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Renal ischemic damage in clinical practice

/ Renal Transplantation: \

(Spain 2.500/year)

* 25- 50% Ischemic damage:

* dyalisis
* chronic allograft dysfunction
* contributes to allograft rejection

. /

/ Acute Kidney Injury \

Renal dysfunction:
M 1 Creatinine and BUN
J' L Creatinine clearance

Incidence:
3.000-5.000 mil hab /year
ICU: 30%

Mortality average: 50%
ICU: 80%;

Aethiologies:
* septic * toxic

* ischemic: politrauma
aneurism

\ cardiac surgery: 60% /




Acute Kidney Injury (AKI): Diagnostic and long term Biomarkers

o * Widely used AKI biomarker in clinical practice
* Creatinine: ) ]
* Creatine metabolism.

* Freely filtered in the glomerulus

Important Limitations:

* Modified by non-renal factors: age, gender, muscle mass, diet.
* Secretion modified by drugs
* Consequence of renal tissue injury

. . AKI Diagnosis delay
* Does not reflect GFR changes in real-time

Creatinine does not allow AKI long term evolution

V

Need of novel AKI Biomarkers



Damage and repair in proximal tubules during I/R:
Acute Tubular Necrosis (ATN)

Repair by
local pluripotent cells
and
bone marrow stem cells
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Acute Tubular Necrosis (ATN) in humans




AKI Outcome:
Electrolyte abnormalities, immunity impairment and
Chronic Kidney disease development

Fluid Electrolyte/acid-base Impaired innate
overload abnormalities immunity

Biomarkers for AKI long term outome are NOT available

From Singbartl and Kellum, K. Int, 2012



Chronic kidney disease definition

Table 1. Stages of Chronic Kidney Disease and Prevalence in Adults.*
Stage Description Estimated GFRY} Prevalence No. of Patients F un ctio na I d efi 1] itio n:
ml/min/1.73 m? % millions
1 Kidney damage with normal or increased GFR >90 1.78 3.6
Il Kidney damage with small decrease in GFR 60-89 3.24 6.5 Drop in glomerular rate filtration
Il Kidney damage with moderate decrease in GFR 30-59 7.69 15.5
IV Kidney damage with large decrease in GFR 15-29 0.35 0.7
V  Kidney failure with need for dialysis (end-stage <15 0.25 0.5
renal disease)

* Data are from National Kidney Foundation guidelines,* Coresh et al.,2 and the U.S. Renal Data System.*
T The abbreviated Modification of Diet in Renal Disease (MDRD) formula was used to estimate the glomerular filtration
rate (GFR).}*

' ‘(CKD i Histopathological definition:

.

~

Ve Y
vy

Tubulointerstitial fibrosis :
Failure in regeneration of tubular epithelium
Fibrogenesis:
EMT from epithelium
Kt TR KRR : SHRy accumulation of activated fibroblasts,
‘%:«' Ve 8 * Microvascular alterations (EndMT, rarefaction)
* Permanent inflammation




Chronic kidney disease:

Epithelial mesenchymal transition (EMT) Process

Developmental:
Type 1 EMT

Successive waves of
EMT-MET generate
embryonic
tissues and orgons

Chronic (fibrosing) Malignancy:

i type2ewr e (LT
[e[e]e]e]"]"

I oot

Epitheliol tumors
(Carcinoma) ocquire
malignant features and
metastasize via EMT

Various mesenchymal cells
may be derivedin the
adult via EMT in the setting
of chronic/fibrosing injuries

Intact Epitheliumand BM

{ Epithelial proteins: Cytokeratin, Desmoplakin, Laminin, others
{ Cell adhesion/junction proteins: E-Cadherin, Zonula Occludens,

Junctional Catenins and Integrins, others

™ MMPs 2, 3, 9 degrade BM

Early cellular changes, loss of cell-cell adhesion,
degradation of BM

ZEB1/2, others

Cytoskeletal rearrangements with apical constriction
TEMT transcription foctors: Snaill, Snail2, Twist, Goosecoid,

1 microRNA-200 and other microRNA changes

Advanced stage EMT with degraded BM and
cellular delamination

™ Mesenchymal proteins: aSMA, DDR2, Collogen | and iil,

Fibronectim, N-Cadherin, Vimentin, FSP1, B-catenin, others

EMT completed: loss of cell polarity,
spindle morphology, I migratory capacity

Kovacic et al.,

Circulation 2012



Chronic kidney disease: Vascular Alterations , rarefaction

Renal MV endothelial dysfunction NO pathways
Vasoconstriction

k4

Mild tissue
ischemia
"
1 Inflammation t Fibrosis
x
Andotheliql MV repair
dctivation angiogenesis VEGF pathways
t MV rarefaction Proliferfition/apoptosis

T Renal tissue
ischemia

Chade AR, Am J Physiol Regul Integr Comp Physiol2012



microRNAs Biogenesis and function

* Small endogenous RNA molecules (20-25 nt).

