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MicroRNAS: biogenesis and function

 Found across all metazoans
e over 700 iIn humans
R 2, | €50~ « estimated over 45,000 target
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* roles in development,
differentiation, homeostasis

Immunity, and notably, functions
related to cancer

mRMNA degradation

Translational repression

Fig adapted from Chang-Zheng Chen, New Eng. J. Med



MicroRNASs and Cancer

* Frequently located in genomic regions linked to
cancers

* Frequently mis-expressed in tumors versus normal
tissue

* Mutation of members of the miRNA biogenesis
machinery results in global down-regulation of
MIRNAs and contributes to transformation and
tumorigenesis

* MIRNAs themselves can act as tumor suppressors
or oncogenes



Part A: OncomiR addiction
In 2 mouse model of
cancer- a case for
antagonizing microRNAS
In cancer
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mir-21 maps to a region frequently amplified in
neuroblastoma

Table 2. Examples of mIRs located In mintmal deleted reglons, minlimal amplified reglons, and breakpolnt reglons Invobsed In

human cancers

Lacation
Chromosome (defining markers) Size, Mb mii R Hystotype Krnowwn 006G, TS
Ap21.1-21.2-D ARP-DRR1 7 fet-7g,/miR-1351 Lung, breast cancer —
3p21 . 3(APZD-D GOLGAL-VILL 075 miR-263 Epithelial cancer —
3p23-21 31(MDR2)-D  D3S17eE-0351767 1232 miR-26a; miR-138-1 Masopharyngeal cancer B
Lg32-D ADRB2-ATX 292 rmiR-T45 /miR-143 Myeledysplastic syndrame B
Gg22.3-0 Do5280-D951800 1.4& rmiR-24-1 /mir-2 7 fmiR-2 3k Urothelial cancer PTC, FANCC
let-Fa-T1/let-7F-1/let-7d
Gg33-D Do51826-0051 5B 0.4 miR-123 WECLC —
Mg23g24-0 D115927-01151347 1.904 miR-Fda-T/miR-3da-2 Breast, lung cancer PPPZRIEB
11g923g24-D D1151345-D1151328 1.725 miR-1250-1/let-Fa-2 /miR-100 Breast, lung, cvary, cervix cancer e
13g14.3-D D135272-013525 0.54 miR-153 /miR-16a B-CLL —
13g32-33-A st5G15303-st5G3 1624 715 i1 miR-T8 /iR -19a /eniR-20¢ Follicular lymphoma —
miR-196-T1/miR-92-1
1713 .3-D D1751856-D1751574 1.849 miR-22; miR-132; mik-212 HCC —
1713 .3-D ENC3-TPS3 2275 miR-195 Lung cancer TPG3
17221817 miiR-1425/ - WY miR-1445; mif-142as Pralym phoogtic leukemia c-YC
—>17q23-A CLTC-PPMIG 0.a7 mik-21 MNeurchlastoma —
20913-A FLI33BET-ZNF217 0.55 miA-Z97— Caolon cancer —
21g11.1-D D2151911-ANA 2.84 miR-809a fet-Fo/miR-1250 Lung cancer —

b, deleted reglon; & am plifled reglon; NSCLE, non-small-cell lung cancer; HCC, hepatocel lularcarcinoma; PTC patch ed ham olog (Drosophila); FANCC, Fancooni
anemla, complementation group © PPPZRIB, protein phosphatese 2, regulatory subunit A (PR &5, @ Isoform, mIRs In a cluster are separated by a slash. For

references, see Table &

mMIiR-21 is over-expressed in many cancers



Transgenic Mice to Over-express mir-21.
Tissue specific & DOX inducibility (tet-off)

Tetracycline transactivator (tTA) is expressed by the ubiquitously expressed ROSA26 promoter

TetC-miniGhY mir_21
A)  Rosa26| {TA | 2x pA l bmm P Gene-of-interest pA
N .
Endogenous ROSA26 promoter will
Cre-mediatﬂd recombination  express the tTA (Tet transactivator)
tTA protein @9 _ necessary for the function of
TetO- "”'""3"‘“’ miniCMV promoter.

