouse kidneys were promptly perfused with 4% paraformal-
dehyde and fixed in paraffin for sectioning after removal.
Three-micron-thick kidney sections were mounted for immu-
nohistochemical staining. Cells that had grown on glass cov-
erslips were fixed with 4% paraformaldehyde for 10min at
room temperature. Then, the cells were treated with 5%
Triton for 30min. Primary antibodies were incubated at 4°C
overnight. The next day, the tissues and cells were incubated
with secondary antibodies under the guidance of the immu-
nohistochemical staining protocol. The antibodies used were
as follows: anti-CXCR7 (SAB2700198, Sigma), anti-fibronectin
(F3648; Sigma-Aldrich), anti-a-SMA (ab5694; Abcam), and
anti-B-catenin (610154; BD Biosciences, ab15180; Abcam).
The secondary antibodies used were as follows: AffiniPure
donkey anti-rabbit IgG (H+L) (711-005-152; Jackson
ImmunoResearch) and AffiniPure donkey anti-mouse IgG
(H+L) (711-005-150; Jackson ImmunoResearch). DAB
(SK-4100) and AEC (SK-4200) substrate kits were obtained
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from Vector Laboratories. An Olympus microscope was used
to observe and photograph the sections.

Immunofluorescence staining

Fixed kidneys were embedded in snap-frozen OCT com-
pound. Three-micron-thick kidney sections were mounted for
immunofluorescence staining. Frozen kidney sections were
blocked with 5% donkey serum and incubated with primary
antibodies at 4°C overnight. After the sections were washed
with TBST and incubated with fluorescent dye-conjugated
secondary antibodies (Jackson Immuno-Research Laboratories,
West Grove, PA), nuclear staining was performed using DAPI
(Sigma-Aldrich) according to the manufacturer’s specifica-
tions. Cells that had grown on glass coverslips were fixed
with 4% paraformaldehyde for 10min and treated with 0.2%
Triton for 10min at room temperature. Primary antibodies
were incubated at 4°C overnight. The next day, tissue and
cell immunofluorescence staining was performed following
the routine protocol. The primary antibodies used were as
follows: anti-fibronectin (F3648; Sigma-Aldrich), anti-F4/80
(GB2108010C; Servicebio), anti-CD31 (ab28364; Abcam),
anti-CXCR7  (MAB42274; R&D  Systems),  anti-CXCR7
(GTX638193; GeneTex), anti-Lotus Tetragonolobus Lectin
(FL-1321; VECTOR Laboratories), anti-Peanut Agglutinin
(FL-1071; VECTOR Laboratories), and anti-Dolichos Biflorus
Agglutinin (FL1031; VECTOR Laboratories). The secondary
antibodies used were as follows: goat anti-mouse IgG H&L
(Alexa Fluor® 647) (ab150115; Abcam), goat anti-mouse IgG
H&L (Alexa Fluor® 488) (ab150113; Abcam), goat anti-rabbit
IgG H&L (Alexa Fluor® 488) (ab150077; Abcam), and goat
anti-rabbit 1gG H&L (Alexa Fluor® 647) (ab150083; Abcam).
The nuclei were stained with DAPI (C1006; Beyotime). Laser
confocal microscopy was used for observation and imaging
(Leica Application Suite X).

Statistical analysis

All the data examined are expressed as the mean=SEM. All
the statistical analyses were performed using GraphPad Prism
version 9.5 software. Comparisons between two groups were
analyzed using a t test. Comparisons among multiple groups
were performed by one-way ANOVA. p<0.05 was considered
to indicate statistical significance.

