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Silver—Russell syndrome (SRS) is a clinically and
genetically heterogeneous disorder, characterized
by severe prenatal/postnatal growth retardation,
characteristic facies, skeletal asymmetry, and
other congenital anomalies. The incidence is esti-
mated as 1:50,000-1:100,000 live births.

Synonyms and Related Disorders

Primordial dwarfism; Russell-Silver syndrome;
Silver—Russell dwarfism

Genetic/Basic Defects

1. Inheritance (Duncan et al. 1990; Preece 2002):
1. Sporadic occurrence in majority of cases
2. 19% of cases with more than one affected
individuals in the family, providing evi-
dence for a genetic cause
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3. A genetically (and clinically) heteroge-

neous disorder:
1. Autosomal recessive (17.4%) (Fuleihan
et al. 1971; Teebi 1992)
2. Autosomal dominant (8.7%) (Al-Fifi
et al. 1996)
3. X-linked dominant (74%) (Partington
1986)
2. Chromosomal basis (Preece 2002):

1. Small number of cases with Silver—Russell
syndrome reported in association with
numerous chromosomal abnormalities:

1. R(15) and deletion of 15q (Wilson
et al. 1985; Rogan et al. 1996)

2. Diploid—triploid mixoploidy (Graham
et al. 1981)

3. 45,X/46,XY

4. XXY (Bianchi et al. 1983)

5. Trisomy 18 mosaicism

6. Del(8)(q11-q13) (Schinzel et al. 1994)

7. Del(18p) (Christensen and Nielson
1978)

8. Dup(1)(q32.1-g42.1) (van  Haelst
et al. 2002)

9. Dup(7p12.1-p13), including GRB10
and IGFBP1, in a mother and daughter
with features of Silver—Russell syn-
drome (Joyce et al. 1999)

10. One had a partial duplication [46, XX,
dup(7)(p12 pl4)] and the second
contained a paracentric inversion [46,
XY, inv(7)(pl4 p21)] (Nakabayashi
et al. 2002)
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11. Familial  reciprocal translocation
t(7;16) associated with maternal unipa-
rental disomy 7 in a Silver—Russell
patient (Dupont et al. 2002)

12. Distal chromosome 17q (Hitchins
et al. 2002):

1. Balanced translocation (17;20)(q25;
q13) and severe Russell-Silver syn-
drome (Ramirez-Duenas et al. 1992)
inherited from clinically normal
father.

2. De novo translocation (1;17)(q31;
g25) with breakpoint recently
cloned and localized to 17q23.3-
q24.

3. Heterozygous deletion of the chori-
onic somatomammotropin hormone
1 (CSHI) gene located within the
growth hormone and CSH gene
cluster on 17q24.1 (Eggermann
et al. 1998). The deletion was
inherited from the father who
appeared clinically normal but had
short stature.

2. Maternal uniparental disomy (UPD) for

chromosome 7 (about 7-10% of cases)

(Preece et al. 1997; Bernard et al. 1999;

Hannula et al. 2001b; Eggermann

et al. 2001; Hitchins et al. 2001):

1. Inheritance of both chromosome 7 from
the mother: Maternal UPD7 was
detected in several SRS patients,
accounting for approximately 7-10% of
the tested SRS patients (Eggermann
et al. 1997; Preece et al. 1999).

2. A possible novel imprinted region at
7p12-p14 (Monk et al. 2002), 7q32,
and 7q31-ter: UPD can disrupt the bal-
ance between imprinted genes and
thereby lead to phenotypic
manifestations.

3. Strong evidence of disruption of
imprinted gene expression rather than
mutation of a recessive gene underlying
the Silver—Russell phenotype in these
cases.

