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Efficacy of stem cell therapy for 
diabetic kidney disease: a 
systematic review and 
meta-analysis
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Background/objectives: Animal studies have demonstrated the ability of stem 
cell therapy (SCT) to treat diabetic kidney disease (DKD). However, the efficacy 
of SCT in patients with DKD remain unclear. This systematic review and meta-
analysis aimed to investigate the efficacy of SCT in patients with DKD.

Methods: A comprehensive and systematic literature search was conducted 
using PubMed, EMBASE, Cochrane Library, and Web of Science to identify 
articles on SCT for DKD published up to March 2024. RevMan V.5.4 software 
was used for statistical analysis.

Results: We identified four studies that included 90 participants, 53 (58%) of 
whom underwent SCT. SCT improved estimated glomerular filtration rate 
(eGFR) [mean difference (MD) = 0.41, 95% confidence interval (CI): 0.08–0.74; 
p = 0.02], serum creatinine (SCr) reduction (standardized MD = −0.65, 95% CI: 
−1.19 to −0.1, p = 0.02), and microalbuminuria (MAU) (MD = −32.10, 95% CI: 
−55.26–8.94; p = 0.007) compared to the control group, but did not improve 
urine microalbumin/creatinine ratio (UACR) (MD = −63.36, 95% CI: −194.52–
67.79, p = 0.56) or blood sugar (MD = 0.49, 95% CI: 4.16–2.01, p = 0.49). Adverse 
events (AEs) were common (67 events in 60 SCT subjects vs. 35 in 28 controls), 
with urinary system AEs occurring exclusively in the SCT group and nervous 
system AEs markedly higher.

Conclusion: SCT can effectively improve eGFR and SCr levels by lowering the 
MAU but cannot improve UACR and blood sugar levels.
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1 Introduction

Diabetes mellitus (DM) is a chronic disease that poses a significant global public health 
challenge owing to its high incidence rate (1–6). Diabetic kidney disease (DKD) refers to the 
progressive deterioration of kidney function in patients with chronic type 1 (T1DM) or type 
2 diabetes mellitus (T2DM) (7), representing one of the most serious microvascular 
complications of diabetes (8). Approximately one-third of patients with T1DM and half of 
patients with T2DM develop DKD (9). Moreover, DKD accounts for 30 to 50% of end-stage 
renal disease (ESKD) cases (8). ESKD is an irreversible condition in which the kidneys 
completely lose the ability to filter waste products and excess fluids (7). As a result, patients 
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become dependent on dialysis or kidney transplantation, while also 
facing an increased risk of cardiovascular disease and premature 
death (8).

Stem cell therapy (SCT) is a promising biotechnology technique 
with wide applications and has made remarkable advances in clinical 
settings (9). The stem cells that have been used in preclinical and 
clinical studies include umbilical cord blood mesenchymal stem cells 
(MSCs) (10), umbilical cord MSCs (11), placental MSCs (12), 
adipose MSCs (13), and bone marrow mesenchymal stromal cells 
(BMSCs) (14). Among them, adipose MSCs are the most widely 
used. Animal experiments have shown that SCT can effectively treat 
diabetic kidney disease (DKD) (15, 16). However, the safety and 
efficacy of SCT in patients with DKD remain unknown, and only a 
few randomized controlled trials (RCTs) with small sample sizes 
have explored its role in the treatment of patients with DKD. Perico 
et al. (17) recently conducted a phase 1b/2a multicenter RCT to 
evaluate the safety, tolerability, and treatment efficacy of adult 
allogeneic bone marrow stromal stem cell transplantation in patients 
with moderate-to-severe DKD. The authors found that 18 weeks of 
SCT resulted in significant improvement of estimated glomerular 
filtration rate (eGFR) but did not affect the urine microalbumin/
creatinine ratio (UACR). However, Gaipov et al. (18) found that SCT 
significantly reduced microalbuminuria (MAU) without affecting 
eGFR or serum creatinine (SCr) levels. Therefore, this systematic 
review and meta-analysis of RCTs aimed to explore the safety and 
efficacy of SCT in patients with DKD to provide deeper insights into 
the translation of SCT from clinical trials to the clinical 
application stages.

2 Methods

2.1 Protocol and registration

This systematic review and meta-analysis has been registered in 
PROSPERO (CRD42024520313) and was performed according to the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines (19).

2.2 Search strategy

As of March 4, 2024, two authors (HD and CX) comprehensively 
retrieved clinical trial data relating to renal-related outcome measures 
and adverse events in adults with DKD using PubMed, Cochrane 
Library, Web of Science, and Embase to assess SCT efficacy. The main 
search terms were “stem cells,” “Diabetic Nephropathies,” “Diabetic 
Kidney Diseases,” and related keywords. Full details of the retrieval 
strategy for all the databases can be  found in the 
Supplementary material.

2.3 Inclusion criteria

	(1)	 Population: Age ≥18 years old; established diagnosis of type 1 
or type 2 DM with DKD; eGFR <60 mL/min/1.73 m2 for three 
consecutive months or MAU (albumin of 30–300 mg in a 24-h 
urine collection). DN was defined as either micro- or 

macroalbuminuria (albumin >300 mg/24-h) according to the 
2007 Kidney Disease Outcomes Quality Initiative Clinical 
Practice Guidelines and Clinical Practice Recommendations 
for Diabetes and Chronic Kidney Disease (20). All studies of 
patients with DKD that reported at least one of the following 
results were considered for inclusion: UACR, cystatin C, SCr, 
eGFR, markers of tubular injury, adverse event rate, 
and mortality.

	(2)	 Intervention: Stem cell drug products, regardless of source, 
type, dose, duration, or route of administration.

	(3)	 Comparison intervention: Placebo trials with multiple 
interventions (e.g., co-administered autologous bone marrow-
derived mononuclear cells and umbilical cord-MSCs) were 
eligible if the study groups differed only in their use of SCs.

	(4)	 Outcome(s): The primary outcome was eGFR; and the 
secondary outcomes were SCr, MAU, UACR, and the incidence 
of adverse events; other relevant outcome measures included 
metabolic parameters: hemoglobin A1c, triglycerides, 
and glucose.

	(5)	 Study design (S): RCTS or non-randomized clinical controlled 
trials (CCTs)

2.4 Exclusion criteria

The exclusion criteria were as follows: (1) animal experiments; (2) 
kidney disease secondary to other diseases; (3) full-text content not 
available; and (4) missing or duplicated experimental data.

2.5 Study selection

After removing duplicate studies, two authors (HD and CX) 
independently screened all titles and abstracts for potential 
relevance and acquired the full text of the relevant content. 
Disagreements were resolved by consensus or by consulting a third 
author (YY).

2.6 Data extraction and literature quality 
evaluation

2.6.1 Date collection
Two authors (HD and CX) summarized the primary data from the 

included trials, including the first author and year of publication. If the 
data were not reported or missing, the corresponding author was 
emailed. If the authors did not respond, data were obtained from the 
charts or formulas. Disagreements were resolved by consulting a third 
author (YY).

2.6.2 Assessment of risk of bias and quality of 
evidence

The quality of each study included in the analysis was assessed 
using the Cochrane Risk of Bias Assessment Tool (RevMan 5.40). 
There were seven items in the bias risk table: (1) random sequence 
generation (selection bias); (2) allocation concealment (selection bias); 
(3) blinding of participants and personnel (performance bias); (4) 
blinding of outcome assessment (detection bias); (5) incomplete 
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outcome data (attrition bias); (6) selective reporting (reporting bias); 
and (7) other bias. Each item was classified as low risk, high risk (not 
fulfilling the criteria), or unclear (specific details or descriptions were 
not reported) (21). Furthermore, the presence of publication bias was 
estimated using a funnel plot.

