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» microRNA basics
» MIR as biomarker in transplantation
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Controlling translation of 60% of proteins in the organism of

From bactria to human cells
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in preventing
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now high on
the agendas
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companies.




8xl0 these noncoding small RNAs come from?

(1) Intergenic — Gene A

(2) Intronic

(3) Intergenic

clustered -

= simplified



NOMENCLATURE

] MICro rna

. as suffix: -
ated except one or 2 nucleotides miR 124a VS 124b

p = originated from opposite arm of same pre microrna ;
osite effects ( sense vs antisense )
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miRBase has moved to Mo //www. mrbose org/ - please update your links,

mamcmmmane=———— e e

The miRBase database has moved to a new location ot hitp//www.mirbase.org/, hosted In the Facuy of Relcnae 14: Sept 2009
Ufe Sciences, University of Manchester. All pre-existing URLs should forward to their new locations. Moase ==rreows> n e aad
‘update your links, and note the new contact email address (mirbase@dmenchester.oc.uk).

| With relcase 14, the miitBase sequence database has broken thvough the 10000 entries Darrier!

. (aampis

Download published miRNA data
miRBase: the microRNA database Download pege | FTP site

miRBase provides the following services: m

NetWatch - Scoence 303:1741 (2004)
o The mIRBase dotabase s a searchable database of published MIRNA sequences and annotation. Each Highfights, Web watch - Altre Reviews

ontry In the miRBase Soguence database reprasonts a pradictod hairpin portion of & MIRNA transcript Genotics 5:244 (2004)
(termed mir in the database ), with Information on the location and seguence of the mature MIRNA
sequence (tarmed mIR). Both hairpin and mature sequences are avallable for soarching and Drovwsing,
and entries can 3is0 Do retrieved Dy name, keyword, refarences and annotation. Al saquence and annotation dath are a0 avallable for downioad.

o The miRBase Registry provides miRNA gene hunters with unique names for novel mMIRNA genes prior 1o pubication of results. Visit the help pages for
more information about the naming service

e The miRBase Targets database and pipaine has boen rebranced as MCroCosm, and 5 now hosted at the EB1L. The microCosm resource continues to be
maintained by the Enraht group. miRBase currently inks MIRNAS to targets predicted by microCosm, TagetScan and Piclar, and aims to provide a
more extonsive target prodiction aggregation service in the future,

TO recoive email notification of data updates and feature changes please subscaribe to the MIRBase announcements maling list. Any queries about the
website or naming service should be directed at mirbaseddmanchaster.acuk.

mRBase s hostad and maintained n the Faculty of Life SCences &t the University of Manchester with funging from the BESRC, and was previously hosted
and supported by the YWellcome Trust Sanger Institute.




&< C @ MNotsecure | www.mirbase.org W

miRBase Rapid evolution ™
ome B Search § Browse § Help 8 Download B Blog Submit | N submit |
Latest miRBase blog posts miRNA count: 38589 entricf |
MicroRNA Gene Ontology annotations By sam (June 7, 2018) Release 22.1: October 2018
You might have noticed some additional information on the mature miRMNA pages in the last few weeks. See for example:
http://mirbase.org/cgi-bin/mature.pl?mature_acc=MIMATO000123 hitp://mirbase.org/cgi-bin/mature.pl?mature_acc=MIMATO000069 The new Search b}f miRNA name or kekurd
section "QuickGO function” contains a set of high quality manual annotations of Gene Ontology terms for mature miRMNAs, the vast majority of
which come from the work of Rachael Huntley et [...] Go || Example
miRBase 22 release By sam (March 12, 2018)

In human around 2500 but most of the regulation is done“by. about 600 miR

miRBase: the microRNA database

miRBase provides the following services:

» The miRBase database is a searchable database of published miRNA sequences and annotation. Each entry in the miRBase Sequence database represents a
predicted hairpin portion of a miRNA transcript (termed mir in the database), with information on the location and sequence of the mature miRNA sequence
(termed miR). Both hairpin and mature sequences are available for searching and browsing, and entries can also be retrieved by name, keyword, references
and annotation. All sequence and annotation data are also available for download.

