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Summary

Clinical characteristics
Silver-Russell Syndrome (SRS) is typically characterized by asymmetric gestational growth restriction resulting 
in affected individuals being born small for gestational age, with relative macrocephaly at birth (head 
circumference ≥1.5 SD above birth weight and/or length), prominent forehead usually with frontal bossing, and 
frequently body asymmetry. This is followed by postnatal growth failure, and in some cases progressive limb 
length discrepancy and feeding difficulties. Additional clinical features include triangular facies, fifth-finger 
clinodactyly, and micrognathia with narrow chin. Except for the limb length asymmetry, the growth failure is 
proportionate and head growth normal. The average adult height in untreated individuals is ~3.1±1.4 SD below 
the mean. The Netchine-Harbison Clinical Scoring System (NH-CSS) is a sensitive diagnostic scoring system. 
Clinical diagnosis can be established in an individual who meets at least four of the NH-CSS clinical criteria – 
prominent forehead/frontal bossing and relative macrocephaly at birth plus two additional findings – and in 
whom other disorders have been ruled out.

Diagnosis/testing
SRS is a genetically heterogeneous condition. Genetic testing confirms clinical diagnosis in approximately 60% 
of affected individuals. Hypomethylation of the imprinted control region 1 (ICR1) at 11p15.5 causes SRS in 
35%-50% of individuals, and maternal uniparental disomy (mUPD7) causes SRS in 7%-10% of individuals. 
There are a small number of individuals with SRS who have duplications, deletions or translocations involving 
the imprinting centers at 11p15.5 or duplications, deletions, or translocations involving chromosome 7. Rarely, 
affected individuals with pathogenic variants in CDKN1C, IGF2, PLAG1, and HMGA2 have been described. 
However, approximately 40% of individuals who meet NH-CSS clinical criteria for SRS have negative molecular 
and/or cytogenetic testing.
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Management
Treatment of manifestations: Multidisciplinary follow up and early, specific intervention are necessary for optimal 
management of affected individuals. Treatment may include growth hormone therapy. Hypoglycemia should be 
prevented or aggressively managed. Strategies for feeding disorders include nutritional and caloric supplements, 
medication for gastroesophageal reflux, therapy for oral motor problems and feeding aversion, cyproheptadine 
for appetite stimulation, and enteral tube feeding as needed. Lower-limb length discrepancy exceeding 2 cm 
requires intervention. In older children, distraction osteogenesis is recommended for most individuals. Physical, 
occupational, speech, and language therapy with an individualized education plan are used to treat delays. 
Psychological counseling can be used as needed to address psychosocial and body image issues. Severe 
micrognathia or cleft palate should be managed by a multidisciplinary craniofacial team. Males with 
cryptorchidism or hypospadias should be referred to a urologist. Males with micropenis and females with 
internal genitourinary anomalies benefit from referral to a multidisciplinary disorders of sex development 
center.

Surveillance: Monitoring of: growth velocity; blood glucose concentration and urine ketones for hypoglycemia in 
infants and as needed in older children; limb length at each well-child visit in early childhood for evidence of 
asymmetric growth; evaluation for scoliosis, signs of premature central puberty, dental crowding and 
malocclusion, and speech/language development.

Agents/circumstances to avoid: prolonged fasting in infants and young children because of the risk for 
hypoglycemia; elective surgery whenever possible due to risk of hypoglycemia, hypothermia, difficult healing, 
and difficult intubation.

Genetic counseling
SRS has multiple etiologies and typically has a low recurrence risk. In most families, a proband with Silver-
Russell syndrome (SRS) represents a simplex case (a single affected family member) and has SRS as the result of 
an apparent de novo epigenetic or genetic alteration (e.g., loss of paternal methylation at the 11p15 ICR1 H19/
IGF2 imprinting center 1 or maternal uniparental disomy for chromosome 7). SRS may also occur as the result 
of a genetic alteration associated with up to a 50% recurrence risk (e.g., a copy number variant on chromosome 7 
or 11 or an intragenic pathogenic variant in CDKN1C, IGF2, PLAG2, or HMGA2) depending on the nature of 
the genetic alteration and the sex of the transmitting parent. Accurate assessment of SRS recurrence therefore 
requires identification of the causative genetic mechanism in the proband.

Diagnosis
Silver-Russell syndrome (SRS) is a genetically heterogeneous disorder; the clinical diagnosis requires fulfillment 
of specific clinical criteria described in the Netchine-Harbison clinical scoring system (NH-CSS) listed in 
Suggestive Findings [Azzi et al 2015]. This scoring system has been accepted as the method for identifying those 
individuals who should have further evaluation for diagnosis of SRS [Wakeling et al 2017].

Suggestive Findings
Silver-Russell syndrome (SRS) should be suspected in individuals who meet the NH-CSS clinical criteria [Azzi 
et al 2015] as follows:

• Small for gestational age (birth weight and/or length ≥2 SD below the mean for gestational age)
• Postnatal growth failure (length/height ≥ SD below the mean at 24 months)
• Relative macrocephaly at birth (head circumference >1.5 SD above birth weight and/or length)
• Frontal bossing or prominent forehead (forehead projecting beyond the facial plane on a side view as a 

toddler [1–3 years])
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• Body asymmetry (limb length discrepancy ≥0.5 cm, or <0.5 cm with ≥2 other asymmetric body parts)
• Feeding difficulties or body mass index ≤2 SD at 24 months or current use of a feeding tube or 

cyproheptadine for appetite stimulation

If an individual meets four of the six criteria, the clinical diagnosis is suspected and molecular confirmation 
testing is warranted. Some rare individuals meeting three of the six criteria have had a positive molecular 
confirmation for SRS.

Establishing the Diagnosis
The diagnosis of SRS is established in a proband who meets four of the six Netchine-Harbison clinical 
diagnostic criteria and who has findings on molecular genetic testing consistent with either hypomethylation on 
chromosome 11p15.5 or maternal uniparental disomy (UPD) for chromosome 7 (see Table 1).

Chromosome 11p15.5 imprinting cluster. SRS is associated with abnormal regulation of gene transcription in 
two imprinted domains on chromosome 11p15.5. Regulation may be disrupted by any one of numerous 
mechanisms. See Molecular Pathogenesis for a detailed description of the regulation of gene expression in this 
region.

Maternal UPD7 can occur by different mechanisms. See Molecular Pathogenesis.

An algorithm for investigation of the diagnosis of SRS was published by the International Expert Consensus 
[Wakeling et al 2017]. See Figure 1.

The recommended order of testing for SRS is the following:

• Methylation analysis of 11p15.5 ICR1/ICR2 and maternal UPD7 studies may be ordered simultaneously.
Note: (1) Detection of an abnormality is dependent on the mechanism of disease and methodology used 
(see Table 1). (2) Mosaicism has been reported; therefore, testing of other tissues (e.g., buccal cells or skin 
fibroblasts) may be considered if leukocyte testing is normal.

