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ABSTRACT
Background:  Renal fibrosis is a hallmark of progressive chronic kidney disease (CKD), with 
emerging evidence linking gut microbiota dysbiosis to disease progression. Myeloid-derived 
suppressor cells (MDSCs) have demonstrated renoprotective effects, yet the impact of fecal 
microbiota transplantation (FMT) on MDSC-mediated modulation of renal fibrosis remains unclear.
Methods:  C57BL/6J mice underwent unilateral ureteral obstruction (UUO) to induce renal fibrosis, 
followed by FMT administration via gavage. Flow cytometry was used to quantify granulocytic 
(G-MDSCs) and monocytic (M-MDSCs) MDSC populations in peripheral blood, kidney, and spleen. To 
elucidate the role of MDSCs in FMT-mediated effects, MDSCs were depleted or adoptively transferred 
in vivo. Renal fibrosis severity and inflammatory cytokine expression were subsequently analyzed.
Results:  FMT altered MDSC distribution, increasing M-MDSC accumulation in the blood and 
kidney. This was associated with downregulation of proinflammatory cytokines and attenuation of 
renal fibrosis. Adoptive MDSC transfer similarly produced anti-inflammatory and antifibrotic effects, 
reinforcing their therapeutic role in FMT-mediated renal protection.
Conclusions:  FMT enhances M-MDSC-mediated immunomodulation, reducing inflammation and 
renal fibrosis in UUO-induced CKD. These findings suggest a potential therapeutic strategy 
targeting the gut-kidney axis in CKD management.

Introduction

Chronic kidney disease (CKD) affects patient health and qual-
ity of life in a variety of ways and has a high mortality rate 
[1]. Renal fibrosis is the buildup of scars within the paren-
chyma, and it represents the common final pathway of nearly 
all chronic and progressive nephropathies [2]. It is difficult to 
ameliorate or reverse the progression of renal fibrosis. 
Therefore, there is still an urgent need to explore feasible 
ways to address this challenge.

Microbiome homeostasis has been described as an import-
ant contributor to human health [3]. It constantly communi-
cates with vital organ systems of the host, forming the 
gastrointestinal-renal axis, brain-gut axis, and gut-renal axis 
[4,5]. Recent analyses have shown that the gut microbiome 
also influences the dynamics of immune cells [6]. This commu-
nication contributes to the homeostasis and health of the 
host. However, once the homeostasis was disrupted, the 

composition of the gut microbiota would also changed mark-
edly. A previous study, utilizing 16S ribosomal DNA (rDNA) 
sequencing and metabolomics methods, discovered a decrease 
in the genera of gut microbiota producing short-chain fatty 
acids in renal fibrosis animals induced by UUO [7]. In W. Zhou’s 
study, we found that the abundance of Bacteroides fragilis  
(B. fragilis) in the fecal samples of UUO mice was significantly 
decreased [8]. The role of the gut microbiota in CKD has been 
emphasized. There is a two-way regulatory relationship 
between the gut microbiota and CKD [9]. On the one hand, 
CKD results in altered gut microbiota and metabolites derived 
from the gut microbiota. On the other hand, decreased pro-
duction of molecules related to the anti-inflammatory and 
antifibrotic effects in the microbiome promotes the toxic ure-
mic environment in CKD [10,11]. Fecal microbiota transplanta-
tion (FMT) involves the infusion of stool from a healthy donor 
into the gastrointestinal (GI) tract of a recipient patient for 
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therapeutic purposes. As a valid microbiome-based invention, 
FMT is a highly effective treatment for recurrent Clostridium 
difficile infection (CDI) [12]. Moreover, a study has shown that 
FMT limits the accumulation of uremic toxins through benefi-
cial effects on gut microbiota diversity [13]. However, research 
on the therapeutic potential of FMT in renal inflammation and 
fibrosis remains limited.