2.7 Data analysis

Review Manager (5.40, Cochrane Collaboration) software was 
used for statistical analysis. Between-study heterogeneity was 
assessed using the Higgins I2-test. Meaningful heterogeneity was 
determined at 50% of the I2 values. Due to significance, a random-
effects model was used for the meta-analysis over a fixed-effects 
model. For dichotomous variable data such as mortality, the risk ratio 
(RR) and 95% confidence interval (95% CI) were used as the 
combined effect size estimates. For continuous variables, such as 
eGFR and SCr, standardized mean difference (SMD) or weighted 
mean differences and their 95% CI were used as the combined effect 
size estimates.

3 Results

3.1 Eligible studies

The PRISMA flow diagram is shown in Figure 1. A systematic 
electronic literature search initially identified 3,528 studies. After 
applying the exclusion criteria, four trials (17, 18, 22, 23) were 
included in the meta-analysis.

3.2 Study characteristics

Baseline data and interventions are presented in Tables 1, 2. The 
included studies were published between 2016 and 2023, with four 
articles and 90 participants. The demographic distribution within the 
studies is characterized by 60 males (67%) and 30 females (33%), with 
an average age of approximately 51 years and an age range spanning 
from 18 to 82 years. A total of 53 (58%) patients underwent 
SCT. Although SCT was applied in all included studies, the source, 
dose, frequency, and mode of injection varied. All four studies 

FIGURE 1

PRISMA flow diagram of the study process. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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included used bone marrow as a source of stem cells, and one study 
used umbilical cord MSCs. Allogeneic administration was employed 
in two studies, and autologous administration was employed in 
two studies.

3.3 Quality assessment of the articles

Figures 2, 3 summarize the risk of bias in the included studies. The 
four studies had different study designs; three studies were RCTs (17, 
18, 22), and one was a prospective, open-label study (23). Furthermore, 
quality assessment of these studies revealed that three studies had a 
low risk of bias (17, 18, 22), and one study had an unclear to high risk 
of bias, as its investigators did not apply the blinding procedure 
rationally (23). Overall, the included RCTs had a low risk of bias.

3.4 Outcome

3.4.1 Effect of SCT on eGFR
The eGFR is an important indicator of renal function. The 

Modification of Diet in Renal Disease and Chronic Kidney Disease 
Epidemiology Collaboration formulas are commonly used to 
estimate GFR. Four studies (17, 22, 23) showed that SCT 
significantly improved eGFR levels (Z = 3.56; p = 0.02). Analysis of 
forest plot data (Figure 4) showed significant improvement with 
SCT as the intervention, compared with the outcome in the control 
group (MD = 0.41, 95% CI: 0.08–0.74; p = 0.025). Two of the 
included studies focused on patients with T1DM, while the other 
two involved patients with T2DM. Given the distinct pathogenic 
mechanisms, there is an inherent age variation among the study 
groups. To more precisely assess the efficacy of SCT in enhancing 
eGFR, a subgroup analysis was conducted. The I2 value was 0%, 
indicating no heterogeneity, thus a fixed-effects model was used. 
The pooled analysis (Figure 5) reveals that SCT exerted a significant 
therapeutic effect on eGFR across DKD patients with varying 
diabetes sub-types (SMD = 0.41, 95% CI: 0.08–0.74; p = 0.02).

3.4.2 Effect of SCT on SCr
SCr levels can be used to monitor DKD. In the early stages of 

DKD, SCr may remain within the normal range, but its levels 
gradually increase with disease progression; therefore, monitoring 
SCr levels is important for the early diagnosis and disease 
monitoring of DKD. Three studies (17, 18, 23) reported SCr levels, 
and the associated I2 value was 0%. Therefore, we used a fixed-
effects model in this study. The results from the forest plot analysis 
(Figure 6) showed that treatment with SCT was associated with 
significant changes in SCr levels (Z = 2.34; p = 0.02), and the trial 
group with stem cell injection as the intervention showed 
significantly reduced SCr levels in patients with diabetes 
(SMD = −0.65, 95% CI = −1.19 to −0.1, p = 0.02).

3.4.3 Effect of SCT on MAU
MAU is an early hallmark of DKD. Persistent MAU was 

significantly positively associated with the risk of developing clinical 
proteinuria in patients with diabetes, indicating that MAU is 
important for preventing DKD development. A comprehensive 
analysis of MAU was conducted in two studies (18, 23), presented in T
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Figure 7A. SCT was associated with significant changes in MAU levels 
(Z = 2.72; p = 0.007), with low inter-study heterogeneity and an I2 
value of 41, suggesting high agreement between the findings. Analysis 
of the forest plot data showed that MAU levels in the SCT group were 
significantly lower than those in the control group (MD = −32.1, 95% 
CI = −55.26 to −8.94, p = 0.007).

3.4.4 Effect of SCT on UACR
UACR is an indicator for urinary protein excretion and is a key 

parameter in the early screening of DKD. Elevated UACR predicts the 
presence of kidney injury, especially in patients with diabetes. 
Integrating the available data (18, 23), we visually demonstrated the 
results of the UACR study (Figure 7B). After statistical analysis, the 

TABLE 2  Study characteristics.

First author, 
year

Injection dose Diagnosis Duration Primary 
outcomes

Secondary outcomes

Perico, 2023 80 × 106 cells T2DM 18 M Safety: the number and 

severity of prespecified 

cell infusion-associated 

events and the overall 

number and frequency of 

AEs and unexpected 

severe AEs

mGFR, eGFR (MDRD, CKD-EPI), UACR, 

fasting blood glucose, HbA1c, total 

cholesterol, LDL cholesterol, triglycerides, 

BP, anti-HLA antibody development, 

proportion of total number of circulating 

lymphocyte (T cells, B cells, and NK cells), 

myeloid cell (monocytes and dendritic 

cells) subsets and plasma serum 

immunoassay-derived concentrations of 

biomarkers of inflammation

Wu, 2021 1.10 ± 0.22 × 106

MSCs/kg

T1DM 8 Y The incidence of chronic 

complications, including 

DPN, DN, DRP

Safety, HbA1c, exogenous insulin 

requirement (daily dose), fasting blood 

glucose, fasting C peptide, microalbumin, 

SCr, eGFR (MD-RD)
0.61 ± 0.26 × 1010

aBM-MNCs/kg

Packham, 2016 — T2DM 60 M Safety, eGFR (MDRD, 

CKD-EPI), mGFR

Serum creatinine, creatinine clearance, 

albumin-creatinine ratio, protein-

creatinine ratio, cystatin-C, HbA1c or BP, 

IL-6, TNF-α, adiponectin, TGF-β, uric acid, 

FGF23

150 × 106 cells

300 × 106 cells

Gaipov, 2018 140 × 106 cells T1DM NGAL, Urinary type-IV 

collagen, 

microalbuminuria, eGFR 

(CKD-EPI)

Fasting C-peptide, fasting serum insulin, 

HbA1C, glucose fasting, glucose 

postprandial, insulin-replacement, insulin 

short-acting, insulin long-acting, 

β-blockers, ACE-inhibitors, Ca-channel 

blockers

T1DM, type 1 diabetes mellitus; T2DM, type 1 diabetes mellitus; AE, adverse event; M, months; Y, years; mGFR, measured glomerular filtration rate; eGFR, estimated glomerular filtration rate; 
MDRD, modification of diet in renal disease; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; UACR, urine albumin/creatinine ratio; HbA1c, hemoglobin A1c; LDL, low-density 
lipoprotein; BP, blood pressure; DN, diabetic nephropathy; SCr, serum creatinine; IL, interleukin; TNF, tumor necrosis factor; TGF, transforming growth factor; HLA, human leukocyte antigen; 
DPN, diabetic peripheral neuropathy; DRP, diabetic retinopathy; FGF23, fibroblast growth factor 23; NGAL, neutrophil gelatinase-associated lipocalin; ACE, angiotensin-converting enzyme.