• If methylation analysis of 11p15.5 ICR1/ICR2 and maternal UPD7 studies are normal, sequence analysis 
of IGF2, CDKN1C, PLAG1, and HMGA2 may be considered.
Note: Some individuals ultimately diagnosed with SRS will have a SNP chromosomal microarray (CMA) 
based on their significant growth restriction noted at birth or later based on speech or other 
developmental delays. While this is not a first-tier testing recommendation for someone suspected of 
having SRS, it can uncover chromosome 7 or 11 abnormalities that establish the diagnosis (see Table 1).

If methylation analysis of 11p15.5 ICR1/ICR2 and UPD7 studies are normal, a multigene panel that includes 
sequence analysis of IGF2, CDKN1C, PLAG1, HMGA2, and other genes of interest (see Differential Diagnosis) 
may be considered. Note: (1) The genes included in the panel and the diagnostic sensitivity of the testing used 
for each gene vary by laboratory and are likely to change over time. (2) Some multigene panels may include 
genes not associated with the condition discussed in this GeneReview; thus, clinicians need to determine which 
multigene panel is most likely to identify the genetic cause of the condition while limiting identification of 
variants of uncertain significance and pathogenic variants in genes that do not explain the underlying 
phenotype. (3) In some laboratories, panel options may include a custom laboratory-designed panel and/or 
custom phenotype-focused exome analysis that includes genes specified by the clinician. (4) Methods used in a 
panel may include sequence analysis, deletion/duplication analysis, and/or other non-sequencing-based tests.

For an introduction to multigene panels click here. More detailed information for clinicians ordering genetic 
tests can be found here.
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Figure 1. Flow chart for investigation and diagnosis of Silver-Russell Syndrome
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Note
Approximately 40% of individuals who undergo molecular testing after scoring four of six on the Netchine-
Harbison scoring system will have nondiagnostic laboratory studies. For individuals in this group, a clinical 
diagnosis of SRS can be established if: (a) two of the four clinical findings identified are prominent 
forehead/frontal bossing and relative macrocephaly at birth; and (b) other disorders have been ruled out 
[Wakeling et al 2017] (see Differential Diagnosis).

Table 1. Molecular Genetic Testing Used in Russell-Silver Syndrome

Method Pathogenic Variants/Alterations Detected Proportion of SRS Alterations 
Detected 1

Methylation
analysis 2

Chr11

Loss of methylation at H19/IGF2 
(paternal) 3 ~35%-50% 4

Somatic mosaicism for maternal 
UPD11 5, 6 Rare

Duplication of 11p15.5 (maternal) Unknown 7, 8

Chr7
Maternal UPD7 9 ~7%-10% 10

Microdeletions, microduplications, 
mosaic trisomy 7 Rare 11

Microarray
(SNP based)

Chr11
Duplication of 11p15.5 (maternal) Unknown 7, 8

Somatic mosaicism for maternal 
UPD11 5, 6 Rare 12

Chr7
Microdeletions or microduplications 
of 7p, mosaic trisomy 7 Rare 11, 13, 14

Maternal UPD7 Maternal isodisomy 7 only 15

STR marker
analysis

Chr11 Somatic mosaicism for maternal 
UPD11 5, 6 Rare

Chr7 Maternal UPD7 9 ~7%-10% 10

Karyotype Inversion or translocation of 11p15.5 Rare 5, 6

Sequence
analysis 16 /
gene-targeted
deletion/
duplication
analysis 17

CDKN1C (maternal transmission) 1 family reported 18

IGF2 (paternal transmission) A few cases reported 19

PLAG1 Rare 20

HMGA2 Rare 21

This figure was adapted (legends not included) from Wakeling et al [2017], which was published under a Creative Commons 
Attribution 4.0 International License.
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Table 1. continued from previous page.

Method Pathogenic Variants/Alterations Detected Proportion of SRS Alterations 
Detected 1

Unknown 30%-40% 22

1. See Molecular Genetics for information on variants/alterations detected.
2. Assays developed to be methylation sensitive such as multiplex ligation probe analysis (MS-MLPA), quantitative PCR (MS-qPCR), 
or Southern blotting (mainly historical testing) allow detection of epigenetic and genomic alterations of 11p15.5. Methylation-sensitive 
assays can diagnose RSS resulting from DNA methylation alterations, microdeletions and microduplications, or uniparental disomy 
(UPD). Interpretation of methylation data should take into account results of copy number testing because copy number variants that 
alter the relative dosage of parental contributions (e.g., paternal duplication) are associated with abnormal methylation status. Note 
that MLPA testing may be followed by microarray testing to define breakpoints of deletions or duplications. Other methods to confirm 
maternal UPD at 11p15.5 include short tandem repeat (STR) analysis or SNP analysis [Keren et al 2013].
3. A small number of individuals have hypothmethylation of only H19 or IGF2 [Bartholdi et al 2009].
4. False negatives may occur as a result of mosaicism, as 11p15.5 hypomethylation occurs post fertilization. Testing of tissue from a 
second source (e.g., buccal cells or fibroblasts) should be performed.
5. Bullman et al [2008]
6. Luk et al [2016a]
7. Fisher et al [2002], Eggermann et al [2005], Schönherr et al [2007]
8. Heide et al [2018]
9. Both isodisomy and heterodisomy [Bernard et al 1999, Price et al 1999] as well as segmental maternal UPD [Hannula et al 2001, 
Eggermann 2008] have been reported. Mosaicism has been observed in cases of maternal UPD7 and other chromosome 7 
rearrangements; therefore, testing of an alternate tissue source may be appropriate [Reboul et al 2006].
10. Hannula et al [2001], Kim et al [2005]
11. Courtens et al [2005], Flori et al [2005], Font-Montgomery et al [2005]
12. Luk et al [2016b] described one group of 28 individuals with SRS who had UPD11.
13. A de novo duplication of 7p11.2-p13 on the maternal allele containing GRB10, GFBP1, and GFBP3 has been reported [Monk et al 
2000].
14. A de novo deletion of 7q32.2 on the paternal allele including MEST has been reported [Carrera et al 2016].
15. Note: SNP array analysis will detect maternal UPD only in cases of isodisomy; 28.8% of maternal UPD7 (2%-3% of all cases of SRS) 
are a result of isodisomy [Chantot-Bastaraud et al 2017].
16. Sequence analysis detects variants that are benign, likely benign, of uncertain significance, likely pathogenic, or pathogenic. 
Variants may include small intragenic deletions/insertions and missense, nonsense, and splice site variants; typically, partial-, whole-, 
or multigene deletions/duplications are not detected. For issues to consider in interpretation of sequence analysis results, click here.
17. Gene-targeted deletion/duplication analysis detects intragenic deletions or duplications. Methods used may include a range of 
techniques such as quantitative PCR, long-range PCR, multiplex ligation-dependent probe amplification (MLPA), and a gene-targeted 
microarray designed to detect single-exon deletions or duplications.
18. One four-generation family segregating a CDKN1C gain-of-function pathogenic variant has been described [Brioude et al 2013].
19. One family with SRS and a paternally transmitted IGF2 loss-of-function variant has been reported by Begemann et al [2015] and a 
few others have been reviewed by Tümer et al [2018].
20. Loss-of-function PLAG1 variants where identified in two familial and one simplex case [Abi Habib et al 2018].
21. Loss-of-function HMGA2 variants were identified in two simplex cases [Abi Habib et al 2018].
22. Approximately 40% of individuals who undergo molecular testing after scoring four of six on the Netchine-Harbison scoring 
system will have nondiagnostic laboratory studies. See Note.

