E: LEKARSKA FAKULTA MASARYKOVY UNIVERSITY

5 Interni hematoonkologicka klinika LF MU a FN Brno FAKULTNI

, L . . . NEMOCNICE
i Centrum molekularni biologie a genové terapie BRNO

g

Vyznam microRNA (v onkologii
MUDr. Mgr.Marek Mraz

[ o=
B M vy 4% Y
L A [N} [~ A &
Y A a i -3
= u wf A =1
] A=L G-
Ll 3 = G=Uy,
€-¢, o foo2
-._f & !_t—A.-“-'
BN G=-0
[ A =1
=13 e =
wr =2
= =13
S 3 e
5 -
—H T LF — A
- = at=C
Zz = l:"l:'.':—l.—.'
= C-0
gl =, E.-.
: = G P
8 A=l
G- o iJ = A
Li=a G=C [ [+
sC-5, bt y-g
A A e E-g
G- .M i =d
e G-G a-¢
C— G =, (=]
Ar_._ I:"'i AL L k)
i 4 A A G -G,
G C=g- ke
C—1= A= 0=
G- (= iy
Aw G_E c_a
- L & & ¥

Moderni metody analyzy genomu
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 Lidské miRNA geny: cca 1000
microRNA (miRNA)

O kratké RNA molekuly
~22 nukleotid

O komplementarni vazba k
cilové mRNA

4 inhibuji translaci a snizuji Stovky evoluéné
stabilitu mRNA konzervovanych microRNA
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T ————
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nebo $tépeni mRNA

Mraz et al., 2010



MicroRNAs were discovered by V. Ambros
and G. Ruvkun in C. elegans

wild-type lin-4 (e912) let-7 (n2853)

_ Via Vi4 Vi4
L1
12
L3 i
L4
\dult - =

Lee et al. 1993 Cell
Reinhart et al. 2000 Nature

courtesy of F. Slack



microRNA genes map to cancer loci

Table 2. Examples of miRs located In minimal deleted reglons, minimal amplified reglons, and breakpoint reglons involved In
human cancers

Location
Chromosame (defining markers) Size, Mb miR Hystotype Kniown OG /TS
3p21.1-21.2-D ARP-DRR1 7 let-Fg /mifR-135-1 Lung, breast cancer —
3p21 3(AP20)-D GOLGA4-VILL 0.75 mift-26a Epithelial cancer -_—
3p23-21.31({MDR2)-D D351768-D351767 1232 miRl-26a; miR-138-1 MNasopharyngeal cancer —_
Sg32D ADRB2-ATX1 292 miR-145/miR-143 Myelodysplastic syndrome —_
9g22 3-D D95280-DI51800 1.46 miR-24-1/mir-27b /miR-23b; Urothelial cancer PTC, FANCC
9g33-D DA51826-DOS158 04 miR-123 NSCLC —_
1g23-g24-D D115927-D1151347 1.994 miR-34a-1/miR-34a-2 Breast, lung cancer PPP2ZRIB
11q23q24-D D1151345-D1151328 1.725 miR-1256-1/let-75-2 /miR-100 Breast, lung, ovary, cervix cancer —
13q14.3-D D135272-D13525 0.54 mif-15a/mif-16a B-CLL -_—
13g32-33-A sBG15303-5t5G3 1624 715 miR-17/miR-18/miR-1%/miR-20/ Follicular lymphoma _

miR-19b-1;miR-92-1

17p13.3-D D1751866-D1751574 1.899 miR-22; miR-132; miR-212 HCC —
17p13.3D ENO3-TPS3 2275 miR-195 Lung cancer TPS3
17g22-4(B;17) miR-142s/c-MYC miRt-142s; mif-142as Prolym phooytic leukemia c-MYC
17g23-A CLTC-PPMID 0.97 miR-21 Nauroblastoma -
20q13-A FLIZ3BB7-ZNF217 0.55 miR-297-3 Colon cancer —
21q11.1-D D215191 1-ANA 2.84 miRt-99a flet-To/miR-1255 Lung cancer _—

0, deleted region; A, ampiified reglon; NSCLC, non-sm all-cell lung cancer; HCC, hepatocellul arcarcinoma; PTC patchedhom olog (Dresophila); FANCC, Fanconl
anamla, complementation group C PPPZRIB, protein phosphatese 2, regulatory subunit A (PR &), g Isoform, miRsin a duster are separated by aslash. For
referances, ses Table &

Calin, G.A., et al, 2004. PNAS 101:2999-3004



MicroRNAs commonly associated
with human cancer

hepatocelllar carcinoma.
Ower-expressed in Beell rmphomas.

