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Medical Concernsin Long-Term PD
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U Encapsulating Peritoneal Sclerosis (60-80% mortality)

Seventeen years experience of peritoneal dialysisin Iran. Najafi |, et al. Perit Dia Int. 2014, 34(6):636



Encapsulating Peritoneal Sclerosis (EPS) and PD

The first description of this complication in patients on peritoneal dialysis
was published in 1980 (Denis J et al) and subsequently Gandhi and
collegues reported 5 patients who showed sclerotic thickening of the
peritoneal membrane.
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! The authors listed these factors as
potentially  important to  the
development of the complication:
peritonitis, hypertonic _ dextrose
solution, low pH of the dialysis
solution, and dissolved plasticizers
from the solution container.
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Denis J et al, Ann Intern Med 1980; 93:508
Gandhi VC et al, Arch Intern Med 1980; 140:1201:3



@ Not specific to EPS

@ Overlap with the membrane changes that are associated with UFF
and peritonitis inlong-term PD

@ Loss of mesothelium

@ Expansion of the submesothelial compact zone by collagen
depositions with varying degrees of hyalinosis

@ Vasculopathies
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Morele T et al. JAm Soc Nephrol 2015 26. ePub

Exposure to PD led to vascular proliferation and peritoneal fibrosis in the submesothelial area

For a same PD duration, patients with EPS had increased vascular densities and submesothelial thickness



Encapsulating peritoneal sclerosis
Increased Collagen deposition
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Increase in the density of collagen fibersin the peritoneum of patients with EPS compared with

Coillagen
density

Polarized
light

patients with same PD duration
Morele Jet a, JAm Soc. Nephrol, 2015, 26
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Epidemiology of EPS based on large studies

« Uncommon complication of PD

 Occurrence varies among centers, among countries, and over time

* The prevalence is between 0.4% and 8.9%

* The incidence rate is between 0.7 and 13.6 per 1,000 patient-years

* Therisk of occurrence after 5 years on PD is between 0.6% and 6.6%
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Studies Examining the Epidemiclogy of EP5S*

EPS epidemiology
Incidence rate
Time (/1,000
Country perod Study design N Prevalence patient-yrs) Risk with time Reference
Iran 1995-2012 2-center, 464 8.9% 7 24 yrs: 8.6% Alatab et ol.
retrospective, =5 yrs: 10.8% 2017 (21)
cbservational cohort 26 yrs: 23.3%
2T yrs: 25%
Germany 1397-2015 Single-center, 745 4% (1995-2000) NA NA Kitterer et al.
retraspective, (catheters) 0% (2001-2003) 2016 (16)
observational cohort 5% ( 2005-2006)
11% (2007-2008)
15% (2010-2012)
5% (2013-2015)
15% (2010-2012)
Seotland 2000-2007 Seottish 1,238 2.8% 8.7 (by 2007) 1yr L1% Petrie et al.
Renal Registry 13.6 (by 2014) Iyrs: 3.4% 2016 (24)
Syrs: 8.8%
5yrs: 2.4%
T yrs: 22.2%
Ttaly 1979-2013 Single-center, 920 2.8% 9.5 <2yrs: 3%  Vizzardiet al.
retrospective, 2-&yrs: 3% 2016 (27)
observational cohort 4= yrs: 4%
6-8 yrs: 6%
8-10yrs: 8%
10-12 yrs: 18%
12-14yrs: T5%
>14 yrs: 67%
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Japan

Spain

Japan

Italy

Europe

1987-2013

1580-2012

2008-2012

2001-2011

1986-2011

2001-2010

Single-center,
retrospective,
observational cohort

Single-center,
retrospective,
observational cohort

Multicenter,
prospective
observational cohort
(55 centers)

Single-center,
retrospective,
ohservational cohort
Italian Reqistry of
Pediatric Chronic
Dnalysis
Multicenter,
retros pective
observational cohort
(European Paediatric
Dialysis Working
Group, 14 centers)

270

679

1,338

606

1z
(children)

1,472
(children)

4.8%

2.9% (overall)
5.6% (1980-1990)
3.9% (1991-2000)
0.3% (2000-2012)

L.0%

1.3%

1.9%

L.5%

NA

NA

2.3

1.4

NA

8.7

NA

NA

<3yrs: 0.3%
5 yrs: 0.6%
Byrs: 2.3%
>8yrs: 1.2%

NA

<6 yrs: 0.45%
25yrs: 21.1%

NA

Yamahatsu
¢t ol 2015

(33)
De Sousa-

Amonrim ct al.
2014 (17)

Nakayama
ctal 2014
(18)

Hong et al.
2013 (34)

Vidal et ol.
2013 (26)

Shroff et al.
2013 (35)

364
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EPS epidemiology
Incidence rate
Time (/1,000
Country period Study design N Prevalence patient-yrs) Risk with time Reference
Japan April 1999- Multicenter, 2,216 0.77% NA <fyrs:0.3% Kawanishi
March 2001 retrospective 25 to <10 yrs: 0.5% etal
observational cohort 210 yrs: 3.3% 2001 (12)
{64 centers)
Japan 1981-15585 Multicenter, 687 1.6% NA 25 yrs: 6.6% Hoshn etal.
retrospective (children) 2B yrs: 12% 2000 (41)
observational cohort
(60 centers)
Australia 1980-1994 Multicenter, 7,374 0.7% 1.9(1980-1989)  >2yrs: 1.9% Rigby and
retrospective 4.2 (1990-1994) >5 yrs: 5% Hawley
abservational cohort >6 yrs: 10.8% 1998 (19)
>8 yrs: 19.4%
Japan 1982-1966 Single-center, 197 3.7% 2.6 NA Yokota ef ol
retrospective, 1997 (42)
observational cohort
Metherlands 1979-1685 Single-center, 407 3.9% 35 NA Hendriks et ol.
case-control 1997 (32)