FIGURE 2

Risk of bias graph: judgments of each risk of bias item, presented as a percentage.
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effect of SCT in reducing UACR did not meet the requirements of 
statistical significance (Z = 0.95, p = 0.34). In addition, inter-study 
heterogeneity was low (I2 = 0%, p = 0.54). No significant difference in 
the UACR was found between the test and control groups 
(MD = −63.36, 95% CI: −194.52 to 67.79, p = 0.34) (see Figure 7B).

3.4.5 Adverse event reporting results
We performed a meta-analysis of the studies (17, 22, 23) with 

respect to the SCT-induced AEs in Table 3. The AEs were categorized 

into eight major systems: circulatory, respiratory, digestive, nervous, 
urinary, musculoskeletal, endocrine, and immune systems, as well as 
unclassified events. The experimental group reported 67 AEs in 60 
subjects. The control group reported 35 AEs in 28 subjects. Combined, 
there were 102 AEs in 88 subjects across all systems. The highest 
number of AEs was observed in the respiratory system, with 29 events 
in 22 subjects. The experimental group had 15 events in 12 subjects, 
while the control group had 14 events in 10 subjects. This suggests a 
similar incidence of respiratory AEs in both groups. The 

FIGURE 3

Risk of bias summary: judgments of each risk of bias item for each included study.

FIGURE 4

Subgroup analysis for estimated glomerular filtration rate (eGFR).
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FIGURE 5

Subgroup analysis for eGFR in different types of diabetes. T2DM*: eGFR was measured according to the Chronic Kidney Disease Epidemiology 
Collaboration (CKD-EPI) formula. T2DM^: eGFR was measured according to the Modification of Diet in Renal Disease (MDRD) formula.

FIGURE 6

Forest plot for serum creatinine (SCr).

FIGURE 7

Forest plot for urine markers. (A) Microalbuminuria (MAU). (B) Urine albumin/creatinine ratio (UACR).
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second-highest number of AEs was observed in the endocrine system, 
with 16 events in 13 subjects. The experimental group had 9 events in 
8 subjects, while the control group had 7 events in 5 subjects. Notably, 
severe hypoglycemia accounted for a significant portion of these 
events. In the urinary system, the experimental group reported 4 
events in 4 subjects, while the control group had no AEs in this 
category. This highlights a potential safety concern specific to the 
experimental intervention. Meanwhile, in the nervous system, the 
experimental group had a higher number of events (9 in 9 subjects) 
compared to the control group (1 in 1 subject), indicating a possible 
increased risk of neurological AEs with the experimental intervention. 
The specific classification of AEs can be  found in 
Supplementary Table 1.

4 Discussion

A previous systematic review demonstrated the significant effect 
of SCT on chronic kidney disease in animal models by showing that 
it can help reduce the incidence of DKD. This treatment effectively 
improved kidney function while reducing the release of kidney injury 
markers, renal fibrosis, and inflammatory mediators, as well as high 
glucose levels, MAU, eGFR, and SCr levels (15, 16, 24). Previous 
studies have largely been based on these models; however, the efficacy 
and safety of SCT for DKD remain nebulous owing to the lack of long-
term clinical trial data. In particular, the types of stem cells, their 
sources, and the selection of dosages are controversial among different 
studies. In this study, we included four RCTs and found that SCT 
safely and effectively improved eGFR and SCr levels and reduced 
MAU in patients with DKD. However, SCT did not improve UACR or 
blood sugar levels (Supplementary Figure S1). Additionally, there was 
no significant difference in the incidence of adverse events between 
the two groups.

The efficacy of SCT through various cell delivery pathways and in 
various cell types remains controversial. Intravenous delivery of 
MSCs, currently the most widely studied cell type for DKD and related 
kidney diseases, is restricted by the lungs and spleen, which results in 
a low number of cells reaching the kidney that may not be sufficiently 
active (25). Following the intravenous infusion, most MSCs remain in 
the lungs in the short term, with 50–60% of MSCs remaining in the 
lungs at 1 h post-injection, decreasing to 30% after 3 h, and 

maintaining stable levels at 96 h (26). Subsequently, the MSCs are 
gradually cleared from the lungs and accumulate in the liver and 
spleen. This phenomenon is known as the “lung first-pass effect” (27). 
Due to their large size, MSCs are easily trapped in the lung capillaries. 
Therefore, different infusion routes or preconditioning methods may 
increase the number and activity of MSCs reaching the kidney.

Other types of cells may have better results in improving kidney 
outcomes. For example, UC/AF cells reduce SCr, fibrosis, and 
inflammation similar to MSCs and to a greater extent than by 
non-MSCs (28). Compared to MSCs, UC/AF cells also reduced 
proteinuria to a greater extent. Arterial injection can avoid pulmonary 
entrapment in the first cycle and improve the targeting efficiency. 
Researchers have examined the efficacy of various cell delivery 
pathways in animal models of chronic kidney disease. In a meta-
analysis, the caudal vein (70% of studies, 28 animals) was the most 
effective in reducing renal function outcomes; however, in one study, 
renal artery delivery was more effective in reducing anti-fibrotic 
factors than previously reported. Rashed et al. (29) and Han et al. (30) 
have shown that melatonin (MT) preconditioning can improve the 
proliferative antioxidant capacity and angiogenesis capacity of 
BMSCs and enhance their therapeutic effect on DN by promoting the 
recovery of neurotrophic effects and myelination. These methods 
may increase the accumulation of MSCs in the kidneys, thereby 
enhancing their therapeutic effect. In our meta-analysis, all cells were 
MSCs, and only one of the included studies (23) used arterial 
injections. However, there was no significant difference in SCr or 
eGFR levels between the SCT and control groups, unlike in MAU 
levels. Future studies may provide a clear answer regarding the 
superior cell injection pathways and cell tissue sources in 
DKD therapy.

The two most effective biomarkers for assessing kidney health are 
eGFR and albuminuria (or proteinuria) (31). eGFR is the gold 
standard for accurately measuring overall kidney function (32). In 
addition, estimates of eGFR are based on serological biomarkers of 
renal filtration, most commonly SCr (33). In existing animal models 
and clinical trials, SCT is associated with improvements in renal 
function, such as stabilization or enhancement of GFR and reduction 
of proteinuria. Lin et al. (15) in a meta-analysis, found that SCT has a 
potential renoprotective effect, significantly reducing SCr and blood 
urea nitrogen levels and mitigating renal impairment. The meta-
analysis by Papazova et al. (16) showed that SCT could reduce the 

TABLE 3  Summary of adverse event.