» The miRBase Registry provides miRNA gene hunters with unigue names for novel miRNA genes prior to publication of results. Visit the help pages for more
information about the naming service.

To receive email notification of data updates and feature changes please subscribe to the miRBase announcements mailing_list. Any queries about the website or
naming service should be directed at mirbase@manchester.ac.uk.

miRBase is managed by the Griffiths-Jones lab at the Faculty of Biology, Medicine and Health, University of Manchester with funding from the BBSRC. miRBase was
previously hosted and supported by the Wellcome Trust Sanger Institute.




MICroORNA detection methods
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Next-Generation Sequencing

Maximize the yield of your miRNA sequencing

Our QlAseq solutions are designed to maximize the yield of your miRNA sequencing experimentis. The QlAseqg miRNA
Library Kit virtually eliminates adapter dimerization and unwanted RNA species. The reaction chemistiry facilitates preparation
of robust, miRNA-specific libraries with a gel-free workfiow from as little as 1 ng of total RNA_ Plus. Unique Molecular Indices
(UMIs) tag each miRNA at an early stage, eliminating PCR and sequencing bias.




XMAP® INSIGHTS

Luminex® miRNA Analysis Made Easy with a Multiplex

miRNA Probe Design Tool

October 12th, 2015 / Stephen Angeloni




Figure 1. Schematic of Luminex miRNA assay.

Step-down Probe Hybridization — DNA/RNA chimeric probes hybridize

to target miRNAs during Incremental reductions in annealing temperature.
2 hours

—

Microsphere Hybridization — miRNA-chimeric probe complexes are
hybridized to microspheres.

30 minutes

-

RNase Digestion — Excess probes, single-stranded RNAs and mismatched
probes are digested. Only perfectly-matched probes are protected,
30 minutes

SAPE Incubation — A brief incubation with streplavidin-conjugated
R-Phycoerythrin (SAPE) Incorporates reporter molecules.
30 minutes

—

Detection —Targets of interest are guantified on a Luminex instrument.
< 5 hours total to results




Cell-to-cell commmunication: microRNAs as hormones

Recep Bayraktar', Katrien Van Roosbroeck' and George A. Calin'**

miRNA secretion pathways  \olecular Oncology 11 (2017) 1673-1686 © 2017
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Box 1. The Potential Clintcal Apphcations of rmiinAEA2= T
Fodneyw Diseasaes

Discase dlagnosils
= Early detection of cancer (through noninwywasive urinse armnd

=erUrm test )
= Early detection of glomerudlar disease and nephropathies

(through urine testing)d
« ancer subclassiticatiom
- oonfirming thetissuese of cancer Of unknowen [2rirmarys

Dlscase prognostic marker (predicting the natural outcorme
ot the Kidney disease and i1is degres of agdgressivensess)

Predicitlve markers (predicting treatment efficien oy, espoae-
clally Tor maoleculartargeted therapiaes)

Therapeutic applications
- vereXpression of a downregulated o H-Le

= Heducing the expression of an miAMNA2S that s overexpressaed
Im kKidney diseass
« Arresting disease progression through allering the lewel of

candidate miAHMNAs
« Zelecting patients who are ideal candidates 1or clinical trial=s




New insights in Differentiating ambiguous situations

Kidney (in vivo) or

Immortalized cells (in vitro)
Wild-type primary cells (in vitro)

Mutations in Smad, p53 or Ets-1 genes
q TGF-p TGF-B

w
I Smad, p53, Ets-1 etc

HMNF & unknown mechanisms

Wmmios

E-Cadherin

1
Collagens f 1
1 EMT |4
ECM |4 l
1 Cancer metastasis
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Single-Dose Intracardiac Injection of Pro-Regenerative
MicroRRIN A s Improves Cardiac Function After
Myocardial Infarction

