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Abstract
Background: We aimed to determine the effects of systemic therapy with autologous adipose tissue derived mesenchymal stem 
cells (AD-MSCs) on different parameters of peritoneal function and inflammation in peritoneal dialysis (PD) patients. 
Methods: We enrolled nine PD patients with ultrafiltration failure (UFF). Patients received 1.2 ± 0.1 × 106 cell/kg of AD-MSCs via 
cubital vein and were then followed for six months at time points of baseline, 3, 6, 12, 16 and 24 weeks after infusion. UNI-
PET was performed for assessment of peritoneal characteristics at baseline and weeks 12 and 24. Systemic and peritoneal levels 
of tumor necrosis factor α (TNF-α), interleukin-6 (IL-6), IL-2 and CA125 (by ELISA) and gene expression levels of transforming 
growth factor beta (TGF-β), smooth muscle actin (𝛼-SMA) and fibroblast-specific protein-1 (FSP-1) in PD effluent derived cells (by 
quantitative real-time PCR) were measured at baseline and weeks 3, 6, 12, 16 and 24. 
Results: Slight improvement was observed in the following UF capacity indices: free water transport (FWT, 32%), ultrafiltration 
- small pore (UFSP, 18%), ultrafiltration total (UFT, 25%), osmotic conductance to glucose (OCG, 25%), D/P creatinine (0.75 
to 0.70), and Dt/D0 glucose (0.23 to 0.26). There was a slight increase in systemic and peritoneal levels of CA125 and a slight 
decrease in gene expression levels of TGF-β, α-SMA and FSP-1 that was more prominent at week 12 and vanished by the end of 
the study. 
Conclusion: Our results for the first time showed the potential of MSCs for treatment of peritoneal damage in a clinical trial. Our 
results could be regarded as hypothesis suggestion and will need confirmation in future studies.
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Introduction
Chronic kidney disease (CKD) is a slow, progressive and 
irreversible loss of kidney function. Based on the latest 
GBD report in 2017, 697.5 million subjects suffered from 
all-stage CKD worldwide.1 A study in Iran reported 8.9% 
of subjects with CKD stages III–V.2 Importantly, CKD may 
finally progress towards end-stage renal disease (ESRD), 
in which patients need kidney transplantation or dialysis 
to survive. 

Peritoneal dialysis (PD) is the healthiest renal 
replacement modality until kidney transplantation can 
be performed. In our country, continuous ambulatory 
peritoneal dialysis (CAPD) as the most common form of 
PD, comprises 4.1% of all renal replacement modalities.3 
Despite the advantages of this modality, preserving the 
peritoneal membrane (PM) filtration capacity presents the 
most critical challenge in long-term CAPD patients. The 
process of fluid removal as well as solute clearance is done 

through the mechanism of peritoneal ultrafiltration (UF) 
in PD patients. If PD fails to remove the solute and fluid 
to match the needs of patients, they experience a situation 
called ultrafiltration failure (UFF) which is one of the 
most common causes of PD drop out.3 Peritoneal fibrosis 
(PF) is the main cause of filtration capacity loss that has 
two cooperative parts of fibrosis and inflammation with 
inflammation usually proceeding to fibrosis.4 Repeated 
episodes of peritonitis in addition to prolonged exposure of 
PM to bio-incompatible PD solutions trigger production 
of various cytokines mediating inflammatory, fibrogenesis 
and angiogenesis processes. The final ultimate product of 
initiation of this mechanism is progressive detachment 
of mesothelial cell layer as well as its transformation into 
fibroblastoid cells through a process called mesothelial-
mesenchymal transition (MMT).4 Morphologically, the 
interaction of these two arms results in mesothelial cell 
loss, submesothelial compact zone thickening, abnormal 
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angiogenesis and ultimately UFF.5 UFF is common 
in about 20% of patients undergoing long-term PD.6 
Currently, the possibilities for modifying this process 
are limited and therefore, it is crucial to explore the 
therapeutic approaches to alleviate or inhibit PF.

Over the last three decades, tremendous progress has 
been made in the field of regenerative medicine. Based 
on the properties of mesenchymal stem cells (MSCs),7,8 
these cells have been evaluated in experimental studies 
for their therapeutic effects and researchers have started 
to translate these experimental studies into pioneering 
clinical trials.9-11 Regarding PD, we have shown in a 
systematic review that use of stem cells in experimental 
studies is associated with significant improvement in 
structural indices of PF as well as the functional capacity of 
PM.12 Based on these observations, in a previous pioneer 
pilot trial, we showed that autologous adipose tissue-
derived MSCs (AD-MSCs) can be obtained, proliferated 
in vitro and injected safely via intravenous (IV) infusion to 
patients who were on maintenance CAPD.13 Here in this 
study, we aimed to further explore the effects of MSCs on 
PM characteristics. We evaluated the effects of AD-MSCs 
treatment on the expression levels of transforming growth 
factor beta (TGF-β), fibroblast-specific protein-1 (FSP-
1) and smooth muscle actin (𝛼-SMA) on cells derived 
from PD-effluent. Studies showed that TGF-β is the main 
fibrogenic signal conductor for development of PF.4,5 In the 
normal peritoneum, the resident fibroblasts are scattered 
in the submesothelial connective tissue and identified by 
their spindle-shape appearance and expression of FSP-
1. Following stimulation with fibrogenic factor TGF-𝛽, 
fibroblasts transform into an activated phenotype that is 
characterized by the expression of 𝛼-SMA.5 Evaluating 
the expression levels of these genes following MSCs 
treatment could help us to clarify the probable underlying 
mechanism of the effects of MSCs treatment on PF.

Materials and Methods
Study Design and Patient Selection
Many preclinical, clinical and meta-analysis studies have 
shown the safety of autologous MSCs in different animal 
models and populations.14 Moreover, preclinical studies of 
animal models of PD have shown safety of MSCs. Based 
on these observations and published data, we designed our 
study as a prospective, open-label, pilot study to evaluate 
the PM characteristics and cellular changes after single IV 
infusion of AD-MSCs in PD patients.