System Experimental group total (cases/subjects) Control group total (cases/
subjects)

Circulatory system 11/8 3/2

Respiratory system 15/12 14/10

Digestive system 7/7 3/3

Nervous system 9/9 1/1

Urinary system 4/4 0/0

Musculoskeletal system 4/4 4/4

Endocrine system 9/8 7/5

Immune system 3/3 2/2

Unclassified 5/5 1/1

Total 67/60 35/28
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occurrence and progression of chronic kidney disease, especially 
through the improvement of urinary protein, SCr, and eGFR levels. 
The results of the meta-analysis in this study are consistent with these 
findings, showing that SCT significantly improved the degree of 
disease activity, albuminuria, SCr, and eGFR levels in DKD. However, 
the GFR level at which individuals benefit the most from SCT remains 
undetermined, and this “treatment window” has been explored in 
clinical nephrology trials, including the angiotensin-receptor blocker 
irbesartan in DN (34) and fish oil in IgA nephropathy (35).

In addition, we found differences in the efficacy of cell therapies 
at the molecular level as well as changes in blood glucose levels 
between different species, which may be  related to the tightly 
controlled conditions and detailed evaluation of animal trials. Clinical 
trials must consider more practical application factors, such as 
individual differences and concomitant diseases. For example, Ezquer 
et al. (36) administered pluripotent mesenchymal stromal cells to mice 
with DM to study the preventive effect of SCT on chronic kidney 
disease secondary to DM; this led to the regeneration of the pancreas 
and kidneys by reversing high blood sugar levels and reducing 
proteinuria. In another study, Ezquer et al. (37) observed a reduction 
in proteinuria despite hyperglycemia and hypoinsulinemia following 
transplantation of autologous bone marrow mesenchymal stem cells 
(AB-MSCs), highlighting the direct renoprotective function of stem 
cells. The opposite results were obtained by Liu et al. (38). DN was 
induced in Sprague–Dawley rats using intrabitoneal injection of 
streptozotocin, and, after MSC transplantation, the blood glucose level 
showed improvements but proteinuria did not improve. Wang et al. 
(39) investigated direct renal regeneration in experimental rat models 
with type 1 DN, where intra-arterial administration of BMSCs 
prevented the development of proteinuria and podocyte damage or 
loss but did not improve blood glucose levels. In the current meta-
analysis, SCT treatment was significantly effective in reducing 
albuminuria but not in improving glycemic control in patients with 
DKD. This result should be interpreted with caution as it is based on 
pooled data from a small number of studies.

MSC infusion reduces the production of profibrotic markers and 
inflammatory factors, as demonstrated by decreased levels of 
interleukin (IL)-6 and tumor necrosis factor-α (TNF-α) and increased 
levels of the anti-inflammatory cytokines IL-4 and IL-10 (40, 41). Li 
et  al. (26) determined the levels of validated cytokines in serum 
samples of DN rats using Milliplex rat cytokine kit and suggested that 
MSC treatment significantly reduced the expression of IL-1α, IL-1β, 
IL-6, and interferon-γ. After lipopolysaccharide stimulation of 
macrophages, the expression of proinflammatory cytokines such as 
IL-6, IL-1β, TNF-α, and monocyte chemoattractant protein-1 
increased. SCT can also serve as treatment for other kidney diseases. 
Chang et al. (42) evaluated the role of MSCs in anti-Thy1.1-induced 
glomerulonephritis rat models and found that the intrarenal 
transplantation of hypoxia-preconditioned MSCs reduced glomerular 
apoptosis, autophagy, and inflammation. Song et al. (43) in adriamycin 
(ADR) nephropathy rats, showed that MSCs reduced oxidative stress 
and inflammation by inhibiting nuclear factor-kappa B and improved 
glomerular sclerosis and interstitial fibrosis, alleviating ADR 
nephropathy. In the clinical trials included in this study, SCT did not 
have a prominent anti-inflammatory effect; Perico’s et al. trial (17) 
showed an increasing trend in the serum inflammatory biomarkers 
such as soluble TNF receptor 1, neutrophil gelatinase-associated 
lipocalin, and vascular cell adhesion molecule 1 during the 18-month 

follow-up period, with no difference between groups. A multicenter 
RCT study by Packham et al. (22) showed no significant change in 
TNF-α levels. Owing to the differences in the anti-inflammatory 
effects of MSCs observed in animal models and clinical trials, the 
inflammatory markers selected in different studies may differ, and the 
measurement methods may affect the interpretation of the results. For 
example, some studies may use more sensitive biomarkers or more 
precise measurement techniques that more accurately reflect changes 
in the inflammatory status. In animal studies, the route of 
administration of MSCs (intravenous injection and intrarenal 
transplantation) and dosage may differ from those in clinical trials. In 
humans, higher doses of MSCs or specific routes of administration 
may be required to achieve anti-inflammatory effects similar to those 
observed in animals.

Exploring the potential mechanisms underlying cell-based 
regenerative therapies is key in treating DKD. MSCs protect the kidneys 
from damage through multiple pathways involving autonomously 
targeted, anti-apoptotic, anti-inflammatory, antioxidant, and anti-
fibrotic effects and podocyte autophagy regulation (44, 45) The 
mechanism of this therapy is mainly achieved through two pathways: 
the paracrine action of stem cells and the exosomes secreted by stem 
cells (24, 46). First, MSCs reduce the expression of transforming growth 
factor β1 (TGFβ1) and inhibit the transdifferentiation of glomerular 
cells into myofibroblasts, which is a key pathological process in renal 
fibrosis. In addition, MSCs reduce the abnormal proliferation of 
glomerular cells by inhibiting the activation of phosphatidylinositol 
3-kinase/Akt and mitogen-activated protein kinase signaling pathways, 
which are key factors in extracellular matrix (ECM) accumulation and 
glomerular expansion in DN. MSCs can also increase the expression of 
matrix metalloprotein 2 (MMP2) and MMP9, promote the degradation 
of ECM proteins, and reduce excessive accumulation of 
ECM. Simultaneously, MSCs secrete various cell growth factors, such as 
epidermal growth factor, which reduce the apoptosis of podocytes 
induced by hyperglycemia and promote the repair and regeneration of 
podocytes. Second, stem cells play a therapeutic role by secreting 
exosomes. Exosomes contain a variety of microRNAs (miRNAs) and 
mRNAs that regulate gene expression in target cells. For example, 
miR-21 inhibits the expression of programmed cell death protein 4 and 
reduces TGF-β-induced fibrosis. miR-192 and miR-215 downregulate 
E-cadherin expression and alleviate renal fibrosis. Exosomes transfer 
their contents to damaged tissues, promote the proliferation of 
glomerular and tubular epithelial cells, inhibit apoptosis, and repair 
damaged kidney tissues. Exosomes also inhibit the inflammatory 
response, reduce the infiltration of inflammatory cells and the 
production of inflammatory factors, and reduce the inflammation of the 
glomeruli and renal tubules (47–49).

