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Il Laboratorio esegue la diagnosi molecolare mediante ricerca di 

mutazioni nel gene ACVR1 su individui con diagnosi clinica di 

F.O.P. o con sospetta diagnosi



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

Pt, patient code; nd, mutation origin not determined; na, not available; 36 patients have been screened, 25 with confimation of the clinical 
diagnosis,  11 with exclusion of FOP.





Ricerca sui meccanismi della F.O.P.

Si esegue grazie ai contributi economici di

- F.O.P. Italia

- Ministero dell’Università

- Ministero della Salute



Regolazione del gene ACVR1

La conoscenza dei meccanismi di regolazione permette di 
comprendere come è controllata la quantità di espressione del 
gene

Nella F.O.P. la mutazione del gene è associata a un eccesso 
di funzione dell’intera via di segnalazione delle BMPdi funzione dell intera via di segnalazione delle BMP

Un modo per limitare la funzione del gene e della via 
funzionale ad esso collegata potrebbe basarsi su un 
intervento nel meccanismo che regola la sua espressione  



Analogamente alla maggior parte dei geni umani, 
anche l’espressione di ACVR1 viene regolata a livello di 
regioni del gene che si trovano alle sue estremità

- Promotore/Promotori

- 5’-UTR

- 3’-UTR



Study of the regulation of ACVR1 expression
Characterization of the structure and composition 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

Generation of a cellular model suitable for the high throughput 
screening of small molecules with potential pharmacological effect 
on the BMP/ACVR1 mediated pathway. 



Study of the regulation of ACVR1 expression

Characterization of the structure and composition of the ACVR1 transcripts.

Definition and characterization of genomic regions playing a role in the
regulation of ACVR1 expression, such as gene promoter/s and/or other
sequences with regulatory activity.

Promoter region 5’ UTR 3’ UTRProtein coding region

ATG STOP

mRNA 1
mRNA 2

transcription

translation

protein

Transcriptional regulation
Promoter
Enhancer/silencer

Post-transcriptional regulation
Splicing
mRNA stability/availability
Small RNA
Effect on translation



Study of the regulation of ACVR1 expression
Characterization of the structure and composition 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

Generation of a cellular model suitable for the high through-put 
screening of small molecules with potential pharmacological effect 
on the BMP/ACVR1 mediated pathway. 



Characterization of the structure and composition of the ACVR1 transcripts. 
How many are ACVR1 transcripts?

The past..... DNA

NM_001111067

NM_001105

Looking at the ESTs in the ACVR1 genomic region....The present...
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cDNA from commonly used cell lines

DNA

NM_001111067

NM_001105

ACVR1 expression profile

fBc fL fLi fK fH fS fT fSk -
cDNA from fetal tissues

B S H K L PBL -
cDNA from adult tissues

B S H K L PBL -HeLa

We have identified a new transcript isoform 
showing an insertion of 116 bp between the 
untranslated exon 2 and first protein coding 
exon. 

This is due to an alternative splicing leading 
to the incorporation of 116 bp of the 5’end of 
intron 3 in the mRNA.

B S H K L PBL -HeLa
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About ACVR1 new putative transcripts......

ATG“Ex2”92 2 c AL700573 ?
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ATG“Ex2”87 2 c

ATG“Ex2”11837 2 c L02911

ENST00000412025

ATG“Ex2”246 2 c NM_001105 ?

NM_001111067

DB270850

DA995330

DA436676

?
ATG
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ATG

ATG

“Ex2”

“Ex2”

“Ex2”

“Ex2”

87
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67
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ATG261 2 c ENST00000409283

2 c106 ENST00000487456 ?