Results

CXCR7 is downregulated in renal tubule cells of mice with
CKD

To investigate CXCR7 regulation, we used UIRI and UUO
mouse models to examine the expression of CXCR7 in the
kidney. As shown in Figure 1A, the mRNA level of CXCR7 was
lower in the UIRI model than in the control group. In parallel,
we examined the protein level of CXCR7 via WB. The results
showed that the protein expression of CXCR7 was downreg-
ulated, as fibrosis-related fibronectin (FN) was upregulated in
the UIRI model compared to the control (Figure 1B-D).
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Furthermore, immunohistochemical staining for CXCR7 also
indicated that CXCR7 expression was lower in the renal
tubules of the UIRI model mice than in those of the control
mice (Figure 1E). Similarly, the mRNA level of CXCR7 was
lower in the UUO model than in the control group (Figure 1F).
Analysis of WB and immunohistochemical staining also

Figure 1. CXCR7 expression is downregulated in renal tubular cells.

showed that the expression of CXCR7 was downregulated in
the renal tubules of the UUO model mice compared to those
of the control rats (Figure 1G-J). These results indicate that
the expression of CXCR7 was decreased in CKD model mice
compared to that in controls, suggesting a potential role for
CXCR7 in mediating tubular injury and renal fibrosis.

(A) Graphical representations showing the relative abundance of CXCR7 mRNA in the UIRI mouse model. ***P<0.001. n = 5. (B) Representative Western
blots showing renal expression of CXCR7 and FN in the two groups, as indicated. (C-D) Graphical representations of (C) CXCR7 and (D) FN protein expres-
sion levels are shown. ***P<0.001. n = 5. (E) Immunohistochemical staining showing the expression of CXCR7 in the UIRI mouse model. Arrows indicate
positive staining. Scale bar, 50 um. (F) Graphical representations showing the relative abundance of CXCR7 mRNA in the UUO mouse model. ***P<0.001.
n = 5. (G) Representative Western blots showing renal expression of CXCR7 and FN in UUO model mice, as indicated. (H-l) Graphical representations of (H)
CXCR7 and (I) FN protein expression levels are shown. **P<0.01. n = 5. (J) Immunohistochemical staining showing the expression of CXCR7 in UUO model

mice. Arrows indicate positive staining. Scale bar, 50 um.



To determine the exact location of CXCR7 in renal tubules,
we used immunofluorescence staining to detect CXCR7 via
markers of specific segments of the renal tubules in the UIRI
model. As shown in Figure 2A, CXCR7 was largely colocalized
with lotus tetragonolobus lectin, a proximal tubule marker
and was less highly expressed with peanut agglutinin, a dis-
tal tubule marker; however, it was barely expressed with dol-
ichos biflorus agglutinin, a collecting duct marker. Neither
CXCR7 nor the macrophage marker F4/80 was expressed on
the macrophages (Figure 2B). In addition, we stained for
CXCR7 with the endothelial cell marker CD31. As shown in
Figure 2C, CXCR7 was partly expressed in endothelial cells
and mostly expressed in tubular epithelial cells. Based on
these results, we postulated that CXCR7 was largely expressed
in renal tubule cells.

Induction of CXCR?7 inhibits renal fibrosis and B-catenin
signaling after UIRI

To examine whether CXCR7 can influence renal fibrosis, we
assessed whether pFlag-CXCR7-mediated overexpression of
CXCR7 occurred via vein injection in the UIRI mouse model
(Figure 3A). One day after injection of the pFlag-CXCR7 plas-
mid vector, the mRNA and protein levels of CXCR7 tended to
increase. Three days later, the concentration of CXCR7
reached its maximum. Even 5 and 7days after the injection,
CXCR7 expression was still high (Supplemental Figure STA-
Q). Neither the overexpression of CXCR7 with the pFlag-CXCR7
plasmid nor the control treatment had no effect on renal
fibrosis in sham mice (Supplemental Figure S1D-G). Scr and
BUN levels were increased in UIRI mice but inhibited after
CXCR7 was overexpressed (Figure 3B and C). Notably, the
mMRNA level of CXCR7 was recovered after the tail vein injec-
tion of pFlag-CXCR7 into UIRI mice (Figure 3D). To verify the
overexpression effect of the CXCR7 plasmid, we detected the
expression of CXCR7 and the Flag tag. As shown in Figure 2E,
F, the protein levels of CXCR7 and Flag were upregulated in
pFlag-CXCR7-mediated UIRI mouse kidney tissues. In addi-
tion, the immunofluorescence staining results also indicated
that CXCR7 was mostly located in tubular cells and was
downregulated in the UIRI model and upregulated by
pFlag-CXCR7 overexpression (Figure 3G). We then performed
PAS staining to reveal damaged tubules by revealing the
morphology of the tubules. PAS staining revealed that over-
expression of CXCR7 protected against tubular injury in UIRI
mice (Figure 3G). These results indicated that the induction
of CXCR7 expression could improve renal function and pro-
tect against tubular injury after UIRI.

