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Abstract
Objective: Silver–Russell syndrome (SRS) is a clinically and genetically heterogeneous syndrome which ischaracterized by severe intrauterine and postnatal growth retardation, and typical characteristic facialdysmorphisms. It has been associated with maternal uniparental disomy (UPD) for chromosome 7 andhypomethylation of imprinting control region 1 (IGF2/H19) in 11p15. UPD refers to the situation in whichboth copies of a chromosome pair have originated from one parent. UPD can be presented both as partialheterodisomy and isodisomy. The aim of this study was to determine the maternal UPD7 (matUPD7) in 13Turkish SRS patients.
Methods: Genotyping for matUPD7 was performed with microsatellite markers by polymerase chain reaction.
Findings: The maternal UPD7 including the entire chromosome was identified in 1/13 (7.6 %) of individualswithin SRS patients. There were no significant differences between clinical features of matUPD7 case andother SRS cases except congenital heart defects.
Conclusion: It is often difficult to establish diagnosis of a child with intrauterine growth retardation (IUGR),growth failure and dysmorphic features. Thus, screening for matUPD7 in IUGR children with growth failureand mild SRS features might be a valuable diagnostic tool.
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IntroductionSilver–Russell syndrome (SRS, RSS, OMIM180860) is a clinically and geneticallyheterogeneous syndrome which is characterizedby severe intrauterine and postnatal growthretardation, feeding difficulties, typicalcharacteristic facial dysmorphic features such astriangular face with a prominent forehead,micrognathia, downturned corners of the mouth

and ear anomalies. Further less characteristicfindings are cardiac anomalies and genitaldysmorphia. Asymmetry of body and limbanomalies present more than 50% of patients[1].Hypomethylation of the imprinted H19/IGF2locus in 11p15[1] and matUPD7[2] are two majorepigenetic etiologies in SRS. matUPD7 was firstreported by Spence et al[3] in a cystic fibrosispatient with SRS like phenotype (short stature andslight asymmetry). After this paper, other cases
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affected by pre and postnatal growth retardationbut not SRS phenotype with matUPD7 werepublished[4-6]. The incidence of SRS isapproximately 1/3000 and more than 60 SRSpatients with matUPD7 have been reported till theend of 2002[2-16] and matUPD7 has been found inapproximately 5-10% of SRS patients withunexplained etiology[17]. After description ofmatUPD7 SRS cases, both arms of chromosome 7were searched for candidate genes. Although 7paberrations of four patients with a SRS phenotypehave been described[18], no pathogenic mutationshave been identified in several studies focusing onthe search for point mutations in 7p-encodedgenes so far that might be functionally related tothe SRS phenotype. On the other hand, two paperspublished by Hannula et al[15] and Reboul et al[19]described SRS cases with a segmental maternalUPD 7q showing the importance of humanimprinted genes in 7q for human growth and SRS.However, screening studies on mutations in theimprinted genes and transcripts on 7qchromosome region failed to detect anypathogenic variants[20-24].Ring chromosome 15[25], deletion of 15q[26],deletion of 8q11e13[27], translocations associatedwith a breakpoint in 17q25[28], deletion ofCSH1[29], duplications of 11p15[30], andepimutations of the imprinting center region 1(ICR1) on 11p15[31] have been reported as theother reasons of SRS. Loss of methylation of ICR1gene on 11p15, resulting in a down-regulation ofIGF-II and H19 genes which were found in 38-64%of cases with SRS, have been reported as the mostfrequent reason in the etiology of SRS asmentioned before[32,33].

Hypomethylation of matUPD7 has not beenstudied in Turkish population up to date so far.Therefore, to ascertain the frequency of matUPD7in the cause of SRS in Turkish population, wedecided to screen matUPD7 to perform genotypeand phenotype correlation.

Subjects and MethodsA total of 13 SRS patients aged between 2-9 years,from two genetic subdivisions of the pediatricdepartments of two University Medical SchoolHospitals/Turkey were included in this study.Blood samples were obtained from bothparents of patients. Diagnosis of SRS wasestablished in the patients according to thepreviously described in literature[10].Chromosomal analysis and subtelomericfluorescent in situ hybridization (FISH) (TelVysionProbes) (Vysis/Abbott) were performed toidentify microscopic and submicroscopicimbalances on all patients. Medical data werereviewed for all patients and evaluated by aclinical geneticist.Written informed consent was obtained from allfamilies. The study was approved by the FacultyEthics Committee of the University.
DNA preparation: DNA was extracted from 2 mLvenous blood taken from all patients and theirparents using (DNA Isolation Blood Mini Kit,Invitek, Germany) standard procedures.
Genetic Analysis: DNA was isolated fromperipheral blood samples by standard procedures.

