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Non-Coding RNA: A Key to Eukaryotic Complexity
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What is microRNA (miRNA)?

Small non-coding RNAs of 20-22 nucleotides

First discovered in Caenorhabditis elegans

Present and highly conserved among a wide range of species
(plants, animals, and some viruses)

Functions in RNA silencing and post-

transcriptional regulation of gene expression

Since 2000, miRNA research has revealed multiple roles for
miRNAs in plant and animal development and in many other
biological processes.



History

* lin-4, first miRNA to be described in C. elegans; important in

development of the worm from larva to adult.
Victor Ambros 1993

* |let-7, was also described in C. elegans as critical to stop the
stem-cell-like divisions of seam cells and induce their fully
differentiated state. Reduced let-7 expression is associated with
human cancers and cancer stem cells, thus suggesting that let-7
in humans also promotes terminal differentiation and is a tumor

suppressor. Reinhard BJ, 2000

* 1998-Fire and Maello, experiments in C. elegans, first to show
that dsRNA is much more potent at inhibiting gene expression
than antisense RNA. Set the stage for understanding the role of
miRNAs in development and gene regulation.

Nobel Prize in Physiology and Medicine, 2006
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MiRs and cancer
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MicroRNA ACTIVITY IN CANCER
: TUMOR SUPPRESSIVE OR ONCOGENIC

miR

 Suppress expression of
1 oncogenes, growth promotingj|
survival and angiogenic genes
Tumor suppressive (low in tumors)

miR « Suppress expression of
tumor suppressor, growth

N L] inhibit toti
| | inhibitory, proapoptotic genes
Vﬂl\kl/m (high in tumors)

Oncogenic




miRs are involved in RAS oncogenic pathways

* the three human RAS oncogenes (H-, K-, and N-RAS) all contain

let-7 sites in their 3' UTR
« the let-7 family of miRs, which is typically down-regulated in
various tumors, has been shown to negatively regulate the RAS

oncogenes in lung tumors, therefore acting as tumor suppressor
genes A g Brealezmcerl Colon Cancer | Lung Cancer
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miR-15 and miR-16 induce apoptosis by
targeting BCL2
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Example of miRs acting as oncogenes

 miR-221 and miR-222 can target and inhibit the expression

of the p27Kip tumor suppressor
— le Sage et al. 2007

« p53 tumor suppressor has been shown to transcriptionally

induce MiR-34 following genotoxic stress and this induction is
important in mediating p53 function

— Chang et al. 2007, He et al. 2007, Raver-Shapira et al. 2007, Tarasov et al.
2007



Established Profiling Methods to Quantify miRNAs

ADVANTAGES LIMITATIONS
qRT-PCR * Semi-high throughput o Difficult to distinguish single
* Good guantification nucleotide differences
» Amplification enables » Not for discovery of ncRNAs
superior sensitivity (fM)
Microarray e VVery high throughput * In some cases fair spedificity

*» Good ratio between cost and
generated information

e Easy to perform data analyses

* Results are often validated
with qRT-PCR

¢ Medium sensitivity (pM)
* Sensitivity and specificity can be
improved by LNA modification of the probes
e Limited for quantification
» Not useful for discovery of ncRNAs

In situ hybridization

* Locate miRNA in tissue and cell
compartments

e miRNA and target identification
on the same slide

* Low throughput

* |nvasive sample collection
e Limited sensitivity

» Very limited quantification

RNA seguencing

» High throughput due to barcoding

* High sensitivity(<fM)

* High specificity

» Can be used for discovery of
novel ncRNAs

» Large amount of complex data that
need to be analyzed
¢ High cost




Up-regulated Down-regulated Comparison Reference
miR-221, miR-146b, miR-508 let-7f, miR-106b, miR-134, miR-155, Owarian carcinoma cell Dahiya et al
miR-21, miR-346, miR-422a, miR-424, lines and tissues (2008)

