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Case Presentation

58 year old diabetic man admitted to the ICU
with an acute anterior Ml

Baseline creatinine 3.1 (diabetic nephropathy)

Persistent chest pain = angiography and
emergent CABG

Post-op hypotension (80/45) responds to
Oressors

Progressive increase in serum creatinine over
the next few days 3.1 to 3.4to0 3.8to0 4.2
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Optimization of hemodynamics

Initiation of dialysis on POD 4 because of K=6,
oliguria, and 30 pound weight gain with serum
creatinine 4.2

Every other day dialysis to maintain
electrolyte and volume status

Discharged POD 22 off dialysis
Chronic dialysis initiated 6 months later
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Acute Kidney Injury

Incidence 30 cases per 1 million population
5% of hospitalized patients

30% of ICU patients

High short-term mortality
e 40 to 70% mortality rate
 Mortality dependent on underlying disease

* Prognosis not significantly improved despite dialysis
— Mortality rate:
 WWII 91%
* Korea 68%
e Viethnam 67%



Probability

0.015

0.010

0.005

0.000

Probability of ESRD & death after

live hospital discharge, by AKI status

ESRD 0.20 Death
m— Non-AKI
AKl 0.15
0.10
0.05
0.00
0 120 240 360 0 120

Days from hospital discharge

240

360

General Medicare
patients age 66 & older
on 12/31/2006,
continuously enrolled in
Medicare
inpatient/outpatient &
physician/supplier
coverage, & with no HMO
coverage, surviving in
2006. AKI defined in
2006. Excludes patients
whose ESRD date is on
or before the AKI
discharge date. Patients
followed to a maximum
of one year after AKI
discharge date for those
with AKl or Jan.1, 2007
for those without AKI. A
one-year entry period
before follow-up is used
to define CKD status and
comorbid conditions.
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* [njury phase
 Recovery phase

— Regeneration of necrotic tubules

— Growth factors (EGF, IGF) accelerate recovery in
experimental models not humans

— Other failed therapies: ANP, erythropoietin



Potential Source of
Regenerating Cells

iving tubular cells
Extrarenal cells

esent within the kidney
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1989: Dedifferentiaton

2001: Extrarenal cells

2003: Cellular therapy

2004: Renal stem cells

2005: Dedifferentiaton




Kidney and beyond - Review Article
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Cellular Therapy of Kidney Disease



Cellular Therapy of Kidney Disease

e Acute kidney injury
— Ischemia reperfusion
— Cisplatin
— Rhabdomyolysis
e Kidney transplantation
— Induction therapy
— Subclinical rejection
e Diabetes
e SLE
 Nephrotic syndrome
— Doxorubicin
— FSGS
* Genetic kidney diseases



Table 1. Nephrology-Related Triaks of MSCs

Trial/Registration Na. Cell Type Primary End Point Design Site
Induction therapy Autalogous Safety and efficacy HAandomized, open-labed, Fuzhou Genaral Hospital,
recapient of Iving M5 s active control China
kidniay allogratt:
NCTOOESE0TS
Subchnical rejaction; Autalogous Safaty and feasibility Nonrandomized, open-lebal, Leiden Universty Madical
NCTDOT34306 MSCs uncontrolied Canter, the Netheriands
MSC under bassinmab;  Autologous Safety and efficacy to mduce Randomized, open-labed, Manc Negn Institute, aly
low-dose RATG: MSCs kidney transplant active contno
NCTOOTE2470 tolerance
Chronic allograft Autclogous and  Safety and efficacy Treatmant, opan-labal, Fuzhou Genaral Hospital,
nephropathy; | hestoncal controd China
NCTOOE5RE20 MSCs
Pefractory systemic lupus  Allogeneic MSCs  Safety and efficacy Treatment, nonrandomized, Manpng Medical
enythematosus; coern-absl Uniwersity, China
NCToDEE191
Casplatin-anduced AKlin - Allogensic MSCs  Safety and efficacy Treatment, open-label Mano MNegn Institute, Haly
patients with
sold-organ cancers;
NCTUTZ Fb

Noie: Listed are phase 1/2 tnals available in ChnicalTriaks.gow.
Abbrewiations: AK|, acute kidnay injury; MSC, multipotent mesanchymal stromal call; AATG, rabbit entthymocyte globulin induction.
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Why MSCs?