miRNA Gene Laoci Cancer association Function® References
miR15 chromosome 13q14 Frequently deleted/downregulated o B-cell chronic TS Calin, 2002
miR—lﬁ, rmphocytic ukemia. Cimmine, 2005
Negatwvely regulates the antrapoptotic gene, BCT2.
miR-143 Decreased abundance i colorectal cancer.
miR-145 chromosome 5q3233 Downregulated in breast. prostate cervical and TS I‘rﬁﬂh_aE]-_llC"f_H
ymphoid cancer celllines. Tario, 2005
miR-145 decreased in breast cancer.
miR-21 chromosome 1?':123-2 “i‘illtiﬂpﬂptDtiC factor. oG Chan, 2005
Upregulated in ghioblastomas andbreast cancer. Ciafre, 2005
Torio, 2003
let.7 multinle loci Negatively regulates the Fas oncogene. TS Johnson, 2005
Directs cell proliferation. differentiation. Talamizawa, 2004
Decreased abundance m lung cancer.
t(8.17) translocationthat places the MYC oncogene
miR.142 chromosome 17¢22 downstream of thewir-142 hairpin resulting WA Lagos-Quntam, 2002
m an aggressive B cell leukemia die to
MYC over-expression
Upregulated mn pediatric Burkitt’s Iymphomas, Es, 2005
BIC/miR155 | chromosome 21¢21 Hodgkins. primary mediastinal and 0G Klnver, 2003
diffuse large B cel lymphomas. van den Berg, 2003
Upregulated in human breast cancer Metzler, 2003
= ) ) Torio, 2003
Upregulated by the cMyc oncogene
miR-17-19b | chromosome 1393132 Negatively modulates EJF1 oncogene. TS/ He 2005
. 2005
cluster 0G : L2
Loss-of-heterozygosity of cluste n 0"Donnel, 2005

*Abbreviations: TS, tumor-suppressor gene; OGoncogene; N/A not applicable

courtesy of F. Slack




MiRNAs expression profiles clasify tumors

MiRNAs are associated with disease prognosis
MiRNAs are tumor-supressors and proto-oncogenes

MiRNAs and microRNA binding sites are mutated in cancer

MiRNAs as drugs and targets in oncology




MiRNA expression profiles classify cancer




microRNA expression can discriminate
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Lu et al. Nature 435: 834, 2005



Cluster2 Cluster 1
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W LUNG cardcinoma

B EBREAST carcinoma
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138 GASTRIC carcinoma

M Endocrine PANCREATIC tumors
PROSTATE cancers

HEBE-CLL
papillary THYROID carcinoma
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(Calin etal, PNAS, 2004, Esquela-Kerscher & Slack, Nat Rev Cancer 2006; Calin & Croce, Nat Rev Cancer2006)

courtesy of G. Calin



A microRNA expression signature of human
solid tumors defines cancer gene targets

Stefano Volinia*™*, George A. Calin**, Chang-Gong Liu*, Stefan Ambs$, Amelia Cimmino*, Fabio Petrocca*,
Rosa Visone*, Marilena lorio*, Claudia Roldo*, Manuela Ferracin’, Robyn L. Prueitts, Nozumu Yanaiharas,
Giovanni Lanza", Aldo Scarpal, Andrea Vecchione**, Massimo Negrini", Curtis C. Harris$, and Carlo M. Croce**t

*Department of Molecular Virology, Immunology, and Medical Genetics and Cancer Comprehensive Center, Ohio State University, Columbus, OH 43210;
SLaboratory of Human Carcinogenesis, Center for Cancer Research, National Cancer Institute, National Institutes of Health, Bethesda, MD 20892; TTelethon
Facility—Data Mining for Analysis of DMNA Microarrays, Department of Morphology and Embryology, and TDepartment of Experimental and Diagnaostic
Medicine and Interdepartmental Center for Cancer Research, University of Ferrara, 44100 Ferrara, Italy; IDepartment of Pathology, University of Verona,
37100 Verona, Italy; and **Department of Histopathology, Sant’ Andrea Hospital, and University of Rome "’La Sapienza,” 00185 Rome, Italy
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Table 2. The miRNAs shared by the signatures of the six

solid cancers

miR N Tumor type

miR-21 6 Breast, colon, lung, pancreas, prostate, stomach
miR-17-5p 5 Breast, colon, lung, pancreas, prostate
miR-191 5 Colon, lung, pancreas, prostate, stomach
miR-29h-2 4 Breast, colon, pancreas, prostate
miR-223 4 Colon, pancreas, prostate, stomach
miR-128b 3 Colon, lung, pancreas

miR-199a-1 3 Lung, pancreas, prostate

miR-24-1 3 Colon, pancreas, stomach

miR-24-2 3 Colon, pancreas, stomach

miR-146 3 Breast, pancreas, prostate

miR-155 3 Breast, colon, lung

miR-181b-1 3 Breast, pancreas, prostate

miR-20a 3 Colon, pancreas, prostate

miR-107 3 Colon, pancreas, stomach

miR-32 3 Colon, pancreas, prostate

miR-92-2 3 Pancreas, prostate, stomach

miR-214 3 Pancreas, prostate, stomach

miR-30c 3 Colon, pancreas, prostate

miR-25 3 Pancreas, prostate, stomach

miR-221 3 Colon, pancreas, stomach

miR-106a 3 Colon, pancreas, prostate

The list includes 21 commonly up-regulated microRNAs in 3 or more (N)
types of solid cancers (Pvalue = 2.5 x 1073).



