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 gestational age 39 wks
(JCesarean for weak heart tones

dNormal intra-uterine growth
*Weight: 3500 g (P7)),
s Length: 51 cm (P7)5),

+OFC :37 cm (1 cm above P90).

QO APGAR: 6/7

dCyanosis after birth.
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Anophthalmia

Microtia

Postaxial polydactyly

Cryptorchidism (right testis), Transposition great arteries.
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d 1 Mb Array-CGH

1 Normal parents (FISH)

0 6 Mb de novo del(14)(q22.1q23.1)
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 Delivery after induction (41 wks) I D

[ Neonatal distress ./\ A
III ([IHD

O Intra-uterine growth retardation
O |:| Clinically normal

‘:‘Weight: 2980g (P5) (I]]D [[I]:I] Carrier of del(14)(q22.1-2)
‘:‘Lengtl’l: 47 cm (<P8> A Twins' Miscarriage

2 OFC : 35 cm (P50)

 Bilateral post-axial polydactyly (postminimus)
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Microphthalmia
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Right eve: complete
sclerocornea with no
visualization of anterior

segment structures.

Lelt eye: partial

sclerocornea and a poorly

defined anterior segment.
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d Growth delay at 11 months
¢ weight 6.7 kg (<P3),
¢ length 69.9 cm (<P3),

¢ OFC was 42.9 cm (P3-10).

d  Mental delayed (mental development of 7m %4).
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O |:| Clinically normal

I

(I]]D [I:III] Carrier of del(14)(g22.1-2)

Twins' Miscarria ge
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Maternal grandfather

O Postaxial polydactyly (left foot)

O Height 165 cm

1 Ocular surgery for cataracts at

age 38 years
d normal intelligence

J no additional medical

manifestations.
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O |:| Clinically normal

(I]]D [I:III] Carrier of del(14)(g22.1-2)
A Twins' Miscarriage
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LI3LISHIAINN 3H3

Mother

2 unexplained miscarriages (twins)
O Height 159 ¢cm

d Bilateral cutaneous syndactyly of
toes IV-V

Partial duplication of 5% toe
d no eye manifestations

d Normal intelligence.
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|:| Clinically norma I

I]:III:I Carrier of del(14)(g22.1-2)

Twins" Miscarriage
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Sibling
[ Born gestational age 35 weeks
d Postnatal growth delay
age 3,5 yrs
welght 10,6 kg (< P3)
length 88,0 cm (< P3)
OFC 48,8 cm (P25-P50)
d developmental delay
(= 2yrs10months)
O hypertelorism, small ears,

mild retrognathia, cleft uvula
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O Array-CGH 180k Oligonucleotides OGT platform

V' 2.79 Mb dell4q22.1-22.2, (nt 50705004-5349756)5),

EnsEMBL Homosapiens version 53.36 (NCBI36-Mar 2009).

O FISH using the probe RP11-463]10:

v mother, sister and maternal grandfather were also carriers of

the deletion.




Discussion

Overview of the deletions encompassingq22-23 in the literature.

L ELOENR

chromosome 14 [pi3 ey pi1 2

[ 0 KRN RN aeel 0 BEEEREN 0 B FEN) g3 |

28.27 Mb
50.00 Mb 55.00 Mb 60.00 Kb 55,00 Mb
q22 .1 | q2e2 q22.3 . q232 q233
E«'If:a:se 2 ' OTX2
-4 P
Elliotetal.,1993; Hayashietal.,2008
- -
Case 1: Bakrania et al.,2008: Noleh et al.,2006
&
Bakraniaetal.,2008
-
Lemyre et al., 1998
- >

Bennettetal.,1991; Ahmad etal.,2003 (lI-1 and 11I-2)
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12.79 Mb