EPS = encapsulating peritoneal sclerosis; NA = not applicable.
*Presented in order of publication from most recent to oldest.
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Studies Examining the Epidemiology of EPS*

EPS epidemiclogy
Incidence rate
o To0e
period Study design N Prevalence patient-yrs) Risk with time nce
1995-2012 2-center, 464 8.9% ! 24 y15; B.6% Alatab et al.

retrospective, 25yrs: 10.8% 2017
observational cohort ]
27 yrs: 25%
1997-2015 Single-center, 745 4% (1995-2000) NA KA Kitterer et al.
retrospective,  (catheters) 0% (2001-2003) 2016 (16)
observational cohert 5% {2004-2006)
11% (2007-2009)
15% (2010-2012)
5% (2013-2015)
15% (2010-2012)
Seetland 2000-2007 Secattish 1,238 2.8% 8.7 (by 2007) 1yr 11% Petrie et al.
Renal Registry 13.6 (by 2014) 3yrs: 3.4% 2016 (24)
4yrs: 8.8%
5 yrs: 9.4%
T yrs: 22.2%
Italy 1579-2013 Single-center, 920 2.8% 9.5 <2 y1s: 3% Vizzardi et al.
retrospective, 2-4yrs: 3% 2016 (27)
observational cohort L=6yrs: 4%
G-Byrs: 6%
8-10yre: 8%
10-12 yrs: 18%
12-14 yrs: 75%
>1% yrs: 67%
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Ren Faill 2017 Nov;39(1):32-39. doi: 10.1080/0886022(.2016.1244075. Epub 2016 Oct 24.

Risk factors of severe peritoneal sclerosis in chronic peritoneal dialysis patients.

Alatab S Najafi 12, Pourmand G', Hosseini M®, Shekarchian §*
# Author information

Abstract
Peritoneal dialysis (PD) offers the healthiest way for starting renal replacement therapy (RRT) in End Stage Renal Disease patients,

however exposes long-term PD patients to a dangerous complication named encapsulating peritoneal sclerosis (EPS). In this study, we
searched for possible risk factors of EPS. Data were collected from two PD centers covering period 1995-2012 and comprised 464
patients. Control group defined as PD patients stayed on PD =42 month (n = 122), and case group was 12 confirmed EPS patients.
Associations were analyzed using linear regression analysis. Prevalence and incidence of EPS were 2.59% and 8.9% with an
incidence of 0.7% patient-years, respectively. The age at start of PD in EPS patients (32.75 £ 10.8 year) was significantly lower
compared with control group (49.61 + 16.18 year, p = 0001). The mean duration of PD in EPS and control group were 2494 4 + 940 9
and 1890.2 + 598 8 days (p = .002). Control group had 145 episodes of peritonitis during total duration of 7686 patient months
(peritonitis rate of 1/53). This was 1/26 with a total 38 episodes of peritonitis during the total duration of 997 patient months (p=.01)
for EPS group. In regression analysis, PD duration, age at PD start and duration of Ultrafiltration failure (UFF) were associated with
EPS. Longer time being on PD, younger age, and higher UFF duration were the risk factors for EPS development.



Table 1. Anthropometric characteristics of EPS and control group.

(Characteristic EPS group (n=12) Control Group {n=122) p Vakses
Age (years), Maan (5D) 3275 (10.8) 4961 (162) oo
Malefemale, n (%) &6 (50/50) B5/6Y (48.5/51.5) BE
Education, n (%) a5

liliverate 0 M (18.3)

> college 4(313) 42 (32.1)

University B (B6.7) 65 (43.6)
Weightikgl, Mean (50) .14 (18.1) 5854 (12.1) 2
BMI (kg/m”), Mean (SD) 22(51) 235 (4.0) 3
ESRD cause, n (%) 06

Glomenulonephritis 1(83) 1, (8.7)

Diabetic nephropathy 1(83) 34, (268

Hypertension 2(16.7) 30, 123.6)

Polycystic kidneys 0, (0) 10, {7.9)

Collagen vascular 0, (0) 3,024

Others 7,(583) 14,0

Unknown 1({83) 5, 019.7)
Comaorbidithes, n (%) 97

Diabetes mellitus 0, (0 15, (123

Hypertension 7,583 64, 152.4)

Cancer 0, (o 324

CAD 0 10, 164)

VA 0 2,(1.6)

Others 0m 12, (9.8)

Without comorbidity 4(333) 36, (29.5)
Systolic blood pressure (mmHg), maan (S0) 1271 (16.0) 1389 (21.1) A
Diastolic blood pressure (mmHg), Mean (50) 80 (16.7) BT (109 A
PO duration (day), Mean (50) 74944 (409} 1890.2 (598.8) oz
Mortality rate, n (%) 712 (58.3) 43/122 (35.4) A
Total peritonitis episode 18 145 om
Peritonitis rate (pathent month) 126 1/53 m
Dutcome, n (%) 5

Recovery 0 (0} 111.3)

Stay on PD ] 1374

HD 8 (B8.9) 33 (39.3)

™ 1(11.1) 17 (321)

BME: Body mass index; ESRD: End stage renal disease; CAD: Coronary artery disease; CVA: Celebrovascular accident; POx Peritoneal
dialysis; HD: Hemodiahysss; TI: Kidney transplant.

Alatab et al, 2017



Table 2. Laboratory characteristics of EPS and control groups.