miR-519a, miR-648, miR-662 wersus normal
miR-26b, miR-182, miR-127, miR-134, miR-154%, miR-410, EOC cell lines versus Zhang et al.
miR-103, miR-26a miR-377, miR-100, miR-432. miR-368, normal (2008)
miR-154, miR-495, miR-378a,
miR-323, miR-376b, miR-370,
miR-299, let7d, miR-155, miR-140,
miR-222, miR-337, miR-124a,
miR-29a, miAR-331, miR-104, miR-150,
miR-184, miA-152, miR-145 miR-424,
miR-224, miR-302¢
Nane miR-503, miR-514, miR-513, miR-196, Early-stage cancer Zhang et al.
miR-376a, miR-184, miR-519d, miR- versus late-stage (2008)
485 miR-424, miR-1, miR-368 miR-362  cancer
miR-22, miR-376b, miR-337, miR-133a,
miR-508, miR-492, miR-137, miR-95,
miR-448, miR-518, miR-491, miR-455, [ )
miR-365, miR-147, miR-488, miR-34a,
miR-372. miR-202, miR-503, miR-520e,
miR-410, miR-518¢, miR-375, miR-346,
miR-15a, miA-507, miR-450, miR-377,
miR-34b, miR-518a miR-432, miR-516

A number of
studies have used

MNone miR-514, miR-509, miR-508, miR-3c, Low-grade cancer versus Zhang et al. L4
miR-513, MiR-368, miR-379, miR-154,  high-grade cancer {2008) va rl O u S e n e
mifR-337, miR-507, miR-503, miR-376

miR-200b, miR-21, miR-200c, miR-145, miR-125b, miR-100, miR-93a, Serous ovarian Mam et al

miR-141, miR-20a, miR-27a,
miR-16, miR-93

miR-182, miR-200c, miR-142-3p,
miR-200b, miR-135b,
miR-200s, miR-195, miR-126,
miR-26b, miR-10b, miR-126, miR-199b-
5p, miR-107, miR-30b, miR-192,
miR-335, miR-32, miR-20a, miR-30c,
miR-143, miR-92a, miR-19596-3p,
miR-99a, miR-26a, miR-18a, miR-16,
miR-15a, miR-30e, miR-194, miR-29,
miR-30d, miR-106b

miR-223, miR-206, let-7i, miR-30a3p,
miR-368, miR-10b, miR-338 miR-195,
miR-93, miR-23a, miR-185, miR-22,
miR-339, miR-221, miR-29b6, miR-185,
mif-128a, miR-374, miR-193, miR-106b,
miR-194, miR-370, miR-128b, miR-198,
miR-224, miR-222, miR-29¢, miR-21,
miR-34e, miR-139, miR-197, miR-15a,
miR-218, miR- 106a, miR-340,
miR-219, mif- 155, miR-92, let-7g,
miR-328, miR- 149, miR-23b, miR-221,
miR-150, miR-190, miR-107, miR-331,
miR-181¢, miR-133b

miR-200a, miR-2006,
miR-200c, miR-141

miR-199a, miR-424, miR-302d, miR-320,
miB-214, mif-200a, miR-2%

miR-26a, miR-10b, miR-143 miB-214,

let-7b, miR-29a, miR-125a
miR-127-3p, miR-377" miR-382,
miR-493, miR-4089-3p, miR-193a-5p,
miR-210, miR-935, miR-100, miR-31,
miR-22, miR-152, miR-379, miR-185,
miR-221, miR-744, miR-21% let-7a",
miR-574-5p, miR-317, miR-130b,
miR-149, miR-423-5p,
miR-1308, miR-629, miR-320a

miR-326, miR-30d, miR-125b,
miR-31, miR-89a, miR-100,
miR-137, miR-9

miR-140, miR-198a, miR-193b,

miR-145, miR-143, miAR-125a,

miR-125b, miR-101, miR-212, mif-222
miB-493, miR-494, miR-125b,

miR-100, let-7a, let-7b, let-7c

carcinoma versus (20084a)
normal ovarian tissues

Stage VIV epithelial Wyman ef al.
ovarian carcinoma (2009)
versus normal (only
miRs diferentially
expressed between all
OC subtypes versus
normal are included in
this table)

Primary versus recurrent  Laios et al.
serous papillary ovar- (2008)
ian carcinomas

MNormal versus cancer lorio et all
(2007)

Normal versus primary  Yang et al.
tumors (2008a)

expression
profiling
approaches to
study miR
expression in
ovarian carcinoma.



miRs down in OC

thaL A

miRs up in OC

RAS, HMGAZ2

BCL2

E2F3

CREB

MET

PTGS2, MYCN

MNT

BRCA1, BRCAZ2

FOXO1,FOXO3

PTEN, EZH2

CDKN1B, KIT

Target genes involved
in promoting growth
and inhibiting apoptosis
(oncogenes)

Target genes involved
in promoting
differentiation and
growth inhibition (tumor
suppressors)




Mechanisms leading to abnormal
expression of miRs in cancer

Chromosomal rearrangements
— (Calin et al. 2005, Tagawa & Seto 2005, Calin & Croce 2007)

Genomic copy humber change
— (Calin et al. 2004, Zhang et al. 2006, Giannakakis et al. 2008)

Epigenetic modifications
— (Saito et al. 2006, Iorio et al. 2007)

Defects in miR biogenesis pathway
— (Kumar et al. 2007)

Regulation by transcriptional factors
— (Ho et al. 2007)



Both genomic losses and epigenetic alterations may
be responsible for miR down-regulation.