Clinical Characteristics

Clinical Description
Silver-Russell Syndrome (SRS) is typically characterized by asymmetric gestational growth restriction resulting 
in affected individuals being born small for gestational age with relative macrocephaly at birth (head 
circumference ≥1.5 SD above birth weight and/or length), prominent forehead usually with frontal bossing, and 
frequently body asymmetry. This is followed by postnatal growth failure, and in some cases progressive limb 
length discrepancy and severe feeding difficulties in the first years of life. Additional clinical features include 
triangular facies, fifth-finger clinodactyly, and micrognathia with narrow chin. Except for the limb length 
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asymmetry, the growth failure is proportionate with normal head growth. The average adult height in untreated 
individuals is ~3.1±1.4 SD below the mean.

SRS is an etiologically heterogeneous condition. In the recent international consensus statement for diagnosis 
and management of SRS [Wakeling et al 2017], the Netchine-Harbison Clinical Scoring System [Netchine et al 
2007, Azzi et al 2015] was selected as the most sensitive of the compared diagnostic scoring systems.

Netchine-Harbison Clinical Scoring System (NH-CSS) [Azzi et al 2015]:

• Small for gestational age (birth weight and/or length ≤2 SD for gestational age)
• Postnatal growth failure (length/height ≥2 SD below the mean at 24 months)
• Relative macrocephaly at birth (head circumference >1.5 SD above birth weight and/or length)
• Frontal bossing or prominent forehead (Forehead projecting beyond the facial plane on a side view as a 

toddler [1–3 years])
• Body asymmetry (limb length discrepancy ≥0.5 cm, or <0.5 cm with ≥2 other asymmetric body parts)
• Feeding difficulties or BMI ≤2 SD at 24 months or current use of a feeding tube or cyproheptadine for 

appetite stimulation

Clinical diagnosis is made when an infant meets at least four of the clinical criteria, two of which must be 
relative macrocephaly at birth and frontal bossing. In older children and adults, the facial features can evolve and 
the prominent forehead can disappear. Therefore, in order to be able to use the NH-CSS in older children and 
adults, the prominence of the forehead needs to be assessed in childhood and profile photographs taken of the 
individual at around age two years.

Individuals with SRS typically have additional supportive clinical findings, including the following:

• Delayed closure of anterior fontanelle
• Triangular face
• Micrognathia
• Dental crowding
• Down-turned corners of the mouth
• High pitched voice
• Diminished muscle mass
• Shoulder dimples
• Hypoplastic elbow joints
• Fifth-finger clinodactyly and/or brachydactyly
• Scoliosis
• Excessive sweating
• Fasting hypoglycemia
• Speech delay
• Motor delay
• Genitourinary anomalies

Growth. The earliest manifestation of SRS is abnormal growth. Most children are born small for gestational age 
with birth weight and/or length ≥2 SD below the mean. Although growth velocity may be within the normal 
range, children with SRS rarely show significant catch-up growth. At age two years, most children with SRS 
remain >2 SD below the mean for length unless the parents are tall. Growth charts for European children with 
SRS have been published [Wollmann et al 1995]. Growth charts for North American children with the 
Wollmann data superimposed are available from the MAGIC Foundation (accessed 5-22-20).

In two European series of untreated adults with SRS, height ranged from 3.7 to 3.5 SD below the mean for males 
and 4.2 to 2.5 SD below the mean for females [Wollmann et al 1995, Binder et al 2013]. Except for the limb 
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length asymmetry, the growth failure is proportionate, with normal head growth. Most children diagnosed 
clinically as having SRS who demonstrated catch-up growth in later childhood had conditions other than classic 
SRS [Saal et al 1985].

See Management for use of growth hormone therapy to influence growth in children with SRS. Note: Many 
children with SRS do not achieve normal stature even with administration of human growth hormone if rapid 
bone age advancement during puberty is not managed.

Other endocrinologic issues can include premature adrenarche, early puberty, and insulin resistance, which can 
contribute to a reduced final height even after treatment with growth hormone.

Skeletal abnormalities may include:

• Limb length asymmetry, caused by hemihypotrophy with diminished growth of the affected side;
• Fifth-finger clinodactyly and/or brachydactyly, among the most frequently described skeletal anomalies 

(albeit minor) in individuals with SRS;
• Scoliosis, which has been reported in some studies in up to 36% of individuals with SRS [Abraham et al 

2004]. A more recent study identified scoliosis or kyphosis in 21% of individuals; 18% required corrective 
surgery [Yamaguchi et al 2015].

Neurodevelopment. Besides the growth issues, neurodevelopment is of great concern to parents. Evidence 
shows that children with this condition are at increased risk for developmental delay (both motor and cognitive) 
and learning disabilities.

In a review of a large cohort of children with SRS with either 11p15 methylation defects or maternal UPD7, 
developmental delay was seen in 34% of individuals, the majority of whom had mild delays. Developmental 
delays were more commonly seen in those with maternal UPD7 than in those with 11p15 methylation defects 
(65% vs 20%). Speech delays were common in both groups [Wakeling et al 2010]. Further studies of individuals 
with molecularly confirmed SRS and early appropriate clinical management are needed to give a more accurate 
cognitive prognosis.

Feeding disorders and hypoglycemia. Children with SRS have little subcutaneous fat and often have poor 
appetites, oral motor problems, and feeding disorders [Fuke et al 2013]. They are at risk for hypoglycemia, 
especially associated with any prolonged fast [Wakeling et al 2017]. In a study of children with SRS, contributing 
factors for hypoglycemia included reduced caloric intake, often secondary to poor appetite and feeding; reduced 
body mass; and, in several children, growth hormone deficiency [Azcona & Stanhope 2005]. While most 
children had clinical symptoms of hypoglycemia, several were asymptomatic.

Diaphoresis in early childhood may be associated with hypoglycemia, although diaphoresis may often occur in 
the absence of hypoglycemia in children with SRS [Stanhope et al 1998].

Gastrointestinal disorders are common and problems include gastroesophageal reflux disease, esophagitis, food 
aversion, vomiting, constipation and failure to thrive. One large study documented gastrointestinal problems in 
77% of children, and 55% of children had severe gastroesophageal reflux, which may have an atypical 
presentation without vomiting in this group of children [Marsaud et al 2015]. Reflux esophagitis should be 
suspected in children with either food aversion or aspiration.