Myeloid-derived suppressor cells (MDSCs) are a heteroge-
neous population of immature myeloid cells consisting of 
myeloid progenitor cells and precursors of macrophages, 
granulocytes and dendritic cells (DCs) with potent immuno-
suppressive activity [14]. MDSCs express Gr-1 and CD11b in 
mice. Based on their phenotypic and morphological features, 
MDSCs are divided into two major subsets: granulocytic-MDSCs 
(G-MDSCs) and monocytic-MDSCs (M-MDSCs) [15]. In mice, 
G-MDSCs are defined as CD11b+Ly6G+Ly6Clow, and M-MDSCs 
are defined as CD11b+Ly6G−Ly6Chigh [15]. The adoptive trans-
fer of MDSCs has demonstrated efficacy in the treatment of 
acute kidney injury and chronic renal failure [16,17]. A recent 
study revealed that the recruitment of MDSCs can also be 
influenced by the gut microbiota [18]. However, there is a 
lack of studies on how the microbiota affects MDSCs in renal 
fibrosis. Therefore, this study explored how FMT alters the 
subsets of MDSCs in mice with renal fibrosis, thereby affect-
ing the production of inflammatory factors.

Materials and methods

Animals

Six-week-old C57BL/6J mice weighing 20–25 g were obtained 
from GemPharmatech Co., Ltd. (Nanjing, China) and bred in a 
specific pathogen-free (SPF) grade animal room. Mice were 
allowed a one-week period of acclimatization with free access 
to food and water and were housed under a 12 h light/dark 
cycle. Mice were used according to the guidelines of the Animal 
Ethics Committee of Wannan Medical College (LLSC-2022-142).

Fecal microbiota transplantation (FMT)

We chose oral fecal gavage as described previously [19,20]. 
Before FMT treatment, the mice were given three antibiotics 
(1.25 mg/L vancomycin, 2.5 mg/L penicillin, and 2.5 mg/L met-
ronidazole) by gavage at 0.2 mL/day for 3 days to remove 
native gut microbes [21]. For FMT experiments, 200 mg of 
stool was collected daily from the control group, resuspended 
in 3 mL of PBS, and then homogenized for 3 min before large 
particles were removed by filtration. Nine milliliters of PBS 
was added to the filtrate, which was subsequently centrifuged 
at 3000 ×g for 15 min. Finally, the supernatant was collected 
for transplantation. Mice were intragastrically administered 
0.2 mL of fresh fecal solution once daily for 7 days.

Grouping and animal model establishment

The mice were randomly divided into seven groups (n = 6). 
(1) In the control group, the mice did not undergo any sur-
gery. (2) In the unilateral ureter obstruction (UUO) group, 

mice underwent UUO. (3) In the FMT treatment group 
(UUO+FMT), UUO was performed before FMT treatment. (4) 
In the Splenectomy group (UUO+FMT+Splenectomy), sple-
nectomy and UUO were performed before FMT treatment. (5) 
In the Gemcitabine group (UUO+FMT+GEM), mice underwent 
UUO, and then gemcitabine (100 mg/kg; Shanghai Macklin 
Biochemical Co., Ltd., China) was intraperitoneally adminis-
tered to the mice during FMT treatment. (6) In the MDSC 
adoptive transfer group (MDSCs transfer), MDSCs from the 
peripheral blood in the UUO+FMT group were separated by 
a magnetic column and then infused through the angular 
vein into mice that had undergone UUO and splenectomy. 
(7) In the control cell adoptive transfer group (Negative 
transfer), the negative control cells that were not adsorbed 
by the magnetic column after sorting the MDSCs were 
infused into mice. For UUO experiments, after anesthetizing 
the mice, the left kidney was exposed through a midline inci-
sion. The left ureter was isolated and ligated at two points 
with nonabsorbable 5–0 silk sutures and then cut between 
the ligatures. Splenectomy was performed as previously 
described [22]. After ligation of the relevant vessels, the 
spleen was removed to separate it from the stomach. Then, 
the midline fascial defect and skin were sutured.

Flow cytometric analyses

Mice were sacrificed by spinal cord dislocation 14 days after 
UUO surgery. The spleens and kidneys were ground in PBS 
containing 1% bovine serum albumin (BSA). Red blood cells 
in peripheral blood were depleted with red blood cell lysis 
buffer (Beyotime, China). The cell suspension was then  
filtered through a 40 μm cell strainer (Biologix, USA) to 
remove aggregates and debris. The cells were stained with 
fluorophore-conjugated antibodies, including PE-conjugated 
anti-mouse/human CD11b (BioLegend, USA), FITC-conjugated 
anti-mouse Ly-6C/Ly-6G (Gr-1) (BioLegend, USA), APC- 
conjugated anti-mouse Ly-6C (BioLegend, USA), and FITC- 
conjugated anti-mouse Ly-6G (BioLegend, USA), for 30 min at 
room temperature in staining buffer. The data were acquired 
on a BD FACSVerse flow cytometer (BD Biosciences, USA) and 
analyzed with FlowJo X.

