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Low GDP PD Fluids - Background

Second generation, neutral pH, low GDP PD fluids better preserve residual renal
function and may reduce peritonitis incidence and severity

Effects on peritoneal membrane transport function are uncertain.

Limited evidence on histomorphological transformation of the peritoneal
membrane with high GDP PD fluids. Low GDP fluid associated alterations in
humans largely unknown.

The underlying molecular events have mainly been described in vitro and in
animals to date.
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The fate of the PD membrane

The peritoneum

- In health

- in CKD5

-PD with pH neutral, low GDP fluids
with acidic, high GDP fluids

Functional consequences of PD membrane transformation

Impact of PD buffer compound

w International Society for Peritoneal Dialysis
VANCOUVER, CANADA MAY S=-8, 2018



Adana
Barcelona
Belgrade
Berlin

Bern
Bezancon
Birmingham
Budapest
Cologne
Essen
Genova
Gent
Hamburg
Heidelberg
Istanbul
Kansas city
Krakow
Kuala Lumpur
Lyon
Marburg
Milano

Munchen
Nantes

Prague
Stockholm
Strasbourg

Vienna

Vilnius

The International Pediatric Peritoneal Biobank

I CKD5
s Low GDP PD
B High GDP PD

Trauma free removal and orientation of parietal peritoneum

PD BIOPSY STUDY
Center:
PatD.

Date of blopsy

Williams JD et al, JASN 2002; von Ruhland et al, PDI 2003

Parietal peritoneal tissue

Storage

Buffered Formalin 4 %
fixed on cork; store at 4°C

Put in liquid nitrogen
(dry ice) store at-80° C

Omental tissue 21cm

Buffered Formalin 4 %

store at 4°C

Put in liquid nitrogen
(dry ice) store at -80°C

RNA later (2.5 ml)

store at 4°C for 2 24h (up to 30
days), then at < -20°C

10 20

Number of biopsy samples



Parietal peritoneal samples (05/2018)

270 patients,
318 biopsy samples

72 non CKD children

Previous Tx
(12 samples)

Previous PD treatment
(18 samples)

Peritonitis within 4 weeks
(16 samples)

Inadequate quality

(26 samples)
Age matched controls CKD5 Low GDP PD High GDP PD
56 samples 130 samples 98 samples 18 samples

v

24 follow-up samples

30 adult non-CKD
125 adult CKD
25 adult PD



The healthy peritoneum: Three layer structure

Lymphatic vessels Nerves

#52

AQP-1 podoplanin S100

Schaefer B, Bartosova M et al. Sci Rep 2016



Blood and lymphatic vessel density in controls (0-60 years)
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Peritoneal membrane transformation with CKD5

Controls

CKD5

(n=56) (n=56) p-value
Age (years) 5.7(1.1,11.8) 5.6 (1.3,12.5) 0.94
Body surface area (m?) 0.8(0.5,1.3) 0.7(0.4,1.2) 0.54
Mesothelial cell coverage (0-6) 5.0 (2.0, 6.0) 4.5 (3.0, 6.0) 0.77
Submesothelial thickness (um) 275 (163, 375) 250 (200, 350) 0.69
Submesothelial microvessel density (/mm?) 102 (65, 192) 135 (100, 218) 0.057
Submesothelial microvessel number (/mm) 26 (16, 37) 31 (25, 57) 0.056
Lymphatic vessel density (/mm?) 36 (21, 51) 36 (23, 61) 0.34
Blood microvessel density (/mm?2) 76 (35, 145) 108 (58, 165) 0.081
Total endothelial surface area (um?/ums3) 5.8 (3.7,9.9) 8.5(5.4,11.9) 0.024
Lymphatic endothelial surface area (um?/ums3) 2.7 (2.0,4.3) 2.6 (1.6,5.2) 0.70
Blood microvessel endothelial surface area (um?/ ums3) 3.3(1.2,5.7) 4.9 (1.9, 8.0) 0.10
L/V ratio 0.6 (0.6, 0.7) 0.5(0.4,0.6) <0.001
Relative endothelial telomere length 160 (88, 194) 80 (63, 109) 0.011
ASMA positive cells (% patients) 23 22 0.13
CD45 positive cells (% patients) 14 25 0.022
CD68 positive cells (% patients) 12 20 0.37
Fibrin deposits (% patients) 2 14 0.015
EMT (% patients) 0 7 0.042
EMT (cells/mm?) 0 14.5 (3.5, 41.5) -
VEGF-A (% of submesothelial area) 7.3(4.0,11.9) 7.6 (6.1,10.3) 0.73
pSMAD2/3 (% of submesothelial area) 3.0(1.9,6.0) 13.6 (4.9, 16.7) 0.043