Fig 1a–b: Examples of STR genotyping showing maternal uniparental heterodisomy 7 in SRS patient. a: Allelicpatterns of the marker D7S821. b: Allelic patterns of the marker D7S2195. M: Mother, SRS: Patient, F: Father
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Genotyping for matUPD7 in 13 SRS patients wasperformed on all patients with differentchromosome tetra and dinucleotide repeatmicrosatellite markers (D7S460, D7S821,D7S1808, D7S1818, D7S1804, D7S2195 andD7S2446) by polymerase chain reaction (PCR)(ABI PCR System 9700). PCRs were performed in25μL reaction containing 50ng DNA, 1xDyNAzymeII buffer, 1.5 mM MgCl2, 300 uM of each dNTP, 0.3uM of each primer, 1% dimethyl sulfoxide, and1.25 U Taq DNA polymerase (Fermantase, Leon-Rot, Germany). Amplification was performed withan initial denaturation of 5 minutes at 94°C,followed by 30 to 35 cycles each of 30 s at 94°C, 75s at 55°C, and 60 s at 72°C with a final extension at72°C for 10 minutes. Cases of matUPD7 weregenotyped for additional chromosome by 7microsatellite markers, to verify matUPD7 by PCR(Fig. 1). Correct paternity was verified for thematUPD7 patients.

FindingsChromosomal analysis and subtelomericfluorescent in situ hybridization (FISH) analysis

were found to be normal in all patients.One case (7.6%) of matUPD7 was recognizedamong 13 SRS patients. matUPD7 including theentire chromosome was observed in this case. Nocases of segmental matUPD7 were observed.Clinical features of 13 SRS patients includingmat UPD7 patient are given in Table 1. There wereno significant differences between clinical featuresof mat UPD7 case and other SRS cases exceptcongenital heart defects. Echocardiographicstudies revealed ventricular septal defect (VSD),patent ductus arteriosus (PDA), and patentforamen ovale (PFO) in the patient with matUPD7.The matUPD7 case was a 2-year-old girl, thefirst child of non-consanguineous parents, born 5weeks before term (33 weeks). Her birthparameters were unknown. There was a history offetal karyotyping because of intrauterine growthretardation which was found to be normal. Onphysical examination, her weight was 7500 gr (<3percentile), height 73 cm (3-10 percentile), andhead circumference 48.5 cm (50-75 percentile).She had relative macrocephaly, triangular face,broad prominent forehead, low set ears,downslanted corners of the mouth, micrognathia,clinodactyly of the 5th digit and bracydactyly asdysmorphological features (Fig. 2).She also had hemihypertrophy of the left side of
Table 1: Clinical features of Silver-Russell Syndrome Patients

Case 1 2 3 4 5 6 7 8 9 10 11 12 13 %
Mat UPD7 + - - - - - - - - - - - - 7.6
Clinical
feature

IUGR + + + + + - + + - + + + + 92PNGR + + + + + + + + + + + + + 100Delayed bone age + + + + + + + + + + + + + 100
Craniofacial
features

Triangular face + + - + + - - + + + + + + 76.9Relative macrocephaly + + - + + - - + + + + + + 76.9Frontal bossing - - + - - + + - - - - - - 23Micrognathia + + - + + - - + + + + + + 84.6Ear anomalies - - + - - + + - + + + + + 61.5Downturned mouth corners + + + - - + + + + + - - -
Other
features

Skeletal asymmetry + + - + - + - + - - - - - 38.4Hemihypertrophy + + - + + - - + - + - + - 46.1Clinodactyly + - + - + + + - + + + + + 76.9Brachydactyly + + - + + - - + - + - + - 46.1Syndactyly - - + - - + + - - - + - + 38.4
Development
and Behavior

