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Summary of the clinical features and molecular analysis of the presented FOP patients set.

Pt Age Sex Age Great toe Mutation Other
Ossification malf.
onset
1 FOP1 33y M na y c.617G>A, nd
2 FOP2 S5y M 15 months y c.617G>A, de novo Hydrocephalus secondary to a posterior bulbar
expansive lesion of unknown origin (surgical
correction)
3 FOP3 10y F 4y y c.617G>A, de novo
4 FOP4 5y F 20 months y c.617G>A, de novo
5 FOP5 n.a. M 8y y c.617G>A, nd
6 FOP6 29y F 6y y c.617G>A, nd
7 FOP7 28y F 11y y c.617G>A, nd
8 FOPS8 50y F 11y y c.617G>A, nd
9 FOP9 45y M 3y y c.617G>A, nd
10 FOP10 36y M 14y y c.617G>A, nd
11 FOP12 9y M 6 months y c.617G>A, nd
12 FOP13 22y F 4y No c.774G>C, de novo, R258S | c.44C>G dbSNP rs13406336, inherited
13 FOP14 49y M 5y y c.617G>A, nd Episodic seizures
14 FOP15 37y M 4 y c.617G>A, nd
15 FOP17 9y M 6y y c.617G>A, nd
16 FOP18 17y F na Short hallux c.617G>A, nd Fusion of C4-C5, osseous dysplasia
17 FOP20 44 y F 14y No c.774G>C, de novo, R258S Vitamin D deficiency, thyroid goiter
18 FOP22 38y F 9 months y c.617G>A, nd
19 FOP23 11y M 5y hypoplasic c.617G>A, nd Neck stiffness, NOGGIN neg
20 FOP24 13y M 13y y ¢.619C>G, de novo, Q207E Malformed shortened thumbs

Pt, patient code; nd, mutation origin not determined; na, not available; 26 patients have been screened, 20 with confimation of the clinical

diagnosis, see table, 6 with exclusion of FOP




Study of the regulation of ACVR1 expression

regulation of ACVR1 expression, such as gene promoter/s and/or other
sequences with regulatory activity.
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of the ACVR1 transcripts.

Definition and characterization of sequences playing a role in the regulation
of ACVR1 expression.

»>5’UTR sequences

»Promoter region

»3’UTR region




Characterization of the structure and composition of the ACVR1 transcripts
How many are ACVR1 transcripts?
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tgcgcctcgg gaagtttatt ctgcccgccce tcctcccecett cctccteccte 158440889
ttcaccccge ctcccecgece tcccecegget ctttccceceg ggtggectgee 158440839
gctgccgceceg ctgccgectge cagcctgcectce ctcggccage cgcgccggec 158440789
ccagggccgg gaagctcccg gccccacgca ccgctccgcect gcagccaccg 158440739
cagccgcecgce cgctctggge cggccctcecgg cccccggctcec ccggceccccge 158440689
agagttccgg gctcectcge cggctgcacc gccccgecce gecccgegee 158440639
gcccecgegec gcgecgacCT GCAGCGCCCG GCTGCCTCGC ACTCCGCCTC 158440589
CCCCGGCTCAG CCCCCGGCC GCGGCGGGAC CCGAGgtgag cgcaggtcgc 158440539
cggccgcgece tgctggagcc gggaggactg agggaggagg tagcctagcg 158440489
ggagaagagg cagggatcgg gggtggcagg gtgggcgtct gcggtgecctc 158440439
cccctcgett tcattccttt ctcccccaag cttgatccce tctccgtggg 158440389
ggaagcagcc gcggaacaaa actgtcttgc tttgggcctg aactgctggt 158440339
gggatatggg gggtgggggg gcagaggcgt ggagcggggg tctcaggttt 158440289
gtattggggt gtgtgtgagt gcgtgtgtgt gtgtgtgtgt gttgtgaact 158440239
ccttcagggt gtgcgactct gacttgtaaa tcgatctggc cgcggggcca 158440189
cggggcttac cttcctagct gagcttgtag agagtaagga gatagatagg 158440139
cgaatttccc ccaccctcaa aatatccatc tcttccaaga ggaattttct 158440089
gctggagaga cagccaataa actctgctca actccctccc tccctcggtt 158440039
cttcctagect gcagtttcaa aaagcttcaa agccaggaat gtgggattca 158439989
tcttccgatc cccagaaggc aaatgtggtt acagatgttg cacggtactt 158439939
tgccaagttt aaaacccttc cttcaacact gtaaccaaaa cagtgaggct 158439889
agaacctcgg gcgcactaaG AAGAGATGTG GGCCTCTGGG GCCGCTGGAT 158439839
TCAGTAACTT CCGTCGGGTT CTAGACTGGC TCGGCTCTGT CCAGTTTGTG 158439789
CCAGATAGTC TCCCACCCCC TCCCCACCCC TCCTTTCCCC TGGAGATTTG 158439739
AACGCTGCTT GCATGGGAGA AAAGCTACTT AGAGAAGAAA ACGTTCCACT 158439689
TAGTAACAGA AGAAAAGTCT TGGTTAAAAA GTTGTCATGA ATTTGGCTTT 158439639
TGGAGAGAGG CAGCAAGGTa atacaatgga cttgtcaatt ttattgggct 158439589
tttctttctt ttttgaggga tgtatgataa gagttagatg atgggcaaag 158439539
//