Schaefer B, Bartosova M et al K, in press



Major early angiogenesis and slower but progressive fibrosis with low GDP PD

CKD5 PD <6 Mo PD 6-12 Mo PD 12-24 Mo PD 24-48 Mo PD 248 Mo

n=90 n=13 n=19 n=21 n=16 n=13 p-value
PD duration (months) 0 4.0(2.3,4.8) |9.0(7.3,10.0) 15.7(12.8,19.0) 33.0(27.3,36.2) 72.3(63.0,85.2) <0.001
Glucose exposure (g/m?/day) 63 (27, 102) 105 (88, 131) 116 (85, 186) 100 (86, 123) 117 (57, 153) 131 (118, 154) 0.011
Mesothelial cell coverage (0-6) 4 (3, 6) 2 (0, 6) 2 (0, 3) 1(0,3) 0, (0, 2.5) 0 (0, 2) <0.001
Submesothelial thickness (um) 268 (208, 380) | 330 (304, 482) |424(358,525) 300 (237,420) 373(258,511) 826 (328, 950) <0.001
Microvessel density (/mm?2) 124 (78,174) | 179 (132, 274) |236 (125,368) 161 (97,385) 181 (112,269) 169 (89, 237) 0.002
Submesothelial microvessels / mm 29 (20, 47) 57 (32, 138) 106 (69, 172) 58 (30, 96) 59 (26, 90) 70 (38 185) <0.001
Lymphatic vessel density (/mm?) 28.1(18.9, 49.6)| 23.3 (16.2, 35.4) [32.9 (10.8, 46.3) 28.5(21.8,45.9) 39.5 (14.7,55.0) 25.1 (16.5, 44.5) 0.9
Diffuse podoplanin staining 0% 15% 21% 21% 31% 36% 0.002
Blood vessel density (fmm?) (46.?,537.9) (142%:,0;;1.0) (73.176,3231.8) (64.41,22086.4) (96.%)752'6:9.5) (47.71,32102.8) <0.001
Endothelial surface area (um?/pms3) 7.3(4.1,10.3) | 10.0(9.4,15.4) |12.3(7.7,19.1) 9.0(5.3,17.3) 10.2(7.8,13.2) 9.0(4.4,11.3) 0.004
L/V ratio 0.5 (0.4, 0.6) 0.4 (0.4, 0.5) 0.4 (0.3, 0.4) 0.4 (0.3, 0.5) 0.3 (0.2, 0.5) 0.4 (0.2, 0.6) 0.008

Schaefer B, Bartosova M et al K, in press
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No major impact of peritonitis