* Post-transcriptional negative regulation of
gene expression.

* More than 90% of genes in mammals.

e Action mechanism in animals:

* Translational Repression
* mMRNA deadenylation and degradation

* Target mMRNA — recognition of small
complementary sequences

Microvesicles

: RNA Pol Il

Exportin 5

Secretion

pre-miRNA

Nucleus

Cytoplasm

pre-miRNA

miRNA/miRNA* duplex Plasma

Membrane
Passenger Strand degradation l

m7G

m7G

Endonucleolytic cleavage and degradation

Extracellular Environment

(Aguado-Fraile et al., Nefrologia 2013, in press)




microRNAs as novel biomarkers

MiRNA Secretion to Extracellular environment.

* Carried by: | ¢ Microvesicles (MVB)
* Proteins (Ago2) i
/LNB\\\ NPM1 8
/ Pre-miRNA OOO 68888
* miRNA detection in cell-free body fluids: Y =

* Urine

* Serum

* miRNA secretion - Highly regulated

} are| /zﬂg\ﬂ?\é@ ,
E lul iRNA bi k f ﬁ««@\
xtracellular mi s are biomarkers L el Q) e

of a wide range of diseases
(Cortez MA et al., 2011)



microRNAs own regulation

Genomic changes:
deletions, amplifications,
translocations

Transcription
factors
l"‘ — Pre-miR
romoter miR gene POl ll é [Drnshg:
g . e Pri-mifR ' —" 3'

TT T
Epigenetic SNPs, Alterad exprassion or
changes mutations function
| Exportin &
Dicer Pre-miR
Mature miR - -

G

Deregulation of miRNAs expression :
PATHOLOGIES

(Brahimi-Horn M et al., 2007)



microRNAs as novel therapeutic targets

miRNA can be modulated in vivo and in vitro by:

premiRs: overexpression systems adding mature miRNAs
antimiRs: inhibition systems based on siRNA technology

In vitro: transfecting cells with liposomal vehicles

In vivo: using liposomal vehicles or viral vectors (LTV and AAV) coupled to
GFP/luciferase or nanoparticles RGD peptides

mMiRNA can be modulated in humans:

* Clinical assays for Hepatitis C (Miravirsen, LNA-anti-miR-122)



miRNAs as pathophysiological mechanisms in renal pathologies:
AKI and CKD



Establishment and characterization of experimental models:
- in vivo models of ischemia/reperfusion
- in vitro model of hypoxia/reoxygenation
- in vivo model of 5/6 Nephrectomy



Ischemia/reperfusion in vivo model (AKl)

SURGERY

Mouse
Rat
(males)

E 1

(clampage 30 or 45 min.)

&

Ischemia

|

30

|

Reperfusion

<€\

> U Urine
—_—

Sacrifice | | oh - 7 days of reperfusion

N
Blood E % Kidney

Molina et al., JASN 16 (2), 2005

Sdenz-Morales et a.l, Cell Physiol Biochem 23(4), 2009
Sdenz-Morales et a.l, Kidney Int 77 (9), 2010
Conde et al., Plos One 7 (3): e33258,2012
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Tubular damage in the I/R model:
histopathology and renal dysfunction
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Sdenz-Morales et a.l, Cell Physiol Biochem 23(4), 2009
Sdenz-Morales et a.l, Kidney Int 77 (9), 2010
Conde et al., Plos One 7 (3): e33258,2012




Mimicking I/R in vitro: Hypoxia/reoxygenation model (H/R)

Detached cells / Total cells

NRK-52E

HK2
MCT

l

Serum deprivation

(24h)

i

Serum and
Glucose

deprivation Complete medium

(HBBS) l

Collagen IV>[) Monolayer > [) ) TMonolayer >

(%)

30
25
20
15
10

CC (6h)

Hyp MM

R-24h

Hypoxia 6h: Reoxygenation (24h):
1% O,, 5% CO,, 94% N, 21% 02, 5% CO2

Paxillin-Actin 70-1

Sdenz-Morales et al., Exp. Cell Res. 312, 2006
Sdenz- Morales et al., Cell Physiol Biochem 23, 2009