A early stage late stage B low grade high grade

C early Ltage late stjge

M. =B, ™" o3

low grade high grade

T EREFAA I
stage EOC cells stage grade stage
stage (serous) grade
44 10 31 a4 10 13 44 7 9 13 3

grade (serous)

* Numerous miRNAs are down-regulated in late-stage or high-
grade ovarian cancer

Zhang L, PNAS 2008



DNA copy number deletions contribute to down-
regulation of miRNAs
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Epigenetic alterations silence miRNA expression in
ovarian cancer
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LOSSES
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microRNAs exhibit high frequency genomic alterations
in human cancer

100 -

Lens “chro "chr 10 ‘chr 11 ‘chr12

Gains
B Losses

GAINS

% of

LOSSES

GAINS

% of

LOSSES

: : H : 1 : : ! : 75
LChr 13 Chr 14 Chr 15 Chr16  Chr17  Chr18 Chr19 Chr20 Chr21Chr22 .o,

% of

LOSSES

A T e ‘ hsa-mir-15a (mature miRNA expression/TaqMan Assay)

hsa-mir-15a (DNA copy number alteration'sCGH)

hsa-mir-15b (mature miRNA Expression/TaqgMan Assay)
hss-mie-15b (DNA copy number alterstionaCGH)

WO W 0w
(St

has-mir-202 105 | 089 128802

Ieamir-135 13 | 106 242803
hesmir149 11| 103 278802
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hsamir125b4 | 130 | | 287 288602
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Mature miRNA e}preusmn (TagMan Assay) miRNA up-regulstion
0 35 miRNA down-regulation

DNA Copy m alteration (a0GH) * miRNA expression data from lorio MV er. al. Cancer

Res. 2005.
DNA copy number gains ** DNA copy number alterations observed in >15% tumors
I DNA copy number losses are considered significant.

Genomic regions containing miR genes frequently exhibited copy

number abnormalities

Copy number losses of the region containing miR-218-1 and SLIT2 were
observed in 15.5% of ovarian carcinomas

Positive correlation between miR copy number changes and the miR
expression levels of 73.1% of the miR genes

Zhang L, PNAS 2006

miRNAID  miRNA Gene Expression® DNA Copy
Cancer  Normal P Number**
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Normal
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Hypoxia-responsive miRs in ovarian carcinoma

A 46 miRs not expressed SKOV3

* miR-210 links hypoxia
with cell cycle regulation

Relative expression
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miR expression signature in ovarian carcinoma

A e « A total of 29 and 39 miRs were
found to be aberrantly expressed by
significance analysis of microarrays
i = (SAM) and prediction analysis of
= microarrays (PAM) analysis
’ respectively. MiR-200a and
miR-141 were highly up-
B regulated, whereas miR-199a,
PONMCHCRUATED L TUHORS 18 FORUALS miR-140, miR-145, and miR-
125b1 were most significantly
B / m down-regulated.
[ =1 | * mMIRNA signatures characterizing
e different ovarian carcinoma
histotypes (serous, endometrioid,
22 ik and clear cell)
lIorio MV, Cancer research 2007




miR expression profiles in serous ovarian carcinoma
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Roles of miRs in

miRNA ID

let-7i
mir-321 #
mir-223
mif-216
mir-198
mir-22
mir-126
mir-509
mir-370
mir-214
mir-520e
mir-519e
mir-1b-1
mir-152
mir-196a
mir-521

p-value Ratio
(CR/non-CR)

0.003 9.284
0.005 1.383
0.006 0.502
0.008 0.315
0.008 0.606
0.008 0.249
0.012 0.683
0.012 4.883
0.014 0.291
0.016 0,639
0.017 0.3
0.017 0.315
0.021 0.302
0.021 0.623
0.022 0.603
0.023 0.287