ttagccacca cattcacaac tgcaggattt tcttctgctt agctggtttt 158383339
ctttcttctt tccctctgca gCCTGGAGCA TTGGTAAGCG TCACACTGCC 158383289
AAAGTGAGAG CTGCTGGAGA ACTCATAATC CCAGGAACGC CTCTTCTACT 158383239
CTCCGAGTAC CCCAGTGACC AGAGTGAGAG AAGCTCTGAA CGAGGGCACG 158383189
CGGCTTGAAG GACTGTGGGC AGATGTGACC AAGAGCCTGC ATTAAGgtag 158383139
ctgagtaagc tttacccagg agctctcaga acggcattgc cagaaccagc 158383089
agtgcagcca cttcaacaaa tcacttcttt taatactctt tggcagagat 158383039
//

ttacttacat ctcttctttt ccctttacag TTGTACAATG GTAGATGGAG 158364239
TGATGATTCT TCCTGTGCTT ATCATGATTG CTCTCCCCTC CCCTAGTATG 158364189
GAAGgtaagt gactcacatc tttttgggtt aagataagta tactgtgatt 158364139
tttttttttg gcttactata aactacttct taagcctatc aaacttaaaa 158364089
cactcttttt ataataaata tttggtgatt attgactatt ttgaaggaaa 158364039

> RefSeq 2
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Two main ACVR1 transcripts are detectable in cells expressing the
gene and are present in Gene Bank.

These transcripts share an untranslated exon 2 and all the protein coding
sequences, but show an alternative exon 1 probably due to the presence of
two different transcription start sites.
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However, we have identified a new transcript isoform showing an insertion
of 116 bp between the untranslated exon 2 and first protein coding exon.
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158383370
158383320
158383270
158383220
158383170
158383120
158383070
158383020
158382970
158382920
158382870
158382820
158382770

158364239
158364189
158364139
158364089
158364039

This isoform is due to an alternative splicing leading to the incorporation of

116 bp of the 5’end of intron 3 in the mRNA.




The inserted sequence is highly conserved among species and is even more

conserved than the adjacent exon.
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This sequence can have a role at post-transcriptional level and we are

currently investigating in this direction.



v'Definition and characterization of sequences
playing a role in the regulation of ACVR1
expression.
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Identification and characterization of ACVR1 promoter region

We are currently focusing on a region of 3400 bp upstream the ACVR1 gene and
spanning the two alternative first exons
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efinition and characterization of sequences playing a role in
the regulation of ACVR1 expression.