Migrate to site of injury

Release factors (paracrine and endocrine):

— Influence cell survival and proliferation

— Modulate immune response

— Anti-inflammatory actions

Pre-clinical studies

Safe in other diseases (Phase 1):

Amyotrophic lateral sclerosis
Multiple sclerosis

Stroke

Crohn disease

Acute graft-vs-host disease



Cisplatin induced ARF

Mesenchynual Sicm Cells Are Renotropic, Helping 10 Repair
the Kidney and Insprove Funetion in Acwie Renal Failure
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Administered mesenchymal stem cells protect against ischemic acute renal
failure through differentiation-independent mechanisms

Florian Tigel,'* Zhuma Hu,' Kathleen Welss,! Jorpge Isaac,” Clandia Lange,’ and Christof Westenfelder'?
Pivivian af Mephrelegy, Separimead of Mediciae, Lindverniy of Lok awad Vetoraars Affmira

Medical Center, and Departments of “ Phystology and - Petkolagy, University of Dteh,

Salt Lake City, Utak; and *Bone Marrow Transplandation Center, Hamburg, Crermany



Mesenchymal Stem Cells oz

pro-angiogenic E

tubule
Mesenchymal Stem Cells
in Acute Kidney Infury

Bemppmer [F Hemphons
o T e )

anti-inflammatory

Anim. Bt Mol 2008, §%:311-I5
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e Embryonic stem cells (ESC) — risk of teratoma

* Induced pluripotent stem cells (iPS) — can be
autologous

 Endothelial precursors
e Amniotic fluid stem cells
e Adipose-derived stem cells

Also studies on engineering MSCs (e.g.
overexpress CD44 to increase homing to the
kidney.
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Original Repore: Laberatary Investigation
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Table 1. Measurements of the renal function and histologic scores in the study groups

Parameter CTR DPO MSC MSC/DPO P
(n=7) n=7) (n=7) {n=7) value*
Cre, mg/dl
Baseline 060 +0.18 0.50+0.13 0.50+0.14 060010 0.37
24h 280054 3.30 + 0,490 310033 1.00+ (.56 bc 0.002
48 h 270 +0.58 = f 2.00 £0.0748 1.90+0.10=h 1.70£0.29s b 0001
72h 2.00£0.124¢k 1400315 L1001 1= 0.82 £0.32kL= 0.0003
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Kidney “Insult”: Dose Escalation: 3
om-pump cardiac sungary groups of 5 patients each
recaved a pre-determinad
dosa of allogeneic MSC
Follow-up:
Close: & month
15-20% of high- S G
risk patients i

dewalop AKI (by
RIFLE, AKIN)

Injact allogeneic MSC into
supraranal aorta after pabent
comas off pump

Phase 1 clinical trial: on-pump cardiac surgery patients at high risk
of postop AKI treated with allogeneic MSC



Meseanchymal Stem Cells In Cisplatin-Induced Acute Renal Failure In Patients With Solid Organ Cancers (CIS/MSCO08)
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Kidney Transplantation



Autologous Mesenchymal Stromal Cells and Kidney
Transplantation: A Pilot Study of Safety and Clinical
Feasibility

Norberto Perico, ** Federica Casiraghi, ** Martino Introna,** Hiana Goti,? Marta Todeschini,*!

Regiane Aparecida Cavinato, ! Chiara Capelli,? Alessandro Rambaldi® Paola Cassis,* Paola Rizzo,"
Monica Cortinovis, ' paddalena Marasa,” Josee n‘__.u:ld'.;!:.-',‘{L Marina MNoris, * and Gi useppe Remuzzi ot

www.cjasn.org Yol & February, 2011
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Induction Therapy With Autologous

Mesenchymal Stem Cells in Living-Related K NCRRIENTIIN Sthary Gl Tt

! | P Value
Kidney Transplants dard-Dose CNI Low-Dose CNI Control Overall
A Randomized Controled Trial (n=53) {n =52 (n=51) Type 3P
Primary end point