MiRNAs are associated with disease prognosis




A unique miRNA signature is associated with
lung cancer prognaosis

Table 5. Postoperative survival of patients with lung cdenocarcinoma in re-
laficn to clinicopathological characteristics and miRNA expression ana-
lyzed by microamay analysis

Hazard ratio (95%

Variable Subset confidence interval] p
= Univariate analysis
[n=45]
Age age = &7/age < 67 1.41 {0.67-3.068) 0.348
Sex male/female 1.36 {0.64-2.93) 0.413
Stage =1V A1 2.51 {1.29-4.82) 0.010
Srmwoking history current/former 1.32 {0.63-2.79) 0.456
= hsa-mir-155 [n=55) high/low 3.42 {1.42-8.19) 0.004
= hso-let-7a-2 (n=52) low/high 2.35 (1.08-6.86) 0.033
= Multivariate analysis
(n = 55)°P
Age age = 67/age <67 1.92 (0.71-5.17) 0.195
Sex male/female 1.23 (0.47-3.22) 0,669
Stage -1/l 327 (1.31-8.37) 0.013
Sroking history current fformer 1.49 (0.51-4.34) 0.457
=> hso-mir-155 high/low 3.03(1.13-8.14) 0.027

=paultivariate analysis, Cox proportional hazard regression model.
Phsa-let-7o-2 low/high was not statistically significant {p = 0.129).

(Yanaihara etal, Cancer Cell, 2006)

courtesy of G. Calin



Survival rate

Survival rate
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A unique miRNA signature is associated with CLL prognosis
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Component Map

miR-15a
miR-195
miR-221
miR-23b

miR-155
miR-223

miR-29a3-2

miR-24-1

miR-29b-2

miR-146
miR-16-1

miR-16-2
miR-29¢

13q14.3

17p13
Xp11.3
9922.1

21g21
Xq12-
13.3
7932

9q22.1

1q32.2-
32.3
5q34
13q14.3

3¢26.1
1q32.2-
32.3

P
value
0,018
0.017
0,010
0,009

0,009
0,007

0,004
0,003
0,0007

0,0007
0,0004

0,0003
0,0002

Aggressive
CLL ™
high
high
high
high

high
low

low
high
low
high
high
high
low

Observation™™*

cluster 15a/16-1

del CLL & Prostate ca.

del HCC

cluster 221/222

cluster 24-1/23b

FRA 9D; del Urothelial ca.
amp child Burkitt's lymphoma
normally expression restricted to
myeloid lineage

cluster 29a-2/29b-1

FRATH; del Prostate ca.
cluster 24-1/23b

FRA 9D; del Urothelial ca.

cluster 15a/16-1
del CLL, prostate ca.
identical miR-16-1

Note: * - All the members of the signature are mature microRNAs; ** -
represented by group 1 includes patients with Igvh unmutated and Za|
predictors of poor prognosis. *™* - FRA = fragile site; del = deletion; HC

carcinoma; ca. = carcinoma.

(Calin etal, N Engl J Med, 2005)
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MiRNAs are tumor-supressors and proto-oncogenes




A polycistronic cluster of microRNAs are overexpressed in cancer

Proliferation Angiogenesis

Apoptosis Invasiveness

Ch13-ORF25 |

OncomiR-1 (Oncogenic microRNA-1)

courtesy of S. Hammond



OncomiR-1 expression accelerates lymphoma development
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courtesy of S. Hammond
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Pacienti s funkénim p53 maji ~ 10 nasobné vyssi expresi miR-34a (p=0,000001)

miR- _P=0.00000f —_ 100

343 < 751 Mutované
B 2 IgVH
12 o

Nemutovane

Del igvH

| Preziti pa
&
A

Normalised miR-34a expressio

4 p53
]
2 e o - (e ————
0 24 48 72 96 120 144 168 192
o]
mesice
wt TP53 del/mut TP53
c
o 28
326 —
o 24 |
s 2 m ||
s 20 L
3 18 — Tt
2 16 BN
=z 14 — —
r 12 — 1 HHHH
€ 10 N I I
© I B O A
o 8
L 3 1
® I O I A I
E 4 R T
S 4-_,_-_,_-_,_-_,_-_,_-_,_-_,_-_,_._,_._J>
Z 07 T T T T
g 8 8 8 & & &8 &8 &§ &8 &8 £ 8 8 &8 § § 8 8 8 8 8 8 88 8 8 8 &8 s
3 3 3 3 3 3 3 3 3 3 3 %I BH % T LT ZTEDT T3 DT TTLTZI/[T”DTZOG
o o o & o o o o o o M t | 2009
w w W w W w w W w W w
individual patients raz et a ")