»5 UTR sequences

»Promoter region

v'3’UTR region




TGTTGGGGAG
GGGCATTTCA
TGTTGCAAAG
TGGGCATTAA
TCCCCACGGG
CTGTGCTTCT
CACTGTTACT
TACTCCACTG
AATGTAATGT
TGATGCCGAA
TACTTGTGCA
GCTTATTTTT
TATACTCTAA
AAGTGCTTCA
ATGCAGAACG
TGATTTAGAA
GAAAATGCAT
AGAAAAAAAT
TTTGTATAAA

ACATCAAAAC
CGAACTGTTC
GTAGGGACTG
GTCAGTGGCT
AAACTCAAGG
CTTCTTTATT
CTTAATTTTA
GTCTGTCTTT
CAGACTTTGC
CATTAGGAAT
CTTAGTAGTT
ATGTGGTCTT
AATGGACATT
CATTTGTATG
TATTTAGCCA
GCAAAGATTT
TTTCTTCAGA
AACTATTTTG
TTAAATAAAC

Analysis of the ACVR1 3’UTR

CACCCTAACC
ACACTGCAGA
GAGGAACACA
TTGCATAGCT
AGGTGGTGAA
GCACTAGGAA
AAGACCCAAC
GGATAATAGG
TGCATTTTAC
TGTTTATACA
TTTACAAAAC
ATGATTTTAT
TTCTTTTATT
TGTGTAGACT
TTACCCACGT
CAGTAGAATT
ATTATCCATT
TTTTAATCTA
TGTTTTCAAG

TCGCTCGATG
GACTAATGTT
GAGAAATCCT
TTCACAAGTC
TTTTTAATCA
TTCTTTGCAT
TTGCCAAAAT
AATTCAATTT
ACATGTGCTG
CAACTTTGCA
TGCTTTGTGC
TACAGAAATG
ATCAGTTAAA
GTAACTTTTT
GACACCACCG
TTAGTCCTGA
ACGTGCATTT
CTTTTTGTAT
TCAAAaaaaa

ACTGTGAACT
GGACAGACAC
AAAAGAGATC
TCCTAGACAC
GCAATATTGC
TCCTTACTTG
GTTGGCTGCG
GGCAAAACAA
ATGTTTACAA
AATTATTTAT
ATATGTTAAA
TTTTTAACAC
ATCACATTTT
TTCAGTTCAT
AATATATTAC
ACGCTACGGG
AAACTCTGCC
TTAGTAGTTA
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“Subcloning of ACVR1 3'UTR region downstream the coding sequence of the firefly

Evaluation of the Luciferase activity compared to that of the pGL3-prom empty

vector in different cell lines.




pGL3-promoter vector empty versus pGL3-prom ACVR1 3’UTR
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» The presence of the 3’UTR sequence of ACVR1 causes a decrease in the
activity of the reporter gene (Luciferase) in all the tested cell lines.

» 3’UTR sequence of ACVR1 can be target of different mechanisms of post-

transcriptional regulation.




The expanding universe of RNA

It is now clear that different levels of regulation in gene expression do exist.

3% coding RNA
(housekeeping RNA (rBRNA, tRNA, snRNA,...)

97% non-coding RNA <«

regulatory RNA (scRNA, siRNA, gRNA, microRNA...)

Recently, a growing body of the literature has focused on the role of microRNAs
(miRNAs) as crucial players of post-transcriptional regulation of gene expression,
both in physiological conditions (development, differentiation, growth, etc.) and in

disease (cancer, inflammation, etc.).




microRNA

They have a pleiotropic effect, a single microRNA can modulate several genes.
A single gene can be targeted by several microRNAs involved in the fine tuning of its
expression.

microRNAs can bind the 3’UTR
sequences of protein coding genes at
specific sites

Gene silencing
F - v'mRNA degradation
/e v'Translational repression

TMCpppG



Role of miRNA in post-transcriptional regulation of ACVR1

Different web-based tools are now available to scan sequences for the presence
of putative microRNA binding sites.

TargetScan: http//www.targetscan.org
PicTar: http://pictar.mdc-berlin.de/
miRbase: http://microrna.sanger.ac.uk




ACVR1 and microRNA

TargetScanHuman

Prediction of microRNA targets

Human ACVR1 3'UTR

http//www.targetscan.org

Release 5.0: December 2008
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TargetScan References:

1) Benjamin P Lewis et al., Cell, 120:15-20 (2005).

2) Andrew Grimson, etal., Molecular Cell, 27:91-105 (2007).
3) Robin C Friedman et al., Genome Research.