At time of PD enrollment At time of EPS development

EPS group Control group EPS group Control group
Characteristic n=132) in=122) p Values [n=12) {n=122) p Values
Age 12.75 (10.8) 4961 [16.2) 0007 392 (10.7) 5319 (163) 0001
FB5 974 (29.7) 119.5 (60) 2 100.1 (23.9) 129.3 (76.5) 2
Hb (g/dl), mean (SD) 99 (1.9) 10.5(1.8) 3 1001 (2.8) 105 (1.8) 4
Ferritin (ng/mi], mean (50) 540.2(376) 501.8 (396) i 7114 (487) 650 (B64) B
Albumin (g/dl), mean [SD) 3.5 (0.5) 3.89 10.4) 02 3.3 (04) 3.4 (0.5) 5
PTH (pg/ml], mean (5D} 178. 9 (117) 1183 (183) 4 186.2 (232) 789 (88) A
TG [mg/di),mean (5D) oT6 (43.2) 170.3(129.8) | 140.2 (83.4) 164 (112.7) L1
Cholesteral (mg/dl), mean (SD) 171.7 (29.4) 1915 (55.7) 2 146.6 (34.5) 176.9 (50.8) 04
Ma (meg/T), mean (5D} 140.8 (3.80 140.7(3.8) 9 1383 (4) 1393 (4.8) 5
K (meg/T), mean [50) 4.5 (0.7) 46 (09) B 4.1 (0.8) 4.4(09) A
Calcium (mg/dl). mean (50) 88012 92 (1.0 2 93 (1.9 95011 7
Creatinine (mg/dl), mean (5D) B2 (28) 79(34) A 10,5 (3.8) 9.6 93.2) 3
Phasphorus. (mag/dl) 4101.2) 48(15) 2 45(2) 47 (16) 6
24 h urine volume (ml), mean (S0) 0983.3(402) B66.2 (660) B 2333 (375) 379 (603.7) A
Creatimine dearance
Residual 43.1 (454) 353 (333) 5 3.5 (53) 119 (26.1) 2
Total 92B(46.7) 815 (34.5) 3 59.1 (16.2) 63.5 (24.1) 5
Kty
Residual Ktiv 0.4(0.3) 08 (0.7) A 0.05 (0.1) 0.2 (0.4) 2
Total Kt/ 2.4 (D4) 224 (0.7) B 1.8 (0.5) 1.2 (06) 8
nPCR 0.85 (0.3) 0.91 (0.2) A 0.66 (0.2) 10437 7
GFR 43 (38 42 (39) ;| 0.3 (05) 1.0016) 2
24 h UF, mean (5D) 990.9 (755) 6.5 (672) ¥ | 559 (478) 891 (640) 08
Transport status, n (%) - - 2 - - B
Low 10100 0 (0] - 11(9.0) 2(1.7 -
Low average 1010 18 (19.4] = o (o) 7159 =
High average & (60 54 [58.1) = 2(18.2) 42 (353) -
High 2 (20} 21 [225) - 8 (720 68 (57.1) -
UFF duration (day), mean (50) - - - 1571 (89%) 974 (643) 007
UFF. n (%) - - - 11 (9.6) 38 (688) 08
Usage of solution n3, n (%) - - - 39/122 (20.5) 6/12 (50 R
Solution n3 duration (day), mean (SD) - - - 4496 (703) 514.4 (700) 7

FBS: fasting blood glucose; PTH: parathyroid hormon; GFR: glumerular filtration rate; UF: ultrafiltration; UFF: ultrafiltration failure.

Alatab et al, 2017
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Figure 1. Distribution of the number of patients according to
the duration of PD. EPS: encapsulating peritoneal sclerosis; PD:
peritoneal dialysis.

Alatab et al, 2017



Prevalence of EPS based on large studies

« Germany: 4%

« Scotland: 2.8%

 Japan : 4.8%

e [taly: 2.8%

* Netherland: 3.9%

» Australia: 0.7%

* Spain: 2.9%

» Korea: 1.3%

« USA: 1.2%

 [ran: 8.4%, (death: 63%)



Possiblerisk factorsfor EPS

Q

Higher dialysate glucose exposure

Q

Use of conventional PD solutions (as opposed to
biocompatible PD solutions)

Peritonitis (frequent, severe, or prolonged)

Younger age

Abdominal surgery

B-blocker use

| codextrin use

Kidney transplantation

UF failure

Higher peritoneal solute transport rate

Q 8 8 8 8 8 ¥ 8 8

Duration of UF failure

Pathogenesis “two hit theory”

Uraemia, GOP ASE/RAGE, PD fluid - low pH, high glucose

l _ FIRST HIT
EeEeEE)

Peritoneal inflammation

l

Chronic serosal injury

| | l

High levels of FAl

Inflammatony leading to low EMT with down-reguiation
cytaking and growth levels of plasmin of E-cadhenn, cell jurction
factor production dissolutian, loss of apical-

l basal polanty and actin re-

" organization

Fibrin exudate and 9
reduced breakdown

Myohibroslast activation and

increased depaosition of ECM

Simple Sclerosis

l — SECOND HIT

Acule cestation af P2
Fibrosis, adhesion formatian + Transplantatsan
and evenlual abdarmanal » Frequenl peritaniiis
eocoon farmation with * GGendic predesposdion
encapsulation of the bowel
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Encapsulating Peritoneal Sclerosis



Normal Pe

y

Perito

Mesotbelial (el

Extracellular Matrls ——

Fimoblast

Peritoneal Fibrosisin Long-Term PD

Normal peritoneum A_er Sy

Therapeutic Options?

J Am Soc Nephrol 2002;13:470-479



Therapeutic options
a Limited, high
mortality

Preventive options

U Biocompatible
solutions

U Controlling the
peritonitis episodes

U Stem cell therapy?

ﬁmmspsmg

Peritoneal Sclerosis
4
EARLY 1 PREVENTION Treatment
| 1

-Biocompatible -Tamoxifen 20-40 mg/d -High dose steroids

solutions? -Low dose steroids -Tamoxifen 40-80 mg/d
-Avoid peritonitis -RAS blockade -Cessation of PD
-RAS blockade -Rosiglitazone? -Nutritional support
-Rosiglitazone ? -NAC? -RAS blockade?

-NAC? -Colchicine? -Colchicine?