Craniofacial anomalies are common. Some individuals with SRS have Pierre Robin sequence and cleft palate. 
Within a group of individuals with SRS, Wakeling et al [2010] found cleft palate or bifid uvula in 7% of those 
with 11p15.5 methylation defects and in no individuals with maternal UPD7. Those individuals with Pierre 
Robin sequence should be monitored for obstructive apnea.
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Dental and oral abnormalities are common. Microdontia, high-arched palate, and dental crowding secondary to 
the relative micrognathia and small mouth have been reported [Orbak et al 2005, Wakeling et al 2010]. Overbite 
and dental crowding appear to be the most common orofacial manifestation [Hodge et al 2015]

Poor oral hygiene in the presence of dental crowding can lead to increased risk for dental caries.

Genitourinary problems have been observed. The most common anomalies are hypospadias and 
cryptorchidism in males [Bruce et al 2009, Wakeling et al 2017]. Mayer-Rokitansky-Kuster-Hauser syndrome 
(associated with underdeveloped or absent vagina and uterus with normal appearance of the external genitalia) 
has been reported in females [Bruce et al 2009, Abraham et al 2015]. Renal anomalies are not common; however, 
horseshoe kidney and renal dysplasia have been reported [Wakeling et al 2010].

Heart defects are uncommon, but have been reported in larger studies [Wakeling et al 2010] and smaller case 
series [Ghanim et al 2013]. The prevalence of heart defects may be as high as 5.5% [Ghanim et al 2013].

Genotype-Phenotype Correlations
Using methylation-sensitive restriction enzymes HpaII or NotI to measure the degree of methylation of H19, 
Bruce et al [2009] developed a scale of extreme H19 hypomethylation, moderate H19 hypomethylation, normal 
H19 methylation, and maternal UPD7 (normal H19 methylation). They determined that children with SRS with 
extreme H19 hypomethylation (i.e., ≥6 SD below the mean or <9% methylation) were more likely to have more 
severe skeletal manifestations (including radiohumeral dislocation, syndactyly, greater limb asymmetry, and 
scoliosis) than children with SRS with moderate hypomethylation and those with maternal UPD7.

A study by Wakeling et al [2010] compared clinical features of children with SRS caused by 11p15.5 ICR1 
IGF2/H19 methylation defects to those with maternal UPD7. They found fifth-finger clinodactyly and congenital 
anomalies were more frequent in children with 11p 15.5 ICR1 hypomethylation than in those with maternal 
UPD7, whereas learning difficulties and speech disorders were more frequent in children with maternal UPD7 
than in those with ICR1 hypomethylation.

Children with SRS with maternal UPD7 had more gain in height with growth hormone therapy compared to 
children with 11p15.5 epimutations, possibly because children with 11p15.5 methylation abnormalities showed 
elevated levels of insulin-like growth factor I (product of IGF1) and therefore a degree of IGF1 resistance; 
children with SRS with maternal UPD7 had response characteristics similar to other children who were small for 
gestational age [Binder et al 2008].

Prevalence
The prevalence is unknown and was previously estimated at 1:30,000-1:100,000 (A Toutain, Orphanet). A recent 
retrospective study conducted in Estonia estimated the minimum prevalence of SRS at birth as 1:15,886 
[Yakoreva et al 2019].

Genetically Related (Allelic) Disorders
Table 2 includes other phenotypes caused by pathogenic variants in the gene(s) associated with Silver-Russell 
syndrome.

Table 2. Allelic Disorders

Molecular Alteration 1 Phenotype 1

Abnormal regulation of gene transcription in the imprinted domain
on chr 11p15.5 (i.e., the BWS critical region) or maternally inherited
loss-of-function pathogenic variant in CDKN1C

Beckwith-Wiedemann syndrome
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Table 2. continued from previous page.

Molecular Alteration 1 Phenotype 1

Molecular alterations at chr 11p15 incl loss of methylation at ICR2,
gain of methylation at ICR1, 2 & 11p15 paternal UPD 3 Isolated hemihyperplasia

Somatic mosaicism for loss of methylation at the paternal ICR1 4 Isolated hemihypoplasia

Constitutional alterations of chr 11p15.5 incl hypermethylation at
ICR1, paternal UPD of 11p15.5, & genomic abnormalities incl
microdeletion & microinsertion 5

Isolated Wilms tumor

Maternally inherited gain-of-function pathogenic variant in CDKN1C IMAGe syndrome

chr = chromosome; UPD = uniparental disomy
1. See hyperlinked GeneReview or cited reference for more information.
2. Martin et al [2005]
3. Shuman et al [2002]
4. Zeschnigk et al [2008], Eggermann et al [2009]
5. Scott et al [2008]

Differential Diagnosis
Intrauterine growth restriction and short stature. The differential diagnosis of Silver-Russell syndrome (SRS) 
includes any condition that can cause intrauterine growth restriction and short stature. The presence of 
disproportionate short stature excludes the diagnosis of SRS and suggests a diagnosis of skeletal dysplasia. A 
skeletal survey can be performed to exclude a skeletal dysplasia that may mimic SRS. Note: Bone age may be 
delayed in children with SRS; however, delayed bone age is a nonspecific finding frequently seen in children with 
intrauterine growth restriction of many etiologies.

Chromosome abnormalities. Many conditions caused by a chromosome imbalance can be associated with 
small size for gestational age and poor postnatal growth, leading to a misdiagnosis of SRS. Chromosome 
microarray, preferably using a SNP-based platform, can be helpful for identifying microdeletions and 
microduplications as well as regions of homozygosity, giving potential clues to uniparental chromosomal disomy, 
and rare recessive disorders in the cases of consanguinity [Grote et al 2014]. Uniparental disomy for several 
chromosomes have been reported to cause an SRS-like phenotype, including chromosomes 6, 14 (Temple 
syndrome), 16, and 20 [Sachwitz et al 2016, Wakeling et al 2017, Geoffron et al 2018].

Microcephaly. Individuals with SRS have a normal head circumference or relative macrocephaly. The presence 
of a significant microcephaly should lead to a search for an alternative etiology.

Table 3 summarizes disorders to consider in the differential diagnosis of Silver-Russell syndrome.

Table 3. Other Disorders with IUGR and Poor Postnatal Growth to Consider in the Differential Diagnosis of Silver-Russell Syndrome

Disorder Gene(s) MOI
Additional Clinical Features of This Disorder

Overlapping w/SRS Distinguishing from SRS

Monogenic 
disorders

Three M 
syndrome

CCDC8 
CUL7 
OBSL1

AR

• Clinodactyly
• Frontal bossing
• Relative 

macrocephaly
• Triangular facies

• Pectus excavatum
• Rib hypoplasia
• Short neck

IMAGe 
syndrome CDKN1C AD 1 • Frontal bossing

• Macrocephaly

• Adrenal hypoplasia
• Adrenal insufficiency
• Metaphyseal dysplasia
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Table 3. continued from previous page.

