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Introduction: Silver-Russell syndrome (SRS) is an imprinting disorder
characterized by intrauterine and postnatal growth retardation. The
pathogenic alterations and phenotypes are heterogeneous.

Methods: Here, we present a rare pedigree of duplications with different
methylation patterns in 11p15.5, which caused SRS or a normal phenotype
across three generations.

Results: Duplications of maternal IC2 (copy number of 3) with enhanced
methylation (methylation index of 0.62) resulted in typical SRS.

Conclusion: The result added to the complexity of themolecular genetics of SRS.
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1 Introduction

Genomic imprinting is an epigenetic modification that enables the expression of certain
genes in a parent-of-origin manner (paternal or maternal origin). The proper setting of
imprinting marks plays an important role in intrauterine and postnatal growth (Eggermann
et al., 2021). Aberrant imprinting signatures are associated with imprinting disorders
(ImpDis), resulting in growth disturbance as a major clinical hallmark (Eggermann, 2024).
Imprinted genes cluster at specific chromosomal regions called imprinting control regions
(ICs), and their expression is commonly regulated by altered methylations, either by loss or
gain of methylation (Elhamamsy, 2017). The changes in the coding sequences or CNVs
could also affect the expressed allele (Mackay et al., 2022). The 11p15.5 chromosomal region
has two important ICs, IC1 and IC2. IC1 includes theH19/IGF2 which is methylated on the
paternal allele. IC2 harbors CDKN1C/KCNQ1OT1 which is maternally methylated
(Eggermann et al., 2016). Opposite epigenetic and genomic disturbances in this
chromosomal region contribute to two ImpDis known as Silver-Russell syndrome (SRS,
OMIM 180860) and Beckwith–Wiedemann syndrome (BWS, OMIM 130650).

SRS is characterized by prenatal and postnatal growth restriction, relative
macrocephaly, body asymmetry and characteristic facial features (Ishida, 2016). The
patients usually have feeding difficulties, endocrine and metabolic abnormalities since
infancy, which not only lead to short stature but also cause nutritional disorders that might
affect neurodevelopment (Russell, 1954). As opposed to SRS, BWS is characterized by
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macroglossia, pre- or postnatal macrosomia, abdominal wall defects,
and an increased risk for embryonal tumors (Ibrahim et al., 2014).
Typically, duplications of the maternal allele at chromosome
11p15.5 or loss of methylation (LOM) of IC1 enhancing the
expression of IGF2 result in SRS, whereas duplications of the
paternal allele or gain of methylation (GOM) of IC1 are
associated with BWS (Gicquel et al., 2005; Kraft et al., 2019).
Although the two diseases are considered to be related to genetic
anomalies on the same chromosome, the pathogenic alterations and
phenotypes are heterogeneous.

Accurate diagnosis of SRS is a challenge since postnatal
growth overlap with other diseases, and facial features ease with
age. The estimated incidence of SRS was between 1/75,000 and
1/100,000 worldwide (Eggermann et al., 2015). However, the
actual incidence of SRS may be underestimated, as a large part of
the affected population is not diagnosed. Yakoreva et al.
published a nationwide incidence as high as 1/15,866 in an
epidemiological study (Yakoreva et al., 2019). The Netchine-
Harbison clinical score system (NH-CSS) recommends the
clinical diagnostic criteria for SRS (Wakeling et al., 2017). In
65% of patients with SRS, an underlying molecular aberration
can be detected (Lokulo-Sodipe et al., 2020). About 50% of SRS
patients have LOM of IC1 on chromosome 11p15.5, and about
5%–10% of patients carry maternal uniparental disomy (UPD)
of chromosome 7 (UPD (7) mat) (Lokulo-Sodipe et al., 2020;
Netchine et al., 2007). In addition, UPD (14) mat was also
reported in SRS (Ioannides et al., 2014). In the remaining 30%–

40% of patients, the molecular etiology remains unclear.
Patients diagnosed timely might partially benefit from growth
hormone (GH) replacement, and they require ongoing
monitoring for medical issues into adulthood. Early
interventions such as enriched nutrition and GH treatment
can improve final height and neurological outcomes (Lokulo-
Sodipe et al., 2022). In the present study, we reported a rare SRS

case with 11p15.4–15.5 duplication, which was transmitted
across three generations and diagnosed prenatally for better
prenatal consultation and postnatal management. Our findings
might add to the complexity of the molecular etiology of SRS.