-Surgery
|

Post-transplantation: -convert CNI to mTOR-inhibitor -peritoneal lavage?




Types of stem cell:

blastocyst

calls inside
= ‘inmer cell mass’

Embryonic stem cells differentiation
outer layer of cells
= ‘rrophectcderm’
. zll possible types of specialized calls
surface of bieawe - — ,i | — — brain
| 0
Tissue stem cells an | Jl e
testicles . JJI')I - ilh intesties jpul;
gﬂ{ ('H - ‘llll -"Illfﬂrm [RF IR
musche: H "| l\
N W\
I nduced pluripotent (iPS) stem cells P \S
Advantage: no need for embryos!
‘genetic reprogramming’
= add certain genes to the cell
6] S ©
adult cell induced pluripotent stem (iP5S) cell
behaves

Ke dan

embryonic stem cell



M echanisms Associated with M SCs-Based Therapy
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M echanisms ASssoci
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Systemic administration
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Peritoneal
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Possibility of Employment
of Mesenchymal Stem Cells
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Peritoneal Fibrosis




g (50,000,000 MSCs)

idney Function
@bystemic Inflammatory status (IL-6, TNF-a, IL-2, IL-10, hs-

CRP, IL-18)
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folds are suitable for ongoing bone tissue engineering
studies.

Keywords: Tissue Engineering Scaffold Bone
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Cell Transplantation for Spinal Cord Injury: A
Phase I Pilot Study

Humayoon Shafique Sarti*’, Akhtar Waheed”, Parvez
Ahmed’, Khalil Ahmed®, Zaineb Akram!, Tariq Aziz’,
Tarig Mehmood Satti!, Nighat Shahbaz', Mehreen Ali
Khan', Salman Akbar Malik®

1. Armed Forces, Bone Marrow Transplant Center, CMH,
Rawalpindi, Pakistan

2. Armed Forces, Institute of Rehabilitation Medicine,
Rawalpindi, Pakistan

3. Armed Forces, Institute of Pathology, Rawalpindi, Paki-
stan

4. Quaid i Azam University, Islamabad, Pakistan

Email: xanab.akram@gmail.com

Background and Aim: Mesenchymal stromal cell
(MSC) transplantation has immerged as promising ther-
apeutic approach to treat spinal cord injury (SCI). In
this pilot study, we investigated the safety of intrathecal

group 1 and 366 days (range: 269-367 days) in group
2, respectively.

Conclusion: This pilot study demonstrated that autolo-
gous MSCs can be safely administered through intrath
ecal injection in spinal cord mjury patients. Further
investigation through randomized, placebo-controlled
trials 1s needed.

Keywords: Clinical Trial, Mesenchymal Stromal Cells,
Spinal Cord Injury, Transplantation

Ps-023: Safety of Treatment with Autologous
Mesenc Stem Cells in Ckd Patients; a 12
Month Fruilaw-up

Sudabeh Alatab ", Gholamreza Pourmand’, Iraj Na-
jafi’, Mandana Mohevedin Bonab’, Behreoz Nikbin
Moghaddam®*”

1. Urology Research Center, Sina hospital, Tehran University
of Medical sciences. Tehran, Iran

2. Nephrology Research Center, Shariati hospital, Tehran
University of Medical sciences, Tehran, Iran

3, Immunogenetics Laboratory, Department of Immunology,
Tehran University of Medical Sciences, Tehran, Iran

4. Molecular Immunoclogy Research Center, Tehran Univer-
sity of Medical Sciences, Tehran, Iran



Stabilization of Kidney Function Based on Slope of
Serum Creatinin

serum cr (mg/dl)

3.0
2.8

2.6
24
2.2

20 5y Intervention Sy

before after
1.8 | ntervention I ntervention

/'

1.6
14
12
1.0

Serum creatinine: P=0.04, R= 0.003/ month vs -0.009/ month
GFR (MDRD, Cochraft): non significant



M SCstherapy on experimental models of peritoneal fibrosis

Author(year) Type of animal Type of Stem route of delivery
cells

Sekiguchi Y, et al (2012) Mice-CG-PF Bone marrow cells v

Tiilpar S, et al (2012) PD rat model BM-MSCs P

Wang N, et al (2012) Rat-Scraping-induced peritoneal - BM-MSCs v
adhesions - BM-MSCs-CM

Wang N, et al (2012) Rat-Scraping-induced peritoneal -BM-MSCs Both IV and IP
adhesions -TSG-6-siRNA-MSCs

Ueno T, et al (2013) Rat-CG-PF BM-MSCs IP

Bastug F, et al, (2013) PD rat model BM-MSCs IP

Bastug F, et al, (2014) PD rat model BM-MSCs Both IV and IP

Wakabayashi K, et al Rat-CG-PF AD-MSCs P

(2014)

KIM H, et al (2014) Rat- Zymeosan-induced peritoneal injury AD-MSCs IP

Fan YP, et al (2016) Rat- PD + methylglyoxal rat model Umbilical -MSCs P

Choi H, et al (2016) Mice- Zymosan-induced peritoneal -BM-MSCs P
injury -TSG-6-siRNA-MSCs




J Artif Organs. 2012 Sep;15(3):272-62. doi- 10.1007/s10047-012-0648-2. Epub 2012 May 24.

Differentiation of bone marrow-derived cells into regenerated mesothelial cells in peritoneal
remodeling using a peritoneal fibrosis mouse model.

Sekiguchi Y1, Hamada C, Ro Y Nakamoto H, Inaba M, Shimaoka T lo H Koyanagi | Aruga S, Inuma J Kaneko K Hotta Y Margetts PJ. Mochizuki H.
Horikoshi S, Tomino Y.