5/6 Nephrectomy in vivo model (CKD)

Rat (SD) Right kidney 5/6 left kidney
(males) BT (T

o ]

Right kidney removal and
5/6 left kidney ablation

Sacrifice 15d - 60 d
: Kidney
Blood E D Urine ,;9 (Fibrosis)

(Renal Function)

Martin-Gomez, L. et al., in preparation
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Identification of miRNAs involved
in the tubular reponse to ischemia/reperfusion:
experimental studies



Identification of miRNAs in response to Hypoxia/Reoxygenation:
NRK-52 Cells (rat proximal tubule epithelial cells)

Control vs Hypoxia Hypoxia vs Reoxygenation
Heatmap : Fold : Fold
(Microarrays) L MIRNA change MIRNA change

e rno-miR-101a 1 rno-miR-101a 2,63

tos rno-miR-127 1,16 rno-miR-127 2,46

MiEss rno-miR-129* 1 rno-miR-129* 2,13

e rno-miR-154 1 rno-miR-154 8,03

ik rno-miR-28 1,27 rno-miR-28 1,90

fiken rno-miR-376b 1,33 rno-miR-376b 6,70

koL rno-miR-223 1 rno-miR-223 -1,91

= Confirmation by gRT-PCR

Aguado-Fraile et. al., PLoS ONE 7(9): e44305, 2012




Confirmation of miRNAs expression during H/R in proximal
tubule epithelial cells: miR-127 is upregulated during hypoxia

Fold Induction

NRK-52E

Hyp Hyp th R3h R6h
CM MM

Fold Induction

B rno-miR-127

R- 24h

HK-2

nll“”

Nx CC Hyp Hyp R-1lh R-3h R-6h R-24h
CM MM

B hsa-miR-127-3p

Aguado-Fraile et. al., PLoS ONE 7(9): e44305, 2012




Biological significance of miR-127 in H/R: FAC assembly

Actin - Paxillin Immunofluorescence in NRK-52E cells

Pre-miR-Sc Pre-miR-127 Anti-miR-Sc Anti-miR-127
O

O---

Pre-miR-Sc Anti-miR-Sc Anti-miR-127

R-1h

Aguado-Fraile et. al., PLoS ONE 7(9): e44305, 2012



Biological significance of miR-127 in H/R: TJ integrity

e Z0-1 Immunofluorescence in NRK-52E cells

Pre-miR-Sc Pre-miR-127 Anti-miR-Sc Anti-miR-127

Pre-miR-Sc Pre-miR-127 Anti-miR-Sc Anti-miR-127

R-1h

R-3h

R-6h

Aguado-Fraile et. al., PLoS ONE 7(9): e44305, 2012



miR-127 Target prediction

* Bioinformatics target Prediction

* microCosm www.ebi.ac.uk/enright-srv/microcosm/ Torget
MicroCosm

* Targetscan 4.1 www.targetscan.org/ IE D];I

* Pictar | www.mdc-berlin.de @(rgetscantuman

* Potential Targets Selection

Human ortghgrllcég of target Gene name
SETD8 SET domain containing (lysine methyltransferase) 8
KIF3B kinesin family member 3B
MAPKA4 Mitogen activated protein kinase 4
ZC3H4 zinc finger CCCH-type containing 4
ABBA-1 actin-bundling protein with BAIAP2 homology
RIMS4 regulating synaptic membrane exocytosis 4

Aguado-Fraile et. al., PLoS ONE 7(9): e44305, 2012



miR-127 target identification:
KI3FB expression is modulated in NRK52E cells during H/R

MRNA

* Kinesin Family Member 3B (KIF3B) L6 -

1,4 A

* Kinesin Il Complex component (motor) L
* Anterograde microtubule transport 1
* Organelles Distribution g:z: (= ese ]
* Receptors and channels Recycling 0,4 - I I I
0,2

CC Hyp Hyp th R3h R6h R24h
CM MM

Fold Induction

Protein Q\“\ &“ o o o
& LR &Q PP IR MRt

Aguado-Fraile et. al., PLoS ONE 7(9): e44305, 2012



KI3FB is a miR-127 Target in NRK52E cells during H/R

Colagen IV Pre/anti miR-127 N : _
Transfection Serum deprivation Hypoxia Reoxygenation
. 24n s Zéllh 24Ip SN GE o
0,
NRK-52E 1% Oxygen
Minimal medium (HBSS)
107 3,0 -
1,4 4 KI3FB
2,51 KI3FB
c L2 _
2 5 2,01
= 1,0 1 = O
E * OPre Sc 3 * B O Anti Sc
'g 0,8 - 2 1,51 .
£ H Pre-127 = B Anti-127
T 0,6 - = 104
2 T o 1
0,4
0,5
0,2
0,0 . . L.
00 ' ' ' ' ' NX CC  HypCM HypMM R-1h  R-3h
NXx cC Hyp CM Hyp MM  R-1h R-3h
CC Hyp MM