After further exploring the protective role of CXCR7 in
UIRI, we found that the protein levels of Collagen | and FN
were significantly decreased after the overexpression of
CXCR7 in UIRI mice (Figure 4A-C). Next, we assessed
E-cadherin and B-catenin signaling, which are closely related
to renal fibrosis. WB analysis also revealed that the expression
of E-cadherin was recovered and that the expression of active
B-catenin was significantly inhibited after CXCR7 activation in
UIRI mice (Figure 4A, D and E). The mRNA levels of Collagen |
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and a-SMA were also downregulated after CXCR7 activation in
UIRI mice (Figure 4F and G). Furthermore, consistent results
were found by Masson trichrome (MASSON) staining, Sirius
Red staining, and FN immunostaining (Figure 4H). We also
determined the expression of -catenin by immunostaining.
Similar results were observed when B-catenin was visualized
by immunostaining (Figure 4H). Thus, overexpression of
CXCRY7 could abrogate renal fibrosis via B-catenin signaling in
the UIRI model.

Activation of CXCR7 inhibits renal fibrosis and the
B-catenin signaling pathway in vitro

Next, we sought to define the molecular mechanisms
involved in the downregulation of CXCR7 in HKC-8 cells.
CXCR7 expression was induced by transfecting HKC-8 cells
with pFlag-CXCR7. As shown in Figure 5A, the mRNA level of
CXCR7 was significantly increased after pFlag-CXCR7 transfec-
tion. The mRNA levels of fibrosis-related markers, including
a-SMA, FN and Collagen I, were also decreased (Figure 5B-D).
Furthermore, we examined the protein levels by WB analysis.
Compared to that in the pcDNA3 control, the Flag protein
(tagged with pFlag-CXCR7) was significantly expressed after
pFlag-CXCR7 transfection (Figure 5E). The protein expression
level of CXCR7 was also drastically upregulated (Figure 5E
and F). CXCR7 also inhibited the expression of FN and
[-catenin in vitro (Figure 5E, G, and H).

CXCR?7 inhibits TGF-B1-induced B-catenin signaling, EMT
and fibrogenesis in HKC-8 cells

To further confirm the role of CXCR7 in mediating fibrosis,
we determined the role of CXCR7 in TGF-B1-induced renal
fibrosis in HKC-8 cells. TGF-B1 modulates a major fibrogenic
factor [22]. We first determined the expression of Flag, FN
and a-SMA in HKC-8 cells transfected with pFlag-CXCR7 and
induced by TGF-B1 expression. The FLAG tag was successfully
expressed by plasmid transfection (Figure 6A). As shown in
Figure 6A-C, CXCR7 largely inhibited the upregulation of FN
and a-SMA induced by TGF-B1 in CXCR7-overexpressing cells.
The mRNA level of CXCR7 was recovered in the TGF-B1-
induced CXCR7-overexpressing cells (Figure 6D). In addition,
the mRNA levels of Collagen | and FN were downregulated in
CXCR7-overexpressing  cells  (Figure 6E and  F).
Immunofluorescence staining also indicated that overexpres-
sion of CXCR7 markedly reduced the expression of FN (Figure
6G). These results indicated that CXCR7 inhibited TGF-f1-
induced fibrogenesis in vitro.

