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ABSTRACT 

Chromosome 11p15 harbours two clusters of imprinted genes, BWSIC1 and BWSIC2 
(Beckwith-Wiedemann Syndrome Imprinting Cluster 1 and 2).  Imprinting defects of 
the differentially methylated regions (DMR1 and DMR2) in both clusters result in 
opposite effects on prenatal growth. The Beckwith-Wiedemann Syndrome (BWS) is 
characterized by prenatal overgrowth; the Silver Russell Syndrome (SRS) is 

characterized by growth retardation.  

In this study we show that the parental origin of a duplication of chromosome 
11p15 defines opposing phenotypes because of its methylation status. In family A 

the transmission of a t(4;11)(q35;p15.5) translocation results, when unbalanced, in 
duplication of the 11p15 region. If this duplication is transmitted from the father, 
the extra chromosomal material has the paternal imprint. The presence of an extra 
methylated copy of DMR1 results in overexpression of an embryonal growth factor 
(IGF2) located in BWSIC1. In that case the patient shows an overgrowth phenotype. 

If the duplication is transmitted from the mother, the extra chromosomal material 
has the maternal imprint. The presence of an extra methylated copy of DMR2 
results in overexpression of a cell cycle inhibitor (CDKN1C), located in BWSIC2. In 
that case the patient displays growth retardation. 

In family B a small interstitial duplication limited to the BWSIC1 region results in 
an overgrowth phenotype when inherited from the father, analogous to family A. 
However, no change in phenotype is observed if the duplication is transmitted via 

the mother since the extra copy of this region does not result in a change in the 
expression of any of the growth related genes in this region. 
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INTRODUCTION 

Some genes in the human genome escape Mendelian inheritance; their expression 
depends on the parental origin of the chromosome on which the gene resides. This 
phenomenon is called genomic imprinting. Imprinted genes are clustered in 
chromosomal domains and monoallelic expression of the genes in these domains is 
controlled by imprinting control regions (ICRs). ICRs are often methylated in a 

parent-of-origin-specific manner. 

Most ICRs are less than a few kilobases in size and comprise sequences that are 
rich in CpG dinucleotides (CpG islands). The cytosine residues in these CpG islands 

are either methylated on the paternal or the maternal chromosome. Regions in ICRs 
containing these CpG islands are called Differentially Methylated Regions (DMRs). 

Chromosome 11p15.5 harbours two clusters of imprinted genes involved in the 

regulation of prenatal growth: Beckwith-Wiedemann Syndrome Imprinting Cluster 1 
and 2 (BWSIC1 and BWSIC2) [1]. In either cluster imprinted expression of genes is 
regulated via an imprinting control region, which contains a Differentially 
Methylated Region (DMR) [2,3]. 

The most distal cluster, BWSIC1 includes a non coding (nc) RNA H19 and a gene 

that codes for the embryonic growth factor: Insulin-like Growth Factor 2 (IGF2).  
DMR1 is situated in BWSIC1 in close proximity to H19. If DMR1 is unmethylated, H19 
is expressed while if it is methylated, IGF2 is expressed. In normal individuals the 

paternal allele of DMR1 is methylated, whereas the maternal allele is 
unmethylated; IGF2 is expressed from the paternal allele while H19 is expressed 
from the maternal allele [4]. 

BWSIC2 is located more centromeric on chromosome 11p15. It contains a non-

coding RNA KCNQ1OT1 and, among others, a gene that codes for a negative 
regulator of cell proliferation Cyclin Dependent Kinase Inhibitor 1C (CDKN1C). DMR2 
is located in the promoter of KCNQ1OT1. If DMR2 is unmethylated, KCNQ1OT1 is 

expressed while if it is methylated, CDKN1C is expressed. In normal individuals the 
paternal allele of the DMR2 is unmethylated, whereas the maternal allele is 
methylated; KCNQ1OT1 is expressed from the paternal allele whereas CDKN1C is 
expressed from the maternal allele [5]. 