2 Materials and methods

2.1 Samples

Amniotic fluid shed cells (III), peripheral blood samples from
the parents (II) and maternal grandparents (I), and umbilical cord
blood samples from the propositus (III-1) were obtained for
molecular analysis (Figure 1). Written informed consent was
obtained from the parents. The study was approved by the
Institutional Review Board (IRB) of Zhangzhou Affiliated
Hospital of Fujian Medical University (2022LWB268).

3 Testing methods

DNA was extracted from the samples and chromosome
microarray analysis (CMA) was performed using the Affymetrix
CytoScan 750K Array following the manufacturer’s instructions.

4 Methylation-specific multiplex
ligation dependent probe amplification
(MS-MLPA)

MLPA was performed with the SALSA MS-MLPA Probemix
ME028-C1 BWS/RSS (MRC-Holland, Amsterdam, Netherlands),
according to the manufacturer’s protocol. The kit contains probes
evaluating the presence of deletions and duplications in the
11p15.5 genomic region, which includes the following genes:
H19, IGF2, KCNQ1, KCNQ1OT1, CDKN1C; and methylation
status of imprinting centers, IC1 and IC2. PCR products were
analyzed using ABI 3130xl Genetic Analyzer (Applied
Biosystems, USA) and Genemark v.1.51 software.

4.1 Clinical case presentation and results

4.1.1 Parental phenotype
A pregnant woman, 27 years old, height 156 cm, with a spouse

height of 178 cm, both with normal phenotypes, and in a non-
consanguineous marriage.

4.1.2 First pregnancy and propositus
Fetal ultrasound at 30 + 1 gestational weeks (based on the

mother’s menstrual cycle) showed fetal growth restriction (FGR),
with an estimated gestational age (GA) of 26+2 weeks.
Amniocentesis was performed for prenatal diagnosis. Fetal
CMA showed a 1.04 Mb duplication in 11p15.4–15.5 (arr
[GRCh37]11p15.5p15.4 (2,154624_3191365)×3). The mother’s
CMA showed a 1.14 Mb duplication in 11p15.4–15.5 (arr
[GRCh37]11p15.5p15.4 (2015691_3150687)×3) which mostly
overlapped with the fetal segment. Comparison analysis showed

FIGURE 1
Family pedigree. The grandfather (I-1) and mother (II-2) are
healthy carriers of the 11p15.5 duplication. Themother has transmitted
it to both sons.
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FIGURE 2
Chromosome microarray result of the fetus in the second pregnancy, showing two repeated segments. arr [GRCh37]11p15.5p15.4 (2,480,224_
3,196,694)×3, arr [GRCh37]11p15.5p15.4 (3,813,457_4,222,358) × 3.

FIGURE 3
Methylation-specific multiplex ligation-dependent probe amplification result of the fetus in the second pregnancy, showing IC2 repeated involving
KCNQ1OT1 and CDKN1C (top), and IC2 methylation was enhanced (bottom), IC1 was normal.
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the same genes included in both fetal and maternal duplications,
indicating an unknown clinical significance of copy number
variation (CNV). The mother chose to terminate the pregnancy
at 32 gestational weeks. The abortus weighed 900 g. Further whole
exome sequencing revealed three variants of uncertain
pathogenicity (CBL gene c.1766C>T: p.S589L, heterozygous,
maternal origin; POLA1 gene c.4147–57C>T, hemizygous,
maternal origin; CHD4 gene c.4627C>G: p.P1543A,
heterozygous, paternal origin).

4.1.3 Second pregnancy and survivor
Amniocentesis was performed at 20 gestational weeks for

prenatal diagnosis. Fetal CMA showed two repeats (arr
[GRCh37]11p15.5p15.4 (2,480,224_3,196,694)×3 and arr
[GRCh37]11p15.5p15.4 (3,813,457_4,222,358)×3) in
11p15.4–15.5 (Figure 2). The repeated segments were similar
to that in the propositus, containing CDKN1C, KCNQ1, and
KCNQ1OT1 imprinted genes, also known as imprinting center
region 2 (IC2). MS-MLPA showed that, in the fetus, IC1 was
normal, while IC2 had a high copy number of 3, and the
methylation was enhanced with an average ratio of 0.69
(Figure 3). In the mother, IC1 was normal, IC2 had a high
copy number of 3, and the methylation was low with an
average ratio of 0.33 (Figure 4). In the grandfather, IC1 was
normal, while IC2 had a high copy number of 3, and the