Isolation and adoptive transfer of MDSCs

Mononuclear cells in peripheral blood were separated with 
lymphocyte separation medium (Biosharp, China) and red 
blood cell lysis buffer (Beyotime, China). After centrifugation 
(300 × g for 10 min), the cells were resuspended at 108 cells/
mL in buffer solution. MDSCs were isolated by using a mouse 
MDSC isolation kit (Miltenyi Biotec, Germany) according to 
the manufacturer’s protocol. Specifically, Gr-1highLy-6G+ cells 
were indirectly magnetically labeled with anti-Ly-6G-Biotin 
and anti-Biotin MicroBeads and then magnetically separated 
to obtain pre-enriched Gr-1dimLy-6G– cells (flow-through frac-
tion) and enriched Gr-1highLy6G+ cells (positive selection frac-
tion). Subsequently, indirect magnetic labeling of pre-enriched 
Gr-1dimLy-6G– cells was performed using anti-Gr-1-biotin and 
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streptavidin microbeads, and then magnetic separation was 
performed to obtain enriched Gr-1dimLy- 6 G– cells. MDSCs 
were derived from a mixture of Gr-1highLy6G+ cells and 
Gr-1dimLy- 6 G– cells. FACS was used to evaluate the separa-
tion efficiency of the isolated MDSCs. The purified MDSCs 
(2 × 106) and the negative control cells were adoptively trans-
ferred to mice via the angular vein every 4 days.

Histopathology

Renal tissues from the mice were fixed in 4% paraformalde-
hyde for 24 h immediately after sacrifice, embedded in paraf-
fin, and sliced into 3 μm thick sections. After deparaffinizing 
and rehydrating, hematoxylin–eosin (HE) staining kits were 
used for HE staining (Solarbio, China). Masson’s trichrome 
stain kits were used for Masson staining (Solarbio, China). 
The stained sections were examined using an optical micro-
scope in a blinded manner. ImageJ was used to determine 
the positive area of Masson’s trichrome staining (blue).

Immunofluorescence staining

To detect the expression of TNF-α and IL-10 in renal tissue, 
paraffin-embedded renal tissue sections (3 μm thick) were 
stained with a TNF-α rabbit polyclonal antibody (Beyotime, 
China) and an IL-10 rabbit polyclonal antibody (Beyotime, 
China) at 4 °C overnight. Then, the sections were stained with 
an Alexa Fluor 647-labeled goat anti-rabbit secondary anti-
body (Beyotime, China) for two hours at room temperature. 
Nuclei were stained with DAPI (Beyotime, China) for ten min-
utes. Confocal imaging was performed using a Leica TCS SP8 
confocal microscope (Leica, Germany).

qRT–PCR

Total RNA was collected from kidney tissues using TRIzol 
reagent. First-strand cDNA was synthesized using a 
PrimeScriptTM RT reagent kit (TAKARA, Japan) with gDNA 
Eraser according to the manufacturer’s instructions. Then, 
PCR was performed using a TB Green Premix Ex Taq Kit 
(TAKARA, Japan) according to the manufacturer’s protocol. 
CD11b (Forward: CCATGACCTTCCAAGAGAATGC, Reverse: 
ACCGGCTTGTGCTGTAGTC), Gr-1 (Forward: TCATCCTTCTTGTGGT 
CCTA, Reverse: AAGGGGCAGGTAGTTGTG), IL-10 (Forward: GGTTG 
TCGTCTCATTCTGAAAGA, Reverse: GGTAGAGGACCCAAGTTCGTTAA 
GA), TNF-α (Forward: GCCCACATCAGCTATTGTTCGT, Reverse: 
CAGGAATAGCAACAGGCATGGT), and β-actin (Forward: GTCGT 
ACCAC AGGCA TTGTG ATGG, Reverse: GCAAT GCCTG GGTAC 
ATGGT GG) primers were used. Relative expression levels 
were normalized to β-actin expression and calculated accord-
ing to the standard 2−ΔΔCt method.

