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Stromal vascular fraction inhibits
renal fibrosis by regulating
metabolism and inflammation in
obstructive nephropathy

Guang Yue®?', Yunjie Yang*®, Hongshuai Jia'?, Yangyang Wu'?,
Lifei Ma?, Xiaoyu Yi?, Yuandong Tao'* and Huixia Zhou'?*

'Department of Pediatric Urology, The Seventh Medical Center of Chinese PLA General Hospital, Beijing,
China, ?Medical School of Chinese PLA, Beijing, China, *Department of Pediatric Surgery, The Sixth
Affiliated Hospital, School of Medicine, South China University of Technology, Foshan, China

Obstructive nephropathy is one of the leading causes of kidney injury and fibrosis,
which can lead to end-stage renal disease (ESRD). Stromal vascular fraction (SVF),
a heterogeneous cell mixture derived from adipose tissue, has been widely used
for regenerative medicine across many preclinical models and clinical
applications. Recent studies have suggested that SVF can alleviate acute
kidney injury in mice. However, to our knowledge, the therapeutic effects of
SVF on obstructive nephropathy have not been studied before. In this study, we
evaluated the therapeutic potential of SVF on obstructive nephropathy in mice
with unilateral ureteral obstruction (UUO). We revealed that autologous SVF
administration mitigated UUO-induced renal fibrosis. SVF treatment inhibited
both the infiltration of neutrophils and CD4* T cells, as well as the production of
inflammatory cytokines. Moreover, SVF promoted metabolic reprogramming and
improved mitochondrial function in the obstructed kidneys, partially through
PPAR pathway activation. Mechanistically, SVF-mediated PPAR activation
inhibited the epithelial-mesenchymal transition (EMT) process of tubular cells,
thus alleviating renal fibrosis in UUO mice. We further confirmed that
pharmacological activation of PPAR pathway significantly reduced fibrosis in
UUO kidneys. Therefore, our study suggests that SVF may represent a
promising therapeutic strategy for obstructive nephropathy.
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1 Introduction

Obstructive nephropathy, a common medical problem that affects many people, is a
chronic and inflammatory process caused by urological obstruction. In infants and children,
ureteropelvic junction obstruction (UPJO) is the most common cause of obstructive
nephropathy (Stevens, 2018; Vemulakonda, 2021; Chevalier, 2015). In adults, most renal
obstructions result from kidney stones, affecting approximately 10% of adults worldwide
(Stevens, 2018). A review identified that 3.1% of individuals had hydronephrosis in
59,064 autopsies ranging from neonates to the elderly (Stevens, 2018). The obstruction
decreases blood supply and triggers tubular epithelial cell damage and chronic inflammation,
which subsequently leads to myofibroblast activation, excessive production of extracellular
matrix, and renal fibrosis (Humphreys, 2018; Jackson et al., 2018). This may ultimately result
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GRAPHICAL ABSTRACT

in kidney function loss and end-stage renal disease (ESRD). Currently,
aside from surgery to remove kidney stones or correct UPJO to
prevent further injury, specific and effective therapies for obstruction-
induced renal fibrosis are lacking.

Stromal vascular fraction (SVF) is a heterogeneous mixture of
cells derived from adipose tissue (Guo et al., 2016). It contains
stem/progenitor cells such as adipose-derived stem cells (ADSCs),
stromal cells such as endothelial cells, fibroblasts, and pericytes, as
well as immune cells such as macrophages and T cells (Goncharov
et al., 2023; Al-Kharboosh et al., 2022). SVF has been widely used
for regenerative medicine due to its potential to facilitate tissue
repair (Koh et al., 2011; Bensemmane et al., 2023; Zhou et al,,
2016), angiogenesis (Morris et al., 2015), and immunomodulation
(Riordan et al., 2009; Dong et al., 2013). The therapeutic effect of
SVF has been investigated in multiple preclinical models,
including burn wounds, diabetic foot ulcers, acute myocardial
infarction, and numerous others (Atalay et al., 2014; Cianfarani
et al, 2013; Premaratne et al., 2011). Moreover, increasing
numbers of clinical studies have demonstrated improved
outcomes with SVF therapy in patients with ischemic stroke,
myocardial ischemia, idiopathic pulmonary fibrosis, chronic
liver failure, and knee osteoarthritis (Bateman et al., 2018;
Andia et al, 2019; Vargel et al, 2022; Zhang et al, 2022).
Notably, recent studies have shown that SVF administration
could attenuate acute renal injury induced by ischemia-
reperfusion and cisplatin (Zhou et al., 2016; Yasuda et al,
2012). However, to our knowledge, few studies have addressed
the preventive effects of SVF against the development of chronic
kidney disease, such as obstructive nephropathy.

In this study, we sought to investigate the therapeutic role of SVF
in obstructive nephropathy using the unilateral ureteral obstruction
(UUO) model. Our findings demonstrate that SVF significantly
attenuated obstruction-induced renal fibrosis and inflammatory
responses. Mechanistically, the therapeutic efficacy correlated
with metabolic reprogramming and the activation of the PPAR
signaling pathway in UUO kidneys.
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2 Materials and methods
2.1 SVF isolation and detection

SVF was extracted from C57BL/6 mouse inguinal subcutaneous
adipose tissue as previously described (Liu et al., 2023). C57BL/6 mice
were procured from Spfbiotech (Beijing) and housed in specific-
pathogen-free (SPF) conditions. The tissue was washed with ice-
cold sterile PBS, diced, and subjected to enzymatic digestion using
0.075% type I collagenase at 37°C for 45 min. The tissue was then
filtered through a 100 um nylon mesh and centrifuged at 500 g for
5 min. The resultant cells were suspended at a density of 2 x 10’/mL in
PBS and administered via the tail vein (100uL/mouse). Flow cytometry
was used to detect the composition of SVF using a FACSCanto II (BD
Biosciences). The following fluorescent antibodies were used (all from
BioLegend): CD31-PE (102407), CD90-APC (140311), CD45-BV421
(103134), CD11b-FITC (101206), CD11c-PE/Cyanine7 (117317), and
CD29-APC/Cyanine7 (102225).

2.2 Mice and study design

Ethical approval for the animal experimental protocols was obtained
from the Ethical Committee of Chinese PLA General Hospital. Eight-
week-old male mice were used for the UUO model. After anesthesia
(Avertin, Sigma, T48402), a midline abdominal incision was made and
the left ureter was double ligated. The UUO mice were randomly
assigned to two groups (n = 5 per group). The experimental group
received intravenous SVF injections on days 3 and 6 post-UUO surgery.
On day 14, mice were euthanized and kidneys were collected for analysis.