To determine how CXCR7 inhibits TGF-B1-induced renal
fibrosis, we further explored B-catenin signaling in vitro. As
shown in Figure 7A and B, overexpression of CXCR7 signifi-
cantly inhibited the upregulation of active [-catenin.
Interestingly, we found that the expression of the EMT-related
proteins E-cadherin, Vimentin, and Snaill was greatly
decreased following transfection with the CXCR7 expression
plasmid compared to that in the pcDNA3 group (Figure 7A,
C-E). Immunostaining showed that CXCR7 inhibited the
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Figure 2. CXCR7 Is expressed mainly in renal tubule epithelial cells.

(A) Images of CXCR7 and various segment-specific tubular marker colocalization in the kidneys of sham mice. Frozen kidney sections (3 pm) were collected
from the sham mice. CXCR7 (red) and three segment-specific tubular markers (green), namely, lotus tetragonolobus lectin (LTL), peanut agglutinin (PNA),
and dolichos biflorus agglutinin (DBA), were detected by immunofluorescence. Scale bar, 50 um. (B) Immunofluorescence staining for CXCR7 (red) and F4/80
(green) and DAPI staining were performed on the kidneys of UIRI mice. Scale bar, 50 um. (C) Immunofluorescence staining of CXCR7 (green) and CD31 (red)
was performed, and immunofluorescence was used to detect DAPI in the kidneys of the UIRI model mice. Scale bar, 50 pm.
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Figure 3. Overexpression of CXCR7 protects against renal dysfunction in vivo.

(A) Experimental design. The black arrows indicate the timing of renal UIRI surgery. Red arrows indicate the injection of pcDNA3 or the pFlag-CXCR7 plas-
mid via the tail vein. (B) Scr and (C) BUN levels in the three groups. ***P<0.001. n = 5. (D) Graphical representations showing the relative abundance of
CXCR7 mRNA in the three groups. (E) Protein expression levels of Flag and CXCR7; graphical representations showing the relative abundance of the CXCR7
protein in the three groups (F). *P<0.05. n = 5. (G) Representative images showing CXCR7 (green) and PAS staining in the three groups. Boxed areas are
enlarged in the bottom panels. Arrows indicate the injured tubules. Scale bar, 50 pm.
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Figure 4. CXCR7 inhibits renal fibrosis through B-catenin signaling in the UIRI mouse model.

(A) Representative protein graphs and expression levels of (B) Collagen I, (C) FN, (D) E-cadherin, and (E) active B-catenin are shown. *P<0.05, **P<0.01,
***p<0.001. n = 5. (F-G) Graphical representations showing the relative abundance of Collagen | and a-SMA mRNA in the three groups. **P<0.01,
***p<0.001. n = 3. (H) Representative micrographs showing Masson, Sirius Red pathological, FN and B-catenin immunohistochemical staining in the three
groups, as indicated. Arrows indicate positive staining. Scale bar, 50 um.



Figure 5. Overexpression of CXCR7 inhibits FN and {-catenin expression.
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(A-D) Graphical representations showing the relative mRNA levels of CXCR7, a-SMA, FN and Collagen | versus those in the pcDNA3 group. *P<0.05,
***P<0.001. n = 3. (E) Representative micrographs of WB and quantitative statistical data showing the protein levels of (F) CXCR7, (G) FN and (H) B-catenin

in each group. *P<0.05, **P<0.01. n = 3.

activation of B-catenin in TGF-B1-treated HKC-8 cells (Figure
7F). Thus, these results clarify that CXCR7 plays a key role in
B-catenin signaling, EMT and fibrosis in renal tubular
epithelial cells.