Western blot

For Western blot analysis, protein was extracted from mouse 
kidney tissue using phenylmethanesulfonyl fluoride (PMSF) 

and radioimmunoprecipitation assay (RIPA) lysis buffer 
(Beyotime, China). Protein concentrations were measured 
using a BCA assay kit (Beyotime, China). Whole extracts were 
separated by 12% sodium dodecyl sulfate–polyacrylamide 
gel electrophoresis (SDS–PAGE). After being transferred to a 
polyvinylidene difluoride (PVDF) membrane, the membrane 
was incubated with diluted primary antibodies, including a 
TNF-α rabbit polyclonal antibody (Beyotime, China), an IL-10 
rabbit polyclonal antibody (Beyotime, China), and a GAPDH 
antibody (Biosharp, China). Then, the membranes were incu-
bated with the corresponding secondary antibodies (Biosharp, 
China). The band intensity was analyzed using ImageJ soft-
ware and normalized to the band intensity of GAPDH.

Statistical analysis

SPSS software (SAS Institute Inc., USA) was used for data 
analysis. Quantitative data are presented as the mean ± SD, 
and the data were statistically evaluated using Student’s 
t-tests and one-way ANOVA. A value of p < 0.05 was consid-
ered to indicate statistical significance.

Results

FMT regulated MDSC mobilization after UUO

Mouse samples were harvested 14 days after surgery (Figure 
1(A)). In renal tissue, qRT–PCR revealed that Gr-1 expression 
was increased in the UUO+FMT group compared to the UUO 
group, and CD11b expression tended to decrease, but the 
difference was not statistically significant (Figure 1(B)). We 
found that the G-MDSC proportions in the peripheral blood 
and kidney were significantly greater in the UUO group than 
in the control group (Figure 1(C)). However, compared with 
those in the UUO group, the percentages of G-MDSCs in the 
peripheral blood and kidneys in the UUO+FMT group were 
decreased. Moreover, the percentage of M-MDSCs was signifi-
cantly increased (Figure 1(C)). These results confirmed that 
FMT treatment resulted in altered percentages of G-MDSCs 
and M-MDSCs in UUO model mice. More M-MDSCs accumu-
lated in the circulation and kidney.

FMT protected against UUO injury

We investigated the efficacy of FMT treatment on renal 
injury. HE staining revealed inflammatory cell infiltration and 
tubular deformation in the renal tissues of UUO model mice 
compared with those of control mice, while FMT intervention 
significantly alleviated renal injury (Figure 2(A)). Masson’s tri-
chrome staining revealed obvious interstitial fibrosis in UUO 
model mice, but this effect was attenuated by FMT (Figure 
2(A,B)). We then examined the proinflammatory cytokine 
TNF-α and the anti-inflammatory cytokine IL-10 to evaluate 
renal inflammation. qRT–PCR and Western blot analysis 
revealed low TNF–α and IL–10 expression in the control 
group (Figure 2(C,D)). We found that TNF-α protein expres-
sion was significantly upregulated 14 days after UUO, 



4 Y. WANG ET AL.

Figure 1.  FMT regulated MDSCs mobilization after UUO. (A) Antibiotics were administered to mice on days 4, 5, and 6 after UUO, and then FMT treatment 
for 7 days. Kidneys, spleens and blood were extracted on day 14 after UUO. (B) Relative mRNA levels of Gr-1 and CD11b in renal tissue. *p < 0.05, 
****p < 0.0001, ns^p > 0.05. (C) Flow cytometry detected the percentage of CD11b+ Ly6C+ M-MDSCs and CD11b+ Ly6G+ G-MDSCs in renal and blood. The 
ratio of M-MDSCs increased after FMT treatment, while the ratio of G-MDSCs decreased. Data are expressed as the mean ± SD (n = 6). #p < 0.05, vs. The 
control group, △p < 0.05 vs. The UUO group.