2.3 Masson staining and histological analysis

The murine kidneys were fixed in 4% paraformaldehyde and
embedded in paraffin. Renal sections were stained with Masson’s
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TABLE 1 gPCR primers.
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Genes Forward Reverse
Gapdh AGGTCGGTGTGAACGGATTTG TGTAGACCATGTAGTTGAGGTCA
Fnl CCCTATCTCTGATACCGTTGTCC TGCCGCAACTACTGTGATTCGG
Colla2 GCAGGTTCACCTACTCTGTCCT CTTGCCCCATTCATTTGTCT
Acta2 ACTGCCGAGCGTGAGATTGT TGATGCTGTTATAGGTGGTTTCG
1l1b TGTAATGAAAGACGGCACACC TCTTCTTTGGGTATTGCTTGG
16 TACCACTTCACAAGTCGGAGGC CTGCAAGTGCATCATCGTTGTTC
Tnf TCCAGGCGGTGCCTATGT CACCCCGAAGTTCAGTAGACAGA
Mrcl GTTCACCTGGAGTGATGGTTCTC AGGACATGCCAGGGTCACCTTT
Retnla CAAGGAACTTCTTGCCAATCCAG CCAAGATCCACAGGCAAAGCCA
Cdhl CAGTTCCGAGGTCTACACCTT TGAATCGGGAGTCTTCCGAAAA
Tgfb1 CGCAACAACGCCATCTATGA ACTGCTTCCCGAATGTCTGA

trichrome. Images were obtained using a NanoZoomer Slide
Scanner (Hamamatsu Photonics).

2.4 Renal function analysis

Mouse serum was collected via centrifugation, and blood urea
nitrogen (BUN) and creatinine levels were quantified using a Urea
Assay Kit (C013-2-1) and a Creatinine Assay Kit (C011-2-1, Nanjing
Jiancheng, China) following the manufacturer’s protocol.

2.5 Western blots

Renal protein extracts were prepared following standard
protocols. The tissue lysates were separated by SDS-PAGE and
transferred to polyvinylidene difluoride membranes (Millipore).
The following primary antibodies were used: anti-p-tubulin
(Huaxingbio, HX1829), anti-GAPDH (Proteintech, 60004-1-Ig),
anti-fibronectin (Proteintech, 66042-1-Ig), anti-Col I (Abcam,
ab260043), anti-aSMA (Proteintech, 67735-1-Ig), anti-NF-kB p65
(CST, 8242T), anti-PPARa (Huaxingbio, HX18360), anti-PPARy
(Proteintech, 16643-1-AP), anti-E-Cadherin (CST, 3195T), and
anti-N-Cadherin (CST, 13116S). Western blot quantification was
performed using Image] software.

2.6 Real-time quantitative PCR (qPCR)

Murine kidneys were homogenized and total RNA was extracted
using an RNA Extraction Kit (Huaxingbio, HXR8075) following the
manufacturer’s protocol. Complementary DNA (cDNA) was
synthesized using the Reverse Transcription Kit (Takara,
RRO37A). Real-time quantitative PCR was performed on an
iQ5 Real-Time PCR Detection System (Bio-Rad). The expression
of the target gene was normalized to the housekeeping gene Gapdh.
Relative gene expression was calculated via the standard 2744¢T
method. The qPCR primers are provided in Table 1.
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2.7 Bulk RNA sequencing (RNA-seq)

UUO kidneys from mice treated with or without SVF were
subjected to RNA-seq analysis. RNA was extracted from the
kidneys using TRIzol reagent (Thermo Fisher). RNA quality
and quantity was qualified and quantified using a NanoDrop
spectrophotometer and an  Agilent 2100 Bioanalyzer.
Subsequently, RNA was amplified and reverse-transcribed into
c¢DNA for library construction. Sequencing was performed on an
Ilumina NovaSeq X Plus platform (Novogene, China). Raw
sequencing data were aligned to the murine reference genome
(version mm10).

2.8 Kidney leukocyte isolation and flow
cytometry analysis

Renal tissues were enzymatically digested with 0.05%
collagenase IV supplemented with 2 mM CaCl, at 37°C for
25 minutes as previously described (Tao et al, 2023). The
digested tissue was filtered through a 100 pm nylon mesh. The
cell suspension was centrifuged at 500 g for 5 minutes and then
incubated with an Fcy receptor blocker (101320, BioLegend) for
10 minutes. The following fluorescent antibodies (all from
BioLegend) were used: CD45-BV421 (103134), CD11b-FITC
(101206), Ly6G-APC/Cyanine7 (127624), Ly6C-PE (128008), F4/
80-APC (123116), CD206-PE/Cyanine7 (141720), CD3-PE
(100206), CD4-PE/Cyanine7 (116016), CD8a-APC/Cyanine7
(100713), NK1.1-FITC (156508), and CD20-APC (152107). Flow
cytometry was performed using a FACSCanto II (BD Biosciences).
The data were analyzed using Flow]Jo software 10.4.

2.9 Cell culture and treatment

The murine tubular cell line TCMK-1 was acquired from the
Cell Resource Center, Institute of Basic Medical Sciences (Beijing,
China). The cells were cultured in RPMI 1640 medium (Gibco)
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FIGURE 1

Characterization of murine SVF by flow cytometry Representative flow cytometry plots of murine stromal vascular fraction (SVF). The expression of
hematopoietic (CD45, CD11b, and CD11c), mesenchymal (CD29, CD90), and endothelial (CD31) markers were detected and the quantification was

shown as the mean + SEM.

supplemented with 10% fetal bovine serum (FBS). Tubular EMT was
induced with recombinant human TGF-p1 (MCE, HY-P7118,
10 ng/mL). The PPARy agonist pioglitazone (52590, Selleck) and
antagonist T0070907 (S2871, Selleck) were used.

2.10 Statistical analysis

Statistical analyses were performed using GraphPad Prism
(version 10.1.2). Data are presented as mean + standard error of
the mean (SEM). Experiments were replicated at least three
times. The two-tailed Student’s t-test was used for two-group
comparisons. One-way analysis of variance (ANOVA) was used
to assess comparisons among three or more groups. A p-value
less than 0.05 was considered statistically significant.