How to choose microRNA to be tested?

»microRNA with binding sites highly conserved among species.

»Binding sites recognized by different programs.

»Candidate microRNA.




Micro RNA PicTar TargetScan

Binding sites recognized

by 3 programs hsa-miR-301la: 405 432 P T -14.46/-19.81
hsa-miR-130a: 406 435 P T -16.35/-18.22
hsa-miR-148a: 406 434 P T -11.18/-12.05
hsa-miR-182: 458 P T -12.34
hsa-miR-152: 436 P T -12.21
hsa-miR-384: 412 P T -11.47

Binding sites recognized Micro RNA PicTar TargetScan

by at least 2 programs hsa-miR-130b: 403 433 P
hsa-miR-301la: 405 432 P T -14.46/-19.81
hsa-miR-130a: 406 435 P T -16.35/-18.22
hsa-miR-30c: 576 605 P -15.92/-12.22
hsa-miR-365: 185 290 T -10.25/-14.17
hsa-miR-137: 372 T -13.49
hsa-miR-148a: 406 434 P T -11.18/-12.05
hsa-miR-30d: 576 P -16.4
hsa-miR-30e: 576 P -14.28
hsa-miR-182: 458 P T -12.34
hsa-miR-152: P
hsa-miR-384: P
hsa-miR-148b: P

hsa-miR-381:




CATTTTCATA
CTGGGACCTA
TCCCTCCCCA
TGTTGGGGAG
miR-365

GGGCATTTCA
TGTTGCAAAG

miR-365
TGGGCATTAA

TCCCCACGGG
CTIGTIGCTICT
CACTGTTACT
TACTCCACTG
AATGTAATGT
TGATGCCGAA
TACTTGTGCA
GCTTATTTTT
TATACTCTAA
AAGTGCTTCA
ATGCAGAACG
TGATTTAGAA

GAAAATGCAT

AGAAAAAAAT
TTTGTATAAA

GTGTCAAGAA GGAAGATTTG ACGTTGTTGT CATTGTCCAG 50
ATGCTGGCCT GACTGGTTGT CAGAATGGAA TCCATCTGTC 100
AATGGCTGCT TTGACAAGGC AGACGTCGTA CCCAGCCATG 150
ACATCAAAAC CACCCTAACC TCGCTCGATG ACTGTGAACT 200
CGAACTGTTC ACACTGCAGA GACTAATGTT GGACAGACAC 250
GTAGGGACTG GAGGAACACA GAGAAATCCT AAAAGAGATC 300
GTCAGTGGCT TTGCATAGCT TTCACAAGTC TCCTAGACAC 350
miR-137
AAACTCAAGG AGGTGGTGAA TTTTTAATCA GCAATATTGC 400
miR-130a/b miR-384 miR130/301/148/152
CTTCTTTATT GCAEEAGGAA TTCTTTGCAT TCCTTACTTG 450
miR-182
CTTAATTTTA AAGACCCAAC TTGCCAAAAT GTTGGCTGCG 500
miR-384
GTCTGTCTTT GGATAATAGG AATTCAATTT GGCAAAACAA 550
miR-30c/d/e
CAGACTTTGC TGCATTTTAC ACATGTGCTG ATGTTTACAA 600
miR-384
CATTAGGAAT TGTTTATACA CAACTTTGCA AATTATTTAT 650
CTTAGTAGTT TTTACAAAAC TGCTTTGTGC ATATGTTAAA 700
ATGTGGTCTT ATGATTTTAT TACAGAAATG TTTTTAACAC 750
AATGGACATT TTCTTTTATT ATCAGTTAAA ATCACATTTT 800
miR-381/300
CATTTGTATG TGTGTAGACT GTAACTTTTT TTCAGTTCAT 850
TATTTAGCCA TTACCCACGT GACACCACCG AATATATTAC 900
GCAAAGATTT CAGTAGAATT TTAGTCCTGA ACGCTACGGG 950
TTTCTTCAGA ATTATCCATT ACGTGCATTT AAACTCTGCC 1000
miR-381/300
AACTATTTTG TTTTAATCTA CTTTTTGTAT TTAGTAGTTA 1050
TTAAATAAAC TGTTTTCAAG TCAARAaaaaa aaaaaaaaaa 1100
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ssCotransfection of pGL3-Prom- ACVR1 3’UTR
microRNA (pre-MIR, Ambion) in HelLa cells.

s»Evaluation of the luciferase activity.

with precursor of selected




Expression of the selected microRNA in HelLa cells
according to the microRNA Data Base

(www.microrna.org)
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HelLa cells show little, if any, expression of the selected microRNAs.