+ Author information

Abstract

Marked thickening of the peritoneum and vasculopathy in the submesothelial compact zone have been reported in long-term peritoneal
dialysis patients. Bone marrow (BM)-derived cell lines are considerad to be useful tools for therapy of various diseases. To clarify the role of
BM-derived cells in the peritoneal fibrosis (PF) model, we analyzed several lineages of cells in the peritoneum. BM cells from green
fluorescent protein (GFP) transgenic mice were transplanted into naive C5781/6 mice. Chlorhexidine gluconate (CG) was injected
intraperitoneally to induce PF. Immunohistochemical analysis was performed with parietal peritoneum using anti-Sca-1 or -c-Kit and -GFP
antibodies. Isolated BM cells were also transplanted into the CG-stimulated peritoneum. BM-derived cells from GFP transgenic mice
appeared in the submesothelium from days 14 to 42. Both GFP- and stem cell marker-positive cells were observed in the submesothelium
and on the surface. Isolated c-Kit-positive cells, transplanted into the peritoneal cavity, differentiated into mesothelial cells. In this study, we
investigated whether or not BM-derived cells play a role in the repair of PF and immature cells have the potential of inducing repair of the
peritoneum. The findings of this study suggest a new concept for therapy of PF.
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Modulation of inflammation by mesenchymal stem cell transplantation in peritoneal dialysis in
rats.
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Abstract
AIM: The purpose of this study was to determine the effect of mesenchymal stem cell (MSC) transplantation on the peritoneal morphology
and inflammation markers in rat models of peritoneal dialysis (PD).

MATERIALS AND METHODS: Wistar albino rats were divided into two groups: control (C) (n = 8) and experimental groups (n = 50). PD
solution was given to the experimental group during 6 weeks. Then, experimental group was divided into three groups as PD, MSC, and
placebo (P) groups. MSC group was treated with MSC (1.5 x 10(6) cells/kg) and P group was treated with phosphate buffer solution via
intraperitoneal injection. Evaluation was performed to C and PD groups at the end of 6 weeks and to MSC and P groups at second and third
week of the treatment (MSC-2, P-2, MSC-3, and P-3 groups).

RESULTS: The submesothelial area was significantly thickened in PD and P groups compared to C and MSC groups. Peritoneal fibrosis was

seen in P-3 group but not in MSC group. There were no significant differences between the MSC-3 and C groups according to morphological

findings. Levels of tumor necrosis factor-a (TNF-a) and interleukin-6 (IL-6) were significantly increased in MSC-2 group compared to the other
groups (p-values ranged from 0.0001 to 0.04). TNF-a and IL-6 levels in MSC-3 and P-3 groups were lower than PD and C groups (p < 0.0001
for TNF-a and p = 0.0001-0.002 for IL-6).

CONCLUSION: Giving MSC may protect the peritoneal membrane from the deleterious effect of PD and extend the life of the peritoneal
membrane. Our study is the first on this issue and more detailed studies are needed.
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Mesenchymal stem cell transplantation may provide a new therapy for ultrafiltration failure in
chronic peritoneal dialysis.
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Abstract
BACKGROUND: The purpose of this study was o investigate possible healing effects of intraperitonaal (IP) mesenchymal stem cell (MSC)
transplantation on ultrafitration failure (UFF) in a chronic rat model of periteneal dialysis (PD).

METHODS: Rats weare initially divided inte two groups. The APUF group received cnce-daily IP injections of 20 mL of 3.86% glucose PD
solution for & weeks to stimulate the development of UFF and a control group received noinjections. The PUF group was sub-divided into
three groups: @ PUF-C group, an MSC group and a Placeba (F) groug. Pertoneal equilibration tests (PETS) and peritoneal biopsies were
performed in the conirol and PUF-C groups, M5Cs were administered by P injection in the M5C group and the FUF-C and P groups
received IP injection of placebo. PETs and peritongal biopsies were parformed in the MSC and P groups al the first [P-1 (and MSC-1 groups]
and second [P-2 and MSC-2 groups| week after recelving MSCs or placebe.

RESULTS: When compared with the control group, ultrafiltration capacity significantly decreased and the submesathelial thickness increased
in the PUF-C and P groups (P-1, P-2) (P < 0.05), but there wera nc differances betwaen the centrol and MSC groups (MSC-1, MSC-2). The
rate of glucose transport was high in the PUF-C and P-2 groups compared with the control group, and D/PCr rates in the PUF-C and P-2
groups were lower than in the control group (P < 0.05). However, DiDO{glucose) was higher and D/F{Criwas lower in the M3C-2 group than
in the PUF-C and P-Z groupe (P = 0.05). Transforming growin factor-f [TGF-3) levals ware lower in the MSC graups than in the P and PUF-C
groups (F = 0.05),

CONCLUSION: The PUF-C group had a high permeability LIFF, These results showed that MSC transplantation exerted pesitive effacts on
UFF in & chronic rat model of PD. MSC transplantation may provide new opliens for the renewal of the peritangum in chranic PD patients with
UFF.
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The Therapeutic Potential of Human Umbilical Mesenchymal Stem Cells From Wharton's Jelly in
the Treatment of Rat Peritoneal Dialysis-Induced Fibrosis.
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Abstract