methylation was low with an average ratio of 0.34 (Figure 5).
The repeated segments (IC2) in 11p15.4–15.5 were almost
identical in the fetus, mother, and grandfather. However, the
methylation of IC2 in the fetus was higher than that in the
mother and grandfather. After prenatal consultation, the
woman chose to preserve the fetus. At 32 gestational weeks,
fetal ultrasound showed biparietal diameter (BPD) 75 mm,
femur length (FL) 46 mm, humerus length (HL) 51 mm, with
an estimated GA of 27+4 weeks, indicating FGR. At 33 gestational
weeks, the woman experienced acute loss of amniotic fluid with
abnormal fetal cord blood flow. The infant was born on an
emergent cesarean section with a birth weight of 950 g (<P3),
and admitted to the neonatal intensive care unit (NICU).
Standardized follow-up was performed in the outpatient
department after discharge. At corrected GA of 6 months, the
infant presented with forehead protrusion and slight facial
asymmetry (Figure 6A). He had feeding difficulties and
experienced extrauterine growth retardation. At corrected GA
of 9 months, the body weight was 5,130 g (−4.2SD) and the
height was 61 cm (−4.8SD). At corrected GA of 15 months, the
body weight of 6,000 g (−4.8SD), height 67 cm (−5.3SD), and head
circumference was 42 cm (−4.0SD). The motor development was
normal (Figure 6C). The phenotype was quite consistent with SRS.
Since short stature, the infant was treated with weekly injection of
long-acting GH at a dose of 0.2 mg/kg.

FIGURE 4
Methylation-specific multiplex ligation-dependent probe amplification result of the mother, showing IC2 repeated involving KCNQ1OT1 and
CDKN1C (top), and IC2 methylation was low (bottom), IC1 was normal.
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FIGURE 5
Methylation-specific multiplex ligation-dependent probe amplification result of the grandfather, showing IC2 repeated involving KCNQ1OT1 and
CDKN1C (top), and IC2 methylation was low (bottom), IC1 was normal.

FIGURE 6
(A) Appearances of the infant at corrected gestational age of 6 months; (B) Mother; (C) Appearances of the child at corrected gestational age
of 15 months.
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5 Discussion

LOM of IC2, as both paternal and maternal alleles are
unmethylated, with inactivation of CDKN1C, has been observed
in 50% of BWS, (Brioude et al., 2018). However, IC2 alterations are
rare in SRS. In the previous study, Mio C et al. reported a case of a
girl with a mild SRS phenotype associated with a paternally inherited
1.4 kb deletion of IC2 (Mio et al., 2021). In the current study, we
presented a SRS phenotype due to maternal IC2 repeats and
methylation. CDKN1C located on IC2 is a cyclin-dependent
kinase inhibitor that regulates cell proliferation and promotes cell
cycle arrest. Normally, IC2 is methylated on the maternal allele
KCNQ1OT1, thus KCNQ1OT1 is repressed, allowing the expression
CDKN1C (Chang and Bartolomei, 2020). Once maternal IC2 was
activated by repeats or missense mutation, loss of CDKN1C
expression might occur, contributing to SRS (Binder et al., 2020).
CNV of maternal 11p15 accounts for only about 1% of themolecular
pathogenic causes of SRS (Ishida, 2016). In the present case, the
duplication of 11p15.4–15.5 mainly contained repeats of IC2 and
enhanced maternal IC2 methylation. Considering the physiological
and pathological effects of IC2, combined with the typical clinical
manifestations (FGR, feeding difficulties, postnatal growth
retardation, and distinctive features such as forehead protrusion
and facial asymmetry), SRS was diagnosed. Although the mother
and grandfather had the same CNV of 11p15, as for the mother,
IC2 was paternal hypomethylated, similar to the physiological state,
resulting in normal phenotypes. FGR and 11p15.4–15.5 duplication
were found in two successive fetuses in this woman, and the location
and length of the duplications were basically the same in both
fetuses, indicating the conservative inheritance of imprinted genes.
Meanwhile, the methylation of IC2 only increased in the maternal
origin while remaining physiologically low in the paternal origin,
indicating the epigenetic characteristics of imprinted genes during
inheritance. It can be inferred that the woman has a 50% chance of
passing 11p15 duplications carrying repeated IC2 with enhanced
methylation to her offspring in each pregnancy. Through literature
review, we learned that SRS caused by maternal 11p15 duplication
containing IC2 is rare.Boonen SE reported maternally inherited
duplication of 0.88 Mb including the CDKN1C gene causing intra-
uterine growth restriction and postnatal short stature (Boonen et al.,
2016). In some SRS cases, manifestations lasted for a short time,
eased with age, and had a good prognosis (Hamza et al., 2023).
Prenatal molecular diagnosis including detection of methylation
levels at IC1 and IC2, as well as CNV at 11p15.5 can improve the
diagnosis rate of affected individuals, enrich the genetic spectrum of
the disease, contribute to incidence data, and enable growth
trajectory monitoring and timely interventions for these patients
early in life.