No peritonitis peritonitis p-value
(n=24) (n=24)
Age (years) 4.0 (1.8,9.4) 3.3(1.5,10.1) 0.71
Female (%) 46% 58% 0.39
Body surface area (/m?) 0.6 (0.4, 1.2) 0.6 (0.5, 1.0) 0.88
PD duration (months) 11.3(8.5,21.4) 12.0 (8.5, 22.4) 0.66
Glucose exposure (mg/day/bsa) 97 (89, 132) 100 (85, 108) 0.64
Absent mesothel layer 46% 38% 0.53
Mesothelial cell coverage (0-6) 0.5 (0.0, 3.5) 1.0 (0.0, 3.0) 0.91
Submesothelial thickness (um) 304 (200, 358) 413 (250, 500) 0.24
Microvessel density (/mm?) 200 (107, 325) 170 (97, 318) 0.82
Microvessel number / mm 59 (32, 75) 82 (30, 116) 0.21
Lymphatic vessel density (/mm?) 39 (23, 56) 33 (22, 46) 0.41
Blood cap. vessel density (/mm?) 176 (71, 238) 139 (66, 362) 0.72
Total endothelial surface area (um?/um3) 10.0 (7.7,19.0) 10.2 (5.9, 16.4) 0.82
Lym. endothelial surface area (um?/um?) 3.4 (1.8,5.7) 2.6 (1.3, 4.4) 0.30
Blood cap. endothelial surface area (um2/um?) 8.0 (4.1, 12.8) 6.7 (3.3, 15.7) 0.89
L/V ratio 0.4 (0.2, 0.5) 0.4 (0.3, 0.5) 0.28
ASMA score (0-3) 1(0,1) 1(0, 2) 0.55
CD45 score (0-3) 1(1,1.5) 1(0, 2) 0.89
CD68 score (0-3) 1(0, 1.5) 2(1,2 0.11
Fibrine (% positive patients) 25% 25% 1.00
Epithelial-Mesenchymal Transition (% pos. Pat.) 46% 42% 0.77
EMT (cells/mm2) 49 (20, 198) 21 (8, 65) 0.34
Diffuse staining (% positive patients) 33% 23% 0.42
VEGF-A (% submesothelial area) 32.2(19.2,63.1) 35.0(20.3,51.1) 0.50
pSMADZ2/3 (% submesothelial area) 18.1(6.2,29.1) 20.3 (7.3, 26.7) 0.65

Staining intensity score (0-3)

Wi

. ASMA

CD45
IS cDpss

1-3 months 3-6 months >6 months

Time since peritonitis

Please also see P-003



VEGF-A (% positive area)

Peritoneal profibrotic and proangiogenic cytokine induction
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Submesothelial positivity

(% patients)
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Multivariate analyses including age, peritonitis, glucose exposure, PD duration, EMT presence:

Glucose exposure independently associated with

- total vessel density (p=0.068)
- blood vessel density (p=0.082).

EMT predicts
- Submesothelial vessel number per mm peritoneal surface (p=0.016)
- Submesothelial thickness (p<0.001)

Schaefer B, Bartosova M et al Kl, in press



Microvessel density (/mm?)

Microvessel density (/mm?)
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Peritoneal vessel density predicts transport function

0.3 0.4 0.5 0.6 0.7
D/P creatinine 2h
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o
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MVLR Analysis 2 hours D/P creatinine

Coeff. lower CI95%  upper CI95% p-value

Age (years) 0.007 -0.002 0.015 0.115

Glucose exposure (g/m?/day) 0.002 -0.000 0.003 0.059

Microvessel density (/mm?2) 0.166 0.069 0.264 0.004

Submesothelial thickness (um) -0.000 -0.001 0.000 0.111
MVLR Analysis 2 hours D/D, glucose

Coeff. lower CI95%  upper CI95% p-value

Age (years) -0.011 -0.027 0.005 0.142
Glucose exposure (g/m?/day) -0.002 -0.005 0.001 0.147
Microvessel density (/mm?2) -0.203 -0.404 -0.003 0.047
Submesothelial thickness (um) 0.001 -0.000 0.001 0.089

Schaefer B, Bartosova M et al K, in press



More vasculopathy with high versus low GDP fluids

L/V: Lumen/Vessel Ratio
L: Luminal diameter
\/: Vessel diameter

L/V ratio
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Low versus high GDP PD

(matched for age, dialytic glucose exposure and PD vintage)

PD duration (months)

Glucose exposure (g / m? / day)

Mesothelial cell coverage (0 - 6)

Submesothelial thickness (um)

Microvessel density (/ mm?)

Lymphatic vessel density (/ mm?2)*

Blood cap. vessel density (/ mm?)

Total endothelial surface area (um?2/um3)

Lym. Endothelial surface area (um?/um3)

Blood cap. End. Surface area (um?/ums3)

L/V ratio

ASMA score (0 - 3)

CD45 score (0 - 3)

CD68 score (0 - 3)

Fibrine (% positive patients)
Epithelial-Mesenchymal Transition (% pos. patients)
EMT (cells / mm?)