Aguado-Fraile et. al., PLoS ONE 7(9): e44305, 2012



KIF3B is a real miR-127 target in rat proximal tubule cells during H/R

 mRNA Instability by Luciferase Assays - KIF3B 3"UTR constructions

pGL3 Control pGL3 Control
Vector Vector

Luciferase KIF3B 3'UTR ‘

140,00
120,00

100,00 £3

0O Pre-miR-Sc
60,00 % * m Pre-miR-127

40,00 *

20,00 J
0,00

01nM  1nM 10nM 01nM 1 nM 10nM O0,1nM  1nM 10 nM

Relative Luciferase Units Percentage

S1A s3B pGL3 Control

Aguado-Fraile et. al., PLoS ONE 7(9): e44305, 2012



miR-127 and KIF3B in proximal tubule cells response to I/R:

AKI Pathophysiology

* AKI alterations:

* Cell adhesion
* Cell trafficking
* Cell polarity

* Critical mediators of AKI
Pathophysiology

* Potential therapeutic

targets:
preclinical models :
miR-127 in I/R

/“\l'—\l £
!

| f 90)%
\ _)\_,\J\/'\zl_/&_,“ll

l

Microtubule

C::%Q ) @%
ﬁl 27 QC’
/
1
\ Focal Adheslon Complex /
BASEMIENT MEMBRANE

Aguado-Fraile et. al., Nefrologia, 2013 (in press)



miR-127 is modulated also in vivo during I/R and
can be detected in cell supernatants

miR-127 in renal tissue miR-127 in HK2 supernatants
3 .
. *
25 | 35
=
2 21
5 :
T 151 B mo-miR-127
Z 14 Bhsa-miR-127-3p
o
o] m B
Nx CC Hyp Hyp R1h R3h R6h R 24h
& S ® R " MM MC
'-‘o‘“ & &% & ¢

\‘5'

Induction of miR-127 during ischemia and at 24 hours (ATN and renal dysfunction)

! 2

miR-127 is a Renal injury Biomarker and could be detected in serum???




Identification and validation of serum miRNAs
as new biomarkers of Acute Kidney Injury



Serum miRNA profile is different
between AKI patients and healthy controls:

» Screening Experiment — RT-PCR Tagman Low Density Arrays

e 2 Pool of Healthy Control.
* 2 Ischemic AKI Patients: Day 0 (Diagnosis), Day 7-10 (Recovery).
* 1 Toxic AKI Patient: Day 0 (Diagnosis), 2 months (Recovery) .

* 1 Septic AKI Patient: Day 0 (Diagnosis), Exitus.

« Raw Cq Data Analysis — Hierarchical clustering

Rescaled Distance Cluster Combine
; : iy i 3

Control Pool 1 |1 J
Control Pool 2 |2

| * Discriminate between AKI
Recovered Toxic AK! fo—— patients and Healthy controls
Recovered lsch. AKI J * Different Recovery Degrees
Recovered lsch. AKI o * Differentiate among AKI
| L(Pat;en?[?; 3 Et|0|0g|es
Ischemic AKI g}—
(Patient 4)
Toxic AKI 5

(Patient 2)

Septic AKI 7
(Patient 3)

Aguado-Fraile et. al.,2013, (to be submitted )



Screening Data Analysis Workflow:

1.- Raw Data Mangement 2.-Bioinformatics Functional Studies
Raw Cq Data argetScan
Fold Change p-value
AKI Biomarkers
1) Elimination ¢ " ip 101-1 275 0.061
not detected in ai .
hsa-miR-127-3p -1.98 0.08
hsa-miR-210 -3.15 0.03 DATABASE
hsa-miR-126 -5.75 0.036
W et al., 2009)
hsa-miR-26b -7.52 0.024
2) Elimination of miRNAs wi hsa-miR-29a -6.62 0.031 @
difference between control | .

hsa-miR-146a -8.50 0.021
Ischemic AKI
hsa-miR-27a -5.09 0.001 y of expression,
Ischemic AKI Recovery  functional data