Follow-up and interventions for SRS need to be tailored
according to specific manifestations at different stages. Most
children with SRS have poor appetite and feeding difficulties
during infancy, accompanied by gastroesophageal reflux and
esophagitis (Blissett et al., 2001). Dietary adjustments, oral
training, enteral feeding, and nutrient supplementation can be
considered to increase infants’ appetite and ensure adequate
calorie intake to prevent malnutrition. Most feeding problems
ease with age. Those who have not completed catch-up growth by
the age of 2 years should be closely monitored for physical

development indicators, and growth hormone therapy should
be initiated at the age of 4 years for those whose height
is < −2.5 SD, on the basis of adequate caloric intake (Lee
et al., 2003). Growth hormone therapy can significantly
improve height in children with SRS (Chang and Bartolomei,
2020). In addition to nutrition and height, attention should also
be paid to osteoporosis, obesity, type 2 diabetes, hypertension,
and other diseases, as well as the social and psychological health
of these children (Toumba et al., 2010).

Data availability statement

The original contributions presented in the study are publicly
available. This data can be found here: https://www.ncbi.nlm.nih.
gov/geo/query/acc.cgi?acc=GSE283758.

Ethics statement

The studies involving humans were approved by Institutional
Review Board (IRB) of Zhangzhou Affiliated Hospital of Fujian
Medical University. The studies were conducted in accordance with
the local legislation and institutional requirements. Written
informed consent for participation in this study was provided by
the participants and apos; legal guardians/next of kin. Written
informed consent was obtained from the individual(s), and
minor(s) and apos; legal guardian/next of kin, for the publication
of any potentially identifiable images or data included in this article.

Author contributions

SH: Project administration, Writing–original draft, Resources.
HW: Methodology, Writing–review and editing. XZ: Data curation,
Writing–review and editing. WH: Formal Analysis, Writing–review
and editing. YZ: Investigation, Supervision, Writing–review
and editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

The Authors thank the family for giving written consent to
report this case. The Authors also thank WC for assistance with
preparing the manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Frontiers in Genetics frontiersin.org06

Hong et al. 10.3389/fgene.2024.1465521

https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE283758
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE283758
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2024.1465521


Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

References

Binder, G., Ziegler, J., Schweizer, R., Habhab, W., Haack, T. B., Heinrich, T., et al.
(2020). Novel mutation points to a hot spot in CDKN1C causing Silver-Russell
syndrome. Clin. Epigenetics 12 (1), 152. doi:10.1186/s13148-020-00945-y

Blissett, J., Harris, G., and Kirk, J. (2001). Feeding problems in Silver-Russell
syndrome. Dev. Med. Child. Neurol. 43 (1), 39–44. doi:10.1017/s0012162201000068

Boonen, S. E., Freschi, A., Christensen, R., Valente, F. M., Lildballe, D. L., Perone, L.,
et al. (2016). Two maternal duplications involving the CDKN1C gene are associated
with contrasting growth phenotypes. Clin. Epigenetics 8, 69. doi:10.1186/s13148-016-
0236-z

Brioude, F., Kalish, J. M., Mussa, A., Foster, A. C., Bliek, J., Ferrero, G. B., et al. (2018).
Expert consensus document: clinical and molecular diagnosis, screening and
management of Beckwith-Wiedemann syndrome: an international consensus
statement. Nat. Rev. Endocrinol. 14 (4), 229–249. doi:10.1038/nrendo.2017.166

Chang, S., and Bartolomei, M. S. (2020). Modeling human epigenetic disorders in
mice: Beckwith-Wiedemann syndrome and Silver-Russell syndrome. Dis. Model Mech.
13 (5), dmm044123. doi:10.1242/dmm.044123