3 Results
3.1 Characterization of murine SVF

To characterize the cellular composition of SVF, flow cytometry
was performed on freshly isolated stromal vascular fraction
(Figure 1). Quantification identified the following marker
expression profiles: hematopoietic lineage: CD45 (5.7% + 2.4%),
CD11b (1.4% + 0.3%), and CDI11c (2.5% * 1.1%); mesenchymal

markers: CD29 (4.6% + 1.8%) and CD90 (2.5% + 1.4%); and
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endothelial marker: CD31 (5.8% * 2.9%). These data confirm the

heterogeneous cellular composition of SVF, encompassing

hematopoietic, stromal, and vascular components.

3.2 SVF alleviated UUO-induced renal
fibrosis and injury

To investigate the potential of SVF to alleviate obstructive
nephropathy, we employed the UUO mouse model (Figure 2A).
Compared with controls, SVF-treated mice exhibited reduced
collagen deposition in UUO kidneys as evidenced by Masson
staining (Figure 2B). Notably, SVF administration resulted in
significant downregulation of fibrotic markers, including
fibronectin (FN), collagen I (Col I), and a-smooth muscle
actin (aSMA), at both the protein and transcript levels
2C,D),
renal

(Figures indicating suppression of obstruction-

induced fibrosis. Consistent with  histological
improvements, serum blood urea nitrogen (BUN) levels were
also lower in SVF-treated mice versus controls (Figure 2E),
suggesting renal functional preservation. However, serum
creatinine levels remained comparable between two groups
(Figure 2E). SVF

attenuated expression of transforming growth factor-p (TGE-

Importantly, treatment significantly
B), a master regulator of fibrogenesis (Figure 2F). Collectively,
these findings demonstrate SVF exerts renoprotective effects in

UUO-induced nephropathy.
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FIGURE 2

SVF alleviated UUO-induced renal fibrosis and injury (A) Experimental design was shown. (B) Representative Masson staining and quantification of

UUO kidneys from control and SVF-treated mice (n = 5), scale bar = 40 um

. Asterisks (*) indicate regions of interstitial collagen deposition (in blue). (C)

Immunoblots and quantification of FN, Col |, and aSMA expression in UUO kidneys from control and SVF-treated mice (n = 3). (D) gPCR analysis for Colla2
and Acta2 in UUO kidneys from control and SVF-treated mice (n = 4). (E) Serum levels of BUN and Cr in control and SVF-treated mice (n = 4). (F)
gPCR analysis for Tgfbl in UUO kidneys from control and SVF-treated mice (n = 4). The results represent mean + SEM. *p < 0.05, **p < 0.01, NS no

significant.

3.3 SVF contributed to metabolic
reprogramming and reduced inflammation
in UUO kidneys

To elucidate the mechanisms underlying SVF-mediated renal
protection, bulk RNA sequencing (RNA-seq) was performed on
UUO kidneys from SVF-treated versus control mice. Differential
identified 716
437 downregulated genes in SVF group (fold change >1.5, p <
0.05) (Figure 3A). Gene ontology (GO) analysis revealed that
upregulated genes

expression  analysis upregulated  and

in SVF-treated mice were significantly

enriched in metabolic pathways, specifically organic acid

metabolism, carboxylic acid metabolism, small molecule
metabolism, fatty acid metabolism, and cellular amino acid
metabolism (Figure 3B). These genes were further associated with
brush border and mitochondrial inner membrane components
(Figure 3B), suggesting that SVF may promote mitochondrial
function in tubular cells. Conversely, downregulated genes were
enriched in angiogenesis, immune cell migration, and extracellular
structure organization (Figure 3C), indicating SVF-mediated
suppression of inflammatory responses and fibrotic matrix
deposition.

Subsequently, Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analysis was performed to identify signaling
pathways modulated by SVF treatment. Consistent with GO
findings, metabolic pathways, including peroxisome, fatty acid
degradation, tryptophan metabolism, and PPAR signaling, ranked
among the top enriched pathways for upregulated genes
(Figure 3D). Conversely, downregulated genes were enriched in
cytokine-cytokine receptor interactions, TGF-p signaling, MAPK
signaling, and PI3K-Akt signaling (Figure 3E). Notably, TGF- is a
well-characterized master regulator of organ fibrosis (Meng et al.,

2016), while PI3K-Akt pathway promotes kidney fibrosis by
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regulating collagen deposition and epithelial-mesenchymal
transition (EMT) (Hu et al., 2021). Moreover, RNA-seq analysis
revealed that the SVF-treated group exhibited significantly reduced
expression levels of Fnl, Colla2, and Acta2, suggesting that SVF
may attenuate renal fibrosis progression (Figure 3F). These data
imply that SVF attenuates renal fibrosis, at least partially, by
suppressing pro-fibrotic pathways (e.g., TGF-B/PI3K-Akt) in
UUO kidneys.

3.4 SVF inhibited renal inflammation in
UUO kidneys

Inflammation plays a central role in the pathogenesis of
kidney injury and fibrosis across etiologies (Tang et al., 2019).
To characterize immune infiltration in UUO kidneys, we
of
populations, including macrophages, neutrophils, monocytes,
T cells, natural killer T (NKT) cells, natural killer (NK) cells,
and B cells (Figure 4A). Notably, SVF treatment significantly

performed flow cytometric analysis immune cell

reduced renal infiltration of neutrophils and CD4" T cells
(Figures 4B-F). This finding aligns with established evidence
implicating neutrophils and CD4" T cells as key mediators of
fibrogenesis in UUO models (Ryu et al., 2022; Tapmeier et al.,
2010). Collectively, these data demonstrate that SVF suppresses
the
obstructed kidneys.

accumulation of pro-fibrotic immune subsets in
Next, we evaluated kidney inflammation by analyzing
cytokines in UUO kidneys.
Consistent with RNA-seq data, SVF treatment significantly
inhibited pro-fibrotic cytokines IL-1B and IL-6 (Figure 5A).

M2 macrophages are recognized as critical mediators of renal

inflammatory and pathways

fibrosis  through  pro-fibrotic factors and macrophage-
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FIGURE 3
SVF contributed to metabolic reprogramming and reduced inflammation in UUO kidneys (A) Volcano plot showing the differential expressed genes

in UUO kidneys between control and SVF-treated mice (fold change >1.5, p < 0.05). GO enrichment analysis of (B) the upregulated and (C) the
downregulated genes in SVF-treated mice. KEGG enrichment analysis of (D) the upregulated and (E) the downregulated genes in SVF-treated mice. (F)
The expression levels of Fn1, Colla2, and Acta2 in control and SVF-treated mice as revealed by RNA-seq (n = 3). The results represent mean + SEM.