Forward strand Js—

52.00 Mb

54.00 Mb

Eam i nn 1N I Iimm | I . I El | . | m N ]I | | | ] 1 | DR RN [ _ Bl N I | NI F [ I I ] L]
”||.. 1 -- [ | | | II -I [ | 1 I ni 1 | 1 -I-
L AL139099.3 LpyGL LAL35299.4 LAL049778.3  “KIAADB31 LC140rf37 LLRRC9
LpoLE2 -ATPSS LTXNDC1 LTXNDC16 LAL163)53.1 | -SAMD4A “EXOC5 LACTR10 “DHR
LAL627171.1 Lc14ori29 Lpsmce LA 138479.3 LMAPK1IPIL LAL391152.3 LC140rf100 @
LAL117692.5 “TRIM9 LGNG2 LGPR137C e=433479.2 LLGALS3 LPELI2 @ LNAT12 “HMGB1L14 LC140rf38 PP “TRMT5
LAL117692.5 LFRMD6 PTGDR “DDHIH q @ GMFB LuUBE2L7P Lo dorsss LsLCc35F4 LKIAA0586 LGPR135 -C140rf39 LTME
- AL109758.3 tCc14f§ri166  “PLEKHC CDKN3 LFBX034 LC140rf108 LC140rf35  “sLC38A6
LRPS29 LMAP4KS LNID| LEROIL LCNIH Lc14orf33 LC140rf105 “ARID4A LgaAM1 Lsix1 LPR
LPPIL5 “C140rf138 PTGER2 LCGRRF1 LAL355773.4 LpsMA3 Lc14o0rf149 Lsix4
“RPL36AL LspG3A LsTYX LAL160471.6 LToMm20L LRTN1 LMNAT1
“MGAT2  -CDKL1 LGNPNAT1 LGCH1 TBPL2 LTimMme
Lc14orf104 LsAv -WDHD1 LDACT1
LKLHDC1 “NIN Lsocsa
LKLHDC2 LDLGAP5
-SDCCAG1 LKTN1
L ARF6
Lsos2

LL2HGDH

q22.2

q22.3

58.00 Mb

60.00 Mb
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Short Report

CLINICAL GENETICS
doi: 10,1111 /j.1399-0004.2010.01450.x

O7TX2 microphthalmia syndrome: four novel
mutations and delineation of a phenotype

Schilter KF, Schneider A, Bardakjian T, Soucy J-F, Tyler RC. Reis .M, KF Schilter®, A Schneider®,
Semina EV. O7TX2 microphthalmia syndrome: four novel mutations and T Bardakjian®, J-F Soucy®,
delineation of a phenotype.

Clin Genet 2011: 79: 158 - 168. © John Wiley & Sons A/S, 2010

RC Tyler?, LM Reis®
and EV Semina®P

34 OTXZ2 point mutation carriers
0 Anophthalmia 13 ( 38.24. %)

BMP4 mutations

Bakrania et Reis et al. Total
al. (2008) (2011)
Number of patients reported 12 3 15
Deletion or mutation c.226del2AG; c.529C>T;
C.278A>G; c.171dupC;
c.370+28G>A,; c.362A>G
c.1217+88C>T
-Microphthalmia 10 1 11
-Anophthalmia 2 3 5
-Sclerocornea 2 1 3
-Cataract 3 - 3
-Glaucoma 1 - 1
-Polydactyly 2 1 3
-Syndactyly 1 - 1
-Ears/hearing anomalies 4 1 5
-IDor DD 5 - 5

O Microphthalmia 20 ( 58.82 %)
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Table 1. Clinical comparison of deletions encompassing BMP4 but not OTX2 vs deletions with both BMP4 and OTX2

LIFLISHIAINN IHIINTOHLYM

Features Case 2 and his family Reis et al. Hayashi Elliot et Case l Bakrania et al. Nolen Lemyre Bennett Ahmad et

(2011) et al. al. (1993) (2008) et al. et al. et al. al. (2003)
(2008) (2006) {1998) (1991)
Deleted regions on 14qg g22.1-22.2 q22.2 g22.1- g22.1- g22.1-23.1 | q22.2- g22.3- 14g22. q22.1- g22-23 g22-23
223 223 231 23.2 1-23.1 23.2
Genes supposed to be BMP4, BMP4, BMP4, oTx2 BMP4, BMP4, BMP4, BMP4,
involved BMP4 BMP4 BMP4 0TX2?7? | OTX2, 516 oTX2 oTX2, aTx2, aTXx2, OTX2, 5IX6
SiXe SIX6 SIX6

Patient’s number in the report | I-1 -2 | -5 | N-6 1 2 1 1 7 2 1 1 1 1 -1 | -2

Clinicalf :

-Microphthalmia

-Anophthalmia

-Sclerocornea

-Glaucoma

-Cataract

-Polydactyly

-Syndactyly

-Growth delay/short stature

-Micro/retrognathia

-Cleft uvula/palate

- Brain anomalies

-ID or DD

-Kidney anomalies

-Ears/hearing anomalies

-CHD

-Cryptorchidism

Presumed inheritance

CHD = Congenital heart defect; ID or DD = Intellectual disability or Developmental Delay; BMP4 = Bone Morphogenic Protein-4; OTX2= Orthodenticle homeobox; 5IX6= 51X
homeobox 6; NR= not reported; AD=Autosomal Dominant; AR=Autosomal Recessive; Microcornea has been associated to microphthalmia for this review.