Diffuse podoplanin staining (% positive patients)

Please also see P-020

Low GDP PD
(n=15)

15 (24.5)
65.7 (28.5)
0.0 (2.0)
294 (223)
163.1 (163.6)
33.0(34.3)
118.4 (163.9)
9.4 (9.6)
2.5(3)
5.7 (9.8)
0.4 (0.2)
1.0 (3.0)
1.0 (3.0)
1.0 (3.0)
33 %

27 %
42.9 (45.9)
14 %

High GDP PD
(n=15)

10 (30)
56.3 (19.5)
2.0 (3.0)
470 (523)
182.4 (142.6)
16.8 (11.5)
224.2 (234.8)
10.3 (7.6)
1.3 (0.6)
8.6 (9.7)
0.3(0.2)
0.0 (1.0)
1.0 (2.0)
0.0 (1.0)
27 %

47 %
15.0 (50.0)
60 %

p-value

0.65
0.21
0.27
<0.05
0.66
n.a.*
0.74
0.90
n.a.*
0.61
<0.05
0.11
0.83
0.07
0.69
0.26
0.34
<0.05*

Diffuse podoplanin staining in parietal peritoneum

Low GDP PD

nnnnn

High GDP PD




Complement activation in Peritoneal Dialysis induced Arteriolopathy

Transcriptomics Proteomics

METHOD S: Classical Paliway Loviin Patway Altemete Pativay Glassical Pathway Lociin Patrway Alernate Pathway
Transcriptomic and proteomic analyses
of parietal peritoneal and omental
arterioles from children with CKD5 or
on PD as well as age-matched controls.

¢1UBF @I ; IMBL!
E1I"‘/“(

Validation of key findings by immuno-
histology and correlation with clinical
indices in separate CKDS5, PD and
control cohorts.

IF MCP

3

EvG stammg of omental
arteriole for microdissection

©2018 by American Society of Nephrology

Bartosova M et al. JASN , 2018



Low GDP induced complement activation in omental and parietal peritoneal arterioles

CKD5

Control
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Independent validation cohort, n=5/15/15

log C1q

log C1q

-1.0

TCC

rho=0.5, p<0.05

50 160 150 200 250
Glucose exposure (g/day/BSA)

r=0.64, p<0.01

0

50 100 150 200 250
Glucose exposure (g/day/BSA)
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Omental arterioles

Arteriolar TGF-I3 induction with low GDP-PD

Parietal arterioles
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Total positivity
(Aperio pixel count)

Total positivity
(Aperio pixel count)

Relative Expression (RQ)
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Drivers of fibrotic changes in peritoneal membrane

MicroRNA-21 Thy-1 fibroblasts

Peritoneal membrane (children) GLOBAL Fluid Study (230 patients)

miR-21
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Low GDP PD buffer and ultrafiltration capacity

ml UF/g Glucose

(Biokid Trial)
Lactate (Balance®) Bicarbonate (BicaVera®)
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p<0.01 for slopes

Schmitt CP et al. CJASN, 2013
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PD buffer dependent angiogenesis — molecular pathway in vitro
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PD fluid induced membrane transformation

Healthy controls
3 layer structure, age dependent vessel density, peritoneal thickness

CKD
Minor histomorphometric changes, inflammation and EMT

Low GDP PD

- Major early inflammation, EMT, TGF-3 and VEGF associated angiogenesis, progressive fibrosis

- Vessel density predicted by glucose exposure and EMT and defines small solute transport

- Arteriolar endothelial complement activation correlated with vasculopathy, dialytic glucose exposure
and TGF-[3 induction

- Vessel maturation and better preservation of UF with bicarbonate buffered low GDP fluid suggested
by in vitro and ex vivo studies and by one pediatric RCT

High GDP PD:

- More submesothelial thickening

- Diffuse podoplanin staining (EPS-marker)
- Accelerated vasculopathy
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