The Institutional Review Board and the local Ethics 
Committee of Tehran University of Medical Sciences 
(code: 93-03-47-27290-146850) and Royan Institute (IR.
ACECR.ROYAN.REC.1395.2294000123) approved this 
study. The IRCT of this study is IRCT2015052415841N2. 
All participants gave informed written consent. The 
complete protocol has been provided previously.13 As 
we have previously shown that UFF is a risk factor 
for developing severe PF,15 we included adult patients 
(aged > 18 years) who were on CAPD for at least 2 years 

and suffered from UFF. UFF was defined as UF < 400 mL 
after 4-hour dwell duration with 4.25% dextrose-based 
PD fluid. Patients needed to be free of peritonitis at the 
time of enrollment and follow-up sampling. 

Isolation, Expansion of AD-MSCs
The complete protocol of AD-MSCs isolation, expansion, 
immunophenotyping, and quality control has been 
reported previously.13 In brief, autologous adipose tissue 
was collected under local anesthesia through lipo-
aspiration at Royan Institute. Samples were washed, 
enzymatically digested and centrifuged. The pellets 
were then filtered and plated in culture flask till 90% 
confluency was achieved. The washed and detached cells 
were counted and loaded into 10-mL sterile syringes for 
IV administration. The immunophenotypes of cells were 
characterized for each patient using 2 × 105 MSCs from 
passage 2 cells. 

Quality Control Tests of AD-MSCs
For quality control, the following tests were performed: 
limulus amebocyte lysate gel clot assays, analysis of 
microbial tests, detection of mycoplasma and finally, 
karyotyping. All the procedures were done according to the 
protocols of the “Iranian Health Ministry Pharmacopoeia 
Commission” and “Department of Health and Human 
Services Food and Drug” for cell and tissue validation 
tests.13

AD-MSCs Administration
AD-MSCs were suspended in 50 mL normal saline and 
injected under sterile conditions through the cubital vein 
according to our infusion protocol. Each patient received 
at least 106 cells/kg. We chose this dose of AD-MSCs based 
on studies performed in animal models of PD as well as 
clinical trials of CKD patients.9,12 The complete details of 
safety assessment have been provided previously.13 In brief, 
safety was evaluated based on occurrence of serious and 
non-serious adverse events, and also the abnormalities in 
laboratory data according to the Common Terminology 
Criteria for Adverse Events. 

Assessments of Peritoneal Membrane Function
For assessment of peritoneal function, we used the UNI- 
peritoneal equilibration test (UNI-PET) before (V- 1) 
and 12 (V- 4) and 24 weeks (V- 6) after treatment with 
AD-MSCs. This test is a combination of ordinary 3.86%-
PET and Double Mini-PET.16 In brief, after an 8–12-
hour overnight dwell with 1.36% glucose solution with 
lactate as buffer, dialysate was drained and volume was 
measured. Then, a fresh 2 L 1.36% glucose solution was 
infused. Duration of infusion was recorded and fresh 
PD fluid samples were taken from the bags at the end of 
infusion. After 1 hour, complete drainage was done with 
the volume and duration recorded. A 5-mL blood sample 
and 10 mL of PD effluent were collected for laboratory 
measurements. The steps of infusion and drainage were 
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repeated with 3.85% glucose solution. Then, the drained 
dialysate was flushed back into the peritoneum with the 
volume and duration recorded and samples collected. After 
3 hours, complete drainage (by gravity in 20 minutes) was 
done with the volume and duration of infusion recorded 
and samples collected from the dialysate and blood. All 
collected samples from blood and PD effluent were sent to 
one specific laboratory for measuring the levels of blood 
urea nitrogen (BUN), creatinine, glucose, Na, albumin and 
total protein. The measured parameters were calculated 
according to La Milia.16

Dt/D0 = dialysate glucose concentration (mg/dL) at the 
end of the test / “fresh” solution glucose concentration 
(mg/dL).

D/P creatinine = dialysate-to-plasma creatinine (mg/
dL) concentration ratio at 4 h

D/P Urea = dialysate-to-plasma Urea (mg/dL) 
concentration ratio at 4 h

Osmotic conductance to glucose (OCG) (mL/min/mm 
Hg) = {(V3.86 – V1.36)/ [19.3 × (G3.86 – G1.36) × t]} × 1.7

Free water transport (FWT) (assessed during the second 
part of the test (3.86% glucose solution)) = ultrafiltration 
total (UFT) (mL) – ultrafiltration of small pore (UFSP) 
(mL)

UFSP (assessed using Na clearance) = [NaR × 1,000]/Na 
plasma

Na R (mmol) (Na removed during the second part of 
the test with the 3.86% solution) = 

Assessment of Inflammatory Cytokines Levels 
The inflammatory markers of interleukin-6 (IL-6), tumor 
necrosis factor α (TNF-α), IL-2 and mesothelial marker 
of cancer antigen 125 (CA125) were measured both in 
the serum and PD effluent. The markers were measured 
by ELISA using the IBL-International kit (IL-6: cat no. 
BE53061, IL-2: cat no. BE53021, TNF-α: cat no. BE55001, 
Ca125: cat no# CA51201, Hamburg, Germany) according 
to the manufacturer’s protocols. Samples and standards 
were analyzed in duplicates with a maximum tolerated 
coefficient of variation (CV) of 20%. We did not report 
the inter-assay CV, since we assessed all samples from one 
patient in one run. 

For measurement of serum levels of above markers, 
5-mL fasting blood samples were collected at V-1 through 
V-6 in coagulant-containing vacutainers and the serum 
was separated and stored at −80°C until all samples were 
ready for assessment.