. Genetic and epigenetic disturbances can

meanwhile be detected in approximately

Silver-Russell Syndrome

50% of patients with typical SRS features

(Eggermann et al. 2010):

1. Nearly one tenth of patients carry a
maternal uniparental disomy of chromo-
some 7 (UPD(7)mat).

2. More than 38% show a hypomethylation
in the imprinting control region 1 in
11pl5.

3. More than 1% of patients show (sub)
microscopic chromosomal aberrations.

4. Interestingly, in 7% of 1lplS5
hypomethylation carriers, demethylation
of other imprinted loci can be detected.

4. A splicing mutation of the HMGA2 gene is
associated with Silver—Russell syndrome
phenotype (De Crescenzo et al. 2015).

5. Silver—Russell syndrome without body
asymmetry in three patients with duplica-
tions of maternally derived chromosome
11p15 involving CDKNIC (Nakashima
et al. 2015).

6. 14932 disturbances significantly contribute
to the mutation spectrum in this cohort.
Furthermore, maternal uniparental disomy
of chromosomes 6, 16, and 20 can be
observed, but are rare. In case they occur,
they can be regarded as causative for clini-
cal features (Sachwitz et al. 2016b).

3. Clinical findings and molecular aberrations in
the three congenital disorders associated with
CDKNIC mutations (Eggermann et al. 2014):
1. Silver—Russell syndrome:

1. Frequency, 1:100,000

2. Clinical findings (please see this chapter)

3. Molecular aberrations:

1. Aberrant /ICRI (H19/IGF2) methyla-
tion: hypomethylation (40%)

2. Large 11pl15 duplications (including
ICR1 and ICR2): maternal (1%)

3. Small ICR2 duplications and dele-
tions: single cases (the clinical out-
come depends on the size and
genomic content of the affected
segment)

4. Genomic imbalance in the centro-
meric 11pl5 imprinting center in
three families: further evidence of a
role for /C2 (or ICR2) as a cause of
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Russell-Silver
(Cytrynbaum et al. 2016)

5. UPD 11pl15: upd(11p15)mat (single
cases)

6. CDKNIC point mutations: gain-of-
function mutations (sporadic cases,
n = 128; familial cases, one case)

2. Beckwith—Wiedemann syndrome:

1. Frequency: 1:13,700
2. Clinical findings (please see the chapter
on “p Beckwith-Wiedemann

Syndrome”)

3. Molecular aberrations:

1. Aberrant /ICRI (H19/IGF2) methyla-
tion: hypermethylation (5-7%)

2. Aberrant ICR2 (LIT1/KvDMR1)
methylation: hypomethylation
(50-60%)

3. Large 11pl5 duplications (including
ICR1 and ICR2): paternal (1%)

4. Small ICR2 duplications and dele-
tions: single cases (the clinical out-
come depends on the size and
genomic content of the affected
segment)

5. UPD
(20-25%)

6. CDKNIC point mutations: loss-of-
function mutations (sporadic cases,
5%; familial cases, 50%)

3. IMAGe syndrome: named for the acronym
of its major features (intrauterine growth
retardation (IUGR), metaphyseal dysplasia,
adrenal hypoplasia congenita, and genital
anomalies) (Bergada et al. 2005; Bennett

syndrome

11pl5: upd(11p15)pat

et al. 2014):

1. Frequency, 25 patients reported
worldwide

2. Clinical findings:
1. ITUGR

2. Skeletal abnormalities (most com-
monly delayed bone age and short
stature; occasionally, metaphyseal
and epiphyseal dysplasia of varying
severity)

3. Adrenal insufficiency presenting typ-
ically in the first month of life as an
adrenal crisis or, rarely, later in
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childhood with failure to thrive and
recurrent vomiting
4. Genital abnormalities in males (crypt-
orchidism, micropenis, and
hypospadias)
3. Molecular aberrations: CDKNIC point
mutations (gain-of-function mutations)

4. Epimutations of the IG-DMR and the MEG3-

DMR at the 14932.2 imprinted region in two
patients with Silver—Russell Syndrome-
compatible phenotype (Kagami et al. 2015)

Clinical Features

1. Existence of both the “Silver” (Silver

et al. 1953; Silver 1964) and “Russell” (1954)
variants in a nuclear family: provides addi-
tional evidence for considering SRS to be a
single syndrome with a wide spectrum of clin-
ical manifestations (Robichaux et al. 1981).