Pierluigi Lesizza, Giulia Prosdocimo, Valentina Martinelli, Gianfranco Sinagra,
Serena Zacchigna, Mauro Giacca
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Intracardiac injection of miR in lipid solution to mice after ligation of coronary artery
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TARGET

INDICATION (target) e

COMPOUND PRECUNICALl PHASE 1 ‘ o N PHASE 3

Stopped ; 2 cases of cholestasis in HD pts BUT it was mostly a financial pharmacentical war

Safety study
ldentify side effects

Measure effectivenass
100 - 300 people

Safety study
20 - BD people

KMeasure effectiveness
Monitor side effects
1.000 - 3.000 people

Maonitor long-term
side effects




INDICATION (target) LAREGAEJ COMPOUND | PRECLINICAL | PHASE 1 PHASE 2 m

HCV {miR-122) Liver RG-101 ELEEFLITEGT
Alport Syndrome - (miR-21) *
Orphan Disease it

NASH - Type 2 Diobetes/ Pre-diabetes AZD4076 :
(miR-103/107) Liver (RG-125) Partner: AstraZeneca

Cholestatic Diseases (miR-27)

(Multiple Undisclosed Targets) Liver RGLS5040

ADPKD - (miR-17) Kidney  RGLS4326

Glioblastoma Multiforme - (miR-10b) CNS

NASH - (undisclosed targets) Liver

AKI/CKD ~ (undisclosed targets) Kidney




B u.s. National Library of Medicine

ClinicalTrials.gov

Condition or disease € Intervention/treatment €

Find Studies - About Studies - Submit Studies - Resources - About Site -

Alport Syndrome

Detailed Description:

Drug: RG-012

Drug: Placebo

This is a randomized, double-blind, placebo-controlled, multi-center, Phase 2 study of RG-012 in male subjects with Alport syndrome. Eligible subjects will be randomized ina 1:1
ratio to receive subcutaneous (SC) injections of RG-012 or placebo every other week for 48 weeks. After completion of this double-blind treatment period, subjects will have the
opportunity to receive RG-012 in a 48 week open-label extension period.

Male subjects with a confirmed diagnosis of Alport syndrome and a baseline GFR between 40 and 20 mL/min/1.73m2 will be eligible for enrollment. Subjects may enter this study
directly or may enroll after participation in the RG012-01 ATHENA Natural History Study.

Subjects may continue treatment with angiotensin converting enzyme (ACE) inhibitors ar angiotensin Il receptor blockers (ARBs), but must be on a stable dosing regimen for the

30 days prior to screening.

Study Design

So to E

Allocation:
Intervention Model:
Masking:

Primary Purpose:
Official Title:

Actual Study Start Date € :
Estimated Primary Completion Date € :
Estimated Study Completion Date € :

Interventional (Clinical Trial)

40 participants

Randomized

Parallel Assignment

Triple (Participant, Care Provider, Investigator)

Treatment

A Phase 2, Randomized, Double-Blind, Placebo-Controlled Study to Evaluate the Safety, Efficacy. Pharmacodynamics, and
Pharmacokinetics of RG-012 for Injection Administered Every 2 Weeks in Patients With Alport Syndrome
MNovember 7, 2017

December 2019

December 2019




The NEW ENGLANID -
TOUURNAL of MEDICINE —_—

ORIGINAL ARTICLE

Patisiran, an RINAI1
Therapeutic, for
1 Hereditary Transthyretin
Amyvyloidosis

David Adams, M.D., Ph.D., Alejandra
Conzalez-Duarte, M. D ., Williarm [D.

O’ Riordan, M.D., Chih-Chao Yang, M._.D.,

These are probably our next decade drugs






Long-term survival of kidney grafts
according to donor type
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Live donor
Deceased donor (non-ECD)
Deceased donor (ECD)

3 12 36 48 60 72 84 96 108 120
Time post-transplantation (months)

ECD: Expanded criteria donor
http://srtr.transplant_ hrsa.goviannual _reports/201 1/pdffO1__kidney_ 12.pdf.