eGFR, mean (95% CI), mL/min per 1.73 m# ¢
Posttransplant
Od 5.8 (4.7-8.8) 53 (3.1-7.6) 5.8 (3.0-8.6) 56
id 77.0 (67.4-86.6)4 74.9 (66.3-83.6)d 52.6 (44.5-680.7) <2001
14d B84.9 (75.2-94.6)® 77.8 (69.0-86.5) 69.6 (61.0-78.3) a7
1mo 91.1 (83.7-98.4)f B81.4(73.8-80.0) T2.0(E9.8-881) 08
2 mo 00.1 (84.3-96.0) 85.6 (79.9-91.3) 823 (74.1-90.5) 28
3 mo B83.9 {B2.8-95.0) B87.9{B0.5-35.3) B85.8 (7fB.8-92.9) 81
& mo 00.6 (B4.2-97.1) 82.7 (76.6-88.8) £9.4 B83.0-95.9) B2
12 mo 93.2 (86.2-100.2) 86.7 (7f9.0-94.3) 85.5 (/f8.2-02.9) .49
Acute rejection, Mo. (%) [25% CI)
AtEmo
Biopsy-confimed 4 (75 [D.4-14.7]9 4(7.7 051490 11 (21.6) [10.5-32.6]
Corficosterpid-resistant 0 1] 4 (7.8 [0.6-15.1] e
Histological severity
Banif 11 4 (7 .5) [D.4-14.7] 4(7.7 [0.5-14.9] 737456230 007
Banff lll 0 ] 4 (7.8 [D.6-15.1] ;
At12mo
Biopsy-confimmed 8(15.1) [6.5-24.7] o173 [F1-27.H 13 (25.5) [13.8-37.2] 37
Corficosterpid-resistant 0 1{1.9) [0-5.5] 4 (7.8 [0.6-15.1] 06
Histological severity
Banif I/ 1 8(15.1) [6.5-24.7] 8 (15.4) [5.7-25.1] 7 (13.7)[4.5-23.0] o7
Banff lll o 1{1.9) [0-5.6] 4(7.8) [D.8-15.1] )
Secondary, No. (%) [95% CI
Dedayed graft function 504 [1.617.5 477 D5-149] 4 (7.8 [0.8-15.1] .24
Duration of dialysis, mean (range), d 174 (10.5-24.3) 163 {7.9-23.1) 16,3 (10.0-22.5) .28
Graft loss 111.9) [0-5.5] 2{3.8) 09000 1 (2.0 [0-5.7] B85
Aprute relaction 0 1{1.9) [D-5.6] 1 {(2.0) [0-5.7] A5
Chronic rejection 1(1.9)[0-5.5] 1{1.9) [0-5.6] 0
Death 0 ] o




STEM CELLS

TRANSLATIONAL MEDICINE

TISSUE-SPECIFIC PROGENITOR AND STEM CELLS

O

Autologous Bone Marrow-Derived Mesenchymal
Stromal Cells for the Treatment of Allograft
Rejection After Renal Transplantation: Results of a
Phase | Study

Manues E.J. Reinoers,™® Jonan W. pe FuTer,® HeLene RoELors,© Incesore M. Baema,®
DoroTTya K. DE VRIES,® ALEXANDER F. SCcHAAPHERDER,® Frams H.). CLaas,®

Paua P.M.C. van Wiert,” Dave L. Roewen,” Cees van KooTen,” WiLLem E. FiBsg,”

Tow J. RaBeLing™®

Eey Words. mMesenchymal stem cells * Kidney = Immunosuppression * Transplantation

STEM CELLS TRANSIATIONAL MEDICINE 2013;2:107-111 www.StemCellsTM.com
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Table 1. Patients

Recipient Primary kidney OV stmtus . Virus infection
[gender, mge] disemse Immunologic status [o/R) Protocol biopsy [time past-Ta) Renal biopsy [time post-M5Cs) [time post-RSCs)
LM, BEyears IgAN HLA 1-2-2 mm —f— Hewly developed IRTA (Banff IRTA, I} BK nephropathy [+21weeks] BKwinus activation [+21
PRAS 0% { 10 manths) Weaks)
Cross-matChe: nag
Anti-gonor Abs: neg
LF Glyears AK HLA 1-1-2 mm +.— Progressive IR TA [Bandf IFTA, 1) Primo CWV [+2 wesks)
PRAS 4% (5.5 months)
Cross-miatch: nag
Ant-monor Abs: meg
3. M, 67years Mephrosclenosls HLA 2-2-2 mm +f— 5CR and IF,/TA {Banff borderiine Enhanced ChY wiral inad
PRAS 0% changes and IF/TA, [] [B months] {+7 maonths)
Cross-miatche: neg
Ant-gonor ADs: neg
4 M, 4lyears ADPED HLA 1-2-2 mm +5+ Borderiine SCR and IR TA [Banff No SCR no IRTA [+ 10 wesaks}
Pilis 0% Borderiine changes and iFTA, ]
Cross-match: neg {6 monehs)
Ant-donor Abs: neg
5.F.S4years ADPKD HLA 1-2-Z mm 41— 5(R (Banff T-cell mediated rejection,  No 30RO IFTA |+ 6 weeks)
PRAS 0% 1B} [ & months)
Cross-match: meg
Ant-sonor Abs: neg
6. F.SEyears Hypenensie HLA 1-2-Z mm —— Increase In IF/TA {2anff IR TA, 1j
nephropathy  PRAS 4% (& momnihs)