? we did not obtain results by RT-PCR in several different conditions
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we have obtained specific RT-PCR products

This indicates the putative presence of different transcription start sites ( ) and of
different transcripts showing the alternative combination of several 5’UTR exons
(white rectangles) with common protein coding sequences (violet rectangles).



cDNA from fetal tissues

ATG“Ex2” 2 c67 NM_001111067

ATG

ATG
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NM 001111067

cDNA from adult tissues
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ATGEx1 Ex2 Ex3 Ex4 Mouse acvr1 genomic
organization at the 5’ end

“Ex2” ATGEx1

��������	
����
������	
���	
������

Human ACVR1 genomic
organization at the 5’ end

ATG“Ex2”34 118

ATG“Ex2”118

ATG“Ex2”

ATG261

RefSeq NM_001111067

DA995330

ENST0000409283

DA436676�
�
�

organization at the 5 end

ATG
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RefSeq NM_007394

RefSeq NM_001110205
RefSeq NM_001110204Ex1 Ex4Ex3Ex2
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ATGEx1 Ex2 Ex3 Ex4 Mouse acvr1 genomic
organization at the 5’ end

“Ex2” ATGEx1
Human ACVR1 genomic
organization at the 5’ end
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Mouse acvr1 exon 2Mouse acvr1 exon 3Mouse acvr1 exon 4 Mouse acvr1 exon 1



Qual è il ruolo funzionale di queste diverse regioni alternative 
all’estremo 5’-UTR?

C’è una regolazione differenziale per le diverse forme di mRNA?

C’è un effetto sulla stabilità del mRNA o sulla capacità di tradurre 
il mRNA in proteina?il mRNA in proteina?



Protocol
Amplification by RT-PCR of the 

fragment to be tested with NcoI tails.
Subcloning into the NcoI site of the 

pGL3-Promoter vector, this will cause 
the inclusion of the fragment under 
analysis in the reporter gene mRNA as 
5’UTR sequence.

Transfection in different cell lines.
Evaluation of Luciferase activity and 

Real time PCR on reporter mRNA

Functional analysis of 5’UTR sequences
(the example of the 116 bp insertion)

Real-time PCR on reporter mRNA.
NcoI

CCATGG 116 Luciferase coding sequence
NcoI

CCATGG

Hek-293

0

20

40

60

80

100

120

%
 L

uc
ife

ra
se

 A
ct

iv
ity

pGL3-Prom Vec 116 upATG Hygro

HeLa

0

20

40

60

80

100

120

%
 L

u
ci

fe
ra

se
 A

ct
iv

it
y

pGL3-Prom Vec 116 upATG Hygro



Commento

Il tratto di sequenza che può essere 
inserito nel mRNA di ACVR1 o può non 
esserlo esercita un effetto di inibizioneesserlo esercita un effetto di inibizione 
dell’espressione



Study of the regulation of ACVR1 expression
Characterization of the structure and composition 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

Generation of a cellular model suitable for the high through-put 
screening of small molecules with potential pharmacological effect 
on the BMP/ACVR1 mediated pathway. 
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CATTTTCATA GTGTCAAGAA GGAAGATTTG ACGTTGTTGT CATTGTCCAG  50
CTGGGACCTA ATGCTGGCCT GACTGGTTGT CAGAATGGAA TCCATCTGTC  100
TCCCTCCCCA AATGGCTGCT TTGACAAGGC AGACGTCGTA CCCAGCCATG  150
TGTTGGGGAG ACATCAAAAC CACCCTAACC TCGCTCGATG ACTGTGAACT  200
miR-365
GGGCATTTCA CGAACTGTTC ACACTGCAGA GACTAATGTT GGACAGACAC  250
TGTTGCAAAG GTAGGGACTG GAGGAACACA GAGAAATCCT AAAAGAGATC  300
miR-365
TGGGCATTAA GTCAGTGGCT TTGCATAGCT TTCACAAGTC TCCTAGACAC  350

miR-137
TCCCCACGGG AAACTCAAGG AGGTGGTGAA TTTTTAATCA GCAATATTGC  400

miR-130a/b miR-384      miR130/301/148/152
CTGTGCTTCT CTTCTTTATT GCACTAGGAA TTCTTTGCAT TCCTTACTTG 450

miR-182
CACTGTTACT CTTAATTTTA AAGACCCAAC TTGCCAAAAT GTTGGCTGCG  500

miR-384
TACTCCACTG GTCTGTCTTT GGATAATAGG AATTCAATTT GGCAAAACAA  550

miR-30c/d/e
AATGTAATGT CAGACTTTGC TGCATTTTAC ACATGTGCTG ATGTTTACAA  600

miR-384
TGATGCCGAA CATTAGGAAT TGTTTATACA CAACTTTGCA AATTATTTAT  650
TACTTGTGCA CTTAGTAGTT TTTACAAAAC TGCTTTGTGC ATATGTTAAA  700
GCTTATTTTT ATGTGGTCTT ATGATTTTAT TACAGAAATG TTTTTAACAC  750
TATACTCTAA AATGGACATT TTCTTTTATT ATCAGTTAAA ATCACATTTT  800