3) Pool average and Fol| hsa-miR-93* -22.03 0.017

(A| Toxic and Septic AKI

hsa-miR-10a 32.21 0.001

rFoia I:XPTESSIOH pata
Selection of

@ 10 miRNAs Panel

(Kruskal-Wallis) Statistical Analysis

* + 2 Fold Change
* Statistical significance

Aguado-Fraile et. al.,2013, (to be submitted )



Validation I: ICU Patients vs Healthy control

hea mmiD 101 _1 [AFA)

hsa-miR-29a (ACb)

hsa-miR-10a (ACp)
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0.007
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, . R E.M.
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o8| | g * 16 presentingzPre- -refa) wikaio L0935 £ 0034 0.00Q,
——iR-27 miR126 0‘§7<%l = o ? 0.000
* Samples at Day 0 (_Dwagnosm«a 1d Day 1|2 2,3 d nd_&zr
0,61 ./ R - mi 00000009 |
evom}w L — Referencs Line miR-29a o 948 """ 0.27 0.000
04 / miR-146a T 1.000 3 ""0.000 0.000
4 o | miR-27a To.955 : “*l0.025 0.0
4 miR-93* 0.942 £ |0.029 0.0
0,2 500 E 1000
/ miR-10a L 1.000 5 0000 0.000.
oL «f | MiR-127-3p | w0939 mo.o33‘ 0.000s
" 00 0,2 0.4 0,6 0.8 1,0 m:‘r - m;m -
1 - Specificity
* § oo
.% 2,604
. £ ﬁ Day 0 (Diagnosis) samples from AKI
2. w Patients compared to Healthy controls
Healthy AKI Healthy AKI

Aguado-Fraile et. al.,2013, (to be submitted )



Validation I: ICU Patients vs Healthy control

« Serum microRNA levels correlate with AKI Severity (AKIN Stages 1, 2 and 3)

hsa-miR-210 (ACp)

hsa-miR-29a (ACp)

14,00

12,007

10,00

8,00

6,00

4,00

2,00+

p-value= 0.001

LE X1 J - - -

12,50

10,004

7.50

5,00

2,501

1

p-value= 0009

L] LR R ] aee & Eame &

N -

hsa-miR-126 (ACp)

hsa-miR-146a (ACp)

10,00
L]
8,00
L]
] H '
8,00 ’ .
! . i
[ ] . H
o L]
4,00 .
L]
2,00
8
]
00 .
200 p-velue= 0.021
1 2 3
17,50 «
L]
15,00 °
12501 * L
] .
H . '
10,001 * :
. H
7,50 .
L]
L]
5,001 p-value= 0.008 ‘
1 2 3

Aguado-Fraile et. al.,2013, (to be submitted )



Validation I: ICU Patients vs Healthy control

« Serum microRNA can distinguish between Intrinsic and Pre-renal AKI

10,00
14,00
8,001
a..“ 12,00 E
6,00
< 000 4
= w0
~ N 4001
g °% x *
2,00
£ oo 3
2 * 2
4,007
2 00- -2,001
Intrinsic Pre-Renal Intrinsic Pre-Renal
17,501
12,501 5
:’i S‘ 15,001
3 10,00 3
@ 12,50 T
g g
m. ?'w- PI .
* o 10,007
g 3
@ 5001 * 3 7.501
= = ek
250 5,001 -
Intrinsic Pre-Renal Intrinsic Pre-Renal

Aguado-Fraile et. al.,2013, (to be submitted )



Validation I: ICU Patients vs Healthy control

hsa-miR-29a (ACp)

hsa-miR-10a (ACp)

« Serum microRNAs as potential biomarkers of long-term outcome

hsa-miR-101-1 (ACp)

10,001
— 800
&
. .3 8001 microRNA
1,04 — miR-101 o )
: | ] — miR-210 R
! e % 2o | MiR-101-1 % 0,039 0.0@
miR-29a Q . ]
0,81 —mR-45a Z s« | miR-210 2 %0.064 0.008 *
— Cren | miraze
£ oe] —Rrmce L | miR-26b
% ' 16,00
£ _ miR-29a _
“w S 10,00 H &
0.4 =1 miR-146a a
/ 5 .. | miR-27a 2
/ & o
0,27 E miR-93* :
/ 2 oo . 2
/ £ miR-10a =
0.0 . . : : : se0| [ MiR-127-3p 0.874
0,0 0,2 04 06 0.8 1,0 Ty R
1 - Specificity
250 e Normalized Serum Creatinine levels
~ 12.00r
10,01 : E 10,00 .
ol . o F e i Day 7 samples from AKI Patients
- L 2 o o compared to Healthy controls
Healttry AKI Healtny AK)

Aguado-Fraile et. al.,2013, (to be submitted )



Validation II: Cardiac surgery Patients

¢ Candiac migeyRNAsas@drdytbiomarkers of AKI

/AT 10adult patients with 0-2 points-in Thakar system:.