For measurement of PD effluent levels of the above 
markers, a 5-mL effluent sample was collected after an 
overnight dwell at V-1 through V-6 and stored at −80°C. 
The dwell time and volume of the bag were recorded. In 
order to standardize the levels of the measured marker, the 
quantity of markers was expressed as appearance rate.17

Appearance Rate = (concentration of cytokine × volume 
effluent (mL))/ dwell time (min) 

Assessment of Gene Expression Levels of Fibrosis Markers 
in PD Effluent - Derived Cells
Sterile effluent (~2000 mL) was collected from patients 
after an overnight dwell at V-1 through V-6. Immediately 
afterwards, the whole effluent was poured into as many 
as necessary 50-mL sterile falcon tubes and centrifuged 
at 500 × g and 4°C for 10 minutes and the supernatant 
was discarded. The precipitated cells from all falcons 
were added together and washed twice with PBS. The 
supernatant was discarded and the precipitated cells were 
placed into 1.5-mL DNase/RNase microtubes containing 
lysis buffer. The microtubes were then snap-frozen by 
submerging in liquid nitrogen and stored at -80ºC until all 
samples were ready for processing. 

We used quantitative real-time polymerase chain reaction 
(RT-qPCR) analyses to assess the gene expression levels of 
FSP-1, TGF-β, and α-SMA in PD effluent-derived cells.

For this purpose, total RNA was obtained from frozen 
samples and isolated using RNeasy Micro Kit (Qiagen, 
Hilden, Germany) according to the manufacturer’s 
instructions.

The total RNA from each sample was reverse-transcribed 
to cDNA using RevertAid H Minus First Strand cDNA 
Synthesis Kit (Thermo scientific) for samples with RNA 
concentrations higher than 0.5 μg, and Quantitec, Whole 
Transcriptome Kit (Qiagen, Hilden, Germany) for samples 
with RNA concentrations lower than 0.5 μg, according to 
the manufacturer’s instructions. 

RT-qPCR was performed to determine the relative 
gene expression profiles with 2X SYBR Green master mix 
(Takara) and 10µM of each primer in a total volume of 
20 µL. These reactions were performed on StepOnePlus™ 
Real Time PCR Systems (ABI applied Biosystem). In the 
next step, the size of product was assessed on 1% agarose 
gel. To confirm the specific product amplification and 
elimination of probable contamination, the dissociation 
curve was analyzed. The relative gene expression values 
were determined using the 2−ΔΔCt method (where Ct 
is threshold cycle) of the relative quantification manager 
software (version 1.2.1, Applied Biosystems) with 
normalization to the GAPDH. Amplification reactions 
were performed in duplicate on all samples and for each 
gene. The primers of each gene are presented in Table 1. 

Statistical Analysis 
Continuous data were shown as mean ± SD. Discontinuous 
data were shown as primary values or as a frequency. 
The general linear model was used to calculate repeated 
measures of ANOVAs for functional and inflammatory 
parameters and gene expression from baseline at follow-
up visits. A p-value less than 0.5 was deemed statistically 
significant. Analyses were performed using SPSS (Version 
16.0, NY-USA).
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Results
We recruited 10 patients for this study. One of the 
patients refused to participate in the rest of the study after 
liposuction and was therefore excluded. All nine patients 
finished the follow-up. The mean age of subjects was 55.6 
years (SD:11.9) and the majority of them were female 
subjects (66.7%) (Table 2). The mean duration of PD was 
77.1 months (min-max: 24–124 months). 

Mild Improvement in Peritoneal Membrane Function 
after AD-MSCs Injection
We detected a 32% increase in FWT (P = 0.4) (Figure 1A), 
18% increase in UFSP (P = 0.05) (Figure 1B), and 25% 
increase in UFT (P = 0.2) (baseline vs. week 24, Figure 1C). 
We also measured the OCG which is a measure to quantify 
the ability of PM to generate UF in response to the osmotic 
agent of glucose . OCG increased by 25% from baseline 
(2.86 µL/min/mm Hg) to 24 weeks after treatment (3.6 
µL/min/mm Hg) (P = 0.4) (Figure 1D). The D/P creatinine 
and Dt/D0 glucose, as the parameters of solute transport, 
were improved after treatment with AD-MSCs, although 

only the decrease in D/P creatinine reached the significant 
level (P = 0.02, baseline vs. week 24) (Figure 1E-F).

No Significant Changes in Systemic Levels of 
Inflammatory Markers after AD-MSCs Injection
There were no significant changes in the mean values of 
measured markers following treatment with AD- MSCs 
(Figure 2A-D). The mesothelial marker of CA125 showed 
a slight increase from baseline to week 16 (17.13 vs. 20.58 
U/mL), and then, similar to the other measured markers, 
diminished by the end of the study (16.77 U/mL). As 
shown in Figure 2, there was a large inter-individual 
variability among the included patients. 

No Significant Changes in Peritoneal Fluid Levels of 
Inflammatory Markers after AD-MSCs Injection
The quantity of measured markers in effluent was 
expressed as appearance rate. There were no significant 
changes in peritoneal appearance rate of TNF-α, IL-6, IL-2 
and CA125 at follow-up visits. Notably, the time pattern of 
these markers showed a slight non-significant increase up 
to week 12 (Figure 3) followed by gradual decrease up to 

Table 1. Sequence of Primers Used in this Study

Gene Sequence Expected Lengths

TGF-β Forward:5’-AACATGATCGTGCGCTCTGCAAGTGCAGC-3’
Reverse: 5’-AGGACGGACAGACGTGATA-AGGAA- 3’ 

200 bp

S100A4 (FSP-1) 
Forward:5’-AGGGACAACGAGGTGGACTT-3’ 
Reverse: 5’-CTTCCTGGGCTGCTTATCTGG-3’

105 bp

ACTA2 (α-SMA) 
Forward: 5’-AGCGTGGCTATTCCTTCGTTA-3’ 153 bp
Reverse: 5’-GCCCATCAGGCAACTCGTAA-3’