Disorder Gene(s) MOI
Additional Clinical Features of This Disorder

Overlapping w/SRS Distinguishing from SRS

Bloom syndrome BLM AR

• Triangular facies
• 5th-finger 

clinodactly
• Café au lait spots

• Abnormal sister 
chromatid exchange

• Dolichocephaly
• Microcephaly

Nijmegen 
breakage 
syndrome

NBN AR Café au lait spots

• Chr instability
• Microcephaly
• Sloping forehead
• Telangiectasia

Warsaw 
breakage 
syndrome 
(OMIM 613398)

DDX11 AR 5th-finger clinodactyly

• Chr instability
• Deafness
• Microcephaly
• Sloping forehead
• Epicanthal folds

Fanconi anemia >20 genes 2
AR
AD
XL

Café au lait spots

• Chr instability
• Absent thumb(s) or 

thumb hypoplasia
• Microcephaly
• Radial anomalies
• ↑ malignancy risk

Meier-Gorlin
syndrome
(OMIM 224690)

CDC45 
CDC6 
CDT1 
GMNN 
MCM5 
ORC1 
ORC4 
ORC6

AR
AD Frontal bossing

• Absent patellae
• Microcephaly
• Microtia
• Small mouth

Insulin growth 
factor 1 
resistance (incl 
deletion 
15q26.1) 3

IGF1R AR
AD

• Clinodactyly
• Dental anomalies

• Global DD
• Microcephaly
• Synophrys

Chromosome 
abnormalities

Diploiod/triploid mixoploidy 4 Limb asymmetry • Global DD
• Microcephaly

Temple syndrome (maternal UPD14,
paternal chr 14 deletion or loss of
methylation at 14q32) (OMIM 616222)

Many features overlap w/
SRS.

• Distinguished by 
genetic testing 5

• Similar phenotype
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Table 3. continued from previous page.

Disorder Gene(s) MOI
Additional Clinical Features of This Disorder

Overlapping w/SRS Distinguishing from SRS

Teratogenic 
disorder Fetal alcohol syndrome

• Small for gestational 
age

• Postnatal growth 
failure

• 5th-finger 
clinodactyly

• Microcephaly
• Hypoplastic philtrum
• History of in utero 

exposure to alcohol
• Short palpebral fissures

AD = autosomal dominant; AR = autosomal recessive; Chr = chromosome; DD = developmental delay; IUGR = intrauterine growth 
restriction; MOI = mode of inheritance; XL = X-linked
1. Typically a CDKN1C pathogenic variant causing IMAGe syndrome is inherited in an autosomal dominant manner; however, only 
maternal transmission of the pathogenic variant results in IMAGe syndrome.
2. Fanconi anemia is associated with pathogenic variants involving BRCA2, BRIP1, ERCC4, FANCA, FANCB, FANCC, FANCD2, 
FANCE, FANCF, FANCG, FANCI, FANCL, FANCM, MAD2L2, PALB2, RAD51, RAD51C, RFWD3, SLX4, UBE2T, or XRCC2.
3. Bruce et al [2009], Ocaranza et al [2017]
4. Graham et al [1981]
5. Ioannides et al [2014], Kagami et al [2015], Geoffron et al [2018]

Management

Evaluations Following Initial Diagnosis
To establish the extent of disease in an individual diagnosed with Silver-Russell syndrome (SRS), the following 
evaluations are recommended if they have not already been completed:

• Assessment and plotting of growth curves. See the MAGIC Foundation.
• Physical examination for evaluation of possible limb length asymmetry, genitourinary anomalies, 

scoliosis, precocious or early-onset puberty, and oral and craniofacial abnormalities
• Consultation with a pediatric endocrinologist
• Consultation with a pediatric gastroenterologist and dietician

⚬ For children suspected of having gastroesophageal reflux disease (GERD), evaluation for esophagitis 
including video swallow studies, gastric emptying studies pH probe, and endoscopy.

⚬ Intestinal malrotation has been reported in children with SRS and needs to be ruled out in those 
who have feeding disorders, constipation and delayed gastric emptying.

• Screening assessment of neurocognitive development, speech and language, and muscle tone
• Consultation with a clinical geneticist and/or genetic counselor

Treatment of Manifestations
SRS leads to a wide spectrum of abnormal physical characteristics and functional abnormalities. 
Multidisciplinary follow up and early, specific, interventions are necessary for optimal management of 
individuals with SRS. The multidisciplinary team should be composed of pediatric subspecialists including an 
endocrinologist, gastroenterologist, dietician, clinical geneticist and genetic counselor, craniofacial team, 
orthopedic surgeon, neurologist, speech and language therapist, and psychologist

Growth and use of growth hormone. Children with any condition associated with body differences and/or 
short stature are often sensitive about body image. These factors can play a significant role in self-image, peer 
relationships, and socialization. Thus, early referral to a pediatric endocrinologist is essential for children with 
SRS.
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• Growth hormone therapy in children with intrauterine growth restriction of all causes has significantly 
improved growth and final height, especially in those children who do not experience catch-up growth 
[Dahlgren et al 2005, Jensen et al 2014, Zanelli & Rogol 2018]. Specifically, children with SRS have 
benefited from growth hormone supplementation [Toumba et al 2010, Binder et al 2013].
⚬ Smeets et al [2016] found that height gain in children with SRS treated with growth hormone was 

similar to that in children who did not have SRS, although final heights were less in the SRS 
population because their heights were lower at the initiation of treatment [Smeets et al 2016].

⚬ The goals of GH treatment are, of course, to improve growth velocity but also to improve body 
composition (especially lean body mass), psychomotor development, and appetite; to reduce the 
risk of hypoglycaemia; and to optimize linear growth [Wakeling et al 2017].

⚬ A study by Rizzo et al [2001] demonstrated significant increase in height in children with SRS 
treated with growth hormone, but without a change in body or limb asymmetry

⚬ Such treatment is best undertaken in a center with experience in managing growth disorders.
• Growth hormone deficiency. Treatment with human growth hormone is necessary in the presence of 

documented growth hormone deficiency. However, growth hormone deficiency is not common in SRS 
[Wakeling et al 2017].
⚬ Treatment with growth hormone in SRS is indicated and not altered even in the presence of growth 

hormone deficiency.
⚬ Testing for growth hormone deficiency by fasting is contraindicated because of the risk for inducing 

hypoglycemia [Wakeling et al 2017].
• Bone age advancement and puberty. Monitoring for signs of premature adrenarche, fairly early and 

accelerated central puberty, and insulin resistance is very important in individuals with SRS. Personalized 
treatment with GnRH analogs for at least two years in children with evidence of central puberty (starting 
no later than age 12 years in girls and age 13 years in boys) can be considered to preserve adult height 
potential [Wakeling et al 2017].

Hypoglycemia should be prevented and aggressively managed if present.