B) Rosa26 2x pA ' b‘ Gene-of-interest | pA

Gene transcription mir-21 gene expression is driven by

the Tet-Operator-miniCMV that need
ﬂ tTA for their expression
Doxycycline administration
-
TetO- r'I'IIr'IIEM'n." ) )
C) Rosa2b | {TA | 2x pA ' Gene-of-interest | pA pOXy.CyCIm? _bmds to t.TA gnd
| - : inactivates it: expression is lost.
[ il g
1 Mo transcript
- e O
-_— ~. Congy
<
Doxycycline 9,9 {\

Medina et al. Nature 2010



LoxP recombination and higher miR-21 levels
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Lymphoadenopathy: enlargement of lymph nodes




Nestin-Cre/mir- Normal

2 1LS L-Tetoff Lym p h Ocyte
Lymphocyte cells
cells

7 immunodeficient
mice were inoculated
with 5 million
lymphoid cells.

All the mice
developed
conspicuous tumors
In less than 2.5
weeks




Mice develop a Pre-B-Cell Lymphoblastic Lymphoma/Leukemia
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Transgenic mice to over-express mir-21.:
Tissue specific & DOX inducibility (tet-off)

Tetracycline transactivator (tTA) is expressed by the ubiquitously expressed ROSA26 promoter

TetC-mini ChY m I r_21

A | TA [ 2xpA | I_' > ETICTIETTN D Gene-ofinterest | pA ]

¥

e

Endogenous ROSA26 promoter will

_ ﬂ Cre-mediated recombination express the tTA (Tet transactivator)
ETA pratsin - necessary to the function of miniCMV
TetO- mmnCM\.-’
| promoter.
B) JR"3*5-3‘4"3"-"'| {TA | 2x pA | |." Gene-of-interest | pA |
Gens transcription The mir-21 gene expression is driven
__/ by the Tet-Operator-miniCMV that is
- ﬂ Doxycycline administration  jnactivated by Dox.
TetO- mlnlEM'-.-’
C) Rosa26 | tTA | 2x pA | ' |P> | Gene-of-interest | pA | Doxycycline binds to the tTA and
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(Mao et al., Nucleic Acids Research, 2006)



MIR-21 levels In Nestin-Cre/mir-21 mice
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DOX treatment leads to regression of

lymphoadenopathy
0 days 4 days




Doxycycline treatment leads to regression of
transplanted tumors

0 days 2 days 4 days



Hematopoletic recovery as seen by FACS

NesCre-mir-21LSt-Tetoff  NesCre-mir-21LtSt-Tetofl.pOX Wildtype
10 10 10
10°
2 2 2
107 5 & &
[m) () ()
Q 7] Q Q
10" 4
100 T II""| T II""| T II'“'| T T 177171 100 T II""| T II"V"| T Il'l'“'|‘ T T 177171 100 T II""| T II""| T II'“'| T T 177171
10° 10" 10? 10° 10° 10° 10" 10? 10° 10° 10° 10" 10? 10°
B220-PE B220-PE B220-PE

DOX 72h

10°



Dox treatment leads to apoptosis but not
dlfferentlatlon
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Conclusions

* mir-21 is a bona-fide oncogene.

 The tumors are addicted to miR-21 over-expression (this is the
first demonstration of oncomiR addiction).

« mIR-21 is an excellent target for anticancer therapy.



Part B: MicroRNA
therapeutics - a case for
microRNA therapeutics In
cancer

Collaboration with Andy Bader and David Brown at Mirna Rx
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let-7 genes map to “fragile regions”
assoclated with various cancers