Eggermann, K., Bliek, J., Brioude, F., Algar, E., Buiting, K., Russo, S., et al. (2016).
EMQN best practice guidelines for the molecular genetic testing and reporting of
chromosome 11p15 imprinting disorders: Silver-Russell and Beckwith-Wiedemann
syndrome. Eur. J. Hum. Genet. 24 (10), 1377–1387. doi:10.1038/ejhg.2016.45

Eggermann, T. (2024). Human reproduction and disturbed genomic imprinting.
Genes (Basel) 15 (2), 163. doi:10.3390/genes15020163

Eggermann, T., Davies, J. H., Tauber, M., van den Akker, E., Hokken-Koelega, A.,
Johansson, G., et al. (2021). Growth restriction and genomic imprinting-overlapping
phenotypes support the concept of an imprinting network. Genes (Basel) 12 (4), 585.
doi:10.3390/genes12040585

Eggermann, T., Netchine, I., Temple, I. K., Tümer, Z., Monk, D., Mackay, D., et al.
(2015). Congenital imprinting disorders: EUCID.net - a network to decipher their
aetiology and to improve the diagnostic and clinical care. Clin. Epigenetics 7 (1), 23.
doi:10.1186/s13148-015-0050-z

Elhamamsy, A. R. (2017). Role of DNA methylation in imprinting disorders: an
updated review. J. Assist. Reprod. Genet. 34 (5), 549–562. doi:10.1007/s10815-017-
0895-5

Gicquel, C., Rossignol, S., Cabrol, S., Houang, M., Steunou, V., Barbu, V., et al. (2005).
Epimutation of the telomeric imprinting center region on chromosome 11p15 in Silver-
Russell syndrome. Nat. Genet. 37 (9), 1003–1007. doi:10.1038/ng1629

Hamza, N., Al-Araimi, M., Al Salmani, K., and Al Obeidani, S. (2023). First report
of a derivative chromosome 13 with a duplicated 11p15 locus associated with silver-
russell syndrome. Sultan Qaboos Univ. Med. J. 23 (2), 264–268. doi:10.18295/squmj.
4.2022.033

Ibrahim, A., Kirby, G., Hardy, C., Dias, R. P., Tee, L., Lim, D., et al. (2014).
Methylation analysis and diagnostics of Beckwith-Wiedemann syndrome in
1,000 subjects. Clin. Epigenetics 6 (1), 11. doi:10.1186/1868-7083-6-11

Ioannides, Y., Lokulo-Sodipe, K., Mackay, D. J., Davies, J. H., and Temple, I. K. (2014).
Temple syndrome: improving the recognition of an underdiagnosed chromosome

14 imprinting disorder: an analysis of 51 published cases. J. Med. Genet. 51 (8),
495–501. doi:10.1136/jmedgenet-2014-102396

Ishida, M. (2016). New developments in Silver-Russell syndrome and implications for
clinical practice. Epigenomics 8 (4), 563–580. doi:10.2217/epi-2015-0010

Kraft, F., Wesseler, K., Begemann, M., Kurth, I., Elbracht, M., and Eggermann, T.
(2019). Novel familial distal imprinting centre 1 (11p15.5) deletion provides further
insights in imprinting regulation. Clin. Epigenetics 11 (1), 30. doi:10.1186/s13148-019-
0629-x

Lee, P. A., Chernausek, S. D., Hokken-Koelega, A. C., Czernichow, P., and
International Small for Gestational Age Advisory Board (2003). International Small
for Gestational Age Advisory Board consensus development conference statement:
management of short children born small for gestational age, April 24-October 1, 2001.
Pediatrics 111 (6 Pt 1), 1253–1261. doi:10.1542/peds.111.6.1253

Lokulo-Sodipe, O., Ballard, L., Child, J., Inskip, H. M., Byrne, C. D., Ishida, M., et al.
(2020). Phenotype of genetically confirmed Silver-Russell syndrome beyond childhood.
J. Med. Genet. 57 (10), 683–691. doi:10.1136/jmedgenet-2019-106561

Lokulo-Sodipe, O., Giabicani, E., Canton, A. P. M., Ferrand, N., Child, J., Wakeling, E.
L., et al. (2022). Height and body mass index in molecularly confirmed Silver-Russell
syndrome and the long-term effects of growth hormone treatment. Clin. Endocrinol.
(Oxf) 97 (3), 284–292. doi:10.1111/cen.14715