miR-34a a regulace apoptozy

DNA damage Oncogene stress Other stress

-+.I—-
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Reprimo Post-transcriptional
gene silencing
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O Heetal., NATURE 2007:
miR-34a je transkripéné aktivovana proteinem
p53 (studium bunécénych linii)

O Bommer et al., CURR. BIOL. 2007:
miR-34a ovliviuje BCL2 (studium bunéénych
linii)

O miR-34a je abnormalné exprimovana u CLL
pacientll s abnormalitou p53 (Mraz et al., 2009;
Mraz et al., 2009)
O  prvni potvrzeni vyznamu miR-34a pfimo
in vivo u pacientt
d je znama uloha BCL2 v patogenezi CLL,
mozny vyznam deregulace miR-34a



MiRNAs and microRNA binding sites are mutated in cancer




Germline abnormalities in miR15-16 are associated with CLL and breast cancer

mir-16-1 nurmal enome .

g YA g\f\v/‘y* “"‘ AV

%—H—H—e—
LA AV,

precursor  +1 +

& &

miR-16-1

MB Ratio 0.25 050 207 1.22
MAr Ratio 101 325 920 624

miR-15a

NB Ratin 029 051 197 1.37
MAr Ratio 0595 1.30 350 230

(Calin etal, N Engl J Med, 2005; Raveche et al, Blood 2007)

courtesy of G. Calin



Table 4. A catalog of sequence variations in microRNAs and ultraconserved genes - DNA sequence variations with functional effects in ncRNAs.

miRNA
let-7e
miR-

13all6-1
cluster

miR-17

miR-30c-1

miR-125a

miR-1406

miR-
140a™

mir-196a

miR-
196a2

Variation
(GtoA) + 19 nt
Human germ-

line (CtoT)

+7nt ;
NZB specific

(AtoT)+6nt
C/T

G/A

SNP

rs2910164 G/C

152910164 G/C

1511614913 CC

1511614913
cC,
1511614913 C/T

Wojcik et al., 2009

Location
3' of miRNA
(pri-nuRNA)
3' of mMuENA
(pri-nuRINA)

Pri-muRINA

Pre-miRNA

Mature miR
position &
Precursor

Precursor

Mature miR
position 12
Pre-miRNA

Type of cancer
Human cancers

Sporadic and fanuhal CLL; B-
lymphoproliferative disease in
mice

Breast Cancer

Breast Cancer

Not reported

Papillary thyroid carcinoma
predisposition; Hepatocellular
Carcinoma;

Famulial breast/ovarian cancer
Thyroid Cancer;

Non-small cell lung cancer

Lung Cancer ; Esophageal
Cancer

Functional consequences
Decreased expression of mature nuRNA

Decreased expression of mature muRNA and
failure to decrease BCL2 protein levels ;
Decreased levels of nuR-16 expression mn
Iymhoproliferative tissues

Conformational changes in the predicted
secondary structures with consequently alteration
of the mature miR-17
Conformational changes in the predicted
secondary structures with consequently alteration
of the mature nuR-30c-1

Alteration of pri-muRNA processing

Decreased expression of mature miRNA;
G-allelic nuR-146a precursor mcreased
production of mature nuR-146a compared with C-
allelic one
Epistasis through the production of additional
mature miRs: miR-146a*G and miR-146a*C;

Decreased expression of mature niRNA

Might affect mature nuR-196a expression and
target mRNA-binding activity ;
Affect esophageal cancer risk

Reference
(38)

(14); (15)

(46)

(46)

(35)
(40);
(43);
(44

(45);

(37

(47)
(42)



mMiRNAs as drugs and targets in oncology




miR-16 & miR-15 based Gene Therapy in CLL
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Calin et al., 2008



MicroRNAs are involved in the regulation of ,everything”

MicroRNAs are abnormaly expressed in cancer, which makes them also attractive
as prognostic markers

Deregulation of microRNAs may be directly responsible for disease pathogenesis
(miR-15-16 — deletion 13q14)

MicroRNAs are important proto-oncogenes (miR-155, miR-17-92)
MicroRNAs can work as tumor supressors (let-7, miR-34a)

MicroRNAs represent a potential therapeutic target

Thank you for your attention marek.mraz@email.cz
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