153 bp

GAPDH
Forward: 5’-AGAAGGCTGGGGCTCATTTG-3’
Reverse: 5’-AGGGGCCATCCACAGTCTTC-3’

258 bp

Table 2. Characteristics of Study Subjects at the Time of Enrollment

Parameters Mean ± SD Pt 1 Pt 2 Pt 3 Pt 4 Pt 5 Pt 6 Pt 7 Pt 8 Pt 9

Age (y) 55.6 ± 11.9 47 70 69 43 69 63 44 44 52

Sex (F/M) 6/3 F F M F M F F F M

PD duration (mon) 77.1 ± 41.4 81 96 36 25 121 121 124 24 66

BMI (kg/m2) 26.9 ± 5.3 19.1 24.6 27.8 26.2 21.6 27.3 36.3 33.7 25.6

24 hours UF (mL) 1216.6 ± 573.4 1300 1600 800 850 1200 300 2000 2000 900

MSCs injected ( × 106)/kg 1.2 ± 0.13 1.2 1.3 1.1 1.3 1.4 1.3 0.9 1.1 1.2

Transport type — H H HA HA HA H HA HA HA

N of exchange/24 hours — 5 4 4 5 4 4 4 5 4

FWT (mL) 146.9 ± 56.2 46.5 195.6 201.8 120.4 103.7 121.9 147.1 227.2 157.4

UFSP (mL) 192 ± 158 103.5 204.3 148.2 379.6 -153.7 178 352.9 272.7 242.5

UFT (mL) 338.9 ± 185 150 400 350 500 -50 300 500 500 400

OCG (µL/min/mm Hg) 2.86 ± 2.01 1.5 6.2 8.5 0.58 0 0.95 4.5 5.19 3.18

D/P creatinine 0.75 ± 0.1 0.94 0.82 0.7 0.6 0.69 0.84 0.75 0.65 0.72

D/P urea 079 ± 0.06 0.88 0.82 0.78 0.68 0.71 0.85 0.82 0.79 0.78

D/D0 glucose 0.23 ± 0.05 0.13 0.2 0.24 0.26 0.23 0.19 0.22 0.3 0.26

Na removal (mmol) 25.5 ± 21.9 13.4 28.2 20.1 52 -22.7 23.5 48 36 30.8

F, female; M, male; PD, Peritoneal dialysis; BMI, Body mass index; H, high; HA, high average; FWT, free water transport; UFSP, ultra filtration- small pore; UFT, 
ultrafiltration total; OCG, Osmotic conductance to glucose; MSCs, Mesenchymal stem cells. D/P creatinine, dialysate/plasma ratio of creatinine; Dt/D0 glucose, 
dialysate /initial dialysate ratio of glucose.
Transport type based on D/P creatinine: > 0.80 = High, 0.65-0.8 = High average, 0.55-0.64 = Low average, < 0.55 = low. 
Data are presented as means ± SD.
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the end of the study.

Mild Changes in Gene Expression Levels of Fibrosis 
Markers in Effluent-Derived Cells after AD-MSCs 
Injection
There was a slight non-significant reduction in expression 
levels of TGF-β and FSP-1 from baseline up to 12 weeks 
(visit 4) after AD-MSCs treatment in PD patients (TGF-β 
:1 vs. 0.79, FSP-1: 1 vs. 1.22); however, afterwards, the 
expression levels of TGF-β increased and reached 1.28 
(Figure 4). A similar scenario was observed for α-SMA 
where the lowest level of expression was found at 16 weeks 
after treatment with AD-MSCs (1 vs. 0.62). 

Discussion
Previously, we have reported that systematic administration 
of autologous AD-MSCs in CAPD patients suffering from 
UFF is safe and tolerated. Here, we searched for potential 
therapeutic effects of autologous MSC and found that one-

time systemic therapy with AD-MSC had small beneficial 
effects on fluid and solutes kinetics, as demonstrated by 
improvement in FWT, UFSP, OGC and D/P creatinine. We 
also found slight transient diminution in gene expression 
levels of TGF-β, FSP-1 and α-SMA in PD effluent-derived 
cells. To the best of our knowledge, this is the first clinical 
trial that reports the effects of systemic therapy with 
autologous AD-MSCs on different parameters of PM.

Overtime use of conventional PD fluids alter both the 
anatomical and functional integrity of the PM.18 This 
progressive damage to PM is evidenced by the gradual 
increase in low molecular weight solute transport and 
diminished UF capacity and probability of UFF.19 Based 
on the 3-pore theory of transport, the transcapillary UF 
occurs through both small interendothelial pores (radii 
of about 40 Å) and intra-endothelial water channel 
aquaporin-1 that acts as the ultrasmall pore.18 The 
transcellular membrane protein of aquaporin-1 allows 
only water transport, but not solutes, and therefore 

Figure 1. Time Trends of Changes in Functional and Permeability Characteristics of Peritoneal Membrane before (Baseline) and 12 and 24 Weeks after 
Mesenchymal Stem Cell Injection. D/P creatinine, dialysate/plasma ratio of creatinine; Dt/D0 glucose, dialysate /initial dialysate ratio of glucose



Arch Iran Med, Volume 26, Issue 2, February 2023 105

Autologous mesenchymal stem cells in peritoneal fibrosis

induces FWT. While the small interendothelial pores 
are involved in transport of both low molecular weight 
solute and water, recent evidence suggests that UF is more 
complex and a combination of submesothelial fibrosis, 
angiogenesis and augmented vessel permeability are the 
key elements of UF dysfunction.20 

In this study, we used UNI-PET to examine the course 
of changes in PM function. To our knowledge, very few 
studies have used this test, perhaps because of its complex 
and time-consuming nature. Using this test provided us 

with an extended and more accurate evaluation of UF 
capacity and allowed us to simultaneously assess the 
changes in UF produced from different parts of the PM 
(FWT, UFSP, UFT), solute transport (D /P Creatinine, Dt/
D0 glucose) as well as OCG, which is an indirect indicator 
of fibrosis in peritoneal interstitium.