B: 10 pédlatrlc'nalve patlents?operated wi'gh CPB.: .
* ]
I, 15 adult patlents W|th alterél mlseline renal funcétion and > 5 points in

‘wkar system. 3 N .
3 4,00
1 = L]
It: 4 adult patients W|th normal ren.al function and > 5 points in Thakar
i pualue-ﬂﬁ 2,00+ pvaluc 0.001
S ySLQrQ : Day 2 Day A AKI Day Day -3 Day -2 Day - AKI Da‘y

Samples: Before surgery (Basal), Immediate post-surgery, 1, 2, 3, 7 Days

15,00 15,00

* AKI Dev=|opment monitoring

=
12,501 % 12,507 . N
. Sanﬂale ¢ollectiorn durlng-prewoqs day§ of AKI episade i "
@ 10001 8 . N 10001 ° ! : .
E ° M ] < ‘
% 8 l E -
& 7.50- . ¢ E 7501, °
2 3 )
. =
5,00 * 5,004 *
p-value= 0.03 p-value= 0.044
Dajlr 3 Da;.' 2 Day 4 AKI Day Da;; 3 Da;' 2 Da;' 4 AI{I‘Day

Aguado-Fraile et. al.,2013, (to be submitted )



Validation II: Cardiac surgery Patients

 Serum microRNAs are biomarkers of AKI predisposition

RIFLE

AKIN

Creatinine Kinetics

Delta Cp

Aguado-Fraile et. al.,2013, (to be submitted )
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mikrofNAL come biomarcadores de IRA en pacientes en U

Estudio observacional prospectivo unicénirico de evaluacidn
diagndstica del fracaso renal agudo en pacientes ingresados en
U0 mesdiante un panel de microRMAS

Sinopsis

microfNAs como biom arcadoes de IRA en Cirugla Cardiaca

Fendiente de asignacidn

Titule

Estudio obsarvacional prospactiva maitictnarios de evaluacion
diagndstica ded fracaso renal agudo asociado a @ dnugla cardiaca
mediante un panel de microfRMNAS

Sinopsis
Titule
Cadigo
Poblacidn de
padentes

En gste estudio se incluirdn padentes con 18 o mis afas que
ingresen &n M0 con criterio de endermedad midica grave o
cuidados postoperatorios con una estancia minima estimada en
U gupricr & 48 horas.

Codigo

Fendiente de asignaciin

Poblacién de
pacientes

En gste estudio se incluirdn pacentes con 18 o mas afos que
Vayan a ser operados de cinagia candiaca mayor con dersaciin
cardiopulmonar ([D0P)

Principales criterios
de inclusidn y
exclusidn

Los principaies oritenios de inclusiin son:
Edad z 1B afios
Pacientes con seosls, sindrome de respuesta infamatoria
sistémica {SRIS), o nivel de puntuacidn de la escala SOFA
supsriora 4.
Packentas inbernidos de cinigia atdominal &n los que 58
@StIME Wna @stancia minima en U0 de 48 horas.

Principales criterios
de inclusidn y
exclusidn

Los principales oriterios: de inclusin son:
Edad = LB afos
Frogramados para Orugla Cardiaca mayor con DCF
Obros pendientes de definir

Los principaies criterios de excusicn son:
Paclertes oon ERC &n tratamignto dialithoo o con un
filtrada glomarular basal estimada infarior 3 30
el rminy'1, 73 2
Packentas recaptones de Tx renal
Pacientas que hayan desarralade FRA grada il o sunerior
al momento del ingreso en UL o duranie o ingreso
previc a b crugia

Los principales oriterios de exclusidn son:
Facientes con IRC en trataméento dialitico
Pacientes recepiones de Tx renal
Pacientes cperados de forma emergente
Pacientes que hayan desarrolado FRA grada il o superion
durante & ingreso previo a a drugia
Pacientes con Meunapatia de cualquier origen conocida

& efertos del presente estudio Se considerara FRA b aparicedn
durante bos 5 primeros dias despoés del ingreso en UCE