• Monitoring for urinary ketones after prolonged fasting (including when infants start sleeping through the 
night) or excess physical activity or with illness

• Frequent feeding; avoidance of long fasting between feeds (in infants: ≤4 hours)
• Use of complex carbohydrates

Gastrointestinal disorders should be treated early and adequately. It is critical that attention to growth and 
nutrition begin in infancy. Infants with SRS usually have poor muscle mass and often have feeding difficulties in 
addition to inherent growth disturbance. In one study gastrointestinal issues, feeding disorders, and/or 
malnutrition were seen in 70% of individuals [Marsaud et al 2015]. Therefore, aggressive feeding measures are 
often required, but there must be careful monitoring to avoid too rapid a rate of postnatal weight catch up, which 
has been associated with subsequent increased metabolic risk.

Recommended strategies include:

• Use of nutritional and caloric supplements;
• Treatment of gastroesophageal reflux with appropriate medications, including proton pump inhibitors and 

H-2 histamine blockers;
• Speech or occupational therapy for oral motor problems and feeding aversion;
• The use of cyproheptadine, an appetite stimulant which has been shown to have a positive effect on weight 

and growth velocity [Lemoine et al 2018];
• Use of enteral feeding with gastrostomy or jejunostomy to address extreme cases of feeding aversion 

and/or gastroesophageal reflux with or without fundoplication limited to extreme cases where other 
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measures have been unsuccessful [Wakeling et al 2017]. With non-volitional feeding, too rapid and 
excessive weight gain must be avoided.

Skeletal abnormalities. The most common orthopedic problem is limb length discrepancy, which often can be 
several centimeters and involve upper and/or lower extremities. Functionally, this is most significant for lower 
extremity asymmetry because of the impact on gait. Lower limb length discrepancy exceeding 2 cm can lead to 
compensatory scoliosis and thus requires intervention. Initial treatment can include the use of a shoe lift. In 
older children, limb lengthening with distraction osteogenesis has become a more widely applied procedure. 
When single segment limb lengthening is sufficient, the limb lengthening is generally done prior to completion 
of growth but close to final height with femoral internal distracters [Goldman et al 2013]. For young children 
with leg length discrepancy greater than 4 cm, lengthening is done in the lower segment (tibia) with external 
fixators [Goldman et al 2013].

Scoliosis and kyphosis are a common problem in SRS [Yamaguchi et al 2015]. The relationship of lower limb 
length asymmetry to scoliosis is not clear, but many children with limb length asymmetry will develop a 
compensatory scoliosis. Treatment with monitoring and bracing initially is indicated. Many individuals will need 
corrective surgery [Yamaguchi et al 2015].

Neurodevelopment

• For infants with hypotonia, referral to an early-intervention program and physical therapy
• For children with evidence of delay, referral for early intervention, speech and language therapy, and 

occupational and physical therapy as indicated.
• For school-age children, working with the school system to address learning disabilities through 

appropriate neuropsychological testing and an individualized educational plan, including therapeutic 
interventions as indicated

• Referral for psychological counseling as needed to address psychosocial and body image issues

Craniofacial anomalies. For those children with severe micrognathia, cleft palate, or complex dental 
relationships, management by a multidisciplinary cleft palate and craniofacial team is recommended. Early 
dental care, orthodontia for dental crowding, and maxillofacial surgery may be needed for older children once 
growth is completed.

Otherwise, dental hygiene and dental crowding can be appropriately managed in a routine manner by pediatric 
dentists and orthodontists.

Genitourinary abnormalities. Cryptorchidism and hypospadias is best managed by a pediatric urologist.

Males with micropenis and females with internal genitourinary anomalies (some are born with Mayer-
Rokitansky-Kuster-Hauser syndrome) benefit from referral to a multidisciplinary disorders of sex development 
(DSD) center.

Surveillance
Monitoring guidelines of children with SRS has been well outlined in the international consensus statement for 
diagnosis and management of SRS [Wakeling et al 2017].

The following are appropriate:

• Monitoring of growth with special attention to growth velocity and excessive weight gain
• Monitoring of urine ketones and blood glucose for ketotic hypoglycemia is of major importance especially 

in infancy and in older children with a large head circumference, lean body habitus, and poor appetite. 
Monitoring urine ketones to prevent hypoglycemia should be peformed in infants when frequency of 
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feeding is being reduced, in all children who are acutely ill with decreased feeding or have fevers, and in 
older children at times of increased physical activity.

• At each well-child visit in early childhood, examination and measurement of limb length discrepancy. 
Infant lengths should be measured for both legs, both lengths recorded, and the longer entered on a 
growth curve. For measuring height in older children, an appropriate-sized lift sufficient to level the hips 
should be placed under the foot of the shorter lower extremity.

• Examination for presence or scoliosis at each visit
• Monitoring for early and aggressive adrenarche and early onset of central puberty because of the risk of 

rapid bone age advancement and reduced final height despite a long course of GH therapy
• Close monitoring for developmental delays, especially motor and speech and language development

Agents/Circumstances to Avoid
Avoid prolonged fasting in infants and young children because of the risk for hypoglycemia.

Avoid elective surgery whenever possible. If surgery is unavoidable, physicians must be aware of the risk for 
hypoglycemia, hypothermia, difficult healing, and difficult intubation (due to abnormal tooth distribution and 
small mandible, which affect airway visualization and intubation process).

Evaluation of Relatives at Risk
See Genetic Counseling for issues related to testing of at-risk relatives for genetic counseling purposes.

Therapies Under Investigation
Search ClinicalTrials.gov in the US and EU Clinical Trials Register in Europe for access to information on 
clinical studies for a wide range of diseases and conditions. Note: There may not be clinical trials for this 
disorder.

Genetic Counseling
Genetic counseling is the process of providing individuals and families with information on the nature, mode(s) of 
inheritance, and implications of genetic disorders to help them make informed medical and personal decisions. The 
following section deals with genetic risk assessment and the use of family history and genetic testing to clarify genetic 
status for family members; it is not meant to address all personal, cultural, or ethical issues that may arise or to 
substitute for consultation with a genetics professional. —ED.