Temporal assessment of peritoneal function parameters 
following MSCs infusion showed slight improvement 
in all indices of PM transport. Accordingly, several in-
vivo studies involving animal models of human PD 

Figure 2. Time Trends of Changes in Systemic Levels of Inflammatory Markers and Mesothelia Marker of CA125 in Patients at Baseline and after Mesenchymal 
Stem Cell Injection 
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demonstrated the promising ameliorating effects of stem 
cell therapy on different parameters of peritoneal function 
as demonstrated by increase in UF and D/D0 glucose and 
decrease in glucose mass transfer and D/P creatinine or 
D/P BUN.21-25 Sekiguchi et al, in a chlorhexidine gluconate 
(CG)-induced PF mouse model, showed the accumulation 
and maintenance of intraperitoneally transplanted 
bone marrow-derived cells in the submesothelium for 
3 weeks after discontinuation of peritoneal injury and 
attributed the improvement of peritoneal function to the 

contribution of stem cells in the process of mesothelial 
remodeling.26 On the contrary, Ueno et al showed the 
prolonged anti-inflammatory and anti-fibrotic effects 
of peritoneally injected bone marrow-derived MSCs 
in the peritoneum beyond the MSC disappearance in 
a CG-induced PF rat model; a finding that pointed 
to paracrine activities of MSCs independent of their 
transdifferentiation into functional peritoneal mesothelial 
cells.22 Accordingly, injected MSCs-condition medium 
produced similar effects to injected MSCs with respect to 

Figure 3. Time Trends of Changes in Peritoneal Levels of Inflammatory Markers and Mesothelia Marker of CA125 in Patients at Baseline and after Mesenchymal 
Stem Cell Injection
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reduction of adhesion formation in a rat model of PF.27 
We do not know the precise mechanism by which MSCs 
might have acted in our study because of the complexity 
of the chronic fibrosis process as occurs in patients under 
long-term dialysis. However, it is more likely that infused 
MSCs exerted their effect via inflammatory modulation 
of local environment and mesothelium protection rather 
than differentiation and structural support of the injured 
tissue.

It has been shown that inflammation plays an important 
role in the injury of PM and small solute transport 
across it.28,29 A persistent systemic and intraperitoneal 
inflammatory state is reported in patients under long-
term dialysis.28-30 To verify whether injected MSCs 
affected the inflammatory status of CAPD patients, we 
measured both the systemic and intraperitoneal levels 
of cytokines including IL-6, TNF-α and IL-2 and also 
CA125 (as a measure of mass of mesothelial cells) before 

and after MSCs treatment. In order to standardize the 
intraperitoneal levels of measured factors, we used the 
peritoneal appearance rate instead of reporting the absolute 
levels.16 While there was a slight non-significant increase 
in both the systemic and local levels of CA125, especially 
in month 3, overall, we were not able to correlate the 
peritoneal function improvement with local and systemic 
cytokine variation profiles. Our published systematic 
review on experimental studies of PF also showed great 
variation in regard to cytokine profile changes following 
MSC treatment.12,31 The lack of a significant change in 
inflammatory metrics following MSCs injection might be 
related to diffuse tissue injury in our patients. On the other 
hand, the slight increase in CA125 following MSCs might 
suggest that MSCs can increase the mesothelial mass, 
perhaps via attenuation of mesothelial degradation and 
promotion of endogenous mesothelial repair processes. 
Accordingly, animal models of PF showed a significant 
increase in rate of mesothelial recovery following MSCS 
treatment; a finding that was correlated with improved 
peritoneal function.26,27,32 

Studies have provided direct evidence for the principal 
role of TGF-β, both as an inducer and regulator in PF 
development irrespective of etiology.22,33,34 TGF-β secretion 
is central for MMT program in which, in a complex 
process, the mesothelial cells phenotype is converted into 
a mesenchymal one with loss of polarization and gaining 
the fibroblastic shape.35 While the epithelial features are 
lost, mesothelial cells gain expression of molecules related 
to MMT, such as α-SMA and FSP-14 and eventually 
become a main source of myofibroblasts. In this regard, 
we measured the expression of mesenchymal markers 
of α-SMA and FSP-1 and also TGF-β, in PD effluent-
derived cells and observed that our treatment produced 
a slight inhibition in the expression of these markers. 
This inhibition was more prominent in month 3 (visit 4) 
and gradually vanished by the end of the study (visit 6). 
Interestingly, the peak of decline in expression of these 
profibrotic genes corresponded to the time of optimal 
improvement in peritoneal UF and function. In an in-
vitro study, Wei and colleagues showed that treatment of 
renal tubular cells with MSC inhibited the EMT process 
through decreasing TGF-β1.36 Bastug and colleagues21 in 
a rat model of chronic PD showed the positive effects of 
MSCs on UFF; a finding that was associated with decreased 
levels of TGF-β 20. Ueno et al, in a CG-stimulated PF rat 
model, demonstrated that intraperitoneal injection of 
MSCs suppressed peritoneal expression of α-SMA, FSP-1 
and TGF-β; a finding that was associated with improved 
peritoneal function.22 It is shown that an expanded fibrotic 
interstitium restricts water transport, as it produces an 
extra barrier between capillaries and the dialysis fluid. 
It also decreases the dissemination of glucose around 
peritoneal capillaries, lowering the osmotic gradient across 
the capillaries.37,38 Taken together, one might postulate 
that MSCs contributed to ameliorating the peritoneal 
function in our study by suppressing the TGF-β signaling 

Figure 4. Time Trends of Changes in Gene Expression Levels of Fibrosis 
Markers in Effluent-derived Cells at Baseline and after Mesenchymal Stem 
Cell Injection.
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which in turn attenuated the fibrosis state in the peritoneal 
interstitium manifested by the small decrease in effluent 
cell-derived gene expression of α-SMA and FSP-1. Given 
the high variability of immunological data and the limited 
number of patients included in our study, it is reasonable 
to state that we would have been able to detect significant 
results, if the effects had been very strong. Clearly, it was 
not the case in our study and that might explain why we 
saw only small changes. However, whether these effects 
were produced via paracrine activity or by integrating the 
mesenchymal cells into local tissue needs to be answered. 