Figure 2.  FMT protected against UUO injury. (A) HE and masson’s trichrome staining were performed to describe and evaluate kidney injury. FMT treatment 
resulted in less kidney damage. (B) Collagen areas were quantified by masson’s trichrome staining. (C) Relative mRNA levels of TNF-α and IL-10 in renal 
tissue. (D) The protein levels of TNF-α and IL-10 were assayed by Western blot and analyzed semi-quantitatively. (E) Representative immunofluorescence 
staining images of TNF-α (red), IL-10 (green), and DAPI (blue). The magnification of the images is ×200, scale bar = 100 μm. Data were presented as 
means ± SD (n = 6). *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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indicating the occurrence of renal inflammation, and that 
FMT intervention ameliorated this abnormal TNF-α expres-
sion (Figure 2(D)). Moreover, IL-10 protein expression was 
greater in the UUO+FMT group than in the UUO group 
(Figure 2(D)). The same results were verified using immuno-
fluorescence (Figure 2(E)). These findings confirmed the pro-
tective role of FMT in the kidneys of UUO model mice.

Regulation of MDSCs after gemcitabine treatment or 
splenectomy

Gemcitabine has been shown to clear macrophages [23]. 
To investigate the potential role of spleen-derived MDSCs 

in FMT, we removed MDSCs by splenectomy or intraperito-
neal injection of gemcitabine. MDSCs in the peripheral 
blood and kidneys were significantly reduced in the 
UUO+FMT+GEM and UUO+FMT+Splenectomy groups 
(Figure 3(A)). We demonstrated that gemcitabine treat-
ment resulted in a reduction in the number of MDSCs in 
mouse spleens (Figure 3(A)). Moreover, the percentages of 
G-MDSCs and M-MDSCs were also altered, mainly due to 
the disappearance of M-MDSC dominance (Figure 3(B)). We 
also found that the M-MDSC/G-MDSC ratio in the spleen 
decreased after FMT (Figure 3(C)). Changes in the two 
types of MDSCs suggested a link between FMT treatment 
and MDSCs.

Figure 3.  Regulation of MDSCs after gemcitabine treatment or splenectomy. Flow cytometry detected the percentages of CD11b+ Gr-1+ MDSCs (a), CD11b+ 
Ly6C+ M-MDSCs and CD11b+ Ly6G+ G-MDSCs (B) in blood, kidney and spleen. (C) Ratio of M-MDSC/G-MDSC in spleen. Data were presented as means ± SD 
(n = 6). #p < 0.05, vs. The control group, △p < 0.05 vs. The UUO group, *p < 0.05, vs. The UUO+FMT group.
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Eliminating MDSCs reduced the renal protection endowed 
by FMT

To verify that FMT exerts its therapeutic effects through 
MDSCs, we examined renal injury and inflammation after 
removing MDSCs. HE and Masson’s trichrome staining 
revealed greater renal injury and interstitial fibrosis in the 

UUO+FMT group after MDSC clearance than in the UUO+FMT 
group (Figure 4(A,B)). In addition, we found significant 
increases in TNF-α protein expression and decreases in IL-10 
protein expression in the kidney tissues of the UUO+FMT+GEM 
group and the UUO+FMT+Splenectomy group (Figure 4(D)). 
There were no significant differences between the two 

Figure 4. E liminating MDSCs reduced the renal protection endowed by FMT. (A) HE and masson’s trichrome staining were performed to describe and 
evaluate kidney injury. (B) Collagen areas were quantified by masson’s trichrome staining. (C) Relative mRNA levels of TNF-α and IL-10 in renal tissue. (D) 
The protein levels of TNF-α and IL-10 were assayed by Western blot and analyzed semi-quantitatively. (E) Representative immunofluorescence staining 
images of TNF-α (red), IL-10 (green), and DAPI (blue). The magnification of the images is ×200, scale bar = 100 μm. Data were presented as means ± SD 
(n = 6). *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001, ns^p > 0.05.
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groups. The same results were observed by qRT–PCR and 
immunofluorescence staining (Figure 4(C,E)). These results 
confirmed that the renoprotective effect of FMT treatment 
was reversed by the clearance of MDSCs.