Mode of Inheritance
In most families, a proband with Silver-Russell syndrome (SRS) represents a simplex case (a single affected 
family member) and has SRS as the result of an apparent de novo epigenetic or genetic alteration (e.g., loss of 
paternal methylation at the H19/IGF2 imprinting center 1 or maternal uniparental disomy for chromosome 7). 
SRS may also occur as the result of a genetic alteration associated with an up to 50% recurrence risk (e.g., a copy 
number variant on chromosome 7 or 11 or an intragenic pathogenic variant in CDKN1C, IGF2, PLAG2, or 
HMGA2) depending on the nature of the genetic alteration and the sex of the transmitting parent. Accurate 
assessment of SRS recurrence therefore requires identification of the causative genetic mechanism in the 
proband.
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Risk to Family Members
Table 4. Recurrence Risk in Sibs of a Proband and Offspring of a Proband

Chromosome / Imprinted 
Region / Gene Genetic Alteration

Recurrence Risk

Sibs of a proband Offspring of a proband

11p15.5 ICR1 H19/IGF2 regions Hypomethylation (paternal) Low 1, 2, 3, 4 Low, but empiric data not 
available 5

Chromosome 11p15.5
Somatic mosaicism for maternal 
UPD11 <1% Low, but empiric data not 

available

CNV 6 ≤50% 5, 7, 8 50%

Chromosome 7

Maternal UPD7 9 <1% 10 Low 10

Microdeletions, microduplications 0 to 50% depending on 
parental carrier status

50% for affected females; 0% 
for affected males (but may 
have a different abnormal 
phenotype)

Mosaic trisomy 7 Low Low, but empiric data not 
available

CDKN1C

Intragenic pathogenic variant 11

0 or 50% 12 50% if proband is female; 0% 
if proband is male

IGF2 0 or 50% 13 50% if proband is male; 0% if 
proband is female

PLAG1
0 or 50% 14 50%

HMGA2

Adapted from Eggermann et al [2016], Table 1
ICR1 = imprinting control region 1; UPD = uniparental disomy
1. In 7%-25% of cases of epimutations, multilocus imprinting disturbances (MLID) can be detected and in single MLID cases, 
monogenic pathogenic variants have been reported.
2. Bartholdi et al [2009] reported a father and daughter with SRS, both of whom have a methylation defect at H19/IGF2 ICR1.
3. Germline mosaicism is presumed to be present in the unaffected fathers in two families in which epigenetic pathogenic variants were 
identified in sibs [Bartholdi et al 2009].
4. Begemann et al [2015]
5. Depending on the type of chromosomal aberration, the size of the affected fragment, and the sex of the contributing parent, a risk of 
up to 50% can be delineated.
6. Chromosome anomalies, such as unbalanced translocations involving 11p15.5 as well as paternal microdeletions or maternal 
microduplications of chromosome 11p15.5 including CDKN1C.
7. Abi Habib et al [2017] reported a familial case with hypomethylation caused by paternally transmitted 11p15.5 ICR1 deletion with 
father and his children affected. They estimated that such deletions are present in approximately 1% of individuals with SRS due to 
ICR1 hypomethylation.
8. Heide et al [2018] reported a maternally inherited 11p15.5 ICR2 duplication including CDKN1C.
9. A karyotype should be performed to rule out a translocation
10. One case with maternal UPD7 based on a familial translocation involving chromosome 7 has been described. The risk for 
recurrence in sibs and for children of proband is low if a chromosome translocation has been ruled out.
11. Maternally transmitted CDKN1C pathogenic variant [Brioude et al 2013]; paternally transmitted IGF2 pathogenic variant; or 
PLAG1 or HMGA2 pathogenic variant transmitted by either parent [Abi Habib et al 2018].
12. 0% in cases of a de novo pathogenic variant or paternal transmission, 50% in cases of a maternal transmission.
13. 0% in cases of a de novo pathogenic variant or maternal transmission, 50% in cases of a paternal transmission.
14. 0% in cases of a de novo pathogenic variant; 50% in cases of a parental transmission.
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Related Genetic Counseling Issues
DNA banking. Because it is likely that testing methodology and our understanding of genes, pathogenic 
mechanisms, and diseases will improve in the future, consideration should be given to banking DNA from 
probands in whom a molecular diagnosis has not been confirmed (i.e., the causative pathogenic mechanism is 
unknown).

Prenatal Testing and Preimplantation Genetic Testing
Loss of paternal methylation at the 11p1.5 ICR1 H19/IGF2 regions. Reliable testing for loss of paternal 
methylation at the 11p1.5 ICR1 H19/IGF2 regions is not possible, since studies show that differentially 
methylated regions are not firmly established by the gestational age (10-12 weeks) at which chorionic villus 
sampling (CVS) is performed [Paganini et al 2015]. Additionally, there have been no validated studies 
establishing reliable testing for differential methylation patterns in amniocytes. Since the majority of epigenetic 
pathogenic variants can be mosaic, reliable prenatal testing becomes even more challenging [Eggermann et al 
2016].

Maternal uniparental disomy (UPD). Maternal UPD7 can be diagnosed prenatally. Maternal isodisomy 7 can 
be diagnosed with SNP chromosomal microarray (CMA). Maternal heterodisomy 7 can be diagnosed by 
analyzing fetal SNP CMA and comparing it to SNP CMA of both parents.

Chromosome anomalies. If a causative chromosome anomaly (e.g., an unbalanced translocation involving 
11p15.5, a paternal microdeletion, or a maternal microduplication of chromosome 11p15.5 including CDKN1C) 
has been identified in the proband, prenatal testing with SNP CMA on fetal cells obtained by CVS or 
amniocentesis is possible. Preimplantation genetic testing can also be offered with a known chromosome 
anomaly depending on the size of the duplication or deletion.

Intragenic pathogenic variants. A known familial maternally inherited CDKN1C pathogenic variant, paternally 
inherited IGF2 pathogenic variant, or parental pathogenic variant in PLAG1 or HMGA2 can be diagnosed using 
preimplantation genetic testing or prenatally with samples obtained from CVS or amniocentesis [Eggermann et 
al 2016, Abi Habib et al 2018].

Note: The preimplantation genetic diagnosis or prenatal finding of a genetic alteration consistent with SRS 
cannot be used to reliably predict clinical outcome [Eggermann et al 2016]: children with SRS demonstrate 
varying responses to growth hormone, variable late catch-up growth, and variable developmental outcomes.

Differences in perspective may exist among medical professionals and within families regarding the use of 
prenatal testing, particularly if the testing is being considered for the purpose of pregnancy termination rather 
than early diagnosis. While most centers would consider use of prenatal testing to be a personal decision, 
discussion of these issues may be helpful.

Resources
GeneReviews staff has selected the following disease-specific and/or umbrella support organizations and/or registries 
for the benefit of individuals with this disorder and their families. GeneReviews is not responsible for the 
information provided by other organizations. For information on selection criteria, click here.

• Genetic and Rare Diseases Information Center (GARD)
Phone: 888-205-2311
Silver-Russell syndrome

• L'AISRS, Associazione Italiana Sindrome di Russell-Silver
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Italy
www.aisrs.it

• L'ASBL ALICE: Association Libre d'Informations sur la Croissance des Enfants Silver Russell
Belgium
www.alice.be

• L'Association Française des Familles touchées par le syndrome de Silver Russell (SSR)
France
www.silver-russell.fr

• Magic Foundation
Phone: 800-362-4423
Email: contactus@magicfoundation.org
Russell Silver Syndrome

• National Organization for Rare Disorders (NORD)
Russell-Silver Syndrome

• Silver Russell Syndrome Global Alliance
www.silverrussellsyndrome.org

• Bundesverband Kleinwüchsige Menschen (BKMF)
Leinestrasse 2
28199 Bremen
Germany
Phone: 49-421-336169-0
Email: info@bkmf.de
www.bkmf.de

• Child Growth Foundation
United Kingdom
Phone: 0208 995 0257
Email: nfo@childgrowthfoundation.org
www.childgrowthfoundation.org

• Human Growth Foundation
www.hgfound.org

• Little People of America
Phone: 888-LPA-2001; 714-368-3689
Fax: 707-721-1896
Email: info@lpaonline.org
www.lpaonline.org

Molecular Genetics
Information in the Molecular Genetics and OMIM tables may differ from that elsewhere in the GeneReview: tables 
may contain more recent information. —ED.