We have to mention that obtaining peritoneal tissue 
biopsy in PD patients is a very high risk procedure as the 
PM of these patients is highly inflamed and damaged and 
susceptible to infection. To decrease the risk, in this study, 
we assessed the changes in expression levels of fibrotic 
markers following MSCs treatment in effluent derived 
cells instead of mesothelial cells. 

Certainly our study has some limitations. First, since it 
was not a randomized controlled trial, the changes cannot 
be entirely attributed to MSC treatment. Second, because 
of ethical issue, we could not track homing of MSCs to 
the peritoneum as the injected MSCs were not labeled. 
Lastly, because of ethical issues, we could not assess the 
changes in peritoneal tissues which indeed could have 
given us a more accurate picture of histological changes 
following MSCs treatment. Despite these limitations, our 
data provides justification for further clinical testing.

In conclusion, the overtime loss of peritoneal UF 
capacity calls for discovery of interventions that preserve 
or restore the peritoneal function. Here, we assessed 
the effects of AD- MSCs transplantation on peritoneal 
function and inflammation. Our results suggest that MSCs 
have potent therapeutic effects for peritoneal damage and 
fibrosis. However, many issues including appropriate 
administration protocol regarding sources and timing, 
appropriate number of MSCs to be administered, and 
need for re-administration in order to maintain the 
effects should be clarified before we could practically 
employ MSCs in these patients. Therefore, our results 
should be regarded as hypothesis suggestion and will need 
confirmation in future studies.

Authors’ Contribution
Conceptualization: Reza Moghadasali, Iraj Najafi, Soroosh 
Shekarchian, Sudabeh Alatab.
Formal analysis: Amin Ahmadi, Sudabeh Alatab.
Funding acquisition: Reza Moghadasali.
Investigation: Reza Moghadasali, Iraj Najafi, Sudabeh Alatab.
Methodology: Reza Moghadasali, Soroosh Shekarchian, Sudabeh 
Alatab.
Project administration: Reza Moghadasali.
Supervision: Reza Moghadasali, Soroosh Shekarchian, Sudabeh 
Alatab.
Writing–original draft: Amin Ahmadi.
Writing–review & editing: Reza Moghadasali, Iraj Najafi, Sudabeh 
Alatab.

Competing Interests
All authors declare that they have no conflict of interest.

Ethical Approval
All procedures performed in studies involving human participants 
were in accordance with the ethical standards of the institutional 
and research committee and with the 1964 Helsinki Declaration. 
The Institutional Review Board and local Ethics Committee of 
Tehran University of Medical Sciences approved this study (93-03-
47-27290-146850). All participants gave informed written consent. 
The trial was by Iranian Registry of Clinical Trials (identifier: 
IRCT20181217042020N2).

References
1. GBD Chronic Kidney Disease Collaboration. Global, regional, 

and national burden of chronic kidney disease, 1990-2017: 
a systematic analysis for the Global Burden of Disease Study 
2017. Lancet. 2020;395(10225):709-33. doi: 10.1016/s0140-
6736(20)30045-3.

2. Najafi I, Shakeri R, Islami F, Malekzadeh F, Salahi R, Yapan-
Gharavi M, et al. Prevalence of chronic kidney disease and 
its associated risk factors: the first report from Iran using 
both microalbuminuria and urine sediment. Arch Iran Med. 
2012;15(2):70-5.

3. Najafi I, Alatab S, Atabak S, Nouri Majelan N, Sanadgol 
H, Makhdoomi K, et al. Seventeen years’ experience of 
peritoneal dialysis in Iran: first official report of the Iranian 
peritoneal dialysis registry. Perit Dial Int. 2014;34(6):636-42. 
doi: 10.3747/pdi.2012.00054.

4. Strippoli R, Moreno-Vicente R, Battistelli C, Cicchini C, Noce V, 
Amicone L, et al. Molecular mechanisms underlying peritoneal 
EMT and fibrosis. Stem Cells Int. 2016;2016:3543678. doi: 
10.1155/2016/3543678.

5. Schilte MN, Celie JW, Wee PM, Beelen RH, van den Born 
J. Factors contributing to peritoneal tissue remodeling in 
peritoneal dialysis. Perit Dial Int. 2009;29(6):605-17.

6. Teitelbaum I. Ultrafiltration failure in peritoneal dialysis: a 
pathophysiologic approach. Blood Purif. 2015;39(1-3):70-3. 
doi: 10.1159/000368972.

7. De Becker A, Riet IV. Homing and migration of mesenchymal 
stromal cells: how to improve the efficacy of cell therapy? 
World J Stem Cells. 2016;8(3):73-87. doi: 10.4252/wjsc.
v8.i3.73.

8. Mohyeddin Bonab M, Mohajeri M, Sahraian MA, Yazdanifar 
M, Aghsaie A, Farazmand A, et al. Evaluation of cytokines in 
multiple sclerosis patients treated with mesenchymal stem 
cells. Arch Med Res. 2013;44(4):266-72. doi: 10.1016/j.
arcmed.2013.03.007.

9. Makhlough A, Shekarchian S, Moghadasali R, Einollahi 
B, Hosseini SE, Jaroughi N, et al. Safety and tolerability of 
autologous bone marrow mesenchymal stromal cells in 
ADPKD patients. Stem Cell Res Ther. 2017;8(1):116. doi: 
10.1186/s13287-017-0557-7.