Strategies for long-term preservation of kidney graft

function

. www.thelancet.com Vol 389 May 27, 2017
Thomas Wekerle, Dorry Segev, Robert Lechler, Rainer Oberbauer

[ Pretransplant Posttransplant
'l . @ 'l
Time (meettw) 0 6 12 >24
—T
Initial period posttransplant

- XL -3/10, Chernotime §C KL maotd ] gand 3710 0S4 donor-wpecic antibodies: d-4p, donor specific, [LSP0T engyme linked imenunosarben spot.

Figure & | Proposed algorithm for tailoring dinical monitoring and immunosuppression based on the results of 6-month donor-specific
™ interferon-y enzyme-linked immune spot assay (d-sp IFN-y ELISPOT). OX(L9, chemokine (C-X-C motif) ligand 9; CXCL10, chemokine {C-X-C

Y L —— . T T o T e | [ e—" | S




Table 4 Selected promising molecules and pathways evaluated as biomarkers in acute rejection”

World ] Transplant 2017 June 24; 7(3): 161-178

Biomarker Sample (assay method) Patients/  Rejection/no  Sensitiviy/ ~ PPV/NPV(%)  AUC
samples rejection  specificity (%)

Granzyme B, perforin and FasL"™ PBL (PCR) 25/31 11/20 100/95
FOXP3™ PBL, urine (PCR) 6578 20/58 94-100/

100/95
94-100/

95/100 95/100

Granzyme B, perforin”™ Urine (PCR) 85/151 24/127 79-83/77-83 NA NA
OX40, OX40L, PD-1 and FOXP3™ Urine (PCR) 46/46 21/25 95/92 NA 0.98
CD3g,CXCLI0, 185 tRNA Urine (PCR) 485/4300 | 43/1,70  79/78(71/72) NA 0.85 (0.74)

TIM-3™ PBL, urine (PCR) 115/160 65/95 87-100/95-1
CXCL9, CXCL10™ Urine (multiplex bead assay) ~ 156/156 25/131 80-86/76-8
CXCL9 mRNA and protein”™ PBL, urine (PCR, ELISA, ~ 280/2770 | 37/113 66.7-85.2/
SELDI-TOF-MS

Urine (PCR) 81/88 68/20 52/74

I ‘}’-PI'E ucing memaory i .

00  87-100/93-100 0.96-1.00
0 NA 0.83-0.87
61.5/67.6/83-92 (.78-0.85

Biopsy sample (PCR) /33 12/21 92-100/90-95 NA




MicroRNA expression profiles predictive of human
renal allograft status

Dany Anglicheau®P-<, Vijay K. Sharma®, Ruchuang Ding?, Aurélie Hummel? Catherine Snopkowski?®,
Darshana Dadhania®d, Surya V. Seshan®, and Manikkam Suthanthiran@-49-1

C—INormal Allograft (n=17)
I Acute Rejection (n=9)
P<0.0001
|_I

P<0.0001
I P<0.0001

i

miR-142-5p miR-155 miR-223 miR-10b miR-30a-3p let-Tc
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=
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Acute cellular rejection

OUt Of 365 different micrORNAS PMAS | March 31,2009 | vol.106 | no.13 | 5331




Differential expression of microRNASs in renal transplant patients with
acute T-cell mediated rejection’ Transpl Immunol. 2015 Sep;33(1):1-6

Ehsan Soltaninejad P, Mohammad Hossein Nicknam P€, Mohsen Nafar 9, Pedram Ahmadpoor 9,
Fatemeh Pourrezagholi 9, Mohammad Hossein Sharbafi ®, Morteza Hosseinzadeh P, Farshad Foroughi €,
Mir Saeed Yekaninejad €, Tayyeb Bahrami €, Ehsan Sharif-Paghaleh P, Aliakbar Amirzargar P-<*

Table 2
Expression levels of individual miRNA measured in biopsy and PBMC samples.