*p < 0.05.

myofibroblast transition (MMT) (Tang et al., 2019). We observed ~ decrease in SVF-treated mice (Figure 5C). Furthermore, NF-kB
that SVF treatment reduced expression levels of M2 markers Mrcl ~ p65 levels were significantly lower in SVF-treated mice compared
and Retnla in UUO kidneys (Figure 5B). Additionally, to controls (Figure 5D). These results indicate that SVF
CD206 expression in renal macrophages exhibited a marked  administration inhibits UUO-induced kidney inflammation.
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FIGURE 4

SVF inhibited the accumulation of neutrophils and CD4" T cells in UUO kidneys (A) Gating strategy of kidney immune cells. Representative flow

cytometry plots and quantification of (B) macrophages, (C) neutrophils and

monocytes, (D) B cells, (E) T, NK, and NKT cells, and (F) CD4* T and CD8"

T cells in UUO kidneys from control and SVF-treated mice (n = 5). The results represent mean + SEM. *p < 0.05, **p < 0.01, NS no significant

3.5 SVF contributed to PPAR activation and
inhibited EMT in tubular cells

Given that SVF upregulated the PPAR signaling pathway
(Figure 3D) and PPAR plays a critical role in cellular metabolism
(Gao and Gu, 2022), we sought to assess its impact on the PPAR
pathway in both UUO kidneys and tubular cells. Our data
revealed elevated levels of PPARa and PPARy in obstructed
kidneys from SVEF-treated mice (Figure 6A). To further
investigate this phenomenon, we examined SVF’s effects on
TCMK-1 cells, a murine tubular cell line. Consistent with
previous reports, recombinant human TGEF-p significantly
reduced PPARa and PPARy expression (Figures 6B,C).
Remarkably, SVF treatment restored PPARa and PPARy
levels in TCMK-1 cells (Figures 6B,C), indicating its PPAR
signaling activation potential. Importantly, SVF counteracted
the TGF-p-mediated EMT process as evidenced by reduced FN
and aSMA expression alongside increased epithelial marker
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E-cadherin (Figures 6B-D). These findings collectively suggest
that SVF attenuates EMT through PPAR
tubular cells.

To investigate whether PPAR signaling mediated SVF’s
inhibitory effect on tubular EMT, we employed a well-
characterized PPARy agonist pioglitazone and specific PPARy
antagonist T0070907 (Qian et al., 2022; Nian et al., 2024). When
combined with SVF treatment, pioglitazone produced greater
suppression of Col I and aSMA while enhancing E-cadherin
levels (Figures 6E-G), confirming a critical role of PPAR
activation in EMT inhibition. Conversely, pharmacological
PPARy blockade with T0070907 significantly restored the
expression of FN and Col I while diminishing the levels of
E-cadherin (CdhlI) in SVF-treated TCMK-1 cells, demonstrating
that PPARy SVF-mediated EMT
suppression (Figure 6H). These findings establish that SVF
attenuates tubular EMT through at least partial activation of the

signaling in

inactivation counteracts

PPAR signaling pathway.

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1559446

Yue et al.

10.3389/fphar.2025.1559446

* 3000 *% ° PBS

) X i = SVF

> % = 2000

< = S

& 2 A 1000

= i )

0
B D
@ 2.0 o ®] «  ePBS
% 1.5 PBS SVF E o . ®SVF
<10 NFxBpes SNSRI & w | 2 .
o
0.0 0.0

Mrc1

Retnla

FIGURE 5

SVF inhibited UUO-induced kidney inflammation (A,B) gPCR analysis for /l1b, 6, Mrc1, and Retnla expression in UUO kidneys from control and SVF-
treated mice (n = 4). (C) Representative plots and quantification of CD206 expression in renal macrophages from control and SVF-treated mice (n = 3). (D)
Immunoblots and quantification of NF-kB p65 expression in UUO kidneys from control and SVF-treated mice (n = 3). The results represent mean + SEM

*p < 0.05, **p < 0.01.

3.6 PPAR activation alleviated UUO-induced
renal fibrosis and inflammation

To investigate the role of PPAR activation in obstruction-induced
renal fibrosis, we administered the PPARY agonist pioglitazone to
UUO mice. As expected, pioglitazone administration significantly
increased the expression of PPARa and PPARy in UUO kidneys
(Figure 7A). Histopathological assessment revealed that pioglitazone
administration attenuated collagen deposition in pioglitazone-treated
mice compared to controls (Figure 7B). Furthermore, pioglitazone-
treated mice displayed reduced levels of the fibrosis markers FN,
aSMA, Col I, and N-cadherin while increasing levels of the epithelial
marker E-cadherin (Figures 7C,D), which was consistent with in vitro
studies in tubular cells. Notably, pioglitazone also markedly
suppressed inflammatory cytokine production in obstructed
kidneys, including IL-1p and TNF (Figure 7E). These data
demonstrate that pharmacological PPAR activation via pioglitazone
both fibrosis and inflammation

effectively mitigates renal

in UUO mice.

4 Discussion

Our study demonstrated that autologous SVF administration
attenuates obstructive nephropathy in mice. SVF intervention
improves metabolic processes, inhibits inflammatory cytokine
production, and reduces neutrophils and CD4" T cell infiltration
in UUO kidneys. Importantly, we further identified that SVF
significantly inhibits tubular EMT and renal fibrosis through, at
least in part, activation of the PPAR signaling axis.

SVE constitutes a heterogeneous cell population comprising
ADSCs and other
mesenchymal stem cells (MSCs), ADSCs have been widely studied
and exploited for the treatment of tissue injury due to their

regenerative components. Similar to
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regenerative, proangiogenic, anti-fibrotic, and immunomodulatory
properties (Guo et al,, 2016). ADSCs can differentiate into tissue
functioning cells because of their pluripotent capabilities, such as
neonatal adipocytes in fat grafts (Zhu et al, 2015). Beyond direct
differentiation, SVF can also induce host cell proliferation to
regenerate injured tissue, such as fibroblasts in diabetic foot ulcers
and nerve cells in peripheral nerve lesions (Han et al., 2010; di Summa
et al, 2010). Importantly, accumulating evidence indicates that
ADSCs drive neovascularization via angiogenic factor secretion, a
critical mechanism for tissue regeneration in pathologies including
myocardial infarction, thermal injuries, diabetic ulcers, and
ischemic myopathy (Atalay et al., 2014; Cianfarani et al., 2013;
Li et al., 2013). This aligns with reports documenting that SVF
facilitates angiogenesis by inducing VEGF production (Rehman
et al., 2004). Interestingly, our transcriptomic analysis revealed
unexpected downregulation of angiogenesis-related pathways in
SVE-treated mice, a finding requiring further mechanistic
validation through functional assays.