10. Moghadasali R, Azarnia M, Hajinasrollah M, Arghani H, 
Nassiri SM, Molazem M, et al. Intra-renal arterial injection 
of autologous bone marrow mesenchymal stromal cells 
ameliorates cisplatin-induced acute kidney injury in a 
rhesus Macaque mulatta monkey model. Cytotherapy. 
2014;16(6):734-49. doi: 10.1016/j.jcyt.2014.01.004.

11. Moghadasali R, Mutsaers HA, Azarnia M, Aghdami N, 
Baharvand H, Torensma R, et al. Mesenchymal stem cell-
conditioned medium accelerates regeneration of human renal 
proximal tubule epithelial cells after gentamicin toxicity. 
Exp Toxicol Pathol. 2013;65(5):595-600. doi: 10.1016/j.
etp.2012.06.002.

12. Alatab S, Najafi I, Atlasi R, Pourmand G, Tabatabaei-Malazy 
O, Ahmadbeigi N. A systematic review of preclinical studies 
on therapeutic potential of stem cells or stem cells products in 
peritoneal fibrosis. Minerva Urol Nefrol. 2018;70(2):162-78. 
doi: 10.23736/s0393-2249.17.02882-x.

13. Alatab S, Shekarchian S, Najafi I, Moghadasali R, Ahmadbeigi 

https://doi.org/10.1016/s0140-6736(20)30045-3
https://doi.org/10.1016/s0140-6736(20)30045-3
https://doi.org/10.3747/pdi.2012.00054
https://doi.org/10.1155/2016/3543678
https://doi.org/10.1159/000368972
https://doi.org/10.4252/wjsc.v8.i3.73
https://doi.org/10.4252/wjsc.v8.i3.73
https://doi.org/10.1016/j.arcmed.2013.03.007
https://doi.org/10.1016/j.arcmed.2013.03.007
https://doi.org/10.1186/s13287-017-0557-7
https://doi.org/10.1016/j.jcyt.2014.01.004
https://doi.org/10.1016/j.etp.2012.06.002
https://doi.org/10.1016/j.etp.2012.06.002
https://doi.org/10.23736/s0393-2249.17.02882-x


Arch Iran Med, Volume 26, Issue 2, February 2023 109

Autologous mesenchymal stem cells in peritoneal fibrosis

N, Pourmand MR, et al. Systemic infusion of autologous 
adipose tissue-derived mesenchymal stem cells in peritoneal 
dialysis patients: feasibility and safety. Cell J. 2019;20(4):483-
95. doi: 10.22074/cellj.2019.5591.

14. Wang Y, Yi H, Song Y. The safety of MSC therapy over the past 
15 years: a meta-analysis. Stem Cell Res Ther. 2021;12(1):545. 
doi: 10.1186/s13287-021-02609-x.

15. Alatab S, Najafi I, Pourmand G, Hosseini M, Shekarchian 
S. Risk factors of severe peritoneal sclerosis in chronic 
peritoneal dialysis patients. Ren Fail. 2017;39(1):32-9. doi: 
10.1080/0886022x.2016.1244075.

16. La Milia V. Peritoneal transport testing. J Nephrol. 
2010;23(6):633-47.

17. Akman S, van Westrhenen R, De Waart DR, Hiralall JK, Zweers 
MM, Krediet RT. The effect of dwell time on dialysate cancer 
antigen 125 appearance rates in patients on continuous 
ambulatory peritoneal dialysis. Adv Perit Dial. 2003;19:24-7.

18. Krediet RT. Ultrafiltration failure is a reflection of peritoneal 
alterations in patients treated with peritoneal dialysis. Front 
Physiol. 2018;9:1815. doi: 10.3389/fphys.2018.01815.

19. Bonomini M, Borras FE, Troya-Saborido M, Carreras-Planella 
L, Di Liberato L, Arduini A. Proteomic research in peritoneal 
dialysis. Int J Mol Sci. 2020;21(15):5489. doi: 10.3390/
ijms21155489.

20. López-Cabrera M. Mesenchymal conversion of mesothelial 
cells is a key event in the pathophysiology of the peritoneum 
during peritoneal dialysis. Adv Med. 2014;2014:473134. doi: 
10.1155/2014/473134.

21. Bastug F, Gündüz Z, Tülpar S, Torun YA, Akgün H, Dörterler 
E, et al. Mesenchymal stem cell transplantation may provide 
a new therapy for ultrafiltration failure in chronic peritoneal 
dialysis. Nephrol Dial Transplant. 2013;28(10):2493-501. doi: 
10.1093/ndt/gft089.

22. Ueno T, Nakashima A, Doi S, Kawamoto T, Honda K, 
Yokoyama Y, et al. Mesenchymal stem cells ameliorate 
experimental peritoneal fibrosis by suppressing inflammation 
and inhibiting TGF-β1 signaling. Kidney Int. 2013;84(2):297-
307. doi: 10.1038/ki.2013.81.

23. Baştuğ F, Gündüz Z, Tülpar S, Torun YA, Akgün H, Dörterler E, 
et al. Compare the effects of intravenous and intraperitoneal 
mesenchymal stem cell transplantation on ultrafiltration 
failure in a rat model of chronic peritoneal dialysis. Ren Fail. 
2014;36(9):1428-35. doi: 10.3109/0886022x.2014.945216.

24. Fan YP, Hsia CC, Tseng KW, Liao CK, Fu TW, Ko TL, et al. 
The therapeutic potential of human umbilical mesenchymal 
stem cells from Wharton’s jelly in the treatment of rat 
peritoneal dialysis-induced fibrosis. Stem Cells Transl Med. 
2016;5(2):235-47. doi: 10.5966/sctm.2015-0001.

25. Nagasaki K, Nakashima A, Tamura R, Ishiuchi N, Honda K, 
Ueno T, et al. Mesenchymal stem cells cultured in serum-free 
medium ameliorate experimental peritoneal fibrosis. Stem Cell 
Res Ther. 2021;12(1):203. doi: 10.1186/s13287-021-02273-1.