Aberrant imprinting in the 11p15.5 region can result in two syndromes with 

opposite growth disturbances as reviewed by Eggermann [6]. Figure 1 shows a 
schematic overview of these aberrations. 

Children born with Beckwith Wiedemann Syndrome (BWS, OMIM 130650) have an 

increased birth weight, and show typical overgrowth related features such as an 
enlarged tongue (macroglossia), organomegaly, abdominal wall defects and 
hemihypertrophy. BWS is caused by epigenetic changes within the 11p15.5 

imprinted region [7,8,9]. 
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Figure 1. Schematic representation of the imprinted regions BWSIC1 and BWSIC2 on 
chromosome 11p15 and observed defects in BWS and SRS patients. 

In 5% of BWS patients the normally unmethylated maternal allele of DMR1 
becomes methylated, resulting in bi-allelic expression of IGF2 (MIM 147470). Over-
expression of Igf2 in mice results in most of the symptoms of Beckwith-Wiedemann 

syndrome [10]. 

In 55% of BWS patients the normally methylated maternal allele of DMR2 becomes 
demethylated, resulting in abolition of expression of CDKN1C [11]. Since Cdkn1c 

knockout mice show many of the BWS features [12], this gene is the key 
determinant in the overgrowth phenotype. 

In 20% of BWS patients both DMRs show aberrant methylation patterns, caused by 

the presence of two paternal copies of the 11p15.5 region (paternal uniparental 
disomy, pUPD). In 20% of BWS patients no genetic defect can be detected. 

A syndrome with opposite growth characteristics is Silver Russell Syndrome (SRS, 

OMIM 180860). Patients show intrauterine and postnatal growth retardation and a 
typical facial appearance. Although genetic changes in other chromosomal regions 
are observed [13], in one third of SRS patients the imprinted regions on 
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chromosome 11p15 are involved. In 30% of the SRS cases demethylation of the 
paternal allele of DMR1 can be detected [14,15,16,17]. In one case a maternally 
transmitted duplication of 11p15 was restricted to BWSIC2 [18]. 

Recently a familial translocation involving chromosomes 4p and 11p has been 
described [19]. The unbalanced translocation results in Wolf-Hirschhorn Syndrome 
(WHS) caused by a deletion of chromosome 4p16.3. However, the WHS phenotype in 

this family is modified by the accompanying duplication of 11p15. Maternal 
transmission of this duplication results in SRS-like features, while paternal 
transmission of the duplication results in a BWS-like phenotype. The authors 
postulate that the phenotypic differences may be the result of methylation defects 
in the 11p15 imprinting domains. 

In our study we describe two 3 generation families (see fig 2) with an inherited 
duplication of the chromosome 11p15.5. In family A two unbalanced carriers of the 
same der(4)t(4;11)( q35;p15.5) display different clinical features, whereas in family 

B a small duplication within chromosome 11p15.5 results in phenotypic variation. 

MATERIALS AND METHODS 

Routine procedures were used for G-banded chromosome analysis of cultured 

peripheral blood lymphocytes. For fluorescence in situ hybridisation (FISH) 
commercially available probes for the centromeric regions CEP4 and CEP11 (D11Z1) 
(Abbott Molecular, USA) and for the subtelomeres (Chromoprobe Multiprobe T 
System, Cytocell, UK) were applied according to manufacturer’s recommendations. 

A similar protocol was used for non-commercial probes GS31J3 (4qter), GS908H22 
(11pter), INS/IGF2 (11p15.5) and HRAS (11p15.5). 

Multiplex Ligation-dependent Probe Amplification (MLPA) was performed using 

SALSA MLPA ME030-B1 BWS/SRS kit for the 11p15 region following standard 
procedures (MRC Holland, The Netherlands). 

For comparative genomic hybridisation (CGH) an Oxford custom 2x105k array 

(design ID 019015) was used (21.7 Kb overall median probe spacing, 18.9 Kb in 
Refseq genes, Agilent, USA). Data were analysed using DNA Analytics 4.0.76 
software (Agilent, USA). 