A major complication in continucus, ambulatory periicneal dialysis in patients with and-stage renal disease who are undergaing lang-term
peritaneal dialysis (PD) is paritonaal fibrosis, which can result in peritanaal structural changes and funclicnal ultrafifiration fallure, Human
umbilical mesenchymal stem cells (HUMSCs) in Wharton's jelly possass slem cell properties and are sasily cblained and processed. This
sludy focuses on (he effects of HUMSCs on paritoneal fibrosis in in vitre and in vivo expariments, After 24-hour treatment with mixture of
Dulbecca's modified Eagle's medium and PD solution at a 1:3 ratio, primary human peritoneal mesothelial cells bacama susceptible 1o PD-
induced cell death. Such cylotoxic effacts were prevented by coculturing with primary HUMSCs. In @ rat model, intraperitoneal injections of 20
mM methyiglyoxal (MGQ) in PD solution for 3 weeks (the PDIMGO 3W group) markedly induced abdominal cocoon fomation, partoneal
thickening, and collagen accumulation. Immunchistochemical analyses indicated necangicgenssis and significant increase in the numbers of
£D-1-and a-smooth muscle actin (a-SMA}-positiva calls in the thickenad peritonsum in the PO/MGO 3W group, suggesting that POIMGO
induced an inflammatory response. Furthermare, FOIMGO treatment for 3 weeks caused functional impairments in the periloneal membrane
However, in comparison with the PD/MGO group, intraperiloneal administration of HUMSCs info tha rals significantly ameliorated the
FDIMGO-induced abdominal cocoon formation, peritoneal fibrosis, inflammation, necangiogenesis, and uitrafiltration failure. After 3 weeks of
fransplantation, surviving HUMSCs were found In the peritonaum in the HUMSC-grafted rats. Thus. xenografts of HUM3Cs might provide a
potential tharapeutic strateqy in the prevention of peritoneal fibrosis. Significance: This study demonstrated that direct intraperitoneal
transplantation of human umbilical mesenchymal stem cells inte the rat effectively prevented perfteneal dialysisimethylglyoxal-induced
abdominal cocoon farmation, ultrafiltration failure, and peritoneal membrane alterations such as periloneal thickening, fibrasis, and
inflammation. These findings provide a basis for a novel approach for therapeutic benefits in the treatment of encapsulating peritoneal
selerpsls,
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A systematic review of preclinical studies on therapeutic
potential of stem cells or stem cells products in peritoneal
fibrosis.
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Abstract

INTRODUCTION: Peritoneal fibrosis remains a serious complication of long-term peritoneal dialysis. Stem cell therapy is an
innovative field of scientific investigation with potential for clinical application. Here, we systematically reviewed the studies to
determine whether stem cell based therapy could improve the peritoneal fibrosis in experimental models of peritoneal fibrosis,

EVIDENCE ACQUISITION: Our systematic search of Pubmed, Scopus, Web of Science, and Cochrane Library yield 5219 article.
After screening for eligibility; in-vivo, experimental, interventional studies using stem cells in animal models of peritoneal fibrosis; 1
articles were included. The studies underwent comprehensive review, quality assessment, and data extraction.

EVIDENCE SYNTHESIS: Mesenchymal stem cells were the most used type (90.9%) originated either from bone marrow (70%),
adipose tissue (20%), or umbilical cord (10%). In 90.9% of studies, stem cells were injected after peritoneal insult and 63.6% of
studies used the intraperitoneal injection route, Eight studies met the =z 50% of criteria indicated by ARRIVE recommendation,
Infarmation regarding the nature of ethical review permissions, species, strain and gender, dose, route and duration of treatment,
was stated by all studies. 81.8% of the studies reported the number of animals in each group. Adverse events were reported in om
study. Improvement in histological parameters including attenuation of submesothelial thickness (100%), inflammation (62.5%),
angiogenesis (60%), and fibrosis (85.7%) was reported after stem cell therapy. Peritoneal permeability function by assessing the
ultrafiltration, glucose transport and solute permeability was improved in all studies. Stem cell treatment resulted in mesothelial
recovery in 100% of studies.

CONCLUSIONS: In preclinical studies, the use of stem cells is associated with improved peritoneal fibrosis. This may provide an
important foundation to support future translational clinical research using stem cell therapy to repair the injured peritoneum and
modulate immune responses in PD patients.



Design: Measured Outcomes

Histological Peritoneal Per meability Peritoneal Cytokine
Parameters Function Content
Inflammation UF volume TGF-B
Submesothelial Glucose uptake TNF-a, IL-6, IL-2, IL-
thickness (Dt/ DO glucose) 10, IL-1B, VEGF
Angiogenesis Glucose mass transfer PSMAD2
: : Solute permeability
Fibrosis (D/PCr, D/P Urea) 1566




Positive Effects of M SCson Peritoneal Fibrosis

o

(p

|mprovement in submesothelial thickness
Attenuation of inflammation

Attenuation of angiogenesis

Attenuation of fibrosis

Increased in UF volume

|mprovement in glucose uptake, glucose mass transfer and solute

transport
Attenuation of TGF-3
Attenuation of TNF-a

)




/ Pilot Study of MSCs Therapy in PD Patients \

@Ethic code: 93-03-47-27290-146850, IRCT: IRCT2015052415841N2
9 PD Pts, PD Duration>2years, using Ico or Dex.3.85% for night dwell as a surrogate marker of
hypervolemia

ZAutologous Adipose-Tissue Derived -M SCs
@An-vitro culture of M SCs was successful in 100% of cases
@MSCs:1.1* 109K g

@Systemic Infusion (cubital vein)
K@Assessment /

Co-culture of h-MSCs + glucose based PD fluid

{

Glucose based PD fluid was toxic for h-MSCs in a dose and time dependent

manner
90% loss of MSCs after 6 h incubation with 3.8% glucose based PD fluid 7




Design: Measured Outcomes

Histological Peritoneal Per meability Peritoneal Cytokine
Parameters Function Content
Inf}‘qnmation UF volume TGF-B
Submespthelial Glucose uptake TNF-a, IL-6, IL-2, IL-
thick (Dt/ DO glucose) 10, IL-1B, VEGF
Angiogenéq’s Glucose mass transfer PSMAD2
Fibrosis \ Solute permeability TSG-6

(D/P Cr, D/P Urea)




Assessments

@ Safety and Feasibility of Procedure

Assessment of SAEs, AEs based on Common Terminology Criteriafor Adverse
Events. Includes Clinical, Hematological and Biochemical Assessments