Normal allograft Acute T-cell P-value
FC? median (IQRP) mediated rejection
FC median (IQR)

miR-142-5p

miR-142-3p

miR-155

miR-223 But also in peripheral blood
miR-142-5p

miR-142-3p

miR-155

miR-223

* Fold change.
P Interquartile range.



http://www.ncbi.nlm.nih.gov/pubmed/?term=Differential+expression+of+microRNAs+in+renal+transplant+patients+with+acute+T-cell+mediated+rejection%E2%98%86
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Differential expression of microRNASs in renal transplant patients with
acute T-cell mediated rejection>

Transpl Immunol. 2015 Sep;33(1):1-6

Ehsan Soltaninejad P, Mohammad Hossein Nicknam P€, Mohsen Nafar 9, Pedram Ahmadpoor 9,
Fatemeh Pourrezagholi 9, Mohammad Hossein Sharbafi ®, Morteza Hosseinzadeh P, Farshad Foroughi €,
Mir Saeed Yekaninejad €, Tayyeb Bahrami €, Ehsan Sharif-Paghaleh P, Aliakbar Amirzargar P-<*

Table 2

Expression levels of individual miRNA measured in biopsy and PBMC samples.

Normal allograft
FC? median (IQRP)

Acute T-cell

mediated rejection
FC median (IQR)

miR-142-5p
miR-142-3p
miR-155
miR-223
miR-142-5p
miR-142-3p

miR-223

0.971 (0.801-1.779)
1.123 (0.398-2.760)
1.103 (0.657-2.072)
0.961 (0.675-1.359)
1.100 (0.884-1.630

0.820 (0.660-1.870)

6.958 (6.635-7.867)
4.906 (3.249-8.183)
5.013 (4.171-6.505)
3.115 (2.443-4.794)
1.554 (1.367-1.734
2.161 (1.396-3.231)

0.945-1.654 1.656 (1.46/7-1.992

1.049 (0.694-1.565

1.527-3.700

P-value

* Fold change.
P Interquartile range.



http://www.ncbi.nlm.nih.gov/pubmed/?term=Differential+expression+of+microRNAs+in+renal+transplant+patients+with+acute+T-cell+mediated+rejection%E2%98%86

DiﬂTahle 2
Expression levels of individual miRNA measured in biopsy and PBMC samples.

13(1):1-6

Normal allograft
FC® median (IQR")

Acute T-cell P-value
mediated rejection
FC median (IQR)

oughi €,

Biopsy miR-142-5p 0.971 (0.801-1.779)
miR-142-3p  1.123 (0.398-2.760)

1.103 (0.657-2.072)
0.961 (0.675-1.359)

PBMCs miR-142-5p  1.100 (0.884-1.630)
miR-142-3p  0.820 (0.660-1.870)

1.105 (0.948-1.654)

6.958 (6.635-7.867) <0.0001
4906 (3.249-8.183) <0.0001
5.013 (4.171-6.505) <0.0001
3.115 (2.443-4.794) 0.001
1.554 (1.367-1.734) 0.112
2.161 (1.396-3.231) 0.023
1.658 (1.467-1.992 0.059

1.049 (0.694-1.565) 2.441 (1.527-3.706) 0.003

acu
Ehsa
Fatei
Mir |
Table 3
ROC curve
R miR-155
EID[JS}' miR-155
miR-223
¢ Fold change.
b Interquartile range.
PBMCs mik-142-5p
mik-142-3p
mik-155
Mik-223

364 3
0953 100
1246 100
1273 100

10 0.71(0.46-0%)
65 0.80(0.59-100)
6 0.75(052-098)
T IR 07510

alue

0001
0001

001

0112
0023

0.039
0.003



http://www.ncbi.nlm.nih.gov/pubmed/?term=Differential+expression+of+microRNAs+in+renal+transplant+patients+with+acute+T-cell+mediated+rejection%E2%98%86