Table A. Silver-Russell Syndrome: Genes and Databases

Gene Chromosome Locus Protein Locus-Specific 
Databases

HGMD ClinVar
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Table A. continued from previous page.

CDKN1C 11p15.4 Cyclin-dependent 
kinase inhibitor 1C

CDKN1C database CDKN1C CDKN1C

H19 11p15.5 Unknown H19 @ LOVD H19 H19

HMGA2 12q14.3 High mobility group 
protein HMGI-C

HMGA2 database HMGA2 HMGA2

IGF2 11p15.5 Insulin-like growth 
factor II

LOVD - Growth 
Consortium (IGF2)

IGF2 IGF2

PLAG1 8q12.1 Zinc finger protein 
PLAG1

PLAG1 database PLAG1 PLAG1

Unknown Chromosome 7 Unknown

Data are compiled from the following standard references: gene from HGNC; chromosome locus from OMIM; protein from UniProt. 
For a description of databases (Locus Specific, HGMD, ClinVar) to which links are provided, click here.

Table B. OMIM Entries for Silver-Russell Syndrome (View All in OMIM)

103280 H19, IMPRINTED MATERNALLY EXPRESSED NONCODING TRANSCRIPT; H19

147470 INSULIN-LIKE GROWTH FACTOR II; IGF2

180860 SILVER-RUSSELL SYNDROME 1; SRS1

600698 HIGH MOBILITY GROUP AT-HOOK 2; HMGA2

600856 CYCLIN-DEPENDENT KINASE INHIBITOR 1C; CDKN1C

603026 PLAG1 ZINC FINGER PROTEIN; PLAG1

618905 SILVER-RUSSELL SYNDROME 2; SRS2

618907 SILVER-RUSSELL SYNDROME 4; SRS4

618908 SILVER-RUSSELL SYNDROME 5; SRS5

Molecular Pathogenesis

Chromosome 11p15.5-Related Silver-Russell Syndrome (SRS)
The importance of imprinted genes at chromosome 11p15.5 for fetal growth is known [DeChiara et al 1990, 
Fitzpatrick et al 2002, Eggermann et al 2009].

Imprinted genes often occur in clusters that include a regulatory imprinting control region (ICR). At one of the 
11p15.5 imprinted clusters, parent-specific differential methylation of imprinting control region 1 (ICR1) 
regulates reciprocal expression of IGF2 – which encodes a growth factor crucial for fetal development – and H19, 
a noncoding transcript. In SRS, hypomethylation of ICR1 leads to biallelic H19 expression and biallelic silencing 
of IGF2, resulting in growth restriction, and accounts for approximately 30%-60% of affected individuals 
[Gicquel et al 2005, Abu-Amero et al 2010, Wakeling et al 2017].

See Figure 2 for a diagram of the molecular changes associated with 11p15.5-related Silver-Russell syndrome. 
Note that ICR1 is also known as H19/IGF2 IG-DMR (intergenic differentially methylated region).

Abnormal methylation at 11p15.5 can occur through several mechanisms:

• Hypomethylation at ICR1 on the paternal chromosome is detected in 30%-60% of individuals with SRS. 
Because ICR1 regulates methylation of IGF2 and H19, differential analysis showed that in most cases both 
of these genes are hypomethylated.
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Note: (1) Because 11p15.5 hypomethylation at the paternal ICR1 is usually a postzygotic event, most 
individuals with SRS have a somatic distribution of abnormal methylation patterns (see Table 1 for testing 
implications). About 1% of the individuals with 11p15.5 ICR1 hypomethylation have a deletion of part of 
the ICR1. In these rare cases, there is a genetic cause identified for this epigenetic anomaly [Abi Habib et al 
2017]. (2) A small number of individuals with SRS have selective hypomethylation of only H19 or only 
IGF2 [Bartholdi et al 2009].

• A small number of individuals with SRS have a duplication involving the maternal 11p15.5 region. Larger 
duplications, which can involve translocations and inversions, are detectable by cytogenetic analysis 
[Fisher et al 2002, Eggermann et al 2005], and microdeletions and duplications are detectable by SNP 
microarray [Begemann et al 2012, Eggermann et al 2012] (Table 1).

• Rare familial cases of SRS have been reported with underlying mechanisms including:
⚬ Maternally inherited 11p15 duplication;
⚬ Maternal inherited CDKN1C gain‑of-function pathogenic variants;
⚬ Paternally inherited IGF2 loss‑of‑function variants;
⚬ 11p15.5 ICR1 small deletions.

In these families, the risk of recurrence can be as high as 50%. Investigation for underlying CNVs in 
individuals with 11p15.5 loss of methylation is, therefore, important [Abi Habib et al 2017, Wakeling et al 
2017, Heide et al 2018].

Chromosome 7-Related Russell-Silver Syndrome
The genetic loci responsible for maternal UPD7 imprinting appear to include at least PEG1/MEST, which is an 
imprinted gene cluster at 7q32 [Hannula et al 2001, Eggermann et al 2012]. Abnormal methylation at 7q32 can 
occur through several mechanisms:

• Maternal UPD7 reported in 7%-10% of SRS, [Moore et al 1999, Hannula et al 2001, Kim et al 2005] can 
occur by:
⚬ Maternal isodisomy or heterodisomy [Bernard et al 1999, Price et al 1999]
⚬ Mosaicism for upd(7)mat [Reboul et al 2006]
⚬ Segmental upd(7)mat has been reported:

▪ One individual with maternal UPD7 for 7q31-qter [Hannula et al 2001]
▪ Two individuals with maternal UPD7 of most of the long arm of chromosome 7 (7q11.2-qter) 

[Eggermann 2008]
• Rare chromosome 7 anomalies seen in individuals with SRS include the following:

⚬ Mosaic trisomy 7 with maternal heterodisomy in two children [Flori et al 2005, Font-Montgomery 
et al 2005], one of whom was identified prenatally [Font-Montgomery et al 2005]

⚬ Interstitial deletion of the long arm of chromosome 7 [del(7)(q21.1q21.3)] in one child [Courtens et 
al 2005]

⚬ Submicroscopic duplication of 7p11.2-p12 identified by fluorescence in situ hybridization (not 
visible by routine karyotyping) [Joyce et al 1999, Monk et al 2000]
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