Methylation of DMR1 and DMR2 was analysed by using High Resolution Melt 

Analysis (HRMA) as described before [20]. 

RESULTS 

Clinical findings family A 

Patient AII-3 was born after an uncomplicated pregnancy with a birthweigth of 1660 
grams and a length of 41 cm. From the beginning she had a relative large head 
circumference, brachydactyly of the fingers especially of the metacarpals of the 
fifth fingers, one crease. X-ray of the knees showed dysplasia of both patellae with 

lateralisation of the patellae.  
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Figure 2. Pedigrees of family A and B 

X-rays of the hands showed brachymesophalangy of the fifth finger of both hands 
and fusion of the lunate and triquetrum bones on both hands. X-rays of the feet 
show fusion of the navicular and cuneiform bones. 

Her fifth toes were removed in the past because of complaints due to deviation in 
growth over the fourth toe. In 1990 she gave birth to a healthy daughter who is 
living with her brother at this moment. Her height at this moment is 138 cm. She is 

mildly retarded and works in a sheltered work environment. 

Patient AIII-1 was born with a high birth weight (4650 gr) at 40 weeks of 
gestation. After birth she had hypoglycaemic periods persisting until the age of 6 

years. She had macroglossia, a diastasis recti but no ear creases or posterior helical 
ear pits. She followed a special school because of mild mental retardation. Her 
adult height is 180 cm and her weight is 80 kg. Physical examination shows a long 
face with a sloping forehead, large mandibula with a small maxilla (figure 2). 

Furthermore there are no signs of Beckwith-Wiedemann syndrome. 

Clinical findings family B 

BII-2 was born with a normal birth weight of 3400 grams. He followed a special 
school because of mild learning problems. After school he managed to complete a 
technical education. His adult height is 182 cm. 
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Patient BIII-1 was born after 39 weeks of pregnancy with a birthweight of 4160 
grams. During pregnancy large kidneys and macroglossia were seen and the 
diagnosis Beckwith-Wiedemann syndrome was suggested. After birth macroglossia 

was noticed. A short period of hypoglycaemia existed. There were no abdominal 
wall defects, no ear creases or pits, no naevus flammeus and no hemihypertrophy. 
Because of his macroglossia and mild hypotonia he had problems with speaking and 
received speech therapy. He visited a special school because of a mild mental 
retardation. His length is 152 cm at the age of 9 years (SD +2.5). Physical 

examination show no evident dysmorphic features. 

No clinical data of early childhood of BI-1 are available. Her adult length was 160 
cm. 

Characterisation of genetic imbalance family A 

In patients AIII-1 and AII-3 karyotype der(4)t(4;11)(q35;p15.5) was established by 
MLPA and FISH. Figure 3A shows an extra signal for 11p on the long arm of the 
derivative chromosome 4.  AII-2 and AI-1 were both identified as carriers of a 

balanced translocation t(4;11)(q35;p15.5) (figure 3B). 

Array CGH was used to establish the exact breakpoints of the rearrangements in 
patient AIII-1. Three aberrations were found; two involved chromosome 4 and one 

involved chromosome 11. A significant loss of the long arm of chromosome 4 (221 
oligo’s spanning a 5.801 Mb region from Mb position 185.376 (4q35.1) to 191.177 
(4q35.2)) was detected. In addition, a gain of 0.793 Mb of chromosome 4 (41 oligo’s 
from Mb position 165.841 (4q32.3) to 166.634 (4q32.3)) was found. The aberration 
of chromosome 11 comprised 211 oligo’s resulting in a gain of 3.962 Mb (from Mb 

position 0.170 (11p15.5) to 4.132 (11p15.4)) (figure 4A). 

MLPA for the 11p15 region confirmed a duplication of all markers in the BWSIC1 
and BWSIC2 regions in AIII-1 and AII-3. AII-2 showed no duplication (table 1). 