The main challenges in applying SCT in patients with DKD are 
efficacy. T1DM is an autoimmune disease characterized by the 
destruction of pancreatic β-cells, leading to an absolute deficiency of 
insulin. Exogenous insulin therapy is particularly crucial in T1DM (50). 
Meanwhile, many T2DM patients eventually require exogenous insulin 
therapy as the disease progresses (51). SCT that aim to improve insulin 
independence at the source represent an innovative approach in the 
treatment strategies for diabetes. The latest clinical trial (NCT04786262) 
has showcased a groundbreaking advancement in the treatment of 
T1DM with VX-880. VX-880, an allogeneic stem cell therapy, has the 
capability to differentiate into islet cells. When administered via the 
hepatic portal vein, it homes to the liver and commences insulin 

https://doi.org/10.3389/fmed.2025.1601900
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Du et al.� 10.3389/fmed.2025.1601900

Frontiers in Medicine 10 frontiersin.org

secretion. Following a single, full-dose infusion of VX-880, all T1DM 
patients successfully received islet cell transplantation. Notably, most 
significantly reduced or even completely eliminated the need for 
exogenous insulin. The SCT has also shown breakthroughs in the 
management of T2DM and its complications, especially in promoting 
pancreatic regeneration and reducing insulin resistance (52). A patient 
with ESKD had autologous MSCs transdifferentiated into induced 
pluripotent stem cells (iPSCs) and received regenerative islet 
transplantation. The patient successfully got rid of the dependence on 
exogenous insulin after surgery, and the oral hypoglycemic drugs were 
gradually discontinued. The kidney and other indicators were normal, 
indicating that SCT effectively prevented the deterioration of 
complications. The emergence of SCT signifies a revolutionary shift in 
the therapeutic strategies for diabetes, offering the potential for 
physiological reconstruction of islet function. Our research findings 
indicate that SCT has shown promise and efficacy in controlling 
markers of kidney damage, yet there is a necessity for further studies to 
explore its applicability across various subtypes of diabetes and to 
address the limitations inherent in current research.

Exosomes are cell-secreted nanovesicles that naturally contain 
biomolecular cargoes such as lipids, proteins, and nucleic acids (53). 
They function as intercellular communicators, transporting a diverse 
cargo of bioactive molecules—including proteins, lipids, messenger 
RNAs (mRNAs), and microRNAs (miRNAs)—from the parent MSCs 
to recipient cells (54). This cargo endows exosomes with inherent 
therapeutic properties relevant to DKD, demonstrating remarkable 
efficacy in treatment. Relevant research suggests that through exosomal 
delivery of miRNA-16-5p or miRNA-26a-5p, can protect podocytes 
from hyperglycemia-induced damage (55). Chronic inflammation is a 
cornerstone of DKD progression (56). Exosomes could be engineered 
to deliver anti-inflammatory cytokines like IL-10 directly to the 
inflamed renal microenvironment. For instance, adipose-derived MSC 
(ADMSC) exosomes have been shown to suppress IL-6 production in 
glomerular mesangial cells via miR-125a, thereby mitigating mesangial 
hyperplasia and kidney fibrosis (56). While the prospect of using 
engineered stem cell derivatives for DKD appears promising, the long-
term stability of the final engineered exosome product also needs to 
be ensured. Moreover, advanced engineered therapies will require even 
more rigorous validation processes.

In conclusion, while the SCT may offer therapeutic benefits, the 
safety profile, as indicated by the higher incidence of AEs, cannot 
be  overlooked. The meta-analysis reveals that the experimental 
intervention is associated with a higher overall frequency of AEs 
compared to the control group. Specifically, the experimental group 
reported 67 AEs in 60 subjects, while the control group reported 35 AEs 
in 28 subjects. This suggests that the experimental intervention may 
carry an increased risk of adverse outcomes, which warrants careful 
consideration. The distribution of AEs across different systems provides 
further granularity into the potential risks associated with the 
experimental intervention. Notably, the respiratory system and 
endocrine system exhibited the highest incidence of AEs, with 29 events 
in 22 subjects and 16 events in 13 subjects, respectively. In the respiratory 
system, the experimental group reported 15 events in 12 subjects, 
compared to 14 events in 10 subjects in the control group. This indicates 
a similar incidence rate between the groups but highlights the need for 
vigilance in monitoring respiratory-related AEs. In contrast, the 
endocrine system showed a more pronounced difference, with the 
experimental group experiencing 9 events in 8 subjects, compared to 7 

events in 5 subjects in the control group. This discrepancy is particularly 
concerning given the potential long term implications of endocrine-
related AEs, such as severe hypoglycemia. Another noteworthy finding 
is the complete absence of AEs in the urinary system within the control 
group, compared to 4 events in 4 subjects in the experimental group. This 
stark contrast suggests a potential intervention-related risk that requires 
further investigation. The presence of such events in the experimental 
group alone raises attention about the safety profile of the intervention 
and its impact on renal function and overall urinary health. The potential 
intervention-related adverse events in the urinary system highlight the 
need for long-term follow-up studies to assess the chronic effects on 
renal function. The nervous system also exhibited a higher incidence of 
AEs in the experimental group, with 9 events in 9 subjects, compared to 
only 1 event in 1 subject in the control group. This suggests that the 
experimental intervention may have neurotoxic effects or other 
neurological implications that need to be explored in future studies. 
Additionally, the musculoskeletal system showed a balanced distribution 
of AEs, with 4 events in 4 subjects in both groups, indicating that the 
intervention may not significantly impact this system. Future research 
should prioritize targeted monitoring and mechanistic studies to address 
these safety concerns, and conduct long-term follow-up to ensure that 
the intervention can be safely implemented in clinical practice.

4.1 Limitations

The study had several limitations. First, the number of RCTs 
included in this study was small, possibly contributing to the risk of 
not accounting for all findings. Second, most clinical stem cell 
studies are still in early phases, with significant variations in stem 
cell isolation, purification methods, and injection routes. Critically, 
the reporting of detailed stem cell collection, apheresis, and 
processing protocols within the included primary studies is often 
inconsistent and incomplete. These variations in product collection 
and preparation techniques can significantly impact the composition 
and potency of the administered cell product. This issue was not 
explicitly addressed in our analysis and likely contributes to the 
heterogeneity in outcomes. This highlights the current lack of 
standardized, effective strategies for precisely targeting stem cells to 
damaged tissues in clinical practice. Different transplantation 
methods demonstrably impact MSC survival and homing rates; 
consequently, the optimal implantation technique, treatment timing, 
and number of injections remain to be determined. Third, due to the 
limited number and small sample size of the included RCTs, we were 
unable to validate the treatment effects at the level of circulating 
cytokines or other mechanistic biomarkers, which are crucial for 
understanding the biological pathways involved. Fourth, the analysis 
relied solely on trial-level data, incorporating only main trial results. 
Individual patient data were unavailable; such data could clarify 
whether stem cell benefits are specific to DKD patients. While our 
subgroup analysis used eGFR, its reliability will improve with greater 
access to individual patient data. Fifth, the progression from DKD 
to ESKD varies widely among patients (taking years to decades), 
influenced by baseline renal function, glycemic control, blood 
pressure management, and lifestyle. Trial participants were at 
different DKD stages during follow-up, likely leading to varied 
responses to cell therapy. This heterogeneity inevitably introduces 
bias into the meta-analysis results. Although the topic remains 
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controversial, stem cell therapy for DKD is a promising field—
provided it is appropriately and thoroughly addressed. Therefore, 
future studies must prioritize larger-scale randomized controlled 
trials involving participants at similar stages of kidney injury, 
rigorously standardizing and reporting cell product characteristics, 
incorporating mechanistic biomarker assessments to verify our 
conclusions and advance the field reliably.