SVE is recognized to exert multifaceted immunomodulatory
effects, mediated through three principal cellular components:
ADSCs, macrophages, and regulatory T (Treg) cells (Gandolfi
et al., 2023). Mounting evidence highlights the immunomodulatory
effects of MSCs (including ADSCs), although the associated
mechanisms are not fully understood (Ketterl et al., 2015; Bowles
etal, 2017). Adipose-resident macrophages predominantly exhibit an
anti-inflammatory M2 phenotype, characterized by the production of
IL-10 and other immunosuppressive mediators (Lumeng et al., 2007;
Zeyda et al,, 2007). Notably, ADSCs have been shown to actively
promote M2 macrophage polarization (Shang et al, 2015).
Furthermore, SVF contains detectable populations of Treg cells, a
specialized lymphocyte subset that suppress inflammation via
secretion of immunoregulatory cytokines (Wang et al., 2024). Our
experimental data revealed that SVF significantly reduced the
accumulation of neutrophils and CD4" T cells, as well as the
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SVF promoted PPAR activation and inhibited EMT in TCMK-1 cells (A) Immunoblots and quantification of PPARa and PPARy in UUO kidneys from
control and SVF-treated mice (n = 3). (B) Immunoblots and (C) quantification of PPARa, PPARy, FN, aSMA, and E-cad in TCMK-1 cells treated with or
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production of inflammatory cytokines in UUO kidneys. However, the
precise interplay between these cellular components in mediating
SVFs immunomodulatory effects needs systematic investigation.
Emerging evidence demonstrates the therapeutic potential of
SVF in combating fibrotic pathologies. For example, autologous SVF
exerts anti-fibrotic effects in ischemia-reperfusion induced fibrosis
in kidney and heart, and also prevents the development of fibrosis in
the tunica albuginea in a rat model of Peyronie’s disease (Zhou et al.,
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4). The results represent mean + SEM. *p < 0.05, **p < 0.01, ***p < 0.001, NS no significant.

20165 Castiglione et al., 2019). Furthermore, clinical studies confirm
that autologous SVF injection prevents fibrosis of the corpus
cavernosum caused by cavernous nerve injury (Qiu et al., 2012).
Here, our findings provide experimental evidence that autologous
SVF administration represents a novel therapeutic approach to
alleviate renal fibrosis in obstructive nephropathy.

PPAR isoforms are ubiquitously expressed across renal cell
populations, including proximal tubular cells, collecting duct
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**p < 0.01.

epithelia, podocytes, and mesangial cells, to maintain energy
homeostasis (Gao and Gu, 2022). PPAR target genes orchestrate
fatty acid metabolism and inflammatory responses. Accumulating
evidence established that all PPAR members (PPARa, PPAR/S, and
PPARy) are implicated in the pathogenesis of kidney diseases (Gao
and Gu, 2022). Deletion of each of the three PPARs results in more
severe kidney injury in murine models (Iwaki et al., 2019; Toffoli et al.,
2017; Mukundan et al., 2009). Therefore, the PPAR pathway has
emerged as a promising target for the treatment of kidney diseases.
We showed that SVF infusion led to elevated levels of both PPARa
and PPARy in UUO kidneys, suggesting that SVF may induce the
activation of PPAR signaling. However, the molecular mechanisms by
which SVF activates the PPAR pathway remain to be elucidated.
Besides, our study did not evaluate SVF’s effects on PPARp/S.

Our study has several limitations. First, the precise mechanisms
through which SVF modulates mitochondrial function and metabolic
reprogramming in tubular cells remain to be systematically investigated.
Specifically, whether SVF-derived cellular components or paracrine
factors mediate these effects requires functional validation through
mitochondrial stress assays and metabolomic profiling. Second, while
we identified PPARa/y activation as a key pathway, the precise
mechanisms driving SVF-induced PPAR signaling activation remain
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incompletely characterized. Notably, the potential involvement of
PPARP/S isoform-specific effects needs further investigation. Third,
the critical unresolved question of whether cellular (e.g., ADSCs, Tregs)
or acellular components (e.g., matrix proteins, microRNAs) mediate the
observed anti-fibrotic effects demands rigorous characterization. Future
studies employing single-cell RNA sequencing of SVF subpopulations
coupled with functional fractionation studies will be essential to
delineate therapeutically active components.

In summary, we demonstrated that autologous SVF administration
may mitigate renal inflammation and promote kidney metabolism in
obstructive nephropathy. SVF mediates the activation of the PPAR
pathway and inhibits the tubular EMT process, thus alleviating renal
fibrosis in obstructed kidneys. Our study suggests that SVF may
represent a promising strategy for obstructive nephropathy.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found below: https://www.ncbi.nlm.nih.gov/geo/,
GSE281130.

frontiersin.org


https://www.ncbi.nlm.nih.gov/geo/
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1559446

Yue et al.

Ethics statement

The animal study was approved by Ethical Committee of
Chinese PLA General Hospital. The study was conducted in

accordance with the local legislation and institutional

requirements.

Author contributions

GY: Data curation, Writing — original draft, Writing - review
and editing. YY: Data curation, Writing - original draft,
Writing - review and editing. HJ: Investigation, Writing — review
and editing. YW: Investigation, Writing — review and editing. LM:
Investigation, Writing - review and editing. XY: Investigation,

Writing - review and editing. YT: Conceptualization,

Supervision, Writing - original draft, Writing - review and
editing. HZ: Conceptualization, Supervision, Writing - original
draft, Writing - review and editing.

Funding

The author(s) declare that financial support was received for
the research and/or publication of this article. This work was
supported by China Capital’s Funds for Health Improvement
(2022-2-5083).