Methylation analysis by HRMA (figure 5 and table 2) showed gain of methylation of 
DMR1 and loss of methylation of DMR2 in AIII-1. AII-3 showed the opposite 
methylation defect; loss of methylation of DMR1 and gain of methylation of DMR2. 

AII-2 had a normal methylation pattern in both DMRs. 

Characterisation of genetic imbalance family B 

Methylation analysis of BIII-1 and BI-1 showed gain of methylation of DMR1, 
whereas BII-2 showed loss of methylation of DMR1 (figure 5 and table 2). MLPA 

analysis of the BWS region revealed a duplication of only the BWSIC1 region in BIII-
1, BII-2 and BI-1 (table 1). 

Karyotyping and FISH analysis of BII-2 with probes INS/IGF2 (figure 3C) and HRAS 

revealed a normal male 46,XY karyotype. However, a significant gain of the short 

arm of chromosome 11 was detected by array CGH analysis. A total of 19 oligo’s 
spanning 0.310 Mb from Mb positions 1.870 to 2.180 (11p15.5) was duplicated 
(figure 4B). 
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Figure 3. 3A FISH analysis with probes GS908H22 (11pter) and CEP11. 3B FISH analysis with 
probes GS908H22 (11pter) and CEP11. 3C FISH analysis with probes INS/IGF2 and CEP11. 

 
 

Figure 4. A. Agilent 105k array hybridization profile showing the 4 Mb duplication of 
11p15.5p15.4. B. Agilent 105k array hybridization profile showing the 0.3 Mb duplication of 
11p15.5 
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Figure 5. HRMA results of DMR1 and DMR2 in family A and B. 

DISCUSSION 

Family A 

In family A a translocation t(4;11)(q35;p15.5) is transmitted in at least three 
generations (see figure 6). In the grandmother (AI-1) and father (AII-2) the 
translocation is present in a balanced form. Since the 11p15.5 regions are inherited 
each from a different parent, the methylation pattern of DMR1 and DMR2 is normal; 
DMR1 methylated on the paternal allele and DMR2 methylated on the maternal 

allele.  The translocation is inherited in an unbalanced form in patient AIII-1 and 
her aunt AII-3, resulting in loss of region 4q35 to 4qter and an extra copy of region 
11p15.5 to 11pter. 

The difference in phenotype between patient AIII-1 and AII-3 is likely to be the 

result of the different parental origin of the translocation. The derivative 
chromosome 4 of patient AIII-1 is transmitted from her father, and therefore the 
extra copy of 11p15.5 has a paternal imprinting pattern; DMR1 is methylated and 
DMR2 is unmethylated. As a result AIII-1 received two methylated and one 

unmethylated DMR1 allele, observed as an increase in methylation level compared 
to normal controls. In BWSIC1, IGF2 is expressed only when DMR1 is methylated. 
Since this patient has two methylated copies of DMR1, she has two active copies of 
IGF2 and hence increased expression of this embryonic growth factor explaining her 

overgrowth phenotype. Gain of methylation of DMR1 is found in 25% of BWS 
patients. 
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Table 1. Results MLPA BWSIC1 and BWSIC2 regions 
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negative control 0,98 0,99 1,04 1,22 1,02 1,07 0,95 

positive control 0,92 1,47 1,38 1,68 1,38 1,38 1,57 

Family A  t(4;11)(q35;p15.5) 

II-2 1,04 0,99 0,92 0,92 1,05 1,00 1,05 

II-3 1,03 1,73 1,43 1,50 1,57 1,44 1,60 

III-1 0,95 1,49 1,34 1,44 1,44 1,51 1,55 

Family B  dup 11p15.5 

I-1  1,02 1,64 1,53 1,65 0,97 1,03 1,03 

II-2 1,09 1,20 1,21 1,23 0,88 0,95 0,84 

III-1 0,98 1,29 1,28 1,25 0,93 1,00 0,97 

Table 2. Results HRMA methylation testing of BWSIC1 and BWSIC2. 