. Diagnostic criteria: the presence of three major

features plus one or more minor features is
generally required for a positive diagnosis:
1. Major criteria:

1. Low birth weight (intrauterine growth
retardation)

2. Proportionate short stature (postnatal
growth retardation): mature height
about —3.6 standard deviation scores in
both sexes (Tanner et al. 1975; Davies
et al. 1988)

3. Small triangular face

4. Fifth finger clinodactyly

2. Minor criteria:

1. Relative macrocephaly due to sparing
of cranial growth

2. Ear anomalies

3. Skeletal asymmetry (face, limb, or
body)

4. Brachydactyly of the fifth fingers

5. Bilateral camptodactyly with terminal
interphalangeal contractures

6. Syndactyly

7. Transverse palmar crease

8. Downward-slanting corner of the
mouth

9. Muscular hypotrophy/hypotonia
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10. Motor/neurological delay

11. Trregular spacing of the teeth

12. Café-au-lait spots

13. Precocious puberty

14. Squeaky voice

15. Genital abnormalities

16. Speech delay

17. Feeding
etal. 2001)

difficulties (Blissett

3. Other manifestations:

1. Significant cognitive impairment (50%)
(Lai et al. 1994)

2. Gastrointestinal symptoms (77%):

1. Gastroesophageal reflux disease (34%)
2. Esophagitis (25%)

3. Food aversion (32%)

4. Failure to thrive (63%)

3. Skeletal anomalies:

1. Large anterior fontanelle (delayed
closure)
2. Absence  of
etal. 1971)
3. Syndactyly of the toes
4. Genitourinary anomalies:
1. Hypospadias
2. Posterior urethral valves
5. Cardiac defects
6. Various tumors:
1. Craniopharyngioma
2. Testicular seminoma
et al. 2016)
3. Hepatocellular carcinoma
4. Wilms tumor

7. Essentially normal pattern of puberty and
adolescent growth (Davies et al. 1988)

8. Fertility not necessarily impaired, at least
in females (Abramowicz and Nitowsky
1977)

9. Other features:

1. Blue sclera

2. Café-au-lait spots
3. Excessive sweating
4. Hypoglycemia

. Silver—Russell syndrome should be considered

in the differential diagnosis of children with

severe pre- and postnatal growth deficiency

(Donnai et al. 1989).

asymmetry  (Gareis

(Funada

. A possible

Silver-Russell Syndrome

5. Netchine—Harbison clinical scoring system

(Azzi et al. 2015): Patients with four or
more items of the score are suspected to
have Silver—Russell syndrome and should
undergo molecular testing (Giabicani et al.
2016):

1. Factor 1: Being born small-for-gestational-
age: <2 (standard deviation score)* birth
length and/or weight adjusted for gesta-
tional age (GA).

2. Factor 2: Relative macrocephaly at birth:
Head circumference at birth >1.5 SDS
above birth weight and/or length adjusted
for GA.

3. Factor 3: Postnatal growth failure: Height
< 2 SDS at 24 months relative to mean or to
midparental target height.

4. Factor 4: Feeding difficulties and/or low
BMI at 24 months: BMI <2 SDS at
24 months OR tube feeding OR cyprohep-
tadine for appetite stimulation.

5. Factor 5: Protruding forehead: The forehead
protrudes from the facial plan (viewed lat-
erally) between 1 and 3 years of age.

6. Factor 6: Body asymmetry: Leg length dis-
crepancy (LLD) of > 0.5 cm OR arm
asymmetry OR LLD < 0.5 cm with at
least two; other asymmetric body parts
(with one being a nonface part).

associations  of  May-

er—Rokitansky—Kiister—Hauser syndrome and

Silver—Russell syndrome (Abraham

et al. 2016).