BMP4 internal modifier for eyes anomalies

Table 1. Clinical comparison of deletions encompassing BMP4 but not OTX2 vs deletions with both BMP4 and OTX2

LIFLISHIAINN IHIINTOHLYM

Features Case 2 and his family Reis et al. Hayashi Elliot et Case l Bakrania et al. Nolen Lemyre Bennett Ahmad et

(2011) et al. al. (1993) (2008) et al. et al. et al. al. (2003)
(2008) (2006) {1998) (1991)
Deleted regions on 14qg g22.1-22.2 q22.2 g22.1- g22.1- g22.1-23.1 | q22.2- g22.3- 14g22. q22.1- g22-23 g22-23
223 223 231 23.2 1-23.1 23.2
Genes supposed to be BMP4, BMP4, BMP4, oTx2 BMP4, BMP4, BMP4, BMP4,
involved BMP4 BMP4 BMP4 0TX2?7? | OTX2, 516 oTX2 oTX2, aTx2, aTXx2, OTX2, 5IX6
SiXe SIX6 SIX6

Patient’s number in the report | I-1 -2 | -5 | N-6 1 2 1 1 7 2 1 1 1 1 -1 | -2

Clinical features:

-Microphthalmia

-Anophthalmia

-Sclerocornea

-Glaucoma

-Cataract

-Polydactyly

-Syndactyly

-Growth delay/short stature

-Micro/retrognathia

-Cleft uvula/palate

- Brain anomalies

-ID or DD

-Kidney anomalies

-Ears/hearing anomalies

-CHD

-Cryptorchidism

Presumed inheritance

CHD = Congenital heart defect; ID or DD = Intellectual disability or Developmental Delay; BMP4 = Bone Morphogenic Protein-4; OTX2= Orthodenticle homeobox; 5IX6= 51X
homeobox 6; NR= not reported; AD=Autosomal Dominant; AR=Autosomal Recessive; Microcornea has been associated to microphthalmia for this review.



BMP4 internal modifier for eyes anomalies

Table 1. Clinical comparison of deletions encompassing BMP4 but not OTX2 vs deletions with both BMP4 and OTX2

LIFLISHIAINN IHIINTOHLYM

Features Case 2 and his family Reis et al. Hayashi Elliot et Case l Bakrania et al. Nolen Lemyre Bennett Ahmad et

(2011) et al. al. (1993) (2008) et al. et al. et al. al. (2003)
(2008) (2006) {1998) (1991)
Deleted regions on 14qg g22.1-22.2 q22.2 g22.1- g22.1- g22.1-23.1 | q22.2- g22.3- 14g22. q22.1- g22-23 g22-23
223 223 231 23.2 1-23.1 23.2
Genes supposed to be BMP4, BMP4, BMP4, oTx2 BMP4, BMP4, BMP4, BMP4,
involved BMP4 BMP4 BMP4 0TX2?7? | OTX2, 516 oTX2 oTX2, aTx2, aTXx2, OTX2, 5IX6
SiXe SIX6 SIX6

Patient’s number in the report | I-1 -2 | -5 | N-6 1 2 1 1 7 2 1 1 1 1 -1 | -2

Clinical features:

-Microphthalmia

-Anophthalmia

-Sclerocornea

-Glaucoma

-Cataract

-Polydactyly

-Syndactyly

-Growth delay/short stature

-Micro/retrognathia

-Cleft uvula/palate

- Brain anomalies

-ID or DD

-Kidney anomalies

-Ears/hearing anomalies

-CHD

-Cryptorchidism

Presumed inheritance

CHD = Congenital heart defect; ID or DD = Intellectual disability or Developmental Delay; BMP4 = Bone Morphogenic Protein-4; OTX2= Orthodenticle homeobox; 5IX6= 51X
homeobox 6; NR= not reported; AD=Autosomal Dominant; AR=Autosomal Recessive; Microcornea has been associated to microphthalmia for this review.