 DMR1 DMR2 
Family A  t(4;11)(q35;p15.5) 

Patient II-2 wt wt 

Patient II-3 decreased increased 

Patient III-1 increased decreased 

Family B  dup 11p15.5 

Patient I-1 increased wt 

Patient II-2  decreased wt 

Patient III-1 increased wt 

 

This patient AIII-1 also received two unmethylated and one methylated DMR2 

allele, resulting in a decreased methylation level compared to normal controls. In 
BWSIC2 CDKN1C is expressed when DMR2 is methylated. Since this patient has one 
methylated copy of DMR2 the expression levels of CDKN1C are normal. 

In contrast, her aunt AII-3 inherited the derivative chromosome 4 from her 

mother. Therefore the extra copy of 11p15.5 has a maternal imprinting pattern; 
DMR1 is unmethylated and DMR2 is methylated. As a result this patient has two 
unmethylated and one methylated copy of DMR1, resulting in a decreased 
methylation level but normal expression level of IGF2. 
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On the other hand, she received an extra copy of DMR2 with a maternal imprint. 
She has two methylated and one unmethylated copy of DMR2, resulting in an 
increased methylation level. Since CDKN1C is expressed when DMR2 is methylated, 

this patient has two active copies of this negative regulator of cell proliferation and 
growth. Over-expression of CDKN1C may explain the growth retardation in this 
patient. 

A maternally inherited duplication of DMR2, resulting in an increased methylation 

level of DMR2 was found a patient with SRS syndrome [21]. This patient showed, 
apart from prenatal growth retardation, a large head circumference, a facial 
appearance typical for SRS (broad forehead, triangular face) and clinodactily of the 
fifth finger. Patient AII-3 has some signs of SRS, like a relative large head 

circumference, brachydactyly of the fingers (especially of the metacarpals of the 
fifth fingers) but she does not meet the clinical criteria of SRS. 

In addition to the duplication of the 11p region, the unbalanced transmission of 

the translocation t(4;11)(q35;p15.5) results in loss of the 4q35 region. Three out of 
4 patients with a deletion involving 4q35.2-4qter show mental retardation, possibly 
explaining the mild mental delay observed in patient AIII-1 and AII-2 (source: 
ECARUCA). 

Family B 

In family B a small interstitial duplication restricted to BWSIC1 is transmitted in 
at least three generations (see figure 6). Although the breakpoints of the 
duplication were determined by array CGH, the exact localisation of the duplicated 
material is not known, since no extra signals were detected by FISH. Patient BIII-1 

inherited this duplication from his father, therefore the extra copy has the paternal 
imprint; DMR1 is methylated. Analogous to patient AIII-1 this results in over-
expression of IGF2, and hence the BWS phenotype. 

The father of this patient, BII-2 inherited the same duplication from his mother; 

the extra copy has a maternal imprint so DMR1 is unmethylated. Since this person 
has two unmethylated and one methylated copy of DMR1, the expression of IGF2 
remains monoallelic and hence does not influence prenatal growth. This explains 

the absence of an aberrant phenotype in the father, although he carries the same 
duplication. The grandmother is also carrier of the same duplication. We assume 
that she inherited the duplication from her father because methylation analysis 
showed a reduced methylation level of DMR1. Unfortunately, no clinical data of 
early childhood are available for BI-1. 

 

In conclusion, paternal or maternal transmission of duplications of chromosome 

11p15 results in phenotypic differences between individuals with these duplication. 
We were able to confirm, at the level of methylation, that indeed the parental 
origin defines the imprinting status of genes on the extra copy of the duplicated 
chromosomal region. 
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Figure 6. Effects of maternal (m) and paternal (p) transmission of 11p15 imprinted regions in 
family A and B 

If the duplication involves BWSIC1, the paternal transmission of the duplication 
results in an extra methylated copy of DMR1. Consequently IGF2 is over-expressed 

in these patients resulting in the BWS phenotype. If the extra copy of DMR1 has the 
maternal imprint (unmethylated), IGF2 expression remains monoallelic and no 
changes in prenatal growth are observed. However, if the duplication also involves 
BWSIC2, maternal transmission of the duplication results in an extra methylated 

copy of DMR2. Consequently, CDKN1C is over-expressed in these patients resulting 
in prenatal growth retardation. 