. Clinical characterization (Hannula et al. 2001a;

Binder et al. 2008; Bruce et al. 2009;

Eggermann et al. 2010):

1. Phenotype of maternal UPD7 carriers is
generally milder.

2. 11p15 epimutation (H19 imprinting control
region hypomethylation) carriers usually
present the typical picture of SRS.

. Differential diagnosis (Patton 1988):

1. Intrauterine growth retardation owing to
placental insufficiency:

1. Chronic intrauterine growth retardation

leads to a decrease in all growth param-

eters, that is, a “perfect miniature,” and is
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followed in most cases by catch-up
growth in the first year of life.

2. Late intrauterine growth retardation,
especially in the postmature fetus, leads
to a thin, low birth weight baby with
normal length and head circumference

2. Chromosomal mosaicism:

1. The phenotype has been reported in

. Majewski/microcephalic
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3. Extremely small head with narrow face,
dental alterations, beak-like protrusion
of nose, and receding mandible

osteodysplastic

primordial dwarfism (MOPD) types I/I11

1. Autosomal recessive

2. Dry skin

3. Sparsity of hairs and eyebrows

patients with mosaic trisomy 3. MOPD type I
18 (Chauvel et al. 1975) a 1. Autosomal recessive
diploid—triploid  mosaicism  (Ferrier 2. Prominent nose and eyes

et al. 1964) and a 45,X/46,XY mosai-
cism. Consideration should be given to
examining skin fibroblasts in addition to
peripheral blood, especially where there
is mental retardation or sexual

ambiguity.

3. 3-M syndrome (Winter et al. 1984) This

autosomal recessive syndrome has several
features in  common  with  the
Russell-Silver syndrome, including intra-
uterine growth retardation, relatively large
head, and short fifth fingers. It can be dis-
tinguished from the Russell-Silver syn-
drome by the presence of prominent
heels, tall vertebral bodies, and facial fea-
tures, which include a broad, fleshy nose
and a hatchet-shaped profile.

. X-linked short stature with skin pigmenta-

3. Abnormally small or missing teeth
4. A high squeaky voice

. Meier—Gorlin syndrome

1. Autosomal recessive
2. Underdeveloped ears
3. Absent/hypoplastic patellae

. Silver—Russel syndrome

1. Autosomal dominant or autosomal
recessive and genomic imprinting

. Normal head size

. Small triangular face

. Micrognathia

. Dental anomalies

wn AW N

Diagnostic Investigations

tion (Partington) (Partington 1986) This 1. Increased serum or urinary gonadotropin levels
syndrome has been described as a variant in the prepubertal age (Curi et al. 1967)
of the Russell-Silver syndrome. There is a 2. Hypoglycemia
diffuse brown pigmentation with some 3. Growth hormone studies
achromic patches. 4. Metabolic acidosis due to renal tubular acido-
. Neonatal  progeroid  (Rautenstrauch) sis in a few patients
(Wiedermann 1979) This syndrome has 5. Radiography (Herman et al. 1987)
pseudohydrocephalus, generalized defi- 1. Delayed bone age
ciency of subcutaneous fat, and natal teeth. 2. Limb asymmetry
9. Subtypes existing in primordial dwarfism, their 3. Ivory epiphyses of the distal phalanges
inheritance pattern, and distinguishing clinical 4. Clinodactyly of the fifth fingers
features (Khetarpal et al. 2016): 5. Fifth middle or distal phalangeal hypoplasia
1. Seckel syndrome (please see the chapter on 6. Pseudoepiphyses at the base of the second
“p Seckel Syndrome”) metacarpal

Chromosome analysis to define chromosome

basis

1. Mosaic trisomy 7 (Flori et al. 2005; Font-
Montgomery et al. 2005)

1. Autosomal recessive 6.

2. Microcephalic  primordial ~dwarfism
(brain size reduced to a third of normal
volume)


http://dx.doi.org/10.1007/978-1-4939-2401-1_212
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2.