Mackay, D., Bliek, J., Kagami, M., Tenorio-Castano, J., Pereda, A., Brioude, F., et al.
(2022). First step towards a consensus strategy for multi-locus diagnostic testing of
imprinting disorders. Clin. Epigenetics 14 (1), 143. doi:10.1186/s13148-022-01358-9

Mio, C., Allegri, L., Passon, N., Bregant, E., Demori, E., Franzoni, A., et al. (2021). A
paternally inherited 1.4 kb deletion of the 11p15.5 imprinting center 2 is associated with
a mild familial Silver-Russell syndrome phenotype. Eur. J. Hum. Genet. 29 (3), 447–454.
doi:10.1038/s41431-020-00753-1

Netchine, I., Rossignol, S., Dufourg, M. N., Azzi, S., Rousseau, A., Perin, L., et al.
(2007). 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 (8), 3148–3154. doi:10.1210/
jc.2007-0354

Russell, A. (1954). A syndrome of intra-uterine dwarfism recognizable at birth with
cranio-facial dysostosis, disproportionately short arms, and other anomalies
(5 examples). Proc. R. Soc. Med. 47 (12), 1040–1044.

Toumba, M., Albanese, A., Azcona, C., and Stanhope, R. (2010). Effect of long-term
growth hormone treatment on final height of children with Russell-Silver syndrome.
Horm. Res. Paediatr. 74 (3), 212–217. doi:10.1159/000295924

Wakeling, E. L., Brioude, F., Lokulo-Sodipe, O., O’Connell, S. M., Salem, J., Bliek, J.,
et al. (2017). Diagnosis and management of Silver-Russell syndrome: first international
consensus statement. Nat. Rev. Endocrinol. 13 (2), 105–124. doi:10.1038/nrendo.
2016.138

Yakoreva, M., Kahre, T., Žordania, R., Reinson, K., Teek, R., Tillmann, V., et al.
(2019). A retrospective analysis of the prevalence of imprinting disorders in Estonia
from 1998 to 2016. Eur. J. Hum. Genet. 27 (11), 1649–1658. doi:10.1038/s41431-019-
0446-x

Frontiers in Genetics frontiersin.org07

Hong et al. 10.3389/fgene.2024.1465521

https://doi.org/10.1186/s13148-020-00945-y
https://doi.org/10.1017/s0012162201000068
https://doi.org/10.1186/s13148-016-0236-z
https://doi.org/10.1186/s13148-016-0236-z
https://doi.org/10.1038/nrendo.2017.166
https://doi.org/10.1242/dmm.044123
https://doi.org/10.1038/ejhg.2016.45
https://doi.org/10.3390/genes15020163
https://doi.org/10.3390/genes12040585
https://doi.org/10.1186/s13148-015-0050-z
https://doi.org/10.1007/s10815-017-0895-5
https://doi.org/10.1007/s10815-017-0895-5
https://doi.org/10.1038/ng1629
https://doi.org/10.18295/squmj.4.2022.033
https://doi.org/10.18295/squmj.4.2022.033
https://doi.org/10.1186/1868-7083-6-11
https://doi.org/10.1136/jmedgenet-2014-102396
https://doi.org/10.2217/epi-2015-0010
https://doi.org/10.1186/s13148-019-0629-x
https://doi.org/10.1186/s13148-019-0629-x
https://doi.org/10.1542/peds.111.6.1253
https://doi.org/10.1136/jmedgenet-2019-106561
https://doi.org/10.1111/cen.14715
https://doi.org/10.1186/s13148-022-01358-9
https://doi.org/10.1038/s41431-020-00753-1
https://doi.org/10.1210/jc.2007-0354
https://doi.org/10.1210/jc.2007-0354
https://doi.org/10.1159/000295924
https://doi.org/10.1038/nrendo.2016.138
https://doi.org/10.1038/nrendo.2016.138
https://doi.org/10.1038/s41431-019-0446-x
https://doi.org/10.1038/s41431-019-0446-x
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2024.1465521

	Prenatal diagnosis of a silver-russell syndrome caused by 11p15 duplication and pedigree analysis
	1 Introduction
	2 Materials and methods
	2.1 Samples

	3 Testing methods
	4 Methylation-specific multiplex ligation dependent probe amplification (MS-MLPA)
	4.1 Clinical case presentation and results
	4.1.1 Parental phenotype
	4.1.2 First pregnancy and propositus
	4.1.3 Second pregnancy and survivor


	5 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