AKNOWLEDGEMENTS 

We would like to thank the patients and their families for participating in this 
study. We also thank E. Roos for editing the manuscript. 

REFERENCE LIST 

1. W. Reik E.R. Maher, Imprinting in clusters: lessons from Beckwith-Wiedemann 
syndrome, Trends Genet. 13 (1997) 330-334. 

2. C.A. Edwards A.C. Ferguson-Smith, Mechanisms regulating imprinted genes in 
clusters, Curr. Opin. Cell Biol. 19 (2007) 281-289. 



Duplications 11p15.5 9 

 

163 

3. A.C. Smith, S. Choufani, J.C. Ferreira, R. Weksberg, Growth regulation, 
imprinted genes, and chromosome 11p15.5, Pediatr. Res. 61 (2007) 43R-47R. 

4. T.H. Vu A.R. Hoffman, Promoter-specific imprinting of the human insulin-like 
growth factor-II gene, Nature 371 (1994) 714-717. 

5. G.V. Fitzpatrick, P.D. Soloway, M.J. Higgins, Regional loss of imprinting and 
growth deficiency in mice with a targeted deletion of KvDMR1, Nat. Genet. 32 
(2002) 426-431. 

6. T. Eggermann, K. Eggermann, N. Schonherr, Growth retardation versus 
overgrowth: Silver-Russell syndrome is genetically opposite to Beckwith-
Wiedemann syndrome, Trends Genet. 24 (2008) 195-204. 

7. N.J. Smilinich, C.D. Day, G.V. Fitzpatrick, G.M. Caldwell, A.C. Lossie, P.R. 
Cooper, A.C. Smallwood, J.A. Joyce, P.N. Schofield, W. Reik, R.D. Nicholls, R. 
Weksberg, D.J. Driscoll, E.R. Maher, T.B. Shows, M.J. Higgins, A maternally 
methylated CpG island in KvLQT1 is associated with an antisense paternal 
transcript and loss of imprinting in Beckwith-Wiedemann syndrome, Proc. Natl. 
Acad. Sci. U. S. A 96 (1999) 8064-8069. 

8. W. Reik, K.W. Brown, H. Schneid, B.Y. Le, W. Bickmore, E.R. Maher, Imprinting 
mutations in the Beckwith-Wiedemann syndrome suggested by altered 
imprinting pattern in the IGF2-H19 domain, Hum. Mol. Genet. 4 (1995) 2379-
2385. 

9. J. Bliek, S.M. Maas, J.M. Ruijter, R.C. Hennekam, M. Alders, A. Westerveld, 
M.M. Mannens, Increased tumour risk for BWS patients correlates with aberrant 
H19 and not KCNQ1OT1 methylation: occurrence of KCNQ1OT1 hypomethylation 
in familial cases of BWS, Hum. Mol. Genet. 10 (2001) 467-476. 

10. I.M. Morison A.E. Reeve, Insulin-like growth factor 2 and overgrowth: molecular 
biology and clinical implications, Mol. Med. Today 4 (1998) 110-115. 

11. N. az-Meyer, C.D. Day, K. Khatod, E.R. Maher, W. Cooper, W. Reik, C. Junien, 
G. Graham, E. Algar, K. Der, V, M.J. Higgins, Silencing of CDKN1C (p57KIP2) is 
associated with hypomethylation at KvDMR1 in Beckwith-Wiedemann syndrome, 
J. Med. Genet. 40 (2003) 797-801. 