Adoptively transferring MDSCs was beneficial in delaying 
renal fibrosis

To further investigate the role of MDSCs in renal fibrosis, 
we adoptively transferred MDSCs dominated by M-MDSCs 
into renal fibrosis model mice. After the separation of 
MDSCs and negative control cells by magnetic columns, we 
determined the purity of the MDSCs to be approximately 
78.6% by flow cytometry (Supplementary Figure). M-MDSCs 
were predominant in the peripheral blood and kidneys of 
mice in the MDSC group compared to the UUO group, 
while few MDSCs of both types were detected in the neg-
ative control group (Figure 5). We found that this treatment 
may be beneficial to the kidney. Renal tubular dilatation 
and renal fibrosis were ameliorated by the adoptive trans-
fer of MDSCs (Figure 6(A,B)). Compared with that in the 
control group, the expression of proinflammatory factors 
increased significantly in the negative transfer group, while 
MDSC transfer reduced the expression of proinflammatory 
factors and promoted the expression of anti-inflammatory 
factors (Figure 6(C,D,E)). This evidence indicated a definite 
renoprotective effect of MDSC transplantation. M-MDSCs 
are most likely an anti-inflammatory type of MDSC in renal 
fibrosis.

Discussion

In this study, we demonstrated that FMT ameliorated 
UUO-induced renal tubulointerstitial fibrosis and, for the first 
time, revealed the involvement of MDSCs in this nephropro-
tective process. We further elucidated that FMT induced 
changes in the number and ratio of the two subtypes of 
MDSCs, and more M-MDSCs were recruited to the kidney to 
exert anti-inflammatory and antifibrotic effects.

Most of the microorganisms that inhabit the human body 
reside in the gut, and the gut microbiota plays an important 
role in cultivating host immunity, regulating intestinal endo-
crine function, eliminating toxins, and producing a variety of 
compounds that affect the host [24]. Gut dysbiosis occurs at 
the onset of CKD and during the development of CKD and 
progression to end-stage kidney disease (ESKD) [4,25,26]. In a 
recent systematic review, compared to healthy controls, CKD 
patients had an increased abundance of the phyla 
Proteobacteria and Fusobacteria and a reduced presence of 
the genera Faecalibacterium, Roseburia, Pyramidobacter, 
Prevotella_9, and Prevotellaceae_UCG-001 [9]. Moreover, ele-
vated levels of the bacterial metabolites trimethylamine 
n-oxide (TMAO) and p-cresol sulfate (PCS) and decreased 
production of short-chain fatty acids (SCFAs) were found in 
CKD patients [11]. The gut microbiota is also capable of 
manipulating the processes leading to CKD onset and pro-
gression through inflammatory, endocrine, and neurologic 
pathways [4]. The occurrence of intestinal dysbiosis after 
renal injury is well established. Mediating gut dysbiosis will 
be a new therapeutic direction for treating kidney disease.

Figure 5.  Flow cytometry detected the percentages of CD11b+ Ly6C+ M-MDSCs and CD11b+ Ly6G+ G-MDSCs in renal and blood. Data were presented as 
means ± SD (n = 6). #p < 0.05, vs. The control group, △p < 0.05 vs. The UUO group, *p < 0.05, vs. The UUO+FMT group, ﹠p < 0.05 vs. The MDSCs transfer group.

https://doi.org/10.1080/0886022X.2025.2480749
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FMT, as an emerging treatment, targets gut dysbiosis. 
Many studies have shown that FMT is beneficial for treating 
diseases associated with dysregulated gut microbiota, includ-
ing obesity, type 2 diabetes, multiple sclerosis, and Alzheimer’s 
disease [17,27,28,29]. Interestingly, Fernandes et  al. reported 

that gut microbiota dysbiosis contributes to the develop-
ment of kidney diseases through the release of inflammatory 
cytokines and uremic toxins [30]. For the first time, Hu et  al. 
demonstrated that both gut microbiota depletion and FMT 
treatments alleviated tubulointerstitial injury in diabetic rats 

Figure 6. A doptively transferring MDSCs benefited renal function. (A) HE and masson’s trichrome staining were performed to describe and evaluate kidney 
injury. (B) Collagen areas were quantified by masson’s trichrome staining. (C) Relative mRNA levels of TNF-α and IL-10 in renal tissue. (D) The protein levels 
of TNF-α and IL-10 were assayed by Western blot and analyzed semi-quantitatively. (E) Representative immunofluorescence staining images of TNF-α (red), 
IL-10 (green), and DAPI (blue). The magnification of the images is ×200, scale bar = 100 μm. Data were presented as means ± SD (n = 6). *p < 0.05, **p < 0.01, 
***p < 0.001, ****p < 0.0001
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[31]. In this study, we demonstrated a significant increase in 
the levels of inflammatory factors in renal fibrosis mice com-
pared with those in control mice, but the level of the proin-
flammatory factor TNF-α was reduced in FMT-treated mice. 
Moreover, FMT treatment also alleviated tubulointerstitial 
injury in UUO model mice, which was characterized by ame-
liorated desquamation and necrosis of renal tubular epithelial 
cells and tubular deformation. However, the pathways 
through which FMT affects the kidney remain to be further 
studied.