ORIGITN AT, ARTICT.E
Iram J Allerzsyw Acsthrna Imnmmmuoamnol
Decemmber 2015 1463615523

Adtered Expressiomn oFf MiicrolR™W A s Following Chronic Allograft IDDovsTfoanmnctiomn
withh ITmterstitial Fibrosis and Tabualar Atrophvy

Ehsan Soltanimej ad®?, Mohammad Hossein Micknam ™7, AMMohsen MNafar®™, Mohammad Hossein Sharbafi®,
Sanar Kezshavarz Eh.a_'l:lhtzz,. Mhlchri B:al:rl'baﬂ.i.:,. hlir Saeed Tt'e]i--.iu.-cj--:['ﬁ, Tawvyvel Bl]:l.‘l'l‘l!l!lj_", Fedram _%Lmaul:lpn-nr‘,
and Aliakbar Amirzargar —

Table 1. Demographic and climical characteristics of subjects

Topics Normal allogr:
Number of patients 17
Male (1n:%6) No IF/TA on protocol bx 21
Female (1n;:2%) e
Age (yVears: mirn-—1iriss) 52 (34-67)
Twvpes of allografis
Deceased The exclusion criteria:
Lavwim . . .
Fompos ff dorore BK virus infection
Related histopathological evidence of CNI nephrotoxity I ONES IS
Unrelated urinary tract obstruction S i A TR0
Figure 1. Interstitial fibrosis and tubular atrophy (IFTA)

Recipient OV gecond transplantation

CMYV discase which previously known as chronic allograft

- nephropathy. This figure is an example of Grade III

Donor ChiWvVi(pos) 3 . ]

_ based on Banff IFTA grade which is characterized by a
Donor HCV(pos) © severe interstitial fibrosis. In this trichrome stain blue
Donor HBS Ag (pos) o colored areas are fibrotic regions (collagen deposition).
Donor HBC Ab (pos) 2 Grade II are defined as moderate interstitial fibrosis and
Donor HIW (pos) O tubular atrophy.
Blood creatimnine level (mg/dl) 1. 2320_20 3 441 _30
IDate of baopsyv (months post-transplant) 14 11+3 87 56 3722 97
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Table 3, ROC curve analysis of miRNAs in biopsy and PBMC samples

B

_Sample MRNAs — Cutoffpoint  Sensitivity 1 Specificity AUC* (95% Clh) Pvalie
Blopsy miR-142-3p | 45 100 0 00(L00-L00) <0001
miR-142-3p 0.9 100 ( L00(1.00-1.00) <0001

miR-21 ] .44 100 ( L00(1.00-1.00) <0000

PBMC miR-142-5p .17 .50 (.11 0.04(0.44-0.83) 0.17]
)

)

¥

¥

mR-142-3p |34 093 0 099(097-100) <0001

k1| 0,66 0 LOO(LO0-L00) <0001
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Table 1, Diagnostic performance of miR-145-5p expession for [FTA,
A atoft AUCOSKCH  Youden Index  Sensiiviy'(95% C1) ‘ Specficty' 0% C1) IR+ (95%CD) IR (95%Cl)

FTAWSGE 001 OMIOBO06) 06 0BT OIS ATIN0) 0B1 0005
Mhwilobhe | 011 OBSO7MB0 000 OSBOZDAN) | 0TS 200(41) 01000003

JUDEN index:
0 account for the effect of a Limit Of Detection

J = 1: there are no false positives or false negatives, i.e. the test is perfect.
J= VALIDITY OF A LAB TEST= ] ranges from -1 to 1
perfect, 1;
excellent 0.9-1;
good 0.8-0.9;
moderate 0.6-0.8;
Fair 0.4-0.6;
Slight 0.2-0.4;
useless 0-0.2.
A negative value indicates an invalid test.
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