3’UTR - ACVR1 and microRNA

Transfection protocol (24 wells plate)
Cells are plated and transfected at the same time

- 90 000 cells/well HeLa
- 400 ng GL3 or UTR
- 5 ng Renilla

-15 pmoles miR precursor

- siPORT Neofx Transfection agent

- STOP at 24 and 48 hr

- Luciferase/renilla activity detection with Luminometer




3’UTR - ACVR1 and microRNA
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Effect of selected microRNA co-transfection on Luciferase activity

O Hela 24 hr @ HelLa 48 hr

Q 2 O A 0 O VYA N N D D @ R

o
st
\3«
Reporter gene activity in HelLa
miR-152 stable decrease miR-381 transient increase
miR-182 transient decrease miR-384 transient increase

miR-365 transient increase

miR-148a mild decrease miR-30c/30d/30e no effect
miR-148b mild decrease miR-26a no effect




= We have found that the 3'UTR of ACVR1 can be target of

post-transcriptional regulation (see reporter gene activity of

= We have found that microRNA can have both a positive
and negative effect on ACVR1 expression as assessed by
gene reporter activity.




Moreover...

A number of sequence elements control the stability/availability of a mRNA either by
stimulating or inhibiting degradation. Most of these elements are located in the

3'UTR end of the genes.

Among these modulating elements, in mammalian cells the sequence elements rich
in adenosine and uridine, called AU-rich elements (AREs), were identified by
their ability to target host mMRNAs towards rapid degradation.




ACVR1 3’UTR and ARE sequences

Class | Cluster 5 ARE

The 3'UTR sequence of the ACVR1 gene is classified as containing a

CATTTTCATA GTGTCAAGAA GGAAGATTTG ACGTTGTTGT CATTGTCCAG 50
CTGGGACCTA ATGCTGGCCT GACTGGTTGT CAGAATGGAA TCCATCTGTC 100
TCCCTCCCCA AATGGCTGCT TTGACAAGGC AGACGTCGTA CCCAGCCATG 150
TGTTGGGGAG ACATCAAAAC CACCCTAACC TCGCTCGATG ACTGTGAACT 200
GGGCATTTCA CGAACTGTTC ACACTGCAGA GACTAATGTT GGACAGACAC 250
TGTTGCAAAG GTAGGGACTG GAGGAACACA GAGAAATCCT AAAAGAGATC 300
TGGGCATTAA GTCAGTGGCT TTGCATAGCT TTCACAAGTC TCCTAGACAC 350
TCCCCACGGG AAACTCAAGG AGGTGGTGAA TTTTTAATCA GCAATATTGC 400
CTGTGCTTCT CTTCTTTATT GCACTAGGAA TTCTTTGCAT TCCTTACTTG 450
CACTGTTACT CTTAATTTTA AAGACCCAAC TTGCCAAAAT GTTGGCTGCG 500
TACTCCACTG GTCTGTCTTT GGATAATAGG AATTCAATTT GGCAAAACAA 550
AATGTAATGT CAGACTTTGC TGCATTTTAC ACATGTGCTG ATGTTTACAA 600
TGATGCCGAA CATTAGGAAT TGTTTATACA CAACTTTGCA AATTATTTAT 650
TACTTGTGCA CTTAGTAGTT TTTACAAAAC TGCTTTGTGC ATATGTTAAA 700
GCTTATTTTT ATGTGGTCTT ATGATTTTAT TACAGAAATG TTTTTAACAC 750
TATACTCTAA AATGGACATT TTCTTTTATT ATCAGTTAAA ATCACATTTT 800
AAGTGCTTCA CATTTGTATG TGTGTAGACT GTAACTTTTT TTCAGTTCAT 850
ATGCAGAACG TATTTAGCCA TTACCCACGT GACACCACCG AATATATTAC 900
TGATTTAGAA GCAAAGATTT CAGTAGAATT TTAGTCCTGA ACGCTACGGG 950