Discussion

Renal fibrosis is involved in the progression of various
CKDs [23]. Previous studies have shown that the CXCR

family of proteins plays a critical role in renal fibrosis [12].
However, little is known about whether CXCR?7 is involved
in the regulation of renal fibrosis. In our study, we first
reported that CXCR7 was related to renal fibrosis. We first
assessed the expression of CXCR7 in experimental UUO
and UIRI mouse models. The results showed that CXCR7
was downregulated predominantly in injured tubular cells
(Figures 1 and 2). Our pilot study showed that CXCR7
might be renal fibrosis.

involved in Furthermore,
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Figure 6. CXCR7 inhibits fibrogenesis in TGF-B1-treated tubular cells in vitro.

(A) Representative micrographs of WB and quantitative statistical data showing the protein levels of (B) a-SMA and (C) FN in each group. *P<0.05,
**P<0.01. n = 3. (D-F) Graphical representations showing the relative mRNA levels of CXCR7, Collagen | and FN in the different groups. *P<0.05,
**Pp<0.01, ***P<0.001. n = 3. (G) Representative micrographs showing the protein expression level of FN in each group, as indicated. Frozen sections were
stained with FN antibodies. Scale bar, 50 um.
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Figure 7. CXCR7 inhibits EMT and f-catenin signaling in TGF-B1-treated tubular cells in vitro.

(A) Representative micrographs of WB and quantitative statistical data showing the protein levels of (B) active B-catenin, (C) E-cadherin, (D) vimentin, and
(E) Snail1 in each group. *P<0.05, **P<0.01, ***P<0.001. n = 3. (F) Representative cell slime immunohistochemical staining showing the protein expres-
sion level of B-catenin in each group, as indicated. Arrows indicate positive staining. Scale bar, 50 pm.

overexpression of CXCR7 effectively protected renal func-
tion and weakened renal fibrosis in vivo and in vitro
(Figures 3, 4, 5 and 6). As such, we hypothesized that
CXCR7 orchestrates renal fibrosis. However, the mecha-
nism of action of CXCR7 in renal fibrosis is unclear.

In addition, we unexpectedly found that CXCR7 inhibited the
Wnt/B-catenin pathway and its downstream target proteins
(Figure 7). In addition to its role in development, the Wnt/B-catenin
pathway functionally contributes to fibrosis in several organs [24].

A previous study showed that the expression of CXCR7 was con-
trolled by the restriction of Wnt/B-catenin signaling; conversely,
CXCR7 inhibited the B-catenin-dependent induction of Jagl to
ameliorate fibrosis, indicating that the CXCR7 and Wnt/B-catenin
pathways might be functionally linked [18, 20]. In our study, we
confirmed that CXCR7 inhibited EMT via the Wnt/B-catenin path-
way. However, we were unable to determine a direct correlation
between CXCR7 and {-catenin signaling.
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The B-catenin pathway is pivotal for controlling myriad
biological phenomena throughout the developmental life of
all animals. As a developmental pathway, -catenin signaling
is silent in adult kidneys but is reactivated in a variety of
nephropathies [18, 24,25]. However, the specific relationships
between CXCR7 and -catenin are unclear. In our study, we
confirmed that CXCR7 inhibited renal fibrosis via the
Wnt/B-catenin pathway. However, this mechanism remains
elusive and warrants future study.

Collectively, these results highlight that CXCR7 may be a
new therapeutic target for CKD. While promising work has
been done to investigate the effects of CXCR7, this has been
performed only in animal models. However, no clinical trials
on the use of CXCR7 for kidney disease have been per-
formed. However, clinical data are needed to further under-
stand the role of CXCR7 in this disease.

Conclusions

Overall, we showed that CXCR7 plays an important role in
renal fibrosis. CXCR? is significantly downregulated in tubular
cells. Additionally, activation of CXCR7 can block renal fibro-
sis through the -catenin signaling pathway. This study iden-
tified a novel target for inhibiting the process of renal fibrosis.
Thus, these results provide proof-of-principle that targeted
activation of tubular CXCR7 could constitute a novel thera-
peutic approach for renal fibrosis.
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