Initially, MDSCs were described in cancer patients 
[32,33.34]. MDSCs have been shown to migrate to tumors 
due to the chemokine gradient generated by the growing 
tumor. The migration of MDSCs mainly relies on the expres-
sion of the chemokine receptor CXCR1/2 and its cognate 
ligands CXCL1, CXCL2 and CXCL5 [35]. Cysteine-rich intestinal 
protein 1 (CRIP1) binds to NF-κB/p65, leading to the tran-
scriptional activation of CXCXL1/5, which promotes the che-
motactic migration of MDSCs to drive immunosuppression 
[36]. MDSCs have recently received increasing attention for 
their functional importance in the immune system. The phe-
notype and activity of MDSCs depend largely on the environ-
ment in which they expand and function. We realized that 
MDSCs may be helpful to the host in certain circumstances 
but harmful in others. Previous studies have shown that 
MDSCs derived from early septic mice are proinflammatory, 
whereas MDSCs derived from late septic mice are immuno-
suppressive [37]. In our study, FMT-induced alterations in 
MDSCs were beneficial to mice with renal fibrosis. The total 
number of MDSCs and the number of both subtypes changed 
after FMT. Gemcitabine has been shown to reduce the num-
ber of MDSCs in the bone marrow and peripheral blood in 
addition to the percentage of MDSCs in the spleen [38]. After 
we removed MDSCs from mice by splenectomy or adminis-
tration of gemcitabine, the renoprotective effects of FMT 
were abrogated. This suggested that functional MDSCs are 
likely derived primarily from the spleen.

G-MDSCs and M-MDSCs also have unique functional and 
biochemical characteristics. A previous study revealed that 
after renal ischemia–reperfusion injury, G-CSF treatment 
increased renal infiltration of MDSCs, especially G-MDSCs, to 
attenuate renal fibrosis [17]. Treatment with M-MDSC super-
natant ameliorated renal fibrosis and myofibroblastic differ-
entiation through IL-15 [39]. Other studies have suggested 
that M-MDSCs inhibit fibrosis in liver disease [40] and pro-
mote pulmonary fibrosis [41]. Our study showed that renal 
fibrosis mice treated with FMT had increased M-MDSCs and 
decreased G-MDSCs in the blood and kidneys. Since G-MDSCs 
were more prevalent in the spleen after FMT treatment, we 
speculated that perhaps M-MDSCs in the spleen were mobi-
lized into the circulation and kidney to play a role. In addi-
tion, after the transfer of MDSCs dominated by M-MDSCs 
into renal fibrosis model mice, the levels of inflammatory 
factors decreased, reducing inflammation and renal fibrosis. 
These findings suggested that M-MDSCs may be an 
anti-inflammatory type of MDSC in renal fibrosis. We demon-
strated that the anti-inflammatory activities of gut 

flora-induced MDSCs offer an alternative immunotherapy 
protocol for patients with chronic kidney disease.

Our study has several limitations. After FMT treatment, the 
expression of Gr-1 was elevated, while the change in CD11b 
expression was not statistically significant, which demon-
strated that other immunocytes that can be labeled by 
CD11b may be involved during FMT intervention. The 
co-alteration of these cells with MDSCs led to the final result 
of CD11b expression. The immunomodulatory mechanisms 
involved in FMT should be further explored in the future. 
Second, the pathways and mechanisms involved in the 
effects of the two MDSC subtypes on renal inflammation and 
fibrosis have not been clarified. Third, considering that FMT 
affects multiple systems in the human body, its use as a ther-
apeutic approach to alleviate renal fibrosis requires further 
optimization and validation.

Conclusion

Fecal microbiota transplantation in UUO model mice can 
increase the proportion of M-MDSCs and inhibit the expres-
sion of proinflammatory cytokines, which provides a promis-
ing strategy for renal fibrosis treatment.
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