Table 2. Examplas of miRs located In minimal deletzd reglons, minimal amplified reglons, and breakpolnt reglons invabead In

human cancers

Location
Chromosame {defining markers) Size, Mb i R Hystotype Knowm OG /TS
—p 3pd1.1-21.2-0 ARP-DRR1 7 fet-Fg/miR-135-1 breast cancer —
3p21.3(AP20%-D GOLGAL-VILL 075 mifl-26a Epithelial cancer —
3p23-21 31(MDR2)-00  DINTTEE-DIS TET 12.32 mifl-26a3; miR-138-1 Nasophanyngeal cancer —
Lga2-m ADRB2-ATX 2.92 mmiR-T45 /i R-143 Mye ledysplastic synd rame —
— 022 3-0 Da5280-0951809 1.4& miRl-24-1/mir-2 7b /miR-23k; Urothelial cancer PTC, FANCC
tet-Fa-1/let-7F-1 /let-Td
Q33D Da51826-095158 0.4 mifl-123 NSCLE —
11g23-g24-D D115927-01151347 1.904 mifl-34a-1/miR-34a-2 Breast,(lung gancer PPPZRI1E
m—p 11q23-g24-D D1151245-01151328 1.725 miR-1256-1/let-Fa-2 /miR-100 Breas \@- ary, Cervix cancer —
13g14.3-Dr D135272-013525 0.54 mill-15%a/miR-16a B-CLL —
13g32-33-A sthG15303-st5G3 1624 715 -7 miR-18/miR-19a /miR-20)  Follicular lymphoma —
miR-196-1/miR-92-1
17p13.3-D D1751866-D1751574 1.299 miRl-22; miR-132; miR-212 HCC —
17p13.3-D END3-TPS3 2275 mill-195 Lung cancer TPS3
17q22-43:17) miiR-1425 c-MYC miR-1425; miR-142as Prolym phooytic leukemia c-WYC
17923-A CLTC-PPMID 0.97 miR-21 Neuroblastama —
20g13-A FLI33BET-IMF21 7T 055 mifl-297-3 Colon cancer —_
— 211110 D215191 1-ANA 284 rmill-99a /let-Fe/mil- 1255 Lung cancer —

0, deleted reglon; &, am pifled reglon; NSCLE, nonsm all-cell lung cancer; HCC, hepatocellul arcarcinema; PTC patch ed hom olog (Dresophifa); FANCC Fanconl
anemla, complementation group G PPP2R1B, protein phosphatase 2, regulatory subunit & (PR EE), 2 Isoform, miBs In a cluster are separated by a slash. For

references, see Table &

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



Combined, let-7 and miR-34 target the
major oncogenes in lung cancer

Gene Incidence

Proto-oncogenes
RAS 15-20%

_MYC 5-10%

3CL-2 10-35%
EGFR 7%

: Tumor Suppressors
€————53 >50%

RB 15-30%
pl6 10-40%




Can loss of let-7 function increase tumor load In
an activated K-ras lung cancer mouse model?

AW WTBBBSREEEEER,.  C Loyl -ras G2
s 77 4 wkpost Ow

%

25%-50% of all

human lung
adenomas carry | 5x108P
activating mutations D _s0
in KRAS N

Jackson, et al., (2001) Genes Dev.



Can systemic let-7 delivery reduce lung tumor burden?

«1mg/kg for a total
of 8 tail vein
@ @ injections every
other day.
P\ P
Treated animals

were sacrificed 48
[ Sacrifice at \ hrs after the last
2 weeks & injection

4 weeks P.I.

Trang et al, 2011 Mol. Ther.
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Can systemic miR-34 delivery reduce lung tumor burden?

*1mg/kg for a total
of 8 tail vein
Injections every
other day.

QQ@

*Treated animals
were sacrificed 48
hrs after the last
Injection

Sacrifice at
2 weeks &

4 weeks P.I.




Systemic miR-34a treatment causes regression
of lung tumors
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Kras®12b; p53ff mice have advanced
disease and live half as long as Kras®14P

animals

3 e b _m K-ras-SL-G1204
-Cre Lenti-Cre LSL-G12D/4 il
100 100 -o K-ras . p53

Tg ©
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DuPage et al. Nature Protocols 2009



Tumor burden Iincrease over time In

Number of distinguishable
adenocarcinomas per section
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Restoration of miR-34 In
Krast12b/*+-n53R172/+ mjce (study design)
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MIR-34 pretreatment prevents
Krast12D/*+:n53R172/+ [yng tumorigenesis

Control mMiR-34

H&E




Conclusions

e Local or systemic delivery of tumor suppressor
MIRNASs leads to organ-specific tumor regression.

e microRNAs and antimiRs should prove useful as
therapeutics in difficult to treat cancers.
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