References

Al-Kharboosh, R., Perera, J. J., Bechtle, A., Bu, G., and Quinones-Hinojosa, A. (2022).
Emerging point-of-care autologous cellular therapy using adipose-derived stromal
vascular fraction for neurodegenerative diseases. Clin. Transl. Med. 12 (12), e1093.
do0i:10.1002/ctm?2.1093

Andia, I, Maffulli, N., and Burgos-Alonso, N. (2019). Stromal vascular fraction
technologies and clinical applications. Expert Opin. Biol. Ther. 19 (12), 1289-1305.
doi:10.1080/14712598.2019.1671970

Atalay, S., Coruh, A., and Deniz, K. (2014). Stromal vascular fraction improves deep
partial thickness burn wound healing. Burns 40 (7), 1375-1383. doi:10.1016/j.burns.
2014.01.023

Bateman, M. E,, Strong, A. L., Gimble, J. M., and Bunnell, B. A. (2018). Concise
review: using fat to fight disease: a systematic review of nonhomologous adipose-derived
stromal/stem cell therapies. Stem Cells 36 (9), 1311-1328. doi:10.1002/stem.2847

Bensemmane, L., Milliat, F., Treton, X, and Linard, C. (2023). Systemically delivered
adipose stromal vascular fraction mitigates radiation-induced gastrointestinal syndrome
by immunomodulating the inflammatory response through a CD11b(+) cell-dependent
mechanism. Stem Cell Res. Ther. 14 (1), 325. doi:10.1186/s13287-023-03562-7

Bowles, A. C,, Strong, A. L., Wise, R. M., Thomas, R. C., Gerstein, B. Y., Dutreil, M. F.,
et al. (2017). Adipose stromal vascular fraction-mediated improvements at late-stage
disease in a murine model of multiple sclerosis. Stem Cells 35 (2), 532-544. doi:10.1002/
stem.2516

Castiglione, F., Hedlund, P., Weyne, E., Hakim, L., Montorsi, F., Salonia, A., et al.
(2019). Intratunical injection of stromal vascular fraction prevents fibrosis in a rat
model of Peyronie’s disease. BJU Int. 124 (2), 342-348. doi:10.1111/bju.14570

Chevalier, R. L. (2015). Congenital urinary tract obstruction: the long view. Adv.
Chronic Kidney Dis. 22 (4), 312-319. doi:10.1053/j.ackd.2015.01.012

Cianfarani, F., Toietta, G., Di Rocco, G., Cesareo, E., Zambruno, G., and Odorisio, T. (2013).
Diabetes impairs adipose tissue-derived stem cell function and efficiency in promoting wound
healing. Wound Repair Regen. 21 (4), 545-553. doi:10.1111/wrr.12051

di Summa, P. G., Kingham, P. J., Raffoul, W., Wiberg, M., Terenghi, G., and Kalbermatten,
D. F. (2010). Adipose-derived stem cells enhance peripheral nerve regeneration. J. Plast.
Reconstr. Aesthet. Surg. 63 (9), 1544-1552. doi:10.1016/j.bjps.2009.09.012

Dong, Z., Fu, R, Liu, L, and Lu, F. (2013). Stromal vascular fraction (SVF) cells
enhance long-term survival of autologous fat grafting through the facilitation of
M2 macrophages. Cell Biol. Int. 37 (8), 855-859. doi:10.1002/cbin.10099

Frontiers in Pharmacology

11

10.3389/fphar.2025.1559446

Acknowledgments

The authors thank Jiangsu RE-STEM Biotechnology for their
assistance on SVF isolation.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Generative AI was used in the
creation of this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Gandolfi, S., Pileyre, B., Drouot, L., Dubus, I., Auquit-Auckbur, I, and Martinet, J.
(2023). Stromal vascular fraction in the treatment of myositis. Cell Death Discov. 9 (1),
346. doi:10.1038/541420-023-01605-9

Gao, J., and Gu, Z. (2022). The role of peroxisome proliferator-activated receptors in
kidney diseases. Front. Pharmacol. 13, 832732. doi:10.3389/fphar.2022.832732

Goncharov, E. N, Koval, O. A., Nikolaevich Bezuglov, E., Encarnacion Ramirez, M. J.,
Engelgard, M., Igorevich, E. L, et al. (2023). Stromal vascular fraction therapy for knee
osteoarthritis: a systematic review. Med. Kaunas. 59 (12), 2090. doi:10.3390/
medicina59122090

Guo, J., Nguyen, A., Banyard, D. A., Fadavi, D., Toranto, J. D., Wirth, G. A,, et al.
(2016). Stromal vascular fraction: a regenerative reality? Part 2: mechanisms of
regenerative action. J. Plast. Reconstr. Aesthet. Surg. 69 (2), 180-188. doi:10.1016/j.
bjps.2015.10.014

Han, S. K., Kim, H. R,, and Kim, W. K. (2010). The treatment of diabetic foot ulcers
with uncultured, processed lipoaspirate cells: a pilot study. Wound Repair Regen. 18 (4),
342-348. doi:10.1111/j.1524-475X.2010.00593.x

Hu, S., Hu, H.,, Wang, R., He, H., and Shui, H. (2021). microRNA-29b prevents renal
fibrosis by attenuating renal tubular epithelial cell-mesenchymal transition through
targeting the PI3K/AKT pathway. Int. Urol. Nephrol. 53 (9), 1941-1950. doi:10.1007/
s11255-021-02836-4

Humphreys, B. D. (2018). Mechanisms of renal fibrosis. Annu. Rev. Physiol. 80,
309-326. doi:10.1146/annurev-physiol-022516-034227

Iwaki, T., Bennion, B. G., Stenson, E. K, Lynn, J. C,, Otinga, C., Djukovic, D., et al.
(2019). PPARa contributes to protection against metabolic and inflammatory
derangements associated with acute kidney injury in experimental sepsis. Physiol.
Rep. 7 (10), e14078. doi:10.14814/phy2.14078

Jackson, L., Woodward, M., and Coward, R.J. (2018). The molecular biology of pelvi-
ureteric junction obstruction. Pediatr. Nephrol. 33 (4), 553-571. doi:10.1007/s00467-
017-3629-0

Ketterl, N., Brachtl, G., Schuh, C., Bieback, K., Schallmoser, K., Reinisch, A., et al.
(2015). A robust potency assay highlights significant donor variation of human
mesenchymal stem/progenitor cell immune modulatory capacity and extended
radio-resistance. Stem Cell Res. Ther. 6, 236. d0i:10.1186/s13287-015-0233-8