Interstitial deletion of chromosome 7q [del
(7)(g21.1921.3)] (Courtens et al. 2005)

7. Molecular karyotyping in patients with SRS
features: NSD1 duplication in Silver—Russell
syndrome (Sachwitz et al. 2016a)

8. Molecular

genetic  testing  (Eggermann

et al. 2009; Saal 2007)

1.

Maternal uniparental disomy (UDP) of
chromosome 7 (7-10%) clinically avail-
able: both maternal isodisomy and
heterodisomy have been reported (Bernard
et al. 1999; Price et al. 1999).

. Genetic or epigenetic mutations in the

imprinted region on chromosome 11p15.5:
methylation analysis of H/9 (35%) clini-
cally available.

. 11p15 epimutation and UPD (7) mat car-

riers do not always show the unambiguous
SRS phenotype.

. In addition to patients with the classical

SRS phenotype fulfilling the SRS-specific
scores, genetic testing for the 11pl5
epimutation and/or UPD (7) mat should
also be considered in case of SRS-like phe-
notypes, for example, mild [UGR and post-
natal growth retardation (more than —2 SD)
associated with a prominent forehead and
triangular face or asymmetry as the only
clinical sign.

. In particular, the lack of IUGR in patients

with an SRS-like phenotype should not
automatically result in exclusion from
molecular testing.

. Silver—Russell syndrome in a patient with

somatic mosaicism for upd(11)mat identi-
fied by buccal cell analysis (Luk
et al. 2016).

Genetic Counseling

1. Recurrence risk (Saal 2007)

1.

Multiple etiologies of SRS

1. Maternal uniparental disomy for chro-
mosome 7: both parents are predicted to
be unaffected.

Silver-Russell Syndrome

2. Possible mutations or epigenetic
changes that modify expression of
genes in the imprinted region of chromo-
some 11p15.5.

3. Autosomal dominant inheritance.

4. Autosomal recessive inheritance.

. Patient’s sibs

1. Not increased in a nongenetic sporadic
case or as the result of maternal unipa-
rental disomy for chromosome 7 (both
parents are predicted to be unaffected)

2. Increased depending on the inheritance
pattern

. Patient’s offspring

1. Not increased in a nongenetic sporadic
case and probably low in case of maternal
uniparental disomy for chromosome 7

2. Increased depending on the inheritance
pattern

2. Recurrence risk estimation in SRS and
Beckwith—Wiedemann
(Eggermann et al. 2016a)
1. The majority of cases with SRS and

syndrome (BWS)

BWS have been reported to occur spo-
radically. This is reflected by the type of
(epi)mutations in both disorders (ICR1
hypomethylation in SRS as well as
ICR2 hypomethylation and upd(11)pat
in BWS) mainly occur as mosaicism
and probably originate from postzygotic
errors.

. In contrast, constitutional mutations (point

mutations, duplications/deletions) are asso-
ciated with a significantly increased recur-
rence risk of up to 50% depending from the
affected paternal allele.

3. Molecular subtypes and recurrence risk
(Eggermann et al. 2016b)
1. 11pl5.5

1. H19/IGF2:1G-DMR  hypomethylation:
empirically low, only in rare cases
increased due to genomic transacting
mutations

2. Duplications/deletions: Up to 50%,
depending on the gene content of the
aberration and the sex of the parent con-
tributing the affected allele (in case of
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duplication of the whole 11p15 region;
in case of a maternal transmission)
. UPD: empirically low
4. CDKNIC point mutation: 0% or 50%,
depending on the sex of the parent con-
tributing the affected allele
5. IGF2 point mutation: 0 or 50%,
depending on the sex of the parent con-
tributing the affected allele

W

1. upd(7)mat: empirically low, but some
may be high because of familial
translocations

2. upd(7q)mat: empirically low

3. Duplications/deletions/translocations
affecting 7p13 and 7q32: up to 50%

. 14932

1. upd(14)mat, epimutation, duplications.

2. A number of SRS patients exhibiting
(epi)mutations in 14932 have recently
been reported, and these molecular alter-
ations correspond to findings in patients
with Temple syndrome (Goto etal. 2016;
TS14, OMIM616222).