5 Conclusion

The results of this study suggest that SCT can serve as a potential 
treatment modality for DKD and that it can significantly improve 
eGFR, decrease SCr, and reduce MAU, thus reducing renal damage. 
However, this study also showed that SCT was not effective in 
improving UACR levels. Owing to the obvious heterogeneity between 
the included studies, our results should be verified in RCTs with large 
sample sizes.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author.

Author contributions

HD: Validation, Conceptualization, Data curation, Project 
administration, Writing – review & editing, Supervision, Methodology, 
Resources, Writing – original draft, Investigation, Formal analysis, 
Software, Visualization, Funding acquisition. CX: Writing – original 
draft, Supervision, Conceptualization, Investigation, Writing – review 
& editing. YY: Conceptualization, Writing – review & editing. YL: 
Supervision, Writing  – review & editing, Validation. JC: Formal 
analysis, Data curation, Conceptualization, Writing – original draft. 
ZL: Methodology, Data curation, Software, Writing  – review & 
editing. JY: Project administration, Writing  – review & editing, 
Methodology. WL: Writing – review & editing, Writing – original 
draft, Resources.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This study was supported 
by the Science and Technology Research Project of Jiangxi Provincial 
Education (GJJ190801) to WL.

Acknowledgments

The authors would like to thank the staff of Gannan Medical 
University for their valuable assistance.

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 AI statement

The authors declare that no Gen 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.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fmed.2025.1601900/
full#supplementary-material

References

	1.	The Lancet. Diabetes: a dynamic disease. Lancet. (2017) 389:2163. doi: 
10.1016/S0140-6736(17)31537-4

	2.	Forbes JM, Cooper ME. Mechanisms of diabetic complications. Physiol Rev. (2013) 
93:137–88. doi: 10.1152/physrev.00045.2011

	3.	Galiero R, Caturano A, Vetrano E, Beccia D, Brin C, Alfano M, et al. Peripheral 
neuropathy in diabetes mellitus: pathogenetic mechanisms and diagnostic options. Int 
J Mol Sci. (2023) 24:3554. doi: 10.3390/ijms24043554

	4.	Maric-Bilkan C. Sex differences in micro- and macro-vascular complications of 
diabetes mellitus. Clin Sci. (2017) 131:833–46. doi: 10.1042/CS20160998

	5.	Nakamura K, Miyoshi T, Yoshida M, Akagi S, Saito Y, Ejiri K, et al. Pathophysiology 
and treatment of diabetic cardiomyopathy and heart failure in patients with diabetes 
mellitus. Int J Mol Sci. (2022) 23:3587. doi: 10.3390/ijms23073587

	6.	Ali MK, Pearson-Stuttard J, Selvin E, Gregg EW. Interpreting global trends in type 
2 diabetes complications and mortality. Diabetologia. (2022) 65:3–13. doi: 
10.1007/s00125-021-05585-2

	7.	Ahmad AA, Draves SO, Rosca M. Mitochondria in diabetic kidney disease. Cells. 
(2021) 10:10. doi: 10.3390/cells10112945

	8.	Thomas MC, Brownlee M, Susztak K, Sharma K, Jandeleit-Dahm KAM, Zoungas 
S, et al. Diabetic kidney disease. Nat Rev Dis Primers. (2015) 1:15018. doi: 
10.1038/nrdp.2015.18

	9.	Yamanaka S. Pluripotent stem cell-based cell therapy-promise and challenges. Cell 
Stem Cell. (2020) 27:523–31. doi: 10.1016/j.stem.2020.09.014

	10.	Kim HJ, Cho KR, Jang H, Lee NK, Jung YH, Kim JP, et al. Intracerebroventricular 
injection of human umbilical cord blood mesenchymal stem cells in patients with 
Alzheimer’s disease dementia: a phase I clinical trial. Alzheimer’s Res Ther. (2021) 13:154. 
doi: 10.1186/s13195-021-00897-2

	11.	Cheng L, Wang S, Peng C, Zou X, Yang C, Mei H, et al. Human umbilical cord 
mesenchymal stem cells for psoriasis: a phase 1/2a, single-arm study. Signal Transduct 
Target Ther. (2022) 7:263. doi: 10.1038/s41392-022-01059-y

	12.	Shirbaghaee Z, Heidari Keshel S, Rasouli M, Valizadeh M, Hashemi Nazari SS, 
Hassani M, et al. Report of a phase 1 clinical trial for safety assessment of human 
placental mesenchymal stem cells therapy in patients with critical limb ischemia (CLI). 
Stem Cell Res Ther. (2023) 14:174. doi: 10.1186/s13287-023-03390-9

	13.	Fodor PB, Paulseth SG. Adipose derived stromal cell (ADSC) injections for pain 
management of osteoarthritis in the human knee joint. Aesthet Surg J. (2016) 36:229–36. 
doi: 10.1093/asj/sjv135

https://doi.org/10.3389/fmed.2025.1601900
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2025.1601900/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2025.1601900/full#supplementary-material
https://doi.org/10.1016/S0140-6736(17)31537-4
https://doi.org/10.1152/physrev.00045.2011
https://doi.org/10.3390/ijms24043554
https://doi.org/10.1042/CS20160998
https://doi.org/10.3390/ijms23073587
https://doi.org/10.1007/s00125-021-05585-2
https://doi.org/10.3390/cells10112945
https://doi.org/10.1038/nrdp.2015.18
https://doi.org/10.1016/j.stem.2020.09.014
https://doi.org/10.1186/s13195-021-00897-2
https://doi.org/10.1038/s41392-022-01059-y
https://doi.org/10.1186/s13287-023-03390-9
https://doi.org/10.1093/asj/sjv135


Du et al.� 10.3389/fmed.2025.1601900

Frontiers in Medicine 12 frontiersin.org

	14.	Lightner AL, SenGupta V, Qian S, Ransom JT, Suzuki S, Park DJ, et al. Bone 
marrow mesenchymal stem cell-derived extracellular vesicle infusion for the treatment 
of respiratory failure from COVID-19: a randomized, placebo-controlled dosing clinical 
trial. Chest. (2023) 164:1444–53. doi: 10.1016/j.chest.2023.06.024

	15.	Lin W, Li H-Y, Yang Q, Chen G, Lin S, Liao C, et al. Administration of 
mesenchymal stem cells in diabetic kidney disease: a systematic review and meta-
analysis. Stem Cell Res Ther. (2021) 12:43. doi: 10.1186/s13287-020-02108-5

	16.	Papazova DA, Oosterhuis NR, Gremmels H, van Koppen A, Joles JA, Verhaar 
MC. Cell-based therapies for experimental chronic kidney disease: a systematic 
review and meta-analysis. Dis Model Mech. (2015) 8:281–93. doi: 
10.1242/dmm.017699

	17.	Perico N, Remuzzi G, Griffin MD, Cockwell P, Maxwell AP, Casiraghi F, et al. 
Safety and preliminary efficacy of mesenchymal stromal cell (ORBCEL-M) therapy in 
diabetic kidney disease: a randomized clinical trial (NEPHSTROM). J Am Soc Nephrol. 
(2023) 34:1733–51. doi: 10.1681/ASN.0000000000000189

	18.	Gaipov A, Taubaldiyeva Z, Askarov M, Turebekov Z, Kozina L, Myngbay A, et al. 
Infusion of autologous bone marrow derived mononuclear stem cells potentially reduces 
urinary markers in diabetic nephropathy. J Nephrol. (2019) 32:65–73. doi: 
10.1007/s40620-018-0548-5