Table 1. Clinical comparison of deletions encompassing BMP4 but not OTX2 vs deletions with both BMP4 and OTX2
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Features Case 2 and his family Reis et al. Hayashi Elliot et Case l Bakrania et al. Nolen Lemyre Bennett Ahmad et

(2011) et al. al. (1993) (2008) et al. et al. et al. al. (2003)
(2008) (2006) {1998) (1991)
Deleted regions on 14qg g22.1-22.2 q22.2 g22.1- g22.1- g22.1-23.1 | q22.2- g22.3- 14g22. q22.1- g22-23 g22-23
223 223 231 23.2 1-23.1 23.2
Genes supposed to be BMP4, BMP4, BMP4, oTx2 BMP4, BMP4 BMP4, BMP4,
involved BMP4 BMP4 BMP4 0TX2?7? | OTX2, 516 oTX2 oTX2, aTx2, aTXx2, OTX2, 5IX6
SiXe SIX6 SIX6

Patient’s number in the report | I-1 -2 | -5 | N-6 1 2 1 1 7 2 1 1 1 1 -1 | -2

Clinical features:

-Microphthalmia

-Anophthalmia

-Sclerocornea

-Glaucoma

-Cataract

-Polydactyly

-Syndactyly

-Growth delay/short stature

-Micro/retrognathia

-Cleft uvula/palate

- Brain anomalies

-ID or DD

-Kidney anomalies

-Ears/hearing anomalies

-CHD

-Cryptorchidism

Presumed inheritance

CHD = Congenital heart defect; ID or DD = Intellectual disability or Developmental Delay; BMP4 = Bone Morphogenic Protein-4; OTX2= Orthodenticle homeobox; 5IX6= 51X
homeobox 6; NR= not reported; AD=Autosomal Dominant; AR=Autosomal Recessive; Microcornea has been associated to microphthalmia for this review.



Table 1. Clinical comparison of deletions encompassing BMP4 but not OTX2 vs deletions with both BMP4 and OTX2
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-Sclerocornea

-Glaucoma

-Cataract

-Polydactyly

-Syndactyly

-Growth delay/short stature

|. -Micro/retrognathia

" Cleft uvula/palate

- Brain anomalies

-ID or DD

-Kidney anomalies

-Ears/hearing anomalies

-CHD

-Cryptorchidism

Presumed inheritance

Features Case 2 and his family Reis et al. Hayashi Elliot et Case l Bakrania et al. Nolen Lemyre Bennett Ahmad et

(2011) et al. al. (1993) (2008) et al. et al. et al. al. (2003)
(2008) (2006) {1998) (1991)
Deleted regions on 14qg g22.1-22.2 q22.2 g22.1- g22.1- g22.1-23.1 | q22.2- g22.3- 14g22. q22.1- g22-23 g22-23
223 223 231 23.2 1-23.1 23.2
Genes supposed to be BMP4, BMP4, BMP4, oTx2 BMP4, BMP4, BMP4, BMP4,
involved BMP4 BMP4 BMP4 0TX2?7? | OTX2, 516 oTX2 oTX2, aTx2, aTXx2, OTX2, 5IX6
SiXe SIX6 SIX6

Patient’s number in the report | I-1 -2 | -5 | N-6 1 2 1 1 7 2 1 1 1 1 -1 | -2

Clinical features:

-Microphthalmia

-Anophthalmia

CHD = Congenital heart defect; ID or DD = Intellectual disability or Developmental Delay; BMP4 = Bone Morphogenic Protein-4; OTX2= Orthodenticle homeobox; 5IX6= 51X
homeobox 6; NR= not reported; AD=Autosomal Dominant; AR=Autosomal Recessive; Microcornea has been associated to microphthalmia for this review.



Table 1. Clinical comparison of deletions encompassing BMP4 but not OTX2 vs deletions with both BMP4 and OTX2
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Features Case 2 and his family Reis et al. Hayashi Elliot et Case l Bakrania et al. Nolen Lemyre Bennett Ahmad et

(2011) et al. al. (1993) (2008) et al. et al. et al. al. (2003)
(2008) (2006) {1998) (1991)
Deleted regions on 14qg g22.1-22.2 q22.2 g22.1- g22.1- g22.1-23.1 | q22.2- g22.3- 14g22. q22.1- g22-23 g22-23
223 223 231 23.2 1-23.1 23.2
Genes supposed to be BMP4, BMP4, BMP4, oTx2 BMP4, BMP4 BMP4, BMP4,
involved BMP4 BMP4 BMP4 0TX2?7? | OTX2, 516 oTX2 oTX2, aTx2, aTXx2, OTX2, 5IX6
SiXe SIX6 SIX6

Patient’s number in the report | I-1 -2 | -5 | N-6 1 2 1 1 7 2 1 1 1 1 -1 | -2

Clinical features:

-Microphthalmia

-Anophthalmia

-Sclerocornea

-Glaucoma

-Cataract

-Polydactyly

-Syndactyly

-Growth delay/short stature

-Micro/retrognathia

-Cleft uvula/palate

- Brain anomalies

-ID or DD

-Kidney anomalies

-Ears/hearing anomalies

-CHD

-Cryptorchidism

Presumed inheritance

CHD = Congenital heart defect; ID or DD = Intellectual disability or Developmental Delay; BMP4 = Bone Morphogenic Protein-4; OTX2= Orthodenticle homeobox; 5IX6= 51X
homeobox 6; NR= not reported; AD=Autosomal Dominant; AR=Autosomal Recessive; Microcornea has been associated to microphthalmia for this review.