26. Sekiguchi Y, Hamada C, Ro Y, Nakamoto H, Inaba M, 
Shimaoka T, et al. Differentiation of bone marrow-derived cells 
into regenerated mesothelial cells in peritoneal remodeling 

using a peritoneal fibrosis mouse model. J Artif Organs. 
2012;15(3):272-82. doi: 10.1007/s10047-012-0648-2.

27. Wang N, Li Q, Zhang L, Lin H, Hu J, Li D, et al. Mesenchymal 
stem cells attenuate peritoneal injury through secretion of 
TSG-6. PLoS One. 2012;7(8):e43768. doi: 10.1371/journal.
pone.0043768.

28. Cho Y, Johnson DW, Vesey DA, Hawley CM, Pascoe EM, Clarke 
M, et al. Dialysate interleukin-6 predicts increasing peritoneal 
solute transport rate in incident peritoneal dialysis patients. 
BMC Nephrol. 2014;15:8. doi: 10.1186/1471-2369-15-8.

29. Pecoits-Filho R, Araújo MR, Lindholm B, Stenvinkel P, Abensur 
H, Romão JE Jr, et al. Plasma and dialysate IL-6 and VEGF 
concentrations are associated with high peritoneal solute 
transport rate. Nephrol Dial Transplant. 2002;17(8):1480-6. 
doi: 10.1093/ndt/17.8.1480.

30. Pecoits-Filho R, Carvalho MJ, Stenvinkel P, Lindholm B, 
Heimbürger O. Systemic and intraperitoneal interleukin-6 
system during the first year of peritoneal dialysis. Perit Dial 
Int. 2006;26(1):53-63.

31. Choi H, Lee RH, Bazhanov N, Oh JY, Prockop DJ. Anti-
inflammatory protein TSG-6 secreted by activated MSCs 
attenuates zymosan-induced mouse peritonitis by decreasing 
TLR2/NF-κB signaling in resident macrophages. Blood. 
2011;118(2):330-8. doi: 10.1182/blood-2010-12-327353.

32. Kim H, Mizuno M, Furuhashi K, Katsuno T, Ozaki T, Yasuda K, 
et al. Rat adipose tissue-derived stem cells attenuate peritoneal 
injuries in rat zymosan-induced peritonitis accompanied by 
complement activation. Cytotherapy. 2014;16(3):357-68. doi: 
10.1016/j.jcyt.2013.10.011.

33. Liu KH, Zhou N, Zou Y, Yang YY, OuYang SX, Liang YM. 
Spleen Tyrosine Kinase (SYK) in the progression of peritoneal 
fibrosis through activation of the TGF-β1/Smad3 signaling 
pathway. Med Sci Monit. 2019;25:9346-56. doi: 10.12659/
msm.917287.

34. Guo Y, Wang L, Gou R, Wang Y, Shi X, Pang X, et al. SIRT1-
modified human umbilical cord mesenchymal stem cells 
ameliorate experimental peritoneal fibrosis by inhibiting the 
TGF-β/Smad3 pathway. Stem Cell Res Ther. 2020;11(1):362. 
doi: 10.1186/s13287-020-01878-2.

35. Acloque H, Adams MS, Fishwick K, Bronner-Fraser M, Nieto 
MA. Epithelial-mesenchymal transitions: the importance of 
changing cell state in development and disease. J Clin Invest. 
2009;119(6):1438-49. doi: 10.1172/jci38019.

36. Wei JJ, Tang L, Chen LL, Xie ZH, Ren Y, Qi HG, et al. 
Mesenchymal stem cells attenuates TGF-β1-induced EMT by 
increasing HGF expression in HK-2 cells. Iran J Public Health. 
2021;50(5):908-18. doi: 10.18502/ijph.v50i5.6108.

37. Rippe B, Venturoli D. Simulations of osmotic ultrafiltration 
failure in CAPD using a serial three-pore membrane/fiber 
matrix model. Am J Physiol Renal Physiol. 2007;292(3):F1035-
43. doi: 10.1152/ajprenal.00251.2006.

38. Morelle J, Sow A, Hautem N, Bouzin C, Crott R, Devuyst 
O, et al. Interstitial fibrosis restricts osmotic water transport 
in encapsulating peritoneal sclerosis. J Am Soc Nephrol. 
2015;26(10):2521-33. doi: 10.1681/asn.2014090939.

 2023 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.
org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

https://doi.org/10.22074/cellj.2019.5591
https://doi.org/10.1186/s13287-021-02609-x
https://doi.org/10.1080/0886022x.2016.1244075
https://doi.org/10.3389/fphys.2018.01815
https://doi.org/10.3390/ijms21155489
https://doi.org/10.3390/ijms21155489
https://doi.org/10.1155/2014/473134
https://doi.org/10.1093/ndt/gft089
https://doi.org/10.1038/ki.2013.81
https://doi.org/10.3109/0886022x.2014.945216
https://doi.org/10.5966/sctm.2015-0001
https://doi.org/10.1186/s13287-021-02273-1
https://doi.org/10.1007/s10047-012-0648-2
https://doi.org/10.1371/journal.pone.0043768
https://doi.org/10.1371/journal.pone.0043768
https://doi.org/10.1186/1471-2369-15-8
https://doi.org/10.1093/ndt/17.8.1480
https://doi.org/10.1182/blood-2010-12-327353
https://doi.org/10.1016/j.jcyt.2013.10.011
https://doi.org/10.12659/msm.917287
https://doi.org/10.12659/msm.917287
https://doi.org/10.1186/s13287-020-01878-2
https://doi.org/10.1172/jci38019
https://doi.org/10.18502/ijph.v50i5.6108
https://doi.org/10.1152/ajprenal.00251.2006
https://doi.org/10.1681/asn.2014090939