# mir-321 is a fragment of a Arg-tRNA

A

Ohio screening cohort

Microarray
Turin sample

P=0.042

set n=72

=

Low let7i expression
High let7] expression
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B  Pennsylvania validation cohort

qPCR P=0.001
Turin sample set n=62

Stem-loop RT real-time PCR

P=0.015
CR non-CR
n=37 n=25

C

1.0
08
~ 06
04
0.2
0.0

miRs highly expressed in CR

M miRs highly expressed in non-CR

Helsiniki validation cohort

ISHAIssue array P=0.049
Helsinki sample set n=53

0 10 20 30 40 S0 60 70
mo

HRP
JAnti-gG Ab

t’-\‘,Anu-aAoongwn Ab

A‘legolbeﬂln

luu

in situ hybradization

ovarian carcinoma chemotherapy

Let-7i was the most down-
regulated miR in the
chemotherapy resistant
patients.

Yang H, Cancer research 2008



miR-200c expression (ru

The miR-200 family controls B-tubulin III expression and is
associated with paclitaxel-based treatment response and

« Women with stages IIl and IV serous
ovarian carcinoma (n=>557)
without a complete response
to a regimen of paclitaxel an

carboplatin have tumors with
significantly lower miR-200c

levels when compared with those

who achieved a complete response
(HR, 1.43; 95% (I, 1.02- 1.99
[P5.037]).
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Leskela S, Endocr Relat Cancer 2010
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Recurrence-free survival rate

Overall survival rate

progression-free survival in ovarian cancer patients
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A microRNA signature defines chemoresistance in
ovarian cancer through modulation of angiogenesis

miR-484 overexpressing MDAH-2274 Cells
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three miRs (MIiR-

484, -642, and

217) were able to
predict
chemoresistance

miR-484 modulates
In Vivo response to
chemotherapy

miR-484 directly
targets VEGFB and
VEGFR2

Vechione A, PNAS 2013



Plasma miRNAs as diagnostic and prognostic
biomarkers for ovarian cancer
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Association between miR-200c and the survival of
patients with stage I epithelial ovarian cancer

0S by miR-200c PFS by miR-200c
10— ' —
- - T
09+ Ll - [,_‘
0-8 H - L
e E l
"~ | 2 |
E 0-6 L g - L
2051 =
é 0-4- ¥’ (log-rank): 4-8636 (p=0.0274) ; - ¥’ (log-rank): 6:5414 (p=0-0105)
s g
0-37 g
a
0-24 Events Total 1 Events Total
014 miR-200c Low 9 26 N 10 26
miR-200c High 2 29 2 29
0 T T T T T T T T T T T T
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Number at risk Years Years
miR-200c Low 26 24 20 19 14 9 6 26 23 18 16 13 9 6
miR-200c High 29 25 25 20 16 9 3 29 25 25 19 15 9 3

« Multivariate analysis confirmed that down regulation of

MIR-200c¢ was associated with overall survival (HR 0-:094, 95%
CI 0-012-0-766, p=0-0272) and PFS (0-035, 0-004-0-311; p=0-0026),
independent of clinical covariates.

Marchini S, Lancet Oncol 2011



miRs with potential clinical use
in ovarian carcinoma

miR-9

_ let-7i
Recurrence/drug resistance miR-223

miR-214

miR-200a
miR-200b
miR-200c
miR-214

miR-141

miR-18a

ggng Diagnosis/detection ¥ let-7

let-7 miR-146a

miR-21
miR-92
miR-93
miR-126
miR-29a

miR-199a
miR-377
miR-368
miR-495

Prognosis



MicroRNAs Involved in the Cancer Hallmarks

miR-200’s

miR-7's

miR-17-92

miR-185

IN
CANCER

Y  HALLMA

miR-29’s/30’s

miR-124

miR-18a




Mechanisms of Action of MicroRNAs

CDH1 coding gene

NUGLEUS

St Transcriptional
: Eg: miR-373)
PROMOTER REGION Activation ( E9 ) /
suR _ 000 ITITITI 3' UTR .
Decreases protein

LT mRNA coding sequence { expression
Protein Recruitment
Increases mRNA stability and

translation

( Eg: miR-21,miR-29a,let-7 )
TI.R-8 AAAUUUAAAUUU ; y

(AU Rich) Increases protein expression

Element
\_ (Eg: miR-369-3p ) /0
_— s~ ~_~ ( Protein Interaction /
i <4—%CEBPA mRNA( Prevents miRNA.m/qu"/