Table 1. Clinical comparison of deletions encompassing BMP4 but not OTX2 vs deletions with both BMP4 and OTX2
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Features Case 2 and his family Reis et al. Hayashi Elliot et Case l Bakrania et al. Nolen Lemyre Bennett Ahmad et

(2011) et al. al. (1993) (2008) et al. et al. et al. al. (2003)
(2008) (2006) {1998) (1991)
Deleted regions on 14qg g22.1-22.2 q22.2 g22.1- g22.1- g22.1-23.1 | q22.2- g22.3- 14g22. q22.1- g22-23 g22-23
223 223 231 23.2 1-23.1 23.2
Genes supposed to be BMP4, BMP4, BMP4, oTx2 BMP4, BMP4, BMP4, BMP4,
involved BMP4 BMP4 BMP4 0TX2?7? | OTX2, 516 oTX2 oTX2, aTx2, aTXx2, OTX2, 5IX6
SiXe SIX6 SIX6

Patient’s number in the report | I-1 -2 | -5 | N-6 1 2 1 1 7 2 1 1 1 1 -1 | -2

Clinical features:

-Microphthalmia

-Anophthalmia

-Sclerocornea

-Glaucoma

-Cataract

-Polydactyly

-Syndactyly

-Growth delay/short stature

-Micro/retrognathia

-Cleft uvula/palate

- Brain anomalies

-ID or DD

-Kidney anomalies

-Ears/hearing anomalies

-CHD

-Cryptorchidism

Presumed inheritance

CHD = Congenital heart defect; ID or DD = Intellectual disability or Developmental Delay; BMP4 = Bone Morphogenic Protein-4; OTX2= Orthodenticle homeobox; 5IX6= 51X
homeobox 6; NR= not reported; AD=Autosomal Dominant; AR=Autosomal Recessive; Microcornea has been associated to microphthalmia for this review.
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BMP4 candidate gene for:

Eye anomalies

Poly/syndactyly

Intellectual disability

Retrognatia

Short stature



Intra-familial variability

LIFLISHIAINN IHIINTOHLYM

Features Case 2 and his family

Deleted regions on 14q qQ22.1-22.2

Genes supposed to be

involved

O Patient’s number in the report

Clinical features:

-Microphthalmia

-Anophthalmia
- GI[H:[D -Sclerocornea
3 -Glaucoma

-Cataract

-Polydactyly
i : i : -Syndactyly
IIT (]I[ IDJ
1 2 3 4 5

-Growth delay/short stature

e -Micro/retrognathia
O |:| Clinically normal Cleft uuula,r’palate
- Brain anomalies
(I]]D [I:III] Carrier of del(14)(g22.1-2) D or DD
A Twins” Miscarriage -Kidney anomalies

-Ears/hearing anomalies
-CHD
-Cryptorchidism




ARTICLE

Mutations in BMP4 Cause Eye, Brain, and Digit
Developmental Anomalies: Overlap
between the BMP4 and Hedgehog Signaling Pathways

Preeti Bakrania,! Maria Efthymiou,? Johannes C. Klein,? Alison Salt,45 David J. Bunyan,®7? Alex Wyatt,!
Chris P. Ponting,'.® Angela Martin,! Steven Williams,? Victoria Lindley,’® Joanne Gilmore,!1

Marie Restori,* Anthony G. Robson,* Magella M. Neveu,* Graham E. Holder,# J Richard Q. Collin,*
David O. Robinson,%7 Peter Farndon,1? Heidi Johansen-Berg,? Dianne Gerrelli,2

and Nicola K. Raggel+12*
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del(14)q22-23

Recognizable syndrome with variable expression

Many features are explained by BMP4 haplomsutficiency
Represents a contiguous gene deletion syndrome

* more severe eye defects in deletions imcluding

BMP1 + OTX2
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Jhank you fér your attention