@ Change in Membrane Function and Characteristics
Assessment based on performing UNI-PET
@ Changein Systemic and Peritoneal Inflammatory Cytokines (ELISA)
TNF-a, IL-2, IL-6
@ Changein Systemic and Peritoneal Mesothelial Marker (ELISA)
CA125
@ Changein Peritoneal Fibrosis Marker Gene Expression (Quantitative Real Time -PCR)
TGF-B, FSP-1, aSMA



Results: Immunological Characteristics of Infused M SCs
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Results: Safety AsPrimary Endpoint

No SAEs /\

14 Minor AEs Safety Of
MSCs therapy
In PD subjects

AEswere subside by itself o

One episode of peritonitisat

One episode of exit Site
Phlebitis grade-2 in

No significant change in hemato er follow-up period

No significant change in dialysis ad p period

Significant decrease in BMI and wel



Assessments

@ Change in Membrane Function and Characteristics
Assessment based on performing UNI-PET
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1.2 An evaluation of peritoneal membrane character-
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Incident patient
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Original PET test

*Determine
transport category

* Construct PD
prescription
according to
table 1

Peritoneal function

\

Prevalent

"

F 3

Clinical and
biochemical follow-up
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Overhydration

Y

Clinical problem

/Uremic complaints

and/or metabolic
deterioration

4

* Check dietary incompliance
(consider measuring sodium excretion by 24
hour urine and dialysate collection)

* Check residual diuresis

* Exclude mechanical problem
(suspected if negative UF with
icodextrin)

* Check residual diuresis and
clearance

* Check peritoneal creatinine
clearance




* Check drainage profile; determine
breakpoint: consider tidal dwells or
reducing numbers of dwells

/

Problem not solved

Modified PET 3.86%

* Classify transport status

+ Evalusto sodium sioving -

* When fast transport:
consider shortening dwells,
use icodextrin for long
dwell

* When average or slow
transport and high sodium
sieving: consider

lengthening dwells, measure
sodium excretion in urine and
PD fluid, measure osmotic
conductance for glucose

*When average or slow
transport and low sodium
sieving: suspect aguaporin
deficiency; consider
transfer to HD

Fig. 1. Flowchart of clinical peritoneal membrane characteristics evaluation.
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software to model prescription
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Test”
Orlginal PET

Modified PET

Peritoneal dialysis capacity test

Mini-FET

Double mini-PET

ModIfled PET with temparary dralnagea

Advantages
Widalv used
Gold standard far small solute transport

Definition for UFF

Ma~ sieving

OfP craatinine similar to orlginal PET
Large-pare flow using albumin
Parlton=al absorptlon

Araa paramstar

FWT

FOT

ac

Definitian of UFF

Na sleving

FWT

O/P craatinine similar to criginal PET

Limitatlons

Limlted [nformatlon an ultraflltration
o Ha' slaving

o FWT

Mo OC

Mo FMT

o OC

o Ha® sigving

Mo FAT

Mo QC

C/F creatinine difficult o compare wikh PET values
o CC

C/P creatining difficult to compare with PET values
TWwa tasts

o CC

*The value of the tast is increased when an ffluant CA125 determination is added,



Peritoneal M embrane Function Tests

Mini-FET 1-hour test exchange 3.86% glucosa solution

Doutbe Mini-PET T 1-hour 168t exchanges
iperfarmed consesitively)

13t exchange 1.36%

2nd exchange 3.66%

Combined 3.86%-PET d-holr tast axchangs
3.86% glucose solution
Temporary drainage of dialysate after 1 hour to
as3e33 the volume by weighing and taking a
diahysate sample. Then reinfussan of dialysate
{left in place for ancther 3 hoirs)

D/PCreat; Dt/DD glucose after 1

DPCreat; DUVDD glusose after 1

[VPCraat; DVDO glucose

Unl-PET T tesst exchinges
Iperfarmed consesutively)
12t gxchangs 1.96% lasting 1 hour
2nd exchange 3.86%: lasting 4 hours:

Temporary drainage of dialysate after 1 hour to
assess tha voluma by weighing and taking a
diafyzate sample. Then reinfusion of dialysate
1 fior another 3 hours)

DVPCreat; DUDO glucose

Maximal UF capacity after 1 hour
Measures of Na sisving (all)
FWT
UFSP
Pfinirreal sarsel ool UF capacity after 1 hour
Measures of Na sleving (all
FWT
LIFSP
acaG
Maxirmal UF capacity after 1 and 4 haura
Measires of Ma sieving (all)
FWT
UFSP

Mixirnal UF eapacity 4 haurs
Measures of Na sleving fall

FWT

UFSP
QG



UNI-PET: laboratory analysis

1, Blood sample: plasma glucose, plasma urea, plasma creatining, plasma sodium and plasma total proteing
2. Sample of “fresh” solution: glucase and sodum.
3. Sample of dialysate after the dranage: creatining, glucose and sodium,

Anenzymatic method should be used to assess e dialysate creatinne concentration, If the Jaifé method (53) 5 used, the values

should be coracted.
Flame photoretry of indirect ion selective electiodes (1SE) should be used to assess the sodium concentration in blood and

clialysate, The direct 1SE should not be used (55),



UNI-PET Parameters Calculation and Equation

Vags =V
OCG—LPSa(nﬁ/min/mmHg)—{ aBEELL }1?

19.3(Gs g5 — Grag)t|
FWT (ml) = Total UF (ml) — UFSP (ml)
UESP (mL) = [NaR (mmol)1000]/Na, (mmol/1)

\Volumey o (L)Nap, mmol /1)]

alysateQut (

:' T\ i
— [Volumey,, i (L)Nap 0 ier, (mmol /1))

Smit et al., Estimates of peritoneal membrane function--new insights. Nephrol Dial Transplant, 2006. 21 (2). P:16-9



Water and solute transport across membrane

gMembrane model:
The ssmplest and most popular model

gThreeporemode :
Transport through a cylindrical pore across the membrane.

q Distributed model :

The blood capillaries are placed within the tissue at different distances
from the peritoneal surface

(The most sophisticated model of peritoneal transport.)