Koh, Y. J., Koh, B. I., Kim, H., Joo, H. J., Jin, H. K., Jeon, J., et al. (2011). Stromal
vascular fraction from adipose tissue forms profound vascular network through the

frontiersin.org


https://doi.org/10.1002/ctm2.1093
https://doi.org/10.1080/14712598.2019.1671970
https://doi.org/10.1016/j.burns.2014.01.023
https://doi.org/10.1016/j.burns.2014.01.023
https://doi.org/10.1002/stem.2847
https://doi.org/10.1186/s13287-023-03562-7
https://doi.org/10.1002/stem.2516
https://doi.org/10.1002/stem.2516
https://doi.org/10.1111/bju.14570
https://doi.org/10.1053/j.ackd.2015.01.012
https://doi.org/10.1111/wrr.12051
https://doi.org/10.1016/j.bjps.2009.09.012
https://doi.org/10.1002/cbin.10099
https://doi.org/10.1038/s41420-023-01605-9
https://doi.org/10.3389/fphar.2022.832732
https://doi.org/10.3390/medicina59122090
https://doi.org/10.3390/medicina59122090
https://doi.org/10.1016/j.bjps.2015.10.014
https://doi.org/10.1016/j.bjps.2015.10.014
https://doi.org/10.1111/j.1524-475X.2010.00593.x
https://doi.org/10.1007/s11255-021-02836-4
https://doi.org/10.1007/s11255-021-02836-4
https://doi.org/10.1146/annurev-physiol-022516-034227
https://doi.org/10.14814/phy2.14078
https://doi.org/10.1007/s00467-017-3629-0
https://doi.org/10.1007/s00467-017-3629-0
https://doi.org/10.1186/s13287-015-0233-8
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1559446

Yue et al.

dynamic reassembly of blood endothelial cells. Arterioscler. Thromb. Vasc. Biol. 31 (5),
1141-1150. doi:10.1161/ATVBAHA.110.218206

Li, J., Gao, J., Cha, P., Chang, Q,, Liao, Y., Liu, C,, et al. (2013). Supplementing fat
grafts with adipose stromal cells for cosmetic facial contouring. Dermatol Surg. 39 (3 Pt
1), 449-456. doi:10.1111/dsu.12058

Liu, G, Wang, Y., Pan, Y., Tian, L., Choi, M. H.,, Wang, L., et al. (2023). Hypertonicity
induces mitochondrial extracellular vesicles (MEVs) that activate TNF-alpha and beta-
catenin signaling to promote adipocyte dedifferentiation. Stem Cell Res. Ther. 14 (1),
333, doi:10.1186/s13287-023-03558-3

Lumeng, C. N, Bodzin, J. L., and Saltiel, A. R. (2007). Obesity induces a phenotypic
switch in adipose tissue macrophage polarization. J. Clin. Invest 117 (1), 175-184.
doi:10.1172/JCI129881

Meng, X. M., Nikolic-Paterson, D. J., and Lan, H. Y. (2016). TGF-f: the master
regulator of fibrosis. Nat. Rev. Nephrol. 12 (6), 325-338. doi:10.1038/nrneph.2016.48

Morris, M. E., Beare, J. E., Reed, R. M., Dale, J. R, LeBlanc, A. J., Kaufman, C. L., et al.
(2015). Systemically delivered adipose stromal vascular fraction cells disseminate to
peripheral artery walls and reduce vasomotor tone through a CD11b+ cell-dependent
mechanism. Stem Cells Transl. Med. 4 (4), 369-380. doi:10.5966/sctm.2014-0252

Mukundan, L., Odegaard, J. I, Morel, C. R., Heredia, J. E., Mwangi, J. W., Ricardo-
Gonzalez, R. R,, et al. (2009). PPAR-delta senses and orchestrates clearance of apoptotic
cells to promote tolerance. Nat. Med. 15 (11), 1266-1272. doi:10.1038/nm.2048

Nian, Z., Dou, Y., Shen, Y, Liu, J,, Du, X, Jiang, Y., et al. (2024). Interleukin-34-
orchestrated tumor-associated macrophage reprogramming is required for tumor
immune escape driven by p53 inactivation. Immunity 57 (10), 2344-2361.e7. doi:10.
1016/j.immuni.2024.08.015

Premaratne, G. U., Ma, L. P, Fujita, M., Lin, X, Bollano, E., and Fu, M. (2011).
Stromal vascular fraction transplantation as an alternative therapy for ischemic heart
failure: anti-inflammatory role. J. Cardiothorac. Surg. 6, 43. doi:10.1186/1749-8090-6-43

Qian, T., Fujiwara, N., Koneru, B., Ono, A., Kubota, N., Jajoriya, A. K, et al. (2022).
Molecular signature predictive of long-term liver fibrosis progression to inform antifibrotic
drug development. Gastroenterology 162 (4), 1210-1225. doi:10.1053/j.gastro.2021.12.250

Qiu, X,, Fandel, T. M., Ferretti, L., Albersen, M., Orabi, H., Zhang, H., et al. (2012).
Both immediate and delayed intracavernous injection of autologous adipose-derived
stromal vascular fraction enhances recovery of erectile function in a rat model of
cavernous nerve injury. Eur. Urol. 62 (4), 720-727. doi:10.1016/j.eururo.2012.02.003

Rehman, J., Traktuev, D., Li, J., Merfeld-Clauss, S., Temm-Grove, C. J., Bovenkerk, J. E.,
et al. (2004). Secretion of angiogenic and antiapoptotic factors by human adipose stromal
cells. Circulation 109 (10), 1292-1298. doi:10.1161/01.CIR.0000121425.42966.F1

Riordan, N. H,, Ichim, T. E., Min, W. P., Wang, H., Solano, F., Lara, F., et al. (2009).
Non-expanded adipose stromal vascular fraction cell therapy for multiple sclerosis.
J. Transl. Med. 7, 29. doi:10.1186/1479-5876-7-29

Ryu, S., Shin, J. W., Kwon, S,, Lee, J., Kim, Y. C,, Bae, Y. S, et al. (2022). Siglec-F-
expressing neutrophils are essential for creating a profibrotic microenvironment in
renal fibrosis. J. Clin. Invest 132 (12), e156876. doi:10.1172/JCI156876

Shang, Q., Bai, Y., Wang, G., Song, Q., Guo, C., Zhang, L., et al. (2015). Delivery of
adipose-derived stem cells attenuates adipose tissue inflammation and insulin resistance

Frontiers in Pharmacology

12

10.3389/fphar.2025.1559446

in obese mice through remodeling macrophage phenotypes. Stem Cells Dev. 24 (17),
2052-2064. doi:10.1089/scd.2014.0557

Stevens, S. (2018). Obstructive kidney disease. Nurs. Clin. North Am. 53 (4), 569-578.
doi:10.1016/j.cnur.2018.07.007

Tang, P. M., Nikolic-Paterson, D. J., and Lan, H. Y. (2019). Macrophages: versatile
players in renal inflammation and fibrosis. Nat. Rev. Nephrol. 15 (3), 144-158. doi:10.
1038/541581-019-0110-2