3. TS14 is an ID with changes affecting the
IG-DMR and/or MEG3-DMR in 14q32,
and its phenotype (Ioannides et al. 2014)
overlaps with SRS (for a review see
Kagami et al. (2015)).

4. In single cases, maternal uniparental
disomy of chromosomes 16 and
20 (upd(16)mat, upd(20)mat) has been
reported (Azzi et al. 2015; Mulchandani
et al. 2015) (for a review see Eggermann
et al. (2015)).

. Whole genome

1. (Mosaic) maternal unidiploidy: no

2. (Submicroscopic) chromosomal imbal-
ances: up 50%, depending on the chro-
mosome and type of rearrangement

2623

2. Usually not possible because most occur-

rences are in a single individual in a family;
therefore, most pregnancies are not identi-
fied to be at increased risk for recurrence
(Saal 2007).

. Russel-Silver syndrome should be consid-

ered in the differential diagnosis of fetal
growth restriction with short, asymmetric,
but morphologically normal limbs (Wax
et al. 1996).

. Molecular findings and interpretations in

prenatal testing of SRS (and BWS)

(Eggermann et al. 2016a).

1. Type of mutation: UPD, CNVs (copy
number variations), epimutation, and
point mutation.

2. Mosaicism: In case of a positive testing
result, the suspected diagnosis can be
confirmed, but a prediction of the phe-
notypic outcome is not possible but
might be delineated from the ultrasound
findings.

3. Mosaicism: In case of a negative testing
result, the mosaic presence of UPD or
epimutations can never be excluded.
Mosaicism in case of constitutional
mutations (CNVs, monogenic point
mutations) can be neglected.

4. How to interpret the results in case of a
twin pregnancy (the majority of mono-
zygotic twins are clinically discordant)?

5. Management
1. Growth deficiency

1. Optimize caloric intake.

2. Consider nasogastric or gastrostomy
feeding for severe gastroesophageal
reflux and failure to thrive.

3. Consider growth hormone treatment in
patients with documented growth hor-
mone deficiency.

4. Growth hormone treatment of short chil-

4. Prenatal diagnosis
1. Ultrasonography of the fetus at risk by fam-
ily history.
1. Delayed fetal skeletal growth may not be
evident until the late second trimester. 2. Dental cares for overcrowding of teeth
2. Asymmetry of fetal limbs may not be 3. Orthopedic management for asymmetry of
evident until the third trimester. legs

dren born small for gestational age or
with Silver—Russell syndrome (Ranke
and Lindberg 1996).
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4. Early intervention programs including
physical therapy for developmental delay
due to hypotonia

5. Special education for learning disabilities

6. Psychological counseling related to body
image and peer relationship
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Fig. 1 An infant with Silver—Russell syndrome showing
prenatal and postnatal growth deficiency, triangular face,
and asymmetry of legs

Fig.2 (a, b) A girl (a) with
Silver—Russell syndrome
showing prenatal and
postnatal growth deficiency,
triangular face, and
clinodactyly of the fifth
fingers (b)
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Fig.3 (a,b) A girl (a) with
Silver—Russell syndrome
showing prenatal and
postnatal growth deficiency
with brachydactyly and
clinodactyly of the fifth
fingers (b)

Fig.4 (a,b) A 6-month-old male infant (a) was evaluated
for intrauterine growth retardation, postnatal growth retar-
dation, a relatively large head, a triangular face, and left
side of the body larger than the right (a, b). Clinically, he
was suspected to have Silver—Russell syndrome.

Molecular genetic testing detected loss of methylation at
differentially methylated region 1 (DMR1), upstream of the
HI19 gene at 11p15. This result is consistent with a diag-
nosis of Silver—Russell syndrome due to hypomethylation
of DMR1



	Silver-Russell Syndrome
	Synonyms and Related Disorders
	Genetic/Basic Defects
	Clinical Features
	Diagnostic Investigations
	Genetic Counseling
	References