miR-381/300
AAGTGCTTCA CATTTGTATG TGTGTAGACT GTAACTTTTT TTCAGTTCAT  850
ATGCAGAACG TATTTAGCCA TTACCCACGT GACACCACCG AATATATTAC  900
TGATTTAGAA GCAAAGATTT CAGTAGAATT TTAGTCCTGA ACGCTACGGG  950
GAAAATGCAT TTTCTTCAGA ATTATCCATT ACGTGCATTT AAACTCTGCC  1000

miR-381/300
AGAAAAAAAT AACTATTTTG TTTTAATCTA CTTTTTGTAT TTAGTAGTTA  1050
TTTGTATAAA TTAAATAAAC TGTTTTCAAG TCAAAaaaaa aaaaaaaaaa  1100 



???CATTTTCATA GTGTCAAGAA GGAAGATTTG ACGTTGTTGT CATTGTCCAG  50
CTGGGACCTA ATGCTGGCCT GACTGGTTGT CAGAATGGAA TCCATCTGTC 100

miRNA region

???

TGTTTATACA CAACTTTGCA AATTATTTAT  650
TACTTGTGCA CTTAGTAGTT TTTACAAAAC TGCTTTGTGC ATATGTTAAA  700
GCTTATTTTT ATGTGGTCTT ATGATTTTAT TACAGAAATG TTTTTAACAC  750
TATACTCTAA AATGGACATT TTCTTTTATT ATCAGTTAAA ATCACATTTT  800

miR-381/300
AAGTGCTTCA CATTTGTATG TGTGTAGACT GTAACTTTTT TTCAGTTCAT  850
ATGCAGAACG TATTTAGCCA TTACCCACGT GACACCACCG AATATATTAC  900
TGATTTAGAA GCAAAGATTT CAGTAGAATT TTAGTCCTGA ACGCTACGGG  950
GAAAATGCAT TTTCTTCAGA ATTATCCATT ACGTGCATTT AAACTCTGCC  1000

miR-381/300
AGAAAAAAAT AACTATTTTG TTTTAATCTA CTTTTTGTAT TTAGTAGTTA  1050
TTTGTATAAA TTAAATAAAC TGTTTTCAAG TCAAAaaaaa aaaaaaaaaa  1100 

ARE region

CTGGGACCTA ATGCTGGCCT GACTGGTTGT CAGAATGGAA TCCATCTGTC  100
TCCCTCCCCA AATGGCTGCT TTGACAAGGC AGACGTCGTA CCCAGCCATG  150
TGTTGGGGAG ACATCAAAAC CACCCTAACC TCGCTCGATG ACTGTGAACT  200
miR-365
GGGCATTTCA CGAACTGTTC ACACTGCAGA GACTAATGTT GGACAGACAC  250
TGTTGCAAAG GTAGGGACTG GAGGAACACA GAGAAATCCT AAAAGAGATC  300
miR-365
TGGGCATTAA GTCAGTGGCT TTGCATAGCT TTCACAAGTC TCCTAGACAC  350