Tao, Y., Wang, J., Lyu, X,, Li, N, Lai, D,, Liu, Y., et al. (2023). Comprehensive
proteomics analysis identifies CD38-mediated NAD(+) decline orchestrating renal
fibrosis in pediatric patients with obstructive nephropathy. Mol. Cell Proteomics 22
(3), 100510. doi:10.1016/j.mcpro.2023.100510

Tapmeier, T. T., Fearn, A., Brown, K., Chowdhury, P., Sacks, S. H., Sheerin, N. S, et al.
(2010). Pivotal role of CD4+ T cells in renal fibrosis following ureteric obstruction.
Kidney Int. 78 (4), 351-362. d0i:10.1038/ki.2010.177

Toffoli, B., Gilardi, F., Winkler, C., Soderberg, M., Kowalczuk, L., Arsenijevic, Y., et al.
(2017). Nephropathy in Pparg-null mice highlights PPARy systemic activities in
metabolism and in the immune system. PLoS One 12 (2), e0171474. doi:10.1371/
journal.pone.0171474

Vargel, I, Tuncel, A., Baysal, N., Hartuc-Cevik, I, and Korkusuz, F. (2022).
Autologous adipose-derived tissue stromal vascular fraction (AD-tSVF) for knee
osteoarthritis. Int. J. Mol. Sci. 23 (21), 13517. doi:10.3390/ijms232113517

Vemulakonda, V. M. (2021). Ureteropelvic junction obstruction: diagnosis and
management. Curr. Opin. Pediatr. 33 (2), 227-234. do0i:10.1097/MOP.
0000000000000994

Wang, G., Munoz-Rojas, A. R,, Spallanzani, R. G., Franklin, R. A., Benoist, C., and
Mathis, D. (2024). Adipose-tissue Treg cells restrain differentiation of stromal adipocyte
precursors to promote insulin sensitivity and metabolic homeostasis. Immunity 57 (6),
1345-1359.e5. doi:10.1016/j.immuni.2024.04.002

Yasuda, K., Ozaki, T., Saka, Y., Yamamoto, T., Gotoh, M., Ito, Y., et al. (2012).
Autologous cell therapy for cisplatin-induced acute kidney injury by using non-
expanded adipose tissue-derived cells. Cytotherapy 14 (9), 1089-1100. doi:10.3109/
14653249.2012.693157

Zeyda, M., Farmer, D., Todoric, J., Aszmann, O., Speiser, M., Gyori, G., et al. (2007).
Human adipose tissue macrophages are of an anti-inflammatory phenotype but capable
of excessive pro-inflammatory mediator production. Int. J. Obes. (Lond) 31 (9),
1420-1428. doi:10.1038/sj.ij0.0803632

Zhang, S., Xu, H,, He, B., Fan, M,, Xiao, M., Zhang, J., et al. (2022). Mid-term
prognosis of the stromal vascular fraction for knee osteoarthritis: a minimum 5-year
follow-up study. Stem Cell Res. Ther. 13 (1), 105. doi:10.1186/s13287-022-02788-1

Zhou, L., Xu, L, Shen, J, Song, Q., Wu, R, Ge, Y, et al. (2016). Preischemic
administration of nonexpanded adipose stromal vascular fraction attenuates acute renal
ischemia/reperfusion injury and fibrosis. Stem Cells Transl. Med. 5 (9), 1277-1288.
doi:10.5966/sctm.2015-0223

Zhu, M., Dong, Z., Gao, J., Liao, Y., Xue, J., Yuan, Y., et al. (2015). Adipocyte
regeneration after free fat transplantation: promotion by stromal vascular fraction cells.
Cell Transpl. 24 (1), 49-62. doi:10.3727/096368913X675133

frontiersin.org


https://doi.org/10.1161/ATVBAHA.110.218206
https://doi.org/10.1111/dsu.12058
https://doi.org/10.1186/s13287-023-03558-3
https://doi.org/10.1172/JCI29881
https://doi.org/10.1038/nrneph.2016.48
https://doi.org/10.5966/sctm.2014-0252
https://doi.org/10.1038/nm.2048
https://doi.org/10.1016/j.immuni.2024.08.015
https://doi.org/10.1016/j.immuni.2024.08.015
https://doi.org/10.1186/1749-8090-6-43
https://doi.org/10.1053/j.gastro.2021.12.250
https://doi.org/10.1016/j.eururo.2012.02.003
https://doi.org/10.1161/01.CIR.0000121425.42966.F1
https://doi.org/10.1186/1479-5876-7-29
https://doi.org/10.1172/JCI156876
https://doi.org/10.1089/scd.2014.0557
https://doi.org/10.1016/j.cnur.2018.07.007
https://doi.org/10.1038/s41581-019-0110-2
https://doi.org/10.1038/s41581-019-0110-2
https://doi.org/10.1016/j.mcpro.2023.100510
https://doi.org/10.1038/ki.2010.177
https://doi.org/10.1371/journal.pone.0171474
https://doi.org/10.1371/journal.pone.0171474
https://doi.org/10.3390/ijms232113517
https://doi.org/10.1097/MOP.0000000000000994
https://doi.org/10.1097/MOP.0000000000000994
https://doi.org/10.1016/j.immuni.2024.04.002
https://doi.org/10.3109/14653249.2012.693157
https://doi.org/10.3109/14653249.2012.693157
https://doi.org/10.1038/sj.ijo.0803632
https://doi.org/10.1186/s13287-022-02788-1
https://doi.org/10.5966/sctm.2015-0223
https://doi.org/10.3727/096368913X675133
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1559446

	Stromal vascular fraction inhibits renal fibrosis by regulating metabolism and inflammation in obstructive nephropathy
	1 Introduction
	2 Materials and methods
	2.1 SVF isolation and detection
	2.2 Mice and study design
	2.3 Masson staining and histological analysis
	2.4 Renal function analysis
	2.5 Western blots
	2.6 Real-time quantitative PCR (qPCR)
	2.7 Bulk RNA sequencing (RNA-seq)
	2.8 Kidney leukocyte isolation and flow cytometry analysis
	2.9 Cell culture and treatment
	2.10 Statistical analysis

	3 Results
	3.1 Characterization of murine SVF
	3.2 SVF alleviated UUO-induced renal fibrosis and injury
	3.3 SVF contributed to metabolic reprogramming and reduced inflammation in UUO kidneys
	3.4 SVF inhibited renal inflammation in UUO kidneys
	3.5 SVF contributed to PPAR activation and inhibited EMT in tubular cells
	3.6 PPAR activation alleviated UUO-induced renal fibrosis and inflammation

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