Cross-match: meg
Anth-gonor Abs: neg

"Banff score according to Banff 97 diagnostic categories for renal allograft biopsies [16].

Abbreviations: Abs, antibodies; ADPED, adult polroystic kidney disease; AKl, acute kidney injury; CAWY, ortomegalovirus; D, donor; F, female; HLA,
human leukooyte antigen; IF/TA, intarstitial fibrosis tubular atrophy; IgAN, IgA nephropatiy; M, male; mm, human lzukooyte sntigen mismatech;
M5C, mesenchymal stromal cell; neg. negative; NODAT, new onset diabetes after transplantation; PRAs, panel reactive antibodies; R, recipient;
5CR, subclinical rejection; Tx, transplantation.



Other Kidney Diseases



-
e
.

e Y
Repairing the Chronic Damaged Kidney: The Role of
Ragemarative Modicing
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Table 1. Model, Amount of Cells, Routes of Cell Administration, and Resulis of Studies Using Cell-Based Therapies for Treatment
of Experimental Chronic Renal Failure

Reference Model Mumber and Cell Type Functional Outcoms Delivery Method Histology
18 COL4A3 KO MSC (1 = 109 Mo change in renal function Tail vein ! Interstitial fibrosis
24 Anti-Thy1.1 (GN) MSC (2 x 105 Improved renal function Intra-artenally ! Glomerulosclerosis
and decreased
proteinuria
29 5/6 nephrectomy MSC (1 x 105) Mo change in creatinine Tail vein } Glomerulosclerosis
and decreased
proteinuria
27 5/6 nephrectomy MSC (2 x 10%) Increased albuminuria and  Subcapsule 1 Glomerulosclerosis
serum creatinine
30 5/6 nephrectomy Lin—2 = 10% Decreased proteinuria Tail vein 1 Glomerulosclerosis
| Interstitial fibrosis
28 5/6 nephrectomy MSC (2 x 105 Amelioration of renal Tail vein } Glomerulosclerosis
function | Interstitial fibrosis
26 5/6 nephrectomy MSC—MO (1 x 10) Amelioration of renal Renal parenchyma } Glomerulosclerosis
function
31 5/6 and 2/3 MSC—MO (1 x 10%) Amelioration of renal BM seeded with MSC or MO | Glomerulosclerosis
nephrectomy function implanted in the renal } Interstitial fibrosis
parenchyma ! Lymphocytic infiltration

COL4A3, collagendAS knockout; GN, gliomerulonephritis; MO, mononuckear cell; M3C, mesenchymal stem cells; BM, biomaterial.

Transplantation Proceedings, 43, 3573-3576 (2011)
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Mesenchvymal stem cells are & resces approsch for recovery of
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Mesenchymal Stem Cells Prevent Progressive Experimental
Renal Failure but Maldifferentiate into Glomerular

Adipocytes

Uta Kunter,* Song Rong,* Peter Boor,*' Frank Eitner,* Cerhard Mitller-Newen, !

Livka Djuric,* Claudia B. van Roeyven,* Andrzey Konieczny,* Tammo Ostendorf,*

Luigl Villa," Maja Milovanceva-Popovska,” Dontscho Kenjaschkl® and Jurgen Floege”
*erision of Nephrology, University Hispital RWTH Aaschen, Aachen, Cermsny: "Department of Climi) amd
Cxpertmental Pharmacatherapy, Slovak Medical Untversity, Bratisieva, Slonakia; Institute of Blochemistry, Untverstry
Herpital Riwinisach Westfillische Trefmische Hindvackule Aachen, Aachen, Cermury; arl 9 bequrtment of Pathulogy,
University of Viemna, Viemma, Austria