PSS IOETAtonG dE Una evackin de L3 Cr igual o suparior aun
Rrado B de la cladficacion funcional de FRA de |la KNGO

Definlcién de FRA

A efoctos del presents estudio s& considerara FRA L aparicedn
durante bos 5 primeros dias del postoperatonio de una elevacin
de la Cr igual o superior a un grada Nl de cualguiera de las
clasificaciones funcionaies de FRA (RIFLE, AKIN o cinética) con
respecio al walor basal de referencia

Objetives del
estudio

Frincipal:
Evaluar la capacidad dagndstica de un pansl de
maCrORNAS, medidos dariamente desde ol ingreso
durante ¢ tiempo que ¢ paciente permanezca en UG
[midaimo de sepumients 7 dix) S detenminanin
sansibilidad, especificidad y los cockentes de probabisdad.
Secundarios:
Evaluar la capacidad pradictiva de un panel e microRNAS
para detenminar |3 necesidad de tratamients renal
sustibutivo y la mortalkdad durante la hospitalizacién
Dtros pendientas de definir

Disefio del estudio

Estudio observacional uniodnirion prospective

Objetivos del
estudio

Principal:
Ewaluar la canacidad diagndstica de wn panel de
microRMAs (medidos durame las primseras 2480 tras la
cirugia] para el desarrolo de FRA ascclade a la crugia
cardiaca durante ks primenod 5 dias del postoner atorio.
Se determinardn |a sensibiidad, especificidad v los
cocientes de probabilidad.

Secundarios:
Ewaluar la capacidad mredictiva de un panel de microRN&s
(medidos en las 24h antes de la cinegia) para el desamollo
de FRA asocado a b cirugl cardiaca durante ks primeros
5 dias del postoperatanic.
Estudiar la cindtica ded panel de biomarcadores en
pacientes operados de crugla cardiaca
Orbros pendientes de definir

Metodologia

A los packentes que ingresan en UC] se ke explicars la fnalidad
el estudio y s ks propondrd particisar. A aquelias que acepten,
tras fimar el comespondiente corsentimienio se les obiendrd
i masestra O sangre basal [dia O v se tomnard una muestras de
orina. Con postenondad, mientras sigan ingresadas &n la B0l
(miaximo 7 dias) se colectarin para el estudio sendas musstras
diariaz de sangre v orina. Todas las mesestras oo centrifugardn y o
sueroiplasma obtenido se separard en alicuotas de 25000 que se
congelardn a <TRC. Las orinas se aliouotaran en vol rsenes de

L masestras serdn remitidas para su almacenaje &n ¢ Biobanoo

Disefio del estudio

Estudio observacional multicénrico prospsctiog

ded HRYC. 5o anakizardn las musKtras e todos los pacientes que
desarrolken FRA segiin el criterio establecido y el de un ndmsero

equivalenie de pacienbes sin alteracin de su funcidn renal a lo

larga ded ingreso, eleghdo: de forma aleatoria de entre todos ios
paACkENtEs panicipantes.

Metodologia

A Los pacientes Que wayan a ser operados de cnigla cardiaca con
DOF de forma programada o urgente se ks explicass @ fnalidad
ded estudio y se ks progondrd participar. A aquellos que acepten,
tras fimsasr el comespondiente corsentimienio se ks exiraerdn
muestras de sangre y orina en |los sigukentes momentos: basal
antes do k3 Cirugla, el postoperatorio inmediate (3 BE+ X hya
las 12 £ 2 hdel comienzo de la CEC], ylosdias 1, 2,3 y 5 del
postoperatoric. Todas las muestras se centrifugaran y el
sueroy'plasma cbtenido se separard en alicuotas de 250 W que se
congelardn a <T0RC. Las muestras serdn remitidas para su

almacenaje en o Bicbanco ded HRyC. 5S¢ analzardn las mesestras
e todos koS pacientes que desarrolken FRA segin @l criterio
establecido y el de un ndmero equialente de pacienbes sin
alteracidn de su funcidn renal durante el postoperatorio, sfegidos
e forma aleatnria de antre 1Wdos 105 paCentes Darticipantes

Mdmero de
pacientes del
estudio

El resultado primaric del estudio seni la validez diagndstica del
panal de MICrORNAS para disgnosticar ol desarrolio de FRA. Esta
valider serd svakuada mesdiante & drea bajo l ounva ROC (ABC
ROC) 5e asume que i incidencia de FRA en esta poblacidn es del
158,

Fara & cilcuio del nE de pacientes a evaluar se parts de una
hipdtesis nula que plantea gue ¢l ABC-ROC e igual a0.75. Pama
rechazar esta hipdtesis v aceptar la hipdtesis de trabajo de gue el
ABC-AOC g5 DUBS, con un nived de significaciin del 5% y una
potencia del 20%, se necesitarian 85 pacientes con diagndstico de
FRA. Para alcarcar este ndmero de pacientes, con una estimacidn
dw pérdidas en &l esbudio del 15%, se necesiaria reclutar 670
packentes.