GAAAATGCAT
AGAAAAAAAT
TTTGTATAAA

TTTCTTCAGA
AACTATTTTG
TTAAATAAAC

ATTATCCATT
TTTTAATCTA
TGTTTTCAAG

ACGTGCATTT
CTTTTTGTAT
TCAAAaaaaa

AAACTCTGCC
TTAGTAGTTA
aaaaaaaaaa

motif.

Class | several dispersed copies of the
Class Il at least 2 overlapping UUAUUUA(U/A)(U/A) nonamers (citokines...).
Class Ill much less defined, they are U-rich regions but contain no AUUUA pentamer




CATTTTCATA
CTGGGACCTA
TCCCTCCCCA
TGTTGGGGAG
miR-365

GGGCATTTCA
TGTTGCAAAG

miR-365
TGGGCATTAA

TCCCCACGGG

CTGTGCTTCT

CACTGITACT

TACTCCACTG

AATGTAATGT

TGATGCCGAA

Modular structure of ACVR1 3’'UTR sequence

GTIGTCAAGAA GGAAGATTIG

ACGTTGTTIGT

CATTGTCCAG

50

TACTTGTGCA
GCTTATTTTT
TATACTCTAA

AAGTGCTTCA
ATGCAGAACG
TGATTTAGAA
GAAAATGCAT

AGAAAAAAAT
TTTGTATAAA

ATGCTGGCCT GACTGGTTGT CAGAATGGAA TCCATCTGIC 100
AATGGCTGCT TTGACAAGGC AGACGTCGTA CCCAGCCATG 150
ACATCAAAAC CACCCTAACC TCGCTCGATG ACTGTGAACT 200
CGAACTGTTC ACACTGCAGA GACTAATGTIT GGACAGACAC 250
GTAGGGACTG GAGGAACACA GAGAAATCCT AAAAGAGATC 300
interacting protein can
GTCAGTGGCT TTGCATAGCT TTCACAAGTC TCCTAGACAC 350 T
miR-137 compete for the binding to
AAACTCAAGG AGGTGGTGAA TTTTTAATCA GCAATATTGC 400 the ACVR1 3'UTR
miR-130a/b miR-384 miR130/301/148/152
CTTCTTTATT GCACTAGGAA TTCTTTGCAT TCCTTACTTG 450 sequence.
miR-182
CTTAATTTTA AAGACCCAAC TTGCCAAAAT GTTGGCTGCG 500
miR-384 ARE sequences have a
GTCTGTCTTT GGATAATAGG AATTCAATTT GGCAAAACAA 550 destabi"zing effect of
miR-30c/d/e .
CAGACTTTGC TGCATTTTAC ACATGTGCTG ATGTTTACAA 600 ACVR1 mRNA. This can be
miR-384 counteracted in some
CATTAGGAAT| TGTTTATACA CAACTTTGCA AATTATTTAT 650 e S
CTTAGTAGTT TTTACAAAAC TGCTTTGTGC ATATGTTAAA 700 conditions by the binding of
ATGTGGTCTT ATGATTTTAT TACAGAAATG TTTTTAACAC 750 specific MiRNA.
AATGGACATT TTCTTTTATT ATCAGTTAAA ATCACATTIT 800
miR-381/300
CATTTGTATG TGTGTAGACT GTAACTTTTT TTCAGTTCAT 850
TATTTAGCCA TTACCCACGT GACACCACCG AATATATTAC 900
GCAAAGATTT CAGTAGAATT TTAGTCCTGA ACGCTACGGG 950
TTTCTTCAGA ATTATCCATT ACGTGCATTT AAACTCTGCC 1000
miR-381/300
AACTATTTTG TTTTAATCTA CTTTTTGTAT TTAGTAGTTA 1050
TTAAATAAAC TGTITTTCAAG TCAAAaaaaa aaaaaaaaaa 1100
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