] Am Soc Nephrol 18: 17541764, 2007



Human Umbilical Mesenchymal Stem Cells Attenuate the
Progression of Focal Segmental Glomerulosclerosis

Hualin Ma, PhD, Yaojiong Wu, MD, PhD, Ying Xu, MS, Liping Sun, PhD
and Xinzhou Zhang, MD, PhD

TABLE 2. Comparison of urine protein concentration if§ every group

Pretreatment urine 4 Week vrine 8 Week urine 12 Week urine
protein (mg/d) protein (mg/d) protein (mg/d) protein (mg/d)

No intervention 10.00 = 5.20 9.75 £ 413 14.51 = 1.88 2249 £ 536
ADR 10.19 = 4.09 204.82 + 45.96° 149.01 + 90.84“ 2807 £ 12,60
ADR + MSC iv low 12,59 = 391 99.65 + 18.88*" 63.76 * 33.66" 48.82 £ 17.61
ADR + MSC iv high 11.63 £ 7.22 55.82 + 24,3348 45.45 = 11.40° 3792 £ 1049

Values represent mean + SEM.
“P << 005 vs. control group.
bp < 0.05 vs. ADR group.
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Risks of Cel
Immunosuppression
Chromosomal abberations
Neoplastic transformation
Pulmonary emboli

Lack of standardization of cell preparations

Lack of efficacy



Generation of human induced pluripotent stem cells
from urine samples
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Cawrrs Drug Tarpers, 20000, /90 12371234

The Bioartificial Kidney in the Treatment of Acute Kidney Injury

Joon Ho Snng: and H. David Humes ™
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Achieving more frequent and longer dialysis for the

majority: wearable dialysis and implantable artificial
kidney devices

Wilkam H Fissell’, Shuvo |':'.'-'r"' and Antdes Dnvenparm

Kidney International advance online publication, 13 February 2013;
dov10.1028%k:.201 2465



medicine

Regeneration and expenmental ortholopic transplantation
of a bioengineered kidney

vy | g, lapers Pdanviie®S, haiah | Colipia ' el gl Y, femerplh ' Vs and i V6 Harald O Ol 20
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Case Presentation

58 year old diabetic man admitted to the ICU
with an acute anterior Ml

Baseline creatinine 3.1 (diabetic nephropathy)

Persistent chest pain = angiography and
emergent CABG

Post-op hypotensive (80/45), hypoxemic,

wedge 31, CXR pulmonary edema, anuric with
Cr4.2 and K 6.0



Evaluation and Treatment 2020

Preoperative genomic screen demonstrates increased
susceptibility to AKI genotype

Serial perioperative biomarker screens demonstrate
early ATN

Autologous mesenchymal stem cells ordered from Cell
Bank and infused into suprarenal aorta

Biomarker screen demonstrate good response to stem
cells with all markers decreasing 12 hours following
surgery

Housestaff attend History of Medicine lecture on use of
serum creatinine to monitor kidney function
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The End









Acute Kidney Injury
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Intrinsic Epithelial Cells
Repair the Kidney after Injury

B [ Huargorerwps.” 2" Bl Toumol Wit ® Aoy Pobupaars. | ieitach W Bhagbel § fevadn Boers).
dorprryy B Dol " Ao P BcBsiee, 4 ared Jdooaph V. Borsenk TS

Cell Stem Cell 2, 284-291, March 2008



_Cells derived from
" surviving tubular
cells

Cell derived from
"~ stem cells

Renal tubule Injured renal tubule

Stem cell



‘FRONTIERS IN NEPHROLOGY 7 Am Sos Neghosl 15- 11131125, 2004

Tissue Engineering, Stem Cells, and Cloning: Opportunities
for Regenerative Medicine

CHESTEE. 1. EOH and ANTHONY ATATA
TImstinete for Repemerative Medicing, Wake Farest Universiry Johos! of Medioimes, Winstan Jalem, Neorth
Coaroling.




Tubulo-interstitial
damage/tubular field
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Human Embryonic Mesenchymal S5tem Cell-Derived
Conditioned Medium Rescues Kidney Function in Rats
with Established Chronic Kidney Disease

Arlanne van Koppen', Jaap A. Joles", Bas W. M. van Balkom', Sai Klang Lim®, Dominkque de Kheijn®,

Rachel H. Giles', Marianne C. Verhaar"*
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