Mimero de
pacientes del
estudio

El resuliado primario del estudio serd la validez diagndstica del
panal de microRMNAs para diagnosticar el desarrolio de FRA. Esta
valider serd evakiada masdiante o drea bajo b ounva ROC [ABC
ROCHL

Fara ¢ cilcuio del n® de pacientes a evaluar se parte de una
hiptesis nula que plantea gue ¢l ABC-RDC o igual 30.75. Pama
rechazar esta hipdtesis v aceptar la hipdtesis de trabajo de que el
ABC-ROC es 0.B5, con un nived de significackdn del 5% y una
potencia del S0%, se necesitarian 20 pacentes con diagrastion de
FRA. Asumisnda una incidencia de FRA del 7% y una estimacidn
conservadora de pérdidas en o estudio del 15%, se necesitaria
reciutar 1345 pacienies

Nimers de centros
de estudio

El estudia podria realizarse en las UC] del Hospita| Undseraitarks
Famdn y Cajal. S estima que parma reckrar ios 670 pacientes
requaridos en un plass razonable |68 meses, ontados a panir
o la wisita de incial

(B esitudio podria hacerse con cardcter multicénirioo)

Ndmers de centros
de estudio

El nimsero de centnos recesarios estd en relackin con el rdmero
de pacientes necesarios. Se estima que para reclutar kos 1345
FACINDS MEqUendas &0 W plazo razonable [ 4 - 6 meses
contados a partir de ka wisita de inicio de ada centbro) se
precisarian 20 centros

UCI: HURYC: 670 patients

CS: Multicentric (20): 1345 patients




microRNAs in AKI patients management

 Dynamic Concept of AKI

Serum creatinine level, urine output Current biomarkers (Murugan R and Kellum J, 2011)
and other functional markers

@ ] Risk* | | Stage1 |=» Stage2 Stage 3 Death
Damage
\Injury biomarkers from
\ various kidney structures
Phase 1: Phase 2: Phase 3: Phase 4:
Risk Identification Early Injury Detection Injury and Repair Outcome?
Monitorin
* Predisposition before < High Diagnostic value : g * Long-term
* Correlation with bi K
CS : L ) iomarkers
e Early diagnosis in CS severity
(miR-26b, miR-27a, miR-93%*, . . : ¢
MiR-127) (miR-210, miR-146a, miR- (miR-210, miR-146a, miR- A
93*, miR-127) 126, miR-126) Chronic Disease
¢ ¢ * Recovery degrees Dialysis
. _ Survival
Prevention Early Personalized
Therapy Therapy

Aguado-Fraile et. al., Nefrologia, 2013 (in press)



microRNAs as Biomarkers of Long-Term Outcome

Hierarchical Clustering Analysis
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Preliminary Long-Term Recovery Expression data

miR-101
miR-210
miR-126
miR-127
miR-26b
miR-272
miR-292
miR146a
miR-93*
miR-10a

2,61
2,97
-2,99
4,81
3,36
3,39
2,49
4,44
3,89
12,64
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4,14
1,81
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12,89
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13,80
10,47
13,80
11,09
13,80

ICU Patient Day 7 data

1,76
3,33
-2,58
6,23
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4,73
13,26
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MiRNAs in CKD as biomarkers and novel therapeutic targets (PS12/00094

* Biological significance of AKl-associated miRNASs in long term in vitro H/R experimental model, in HK2
cells and HMEC cells, modulating miRNAs by pre-miRs and anti-miRs

» Expression of miRNAs using an in vivo model of renal I/R in long term progression
* miRNAs expression in the 5/6 Nephrectomy model (chronic damage model)

* MiIRNAs expression in AKI long term and CKD patients: Clinical correlation for identification of novel
CKD biomarkers

* Mechanisms involving miRNAs for CKD development in vitro: effects of miRNAs regulation and
MiRNAs-targets characterization

* Mechanisms involving miRNAs for CKD development in vi*vo: effects of miRNAs in the 5/6
Nephrectomy model (chronic damage model)
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