	19.	Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JPA, et al. 
The PRISMA statement for reporting systematic reviews and meta-analyses of studies 
that evaluate healthcare interventions: explanation and elaboration. BMJ. (2009) 
339:b2700. doi: 10.1136/bmj.b2700

	20.	KDOQI. KDOQI clinical practice guidelines and clinical practice 
recommendations for diabetes and chronic kidney disease. Am J Kidney Dis. (2007) 
49:S12–S154. doi: 10.1053/j.ajkd.2006.12.005

	21.	Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB 2: 
a revised tool for assessing risk of bias in randomised trials. BMJ. (2019) 366:l4898. doi: 
10.1136/bmj.l4898

	22.	Packham DK, Fraser IR, Kerr PG, Segal KR. Allogeneic mesenchymal precursor 
cells (MPC) in diabetic nephropathy: a randomized, placebo-controlled, dose escalation 
study. EBioMedicine. (2016) 12:263–9. doi: 10.1016/j.ebiom.2016.09.011

	23.	Wu Z, Xu X, Cai J, Chen J, Huang L, Wu W, et al. Prevention of chronic diabetic 
complications in type 1 diabetes by co-transplantation of umbilical cord mesenchymal 
stromal cells and autologous bone marrow: a pilot randomized controlled open-label 
clinical study with 8-year follow-up. Cytotherapy. (2022) 24:421–7. doi: 
10.1016/j.jcyt.2021.09.015

	24.	Hu J, Wang Y, Gong H, Yu C, Guo C, Wang F, et al. Long term effect and safety of 
Wharton’s jelly-derived mesenchymal stem cells on type 2 diabetes. Exp Ther Med. 
(2016) 12:1857–66. doi: 10.3892/etm.2016.3544

	25.	Wang X, Chen H, Zeng X, Guo W, Jin Y, Wang S, et al. Efficient lung cancer-
targeted drug delivery via a nanoparticle/MSC system. Acta Pharm Sin B. (2019) 
9:167–76. doi: 10.1016/j.apsb.2018.08.006

	26.	Li Y, Liu J, Liao G, Zhang J, Chen Y, Li L, et al. Early intervention with mesenchymal 
stem cells prevents nephropathy in diabetic rats by ameliorating the inflammatory 
microenvironment. Int J Mol Med. (2018) 41:2629–39. doi: 10.3892/ijmm.2018.3501

	27.	Lee RH, Pulin AA, Seo MJ, Kota DJ, Ylostalo J, Larson BL, et al. Intravenous 
hMSCs improve myocardial infarction in mice because cells embolized in lung are 
activated to secrete the anti-inflammatory protein TSG-6. Cell Stem Cell. (2009) 5:54–63. 
doi: 10.1016/j.stem.2009.05.003

	28.	Hickson LJ, Abedalqader T, Ben-Bernard G, Mondy JM, Bian X, Conley SM, et al. 
A systematic review and meta-analysis of cell-based interventions in experimental 
diabetic kidney disease. Stem Cells Transl Med. (2021) 10:1304–19. doi: 
10.1002/sctm.19-0419

	29.	Rashed LA, Elattar S, Eltablawy N, Ashour H, Mahmoud LM, El-Esawy Y. 
Mesenchymal stem cells pretreated with melatonin ameliorate kidney functions in a rat 
model of diabetic nephropathy. Biochem Cell Biol. (2018) 96:564–71. doi: 
10.1139/bcb-2017-0230

	30.	Han JW, Choi D, Lee MY, Huh YH, Yoon YS. Bone marrow-derived mesenchymal 
stem cells improve diabetic neuropathy by direct modulation of both angiogenesis and 
myelination in peripheral nerves. Cell Transplant. (2016) 25:313–26. doi: 
10.3727/096368915X688209

	31.	Doshi SM, Friedman AN. Diagnosis and management of type 2 diabetic kidney 
disease. Clin J Am Soc Nephrol. (2017) 12:1366–73. doi: 10.2215/CJN.11111016

	32.	Kandhare AD, Mukherjee A, Bodhankar SL. Antioxidant for treatment of diabetic 
nephropathy: a systematic review and meta-analysis. Chem Biol Interact. (2017) 
278:212–21. doi: 10.1016/j.cbi.2017.10.031

	33.	Delanaye P, Glassock RJ, Pottel H, Rule AD. An age-calibrated definition of chronic 
kidney disease: rationale and benefits. Clin Biochem Rev. (2016) 37:17–26.

	34.	Lewis EJ, Hunsicker LG, Clarke WR, Berl T, Pohl MA, Lewis JB, et al. 
Renoprotective effect of the angiotensin-receptor antagonist irbesartan in patients with 
nephropathy due to type 2 diabetes. N Engl J Med. (2001) 345:851–60. doi: 
10.1056/NEJMoa011303

	35.	Donadio JV Jr, Bergstralh EJ, Offord KP, Spencer DC, Holley KE. A controlled trial 
of fish oil in IgA nephropathy. Mayo Nephrology Collaborative Group. N Engl J Med. 
(1994) 331:1194–9. doi: 10.1056/NEJM199411033311804

	36.	Ezquer FE, Ezquer ME, Parrau DB, Carpio D, Yañez AJ, Conget PA. Systemic 
administration of multipotent mesenchymal stromal cells reverts hyperglycemia and 
prevents nephropathy in type 1 diabetic mice. Biol Blood Marrow Transplant. (2008) 
14:631–40. doi: 10.1016/j.bbmt.2008.01.006

	37.	Ezquer F, Ezquer M, Simon V, Pardo F, Yañez A, Carpio D, et al. Endovenous 
administration of bone-marrow-derived multipotent mesenchymal stromal cells 
prevents renal failure in diabetic mice. Biol Blood Marrow Transplant. (2009) 15:1354–65. 
doi: 10.1016/j.bbmt.2009.07.022

	38.	Liu Y, Chen J, Liang H, Cai Y, Li X, Yan L, et al. Human umbilical cord-derived 
mesenchymal stem cells not only ameliorate blood glucose but also protect vascular 
endothelium from diabetic damage through a paracrine mechanism mediated by 
MAPK/ERK signaling. Stem Cell Res Ther. (2022) 13:258. doi: 
10.1186/s13287-022-02927-8

	39.	Wang S, Li Y, Zhao J, Zhang J, Huang Y. Mesenchymal stem cells ameliorate 
podocyte injury and proteinuria in a type 1 diabetic nephropathy rat model. Biol Blood 
Marrow Transplant. (2013) 19:538–46. doi: 10.1016/j.bbmt.2013.01.001

	40.	Villanueva S, Ewertz E, Carrión F, Tapia A, Vergara C, Céspedes C, et al. 
Mesenchymal stem cell injection ameliorates chronic renal failure in a rat model. Clin 
Sci. (2011) 121:489–99. doi: 10.1042/CS20110108

	41.	Semedo P, Correa-Costa M, Antonio Cenedeze M, Maria Avancini Costa 
Malheiros D, Antonia dos Reis M, Shimizu MH, et al. Mesenchymal stem cells attenuate 
renal fibrosis through immune modulation and remodeling properties in a rat remnant 
kidney model. Stem Cells. (2009) 27:3063–73. doi: 10.1002/stem.214