Membrane M odél

Clearance of waste products by diffusion

— Capillaries deliver solutes

— Solutes move from high
to lower areas of
concentration

— Solutes move at different
rates

— No net gain or loss after
equilibrium




Three Pores M odd

@ Pore model (transport through a cylindrical pore across the membrane) with three types of
pores.

v Large pores with aradius of 250 A (8%),

v Small pores with aradius of 40-60 A (90%)
v Ultra-small pores, or Aquaporin-1, with aradius of 3-5 A, which are permeable only to water (2%)

Pores . Molecules
o' E .* Transported
AQP1 - s m > * * \Water
R-35 A . b
. - .
Small Pore = Water
R-40-60 A .. . B Urea -
. m e Creatinine
! < ¢ ¢ Glucose

] 2
Large Pore _ Protein

R> 200 A . .H - . Macromolecule
[ ]

Blood Peritoneal
Cavity




The three pores
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Slow solute Diffusion High solute Diffusion
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Results: Increase in Free Water Transport by 32%
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Results: Increase in UltraFiltration Small-Pore by 18%
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Results: Increase in UltraFiltration Total by 25%

UFT
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Results: Significant Increase in 24h UF
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Results: Increase in Osmotic Glucose Conductance by 25%
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Results: Significant Decrease in D/P Creatinin

D/P Cr
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Assessments

@ Change in Systemic and Peritoneal Inflammatory Cytokines (ELISA)
TNF-a, IL-2, IL-6

@ Change in Systemic and Peritoneal Mesothelial Marker (ELISA)
CA125

Cytokine Levelsin Peritoneal Effluent
Appear ance Rate

(concentration of cytokine X volume of drained dialysis fluid)/ Dwell time (min)

Akman, S., et al., Adv Perit Dial, 2003. 19: p. 24-7




TNF-aLevels
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|L-6 Levels
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Assessments

@ Change in Peritoneal Fibrosis Marker Gene Expression Level
(Quantitative Real Time -PCR)

TGF-B, FSP-1, aaSMA

Gene expression was assessed on effluent-derived cells 1
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Systemic Infusion of Autologous Adipose Tissue-Derived Mesenchymal Stem Cells in Peritoneal
Dialysis Patients: Feasibility and Safety.
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Abstract

OBJECTIVE: Using mesenchymal stem cells (MSCs) Is regarded as a new therapeutic approach for improving flbrotic diseases. the aim of
this study 1o evaluate the feasibility and safety of systemic infusion of autologous adipose tissue-derived MSCs (AD-MSCs) in peritoneal
dialysis (PD) patients with expected peritoneal fibrosis.

MATERIALS AND METHODS: This study was a prospective, open-label, non-randomized, placebo-free, phase | clinical trial. Case group
consisted of nine eligible renal failure patients with more than twe years of history of being on PD. Autologous AD-MSCs were obtained
through lipoaspiration and expanded under good manufacturing practice conditions. Patients received 1.2 £ 0.1=106 cell’kg of AD-MSCs via
cubital vein and then were followed for six months at time points of baseline, and then 2 weeks, & weeks, 12 weeks, 16 weeks and 24 weeks
after infusion. Clinical, biochemical and peritoneal equilibration test (FET) were performed to assess the safety and probable change in
peritoneal solute transport parameters.

RESULTS: Mo serious adverse events and no catheter-related complications were found in the participants. 14 minor reported adverse
events were self-limited or subsided after supportive treatment. One patient developed an episode of peritonitis and another patient
experienced exit site infection, which did not appear to be related to the procedure. A significant decrease in the rate of solute transport
across peritoneal membrane was detected by PET (D/F cr=0.77 vs. 0.73, P=0.02).

CONCLUSION: This study, for the first time, showed the feasibility and safety of AD-MSCs in PD patients and the potentials for positive
changes in solute transport. Further studies with larger samples, longer follow-up, and randomized blind control groups to elucidate the most

effective route, frequency and dose of MSCs administration, are necessary (Registration Number: IRCT2015052415841N2),
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U  We showed for the first time the feasibility and safety of obtaining MSCs from
adipose tissue in PD patients with susceptible peritoneal fibrosis

No serious adverse events

U We showed for the first time that M SCs positively affect solute and fluid transport
across peritoneal membrane in PD subjects with susceptible peritoneal fibrosis

Increasein FWT, UFSP, UFT, 24 h UF, Decrease in D/P creatinin

U We showed for the first time that M SCs increased the force of dialysis glucose for
producing ultrafiltration (indirect sign of peritoneal fibrosis and thickness)

Increasein OGC
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U We showed for the first time that MSCs might have a
positive effect on mesothelial layer of peritoneum

Mild increase in mesothelial marker of CA125

U This effect was concomitant with the time of improvement
In peritoneal membrane transport

U ?Mesothelial repair
U ?More intact mesothelium

0 ?Hasrelation with improved peritoneal function
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U We showed that fibrosis marker gene expression could be
measured directly from effluent derived - cells

U M SCs produce a mild but non significant inhibitory effects
on TGF-B, aSMA and FSP-1 expression in effluent
derived —cdlls.

U Low number of subjects might be areason for not having a
prominant effects




Suggestions
1- Adipose tissue might be a better source for in-vitro MSCs
proliferation than bone marrow in uremic subjects
2- Systemic administration of MSCs might be more suitable than | P
Injection in PD subjects
3-Other cytokine network might be implicated in producing the
effects of MSCs

4 —Repeated infusion of M SCs in appropriate interval might produce
better results

5- This study should be regarded as start for new approach in
management of peritoneal fibrosis

6- To confirm the results, studies with Larger sample size, Longer
follow-up period and Randomized control group are recommended