" (Eg:miR-328) 7 Pinding g -

(A) direct binding (B) positive regulation of translation(C) direct
interaction with promoter sequences (miR-373); (D) direct agonism of
receptors (E) direct interaction with protein




MicroRNAs as Targets for Anticancer Drug Therapy

Antisense/Anti-miR mMiRNA-sponge miRNA-mask
JUTTTTITITY AL DU IDY T
Y w WOSTETOINT  WITTSNOSTY SOTROTIINS m“ﬁ:rrmm
‘:anti-miR AAAAA

:miR sponge

\,

miRNA:miRNA*

I o [ miRNA |nh|b|t|on therapy |
Endogenous ¢
mat“"’? 11

Restoring translation and target protein synthesis

miRNA mimics

———— | Repressing translation and target protein synthesis

miRNA replacement therapy




Information and target prediction tools

« Targetscan
« miRBase

* Argonaute

miRCancer

®*s

cer Association Database

Search

Search for miRNA and
cancer associations

miRNA name

Example: mir- 145, hsa-
mir-21, let-7

@ or O aAnd

cancer name

Example: lung, breast
cancer

miRCancer : microRNA Cancer Association
Database

) miRCancer provides comprehensive collection of

J TR microRNA (miRNA} expression profiles in  various

@ human cancers which are automatically extracted

from published literatures in PubMed. It utilizes text

mining technigues for information collection. Manual

revision is applied after auto-extraction to provide
100% precision.

User can search the database by miRNA and/or cancer names in
the miRCancer Search page. Our website also provides two
sequence analysis tools: clustering and chi-square analysis
which can perform analysis on all or selected pool of miRNA
sequences.

Search Ql

Mailing List

To get annoucements
about miRCancer
database update, new
avaliable unctionality

and more, please
subscribe to our
mailing list.

Reference

If you make use of the information presented here, please cite
the following references:

miRCancer: _a microRNA-cancer association database
constructed by text mining on literature

Boya Xie; Qin Dm?; Hongpn Han; D1 Wu

Bioinformatics, Vol. 29, Issue 5, pp.638-644, 2013

MIRSAT & MIRCDB: An Integrated microRNA Sequence Analysis
Tool and a Cancer-associated microRNA Database

Boya Xie; Robert Hochberg; Qin Ding; Di Wu

International Conference on Bioinformatics and Computational
Biology, Honolulu, Hawaii, 2010, pp. 159-164.

Latest Counts

miRNA: 38562
Cancer: 161
miR-Cancer: 2271
Paper: 1478

Update: June 14, 2014

News

We have a mailing list
now!

You can subscribe to get
update about the
miRCancer project, such
as database updates.

The latest miRCancer data
are updated with:

Literatures from PubMed
(queried on June 9, 2014)

mMIiRNA from miRBase
(Release 20)

http://mircancer.ecu.edu/



Hairpin pri-microRNA

(primary micro R

1 A protein called exportin-5 transports
a hairpin primary microRNA (pri-miRNA)
out of the nucleus. T

2 An enzyme called dicer (not shown) trims the
pri-microRNA and removes the hairpin loop,

leaving a double stranded microRNA duplex m
molecule.

INA) ( N Exportin-5

\t\‘\‘
S
3 N\

22 Meanwhile, one of the strands joins a
group of proteins, forming an
microRNA-protein complex. The other
strand, known as a passenger strand
is usually discarded.

How this all happens is still not
very well understood.

Protein

Argonaute proteins
»le
Base mismatch m
microRNA duplex €
Passenger strand
(abbrter':uiigt%ngNA)

microRNA-protein complex

3 In plant cells, the microRNA is

usually perfectly complementary o

toits target mRNA molecule. o

The microRNA will bond with it, Endonucleolytic Blocked ribosome
and cause the MRNA to deavage

break down.

Messenger RNA strands
%m RNA)

about 22 nudleotides long

Nucleotide 9

/(‘ Hasan A or U across from it

Nucdeotides 13-16
Good base pairing

\\/See'dﬁudeoﬁdes 2-8)

4 In animal cells, the microRNA nuclectides
typically don't pair up with the mRNA
nucleotides as well. Their base pairing often
follows a pattern though.

microRNA

Nucleotide 1

Hasan Aacrossfromit Deadenylation

&

5 The microRNA-protein complex's presence
blocks translation as well as speeding up
deadenylation (breakdown of the Poly-A tail),
which causes the mRNA to be degraded sooner
and translated less.

3' Poly-Atail

Perfect base pairing



Viva Papa!
Gracias a la vida