	42.	Chang HH, Hsu SP, Chien CT. Intrarenal transplantation of hypoxic 
preconditioned mesenchymal stem cells improves glomerulonephritis through anti-
oxidation, anti-ER stress, anti-inflammation, anti-apoptosis, and anti-autophagy. 
Antioxidants. (2019) 9:9. doi: 10.3390/antiox9010002

	43.	Song IH, Jung KJ, Lee TJ, Kim JY, Sung EG, Bae YC, et al. Mesenchymal stem cells 
attenuate adriamycin-induced nephropathy by diminishing oxidative stress and 
inflammation via downregulation of the NF-kB. Nephrology. (2018) 23:483–92. doi: 
10.1111/nep.13047

	44.	Jin J, Shi Y, Gong J, Zhao L, Li Y, He Q, et al. Exosome secreted from adipose-
derived stem cells attenuates diabetic nephropathy by promoting autophagy flux and 
inhibiting apoptosis in podocyte. Stem Cell Res Ther. (2019) 10:95. doi: 
10.1186/s13287-019-1177-1

	45.	Piccoli GB, Grassi G, Cabiddu G, Nazha M, Roggero S, Capizzi I, et al. Diabetic 
kidney disease: a syndrome rather than a single disease. Rev Diabet Stud. (2015) 
12:87–109. doi: 10.1900/RDS.2015.12.87

	46.	Liu L, Chen Y, Li X, Wang J, Yang L. Therapeutic potential: the role of mesenchymal 
stem cells from diverse sources and their derived exosomes in diabetic nephropathy. 
Biomed Pharmacother. (2024) 175:116672. doi: 10.1016/j.biopha.2024.116672

	47.	Sun Y, Tao Q, Wu X, Zhang L, Liu Q, Wang L. The utility of exosomes in diagnosis 
and therapy of diabetes mellitus and associated complications. Front Endocrinol. (2021) 
12:756581. doi: 10.3389/fendo.2021.756581

	48.	Xiong J, Hu H, Guo R, Wang H, Jiang H. Mesenchymal stem cell exosomes as a 
new strategy for the treatment of diabetes complications. Front Endocrinol. (2021) 
12:646233. doi: 10.3389/fendo.2021.646233

	49.	Li D, Wang N, Zhang L, Hanyu Z, Xueyuan B, Fu B, et al. Mesenchymal stem cells 
protect podocytes from apoptosis induced by high glucose via secretion of epithelial 
growth factor. Stem Cell Res Ther. (2013) 4:103. doi: 10.1186/scrt314

	50.	Atkinson MA, Eisenbarth GS. Type 1 diabetes: new perspectives on disease 
pathogenesis and treatment. Lancet. (2001) 358:221–9. doi: 10.1016/S0140-6736(01)05415-0

	51.	Stumvoll M, Goldstein BJ, van Haeften TW. Type 2 diabetes: principles of pathogenesis 
and therapy. Lancet. (2005) 365:1333–46. doi: 10.1016/S0140-6736(05)61032-X

	52.	Wu J, Li T, Guo M, Ji J, Meng X, Fu T, et al. Treating a type 2 diabetic patient with 
impaired pancreatic islet function by personalized endoderm stem cell-derived islet 
tissue. Cell Discov. (2024) 10:45. doi: 10.1038/s41421-024-00662-3

	53.	Kim H, Kim EH, Kwak G, Chi SG, Kim SH, Yang Y. Exosomes: cell-derived 
nanoplatforms for the delivery of cancer therapeutics. Int J Mol Sci. (2020) 22:14. doi: 
10.3390/ijms22010014

	54.	Liang Y, Duan L, Lu J, Xia J. Engineering exosomes for targeted drug delivery. 
Theranostics. (2021) 11:3183–95. doi: 10.7150/thno.52570

	55.	Jiao YR, Chen KX, Tang X, Tang YL, Yang HL, Yin YL, et al. Exosomes derived 
from mesenchymal stem cells in diabetes and diabetic complications. Cell Death Dis. 
(2024) 15:271. doi: 10.1038/s41419-024-06659-w

	56.	Rayego-Mateos S, Rodrigues-Diez RR, Fernandez-Fernandez B, Mora-
Fernández C, Marchant V, Donate-Correa J, et al. Targeting inflammation to treat 
diabetic kidney disease: the road to 2030. Kidney Int. (2023) 103:282–96. doi: 
10.1016/j.kint.2022.10.030

https://doi.org/10.3389/fmed.2025.1601900
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.chest.2023.06.024
https://doi.org/10.1186/s13287-020-02108-5
https://doi.org/10.1242/dmm.017699
https://doi.org/10.1681/ASN.0000000000000189
https://doi.org/10.1007/s40620-018-0548-5
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1053/j.ajkd.2006.12.005
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1016/j.ebiom.2016.09.011
https://doi.org/10.1016/j.jcyt.2021.09.015
https://doi.org/10.3892/etm.2016.3544
https://doi.org/10.1016/j.apsb.2018.08.006
https://doi.org/10.3892/ijmm.2018.3501
https://doi.org/10.1016/j.stem.2009.05.003
https://doi.org/10.1002/sctm.19-0419
https://doi.org/10.1139/bcb-2017-0230
https://doi.org/10.3727/096368915X688209
https://doi.org/10.2215/CJN.11111016
https://doi.org/10.1016/j.cbi.2017.10.031
https://doi.org/10.1056/NEJMoa011303
https://doi.org/10.1056/NEJM199411033311804
https://doi.org/10.1016/j.bbmt.2008.01.006
https://doi.org/10.1016/j.bbmt.2009.07.022
https://doi.org/10.1186/s13287-022-02927-8
https://doi.org/10.1016/j.bbmt.2013.01.001
https://doi.org/10.1042/CS20110108
https://doi.org/10.1002/stem.214
https://doi.org/10.3390/antiox9010002
https://doi.org/10.1111/nep.13047
https://doi.org/10.1186/s13287-019-1177-1
https://doi.org/10.1900/RDS.2015.12.87
https://doi.org/10.1016/j.biopha.2024.116672
https://doi.org/10.3389/fendo.2021.756581
https://doi.org/10.3389/fendo.2021.646233
https://doi.org/10.1186/scrt314
https://doi.org/10.1016/S0140-6736(01)05415-0
https://doi.org/10.1016/S0140-6736(05)61032-X
https://doi.org/10.1038/s41421-024-00662-3
https://doi.org/10.3390/ijms22010014
https://doi.org/10.7150/thno.52570
https://doi.org/10.1038/s41419-024-06659-w
https://doi.org/10.1016/j.kint.2022.10.030

	Efficacy of stem cell therapy for diabetic kidney disease: a systematic review and meta-analysis
	1 Introduction
	2 Methods
	2.1 Protocol and registration
	2.2 Search strategy
	2.3 Inclusion criteria
	2.4 Exclusion criteria
	2.5 Study selection
	2.6 Data extraction and literature quality evaluation
	2.6.1 Date collection
	2.6.2 Assessment of risk of bias and quality of evidence
	2.7 Data analysis

	3 Results
	3.1 Eligible studies
	3.2 Study characteristics
	3.3 Quality assessment of the articles
	3.4 Outcome
	3.4.1 Effect of SCT on eGFR
	3.4.2 Effect of SCT on SCr
	3.4.3 Effect of SCT on MAU
	3.4.4 Effect of SCT on UACR
	3.4.5 Adverse event reporting results

	4 Discussion
	4.1 Limitations

	5 Conclusion

	References