12. P. Zhang, N.J. Liegeois, C. Wong, M. Finegold, H. Hou, J.C. Thompson, A. 
Silverman, J.W. Harper, R.A. DePinho, S.J. Elledge, Altered cell differentiation 
and proliferation in mice lacking p57KIP2 indicates a role in Beckwith-
Wiedemann syndrome, Nature 387 (1997) 151-158. 

13. D. Monk, E.L. Wakeling, V. Proud, M. Hitchins, S.N. bu-Amero, P. Stanier, M.A. 
Preece, G.E. Moore, Duplication of 7p11.2-p13, including GRB10, in Silver-
Russell syndrome, Am. J. Hum. Genet. 66 (2000) 36-46. 

14. C. Gicquel, S. Rossignol, S. Cabrol, M. Houang, V. Steunou, V. Barbu, F. Danton, 
N. Thibaud, M.M. Le, L. Burglen, A.M. Bertrand, I. Netchine, B.Y. Le, 
Epimutation of the telomeric imprinting center region on chromosome 11p15 in 
Silver-Russell syndrome, Nat. Genet. 37 (2005) 1003-1007. 

15. J. Bliek, P. Terhal, M.J. van den Bogaard, S. Maas, B. Hamel, G. Salieb-
Beugelaar, M. Simon, T. Letteboer, S.J. van der, H. Kroes, M. Mannens, 
Hypomethylation of the H19 gene causes not only Silver-Russell syndrome (SRS) 



9 Duplications 11p15.5 

 

164 

but also isolated asymmetry or an SRS-like phenotype, Am. J. Hum. Genet. 78 
(2006) 604-614. 

16. T. Eggermann, N. Schonherr, E. Meyer, C. Obermann, M. Mavany, K. 
Eggermann, M.B. Ranke, H.A. Wollmann, Epigenetic mutations in 11p15 in 
Silver-Russell syndrome are restricted to the telomeric imprinting domain, J. 
Med. Genet. 43 (2006) 615-616. 

17. I. Netchine, S. Rossignol, M.N. Dufourg, S. Azzi, A. Rousseau, L. Perin, M. 
Houang, V. Steunou, B. Esteva, N. Thibaud, M.C. Demay, F. Danton, E. 
Petriczko, A.M. Bertrand, C. Heinrichs, J.C. Carel, G.A. Loeuille, G. Pinto, M.L. 
Jacquemont, C. Gicquel, S. Cabrol, B.Y. Le, 11p15 imprinting center region 1 
loss of methylation is a common and specific cause of typical Russell-Silver 
syndrome: clinical scoring system and epigenetic-phenotypic correlations, J. 
Clin. Endocrinol. Metab 92 (2007) 3148-3154. 

18. N. Schonherr, E. Meyer, A. Roos, A. Schmidt, H.A. Wollmann, T. Eggermann, 
The centromeric 11p15 imprinting centre is also involved in Silver-Russell 
syndrome, J. Med. Genet. 44 (2007) 59-63. 

19. S.T. South, H. Whitby, T. Maxwell, E. Aston, A.R. Brothman, J.C. Carey, Co-
occurrence of 4p16.3 deletions with both paternal and maternal duplications of 
11p15: modification of the Wolf-Hirschhorn syndrome phenotype by genetic 
alterations predicted to result in either a Beckwith-Wiedemann or Russell-Silver 
phenotype, Am. J. Med. Genet. A 146A (2008) 2691-2697. 

20. M. Alders, J. Bliek, L.K. Vd, B.R. Vd, M. Mannens, Determination of KCNQ1OT1 
and H19 methylation levels in BWS and SRS patients using methylation-sensitive 
high-resolution melting analysis, Eur. J. Hum. Genet. (2008). 

21. N. Schonherr, E. Meyer, A. Roos, A. Schmidt, H.A. Wollmann, T. Eggermann, 
The centromeric 11p15 imprinting centre is also involved in Silver-Russell 
syndrome, J. Med. Genet. 44 (2007) 59-63. 

 