miR-137
TCCCCACGGG AAACTCAAGG AGGTGGTGAA TTTTTAATCA GCAATATTGC  400

miR-130a/b miR-384      miR130/301/148/152
CTGTGCTTCT CTTCTTTATT GCACTAGGAA TTCTTTGCAT TCCTTACTTG 450

miR-182
CACTGTTACT CTTAATTTTA AAGACCCAAC TTGCCAAAAT GTTGGCTGCG  500

miR-384
TACTCCACTG GTCTGTCTTT GGATAATAGG AATTCAATTT GGCAAAACAA  550

miR-30c/d/e
AATGTAATGT CAGACTTTGC TGCATTTTAC ACATGTGCTG ATGTTTACAA  600

miR-384
TGATGCCGAA CATTAGGAAT





CATTTTCATA GTGTCAAGAA GGAAGATTTG ACGTTGTTGT CATTGTCCAG  50
CTGGGACCTA ATGCTGGCCT GACTGGTTGT CAGAATGGAA TCCATCTGTC  100
TCCCTCCCCA AATGGCTGCT TTGACAAGGC AGACGTCGTA CCCAGCCATG  150
TGTTGGGGAG ACATCAAAAC CACCCTAACC TCGCTCGATG ACTGTGAACT  200
miR-365
GGGCATTTCA CGAACTGTTC ACACTGCAGA GACTAATGTT GGACAGACAC  250
TGTTGCAAAG GTAGGGACTG GAGGAACACA GAGAAATCCT AAAAGAGATC  300
miR-365
TGGGCATTAA GTCAGTGGCT TTGCATAGCT TTCACAAGTC TCCTAGACAC  350

miR-137
TCCCCACGGG AAACTCAAGG AGGTGGTGAA TTTTTAATCA GCAATATTGC  400

miR-130a/b miR-384      miR130/301/148b/152
CTGTGCTTCT CTTCTTTATT GCACTAGGAA TTCTTTGCAT TCCTTACTTG 450

miR-182
CACTG C C G CCC C TTGCCAAA G GGC GCG 500CACTGTTACT CTTAATTTTA AAGACCCAAC TTGCCAAAAT GTTGGCTGCG  500

miR-384
TACTCCACTG GTCTGTCTTT GGATAATAGG AATTCAATTT GGCAAAACAA  550

miR-30c/d/e
AATGTAATGT CAGACTTTGC TGCATTTTAC ACATGTGCTG ATGTTTACAA  600

miR-384
TGATGCCGAA CATTAGGAAT TGTTTATACA CAACTTTGCA AATTATTTAT  650
TACTTGTGCA CTTAGTAGTT TTTACAAAAC TGCTTTGTGC ATATGTTAAA  700
GCTTATTTTT ATGTGGTCTT ATGATTTTAT TACAGAAATG TTTTTAACAC  750
TATACTCTAA AATGGACATT TTCTTTTATT ATCAGTTAAA ATCACATTTT  800

miR-381/300
AAGTGCTTCA CATTTGTATG TGTGTAGACT GTAACTTTTT TTCAGTTCAT  850
ATGCAGAACG TATTTAGCCA TTACCCACGT GACACCACCG AATATATTAC  900
TGATTTAGAA GCAAAGATTT CAGTAGAATT TTAGTCCTGA ACGCTACGGG  950
GAAAATGCAT TTTCTTCAGA ATTATCCATT ACGTGCATTT AAACTCTGCC  1000

miR-381/300
AGAAAAAAAT AACTATTTTG TTTTAATCTA CTTTTTGTAT TTAGTAGTTA  1050
TTTGTATAAA TTAAATAAAC TGTTTTCAAG TCAAAaaaaa aaaaaaaaaa  1100 

















Commento

Nella regione 3’-UTR si esercita un 
regolazione dell’espressione in 
termini di inibizione 
dell’espressione.

Alcuni microRNA che riconosconoAlcuni microRNA che riconoscono 
sequenze nel 3’-UTR sembrano 
agire come inibitori.



Un obiettivo ambizioso

Trovare dei composti chimici che esercitno un effetto di 
inibizione sulla funzione della via delle BMP

Bisogna mettere a punto un metodo di analisi 





Study of the regulation of ACVR1 expression
Characterization of the structure and composition 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

Generation of a cellular model suitable for the high through-put 
screening of small molecules with potential pharmacological effect 
on the BMP/ACVR1 mediated pathway. 



ACVR1/Alk2
Type II 

Receptor

BMP

EGFPBRE

ACVR1/Alk2Type II 
Receptor

Treatment with libraries of small 
molecules with potential 

pharmacologicalBMP

BMP
A) Generation of stable cell lines

expressing both ACVR1/ALK2 receptor
(wild-type and mutated form) and the
reporter gene (EGFP) controlled by a
BMP responsive element in C2C12
cells.

BRE EGFP

BRE EGFP

The effect of the tested molecules 
on the BMP-ACVR1 pathway  is 
evaluated with a plate- reader 

instrument through the detection 
and measurement of the fluorescent 
signal emitted by the reporter gene, 

directly on living cells.

EGFPBRE

Check for the ACVR1 construct 
expression by WB analysis
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