Delayed psychomotordevelopment - + + + + - + - - - + - + 61.5Speech difficulties + + - + - - - - + - - - 38.4Feeding difficulties + + - - - - - + - + - - - 30
Other CHD - - - - - - - - - - - -IUGR: Intrauterin Growth Retardation / PNGR: Postnatal Growth Retardation / CHD: Congenital  Heart Defect
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Fig. 2: Dysmorfic features of matUPD7. Facial featuresincluding relative macrocephaly, triangular face, broadprominent forehead, down slanted corners of themouth, micrognathia and hemihypertrophy of the leftside of the body are seen.
the body. Feeding by tube was necessary duringthe first 3 months. Developmental milestoneswere as follows: sitting without support at age of 8months, walking alone and speaking severalwords at age of 14 months. The usual laboratoryfindings were in the normal range. All metabolicand endocrinologic investigations were found tobe normal.
DiscussionIt has been reported that matUPD7 cases cover

approximately 10% of all SRS patients[8,9]. In thestudy presented matUPD7 was detected in 7.6% ofSRS patients, which is slightly lower than that inprevious reports and this could be caused by thelow number of SRS patients in our study. SRS hasvariable characteristics, however it is easy torecognize with typical symptoms, but diagnosismay be difficult in milder cases. Our matUPD7patient presented with mild SRS characteristics asthe other matUPD7 cases previously described(Table 2). MatUPD7 has been considered to be asubgroup among SRS patients with milddysmorphic features, severe feeding difficultiesand delayed speech[16].Our patients represented the spectrum ofdysmorphic features and developmentaldifficulties seen typically in patients with SRS(Table 1). The dysmorphic features in matUPD7patients have been reported to be mild in bothSRS[8,16,34] and patients without SRS, and thesepatients have  also been defined as havingintrauterine growth retardation (IUGR) andpostnatal growth retardation (PNGR) with slightdysmorphic features[35]. It is often difficult toestablish a diagnosis of a child with IUGR, growthfailure and dysmorphic features. Although growthretardation of unknown cause has been associatedwith UPD, Hannula et al showed that it is notworthwhile to screen those patients for matUPD7unless they show characteristic features of SRSand severe growth retardation. The matUPD7patient described here shows the fulfilling ofdiagnostic criteria for SRS and supports thesuggestion that matUPD7 is not a general cause forgrowth retardation[35]. Interestingly matUPD7 wasalso reported in three patients with cystic fibrosis(MIM 219700) and unexpectedly severe shortstature[3,5,12]. Among these three cases one hadgrowth hormone (GH) deficiency. Screening formatUPD7 is therefore advisable if abnormallyshort stature occurs with cystic fibrosis[5] or otherrecessive disorders mapped to chromosome[7].Although matUPD and ICR1 hypomethylationpatients have overlapping features, asymmetry,fifth finger clinodactyly and congenital anomaliesare more commonly seen in patient with ICR1hypomethylation, whereas learning difficultiesand referral for speech therapy are more likelywith matUPD7[36]. Our matUPD7 patient had mild
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dysmorphic features of SRS that was similar to thepatients previously described[8,9,11].
PEG1/MEST[37,38] and COP35 both at 7q32, and

GRB1036,37 at 7p11.2-p12,3 are the imprintedgenes in SRS that have been identified so far.Paternal mutation or a deletion in the relatedimprinting gene or genes presents with similarsymptoms as in matUPD7 patients. On the otherhand, fetal growth regulator genes EGFR(epidermal growth factor receptor), IGFBP1, and
IGFBP3 (insulin-like growth factor binding protein1 and 3) are the other candidate imprinting genesthat were thought to be responsible in SRSetiology. Congenital heart defects observed in thispatient which has not been reported in matUPD7cases could be the result of one of these or otherimprinted gene dysfunctions. Imprinting genes onchromosome 7 may be responsible for thisadditional anomaly or there may be coincidence.Methylation analysis indicated that in maternalbut not paternal alleles, CpG islands arecompletely methylated in the promotor region,however, a recent study showed a de novodeletion in 7q32 affecting the paternal imprintedMEST/PEG1 gene copy[39].One of the other mechanisms in the SRS geneticetiology is matUPD7 mosaicism. It is generallydiffucult to exclude mosaicism in an infant withUPD in SRS but it is identified in a patient relatedwith relatively mild SRS-like phenotype[40]. Inaddition, IUGR and prenatal abnormalities areassociated with confined placental mocaicism(CPM). CPM is occasionally found with UPD, whereafter a meiotic error leads to trisomy, followed bytrisomic rescue leads to a UPD cell line in the fetus.Therefore, in cases of UPD originating from CPM, itis difficult to ascertain whether the growthretardation is caused by UPD in the fetus, or theUPD cell line or trisomic cell line in theplacenta[41]. We coincidently ruled out CPM, byobserving the normal karyotype after chorionicvillus sampling with the indication of advancedmaternal age.One of the limitations in our study is the lack ofevaluation of the other responsible etiologies, suchas hypomethylation of the imprinted H19/IGF2locus, submicroscopic genomic alterations andmutations in the candidate genes. The second

limitation is the low number of patients includedin the study.
ConclusionmatUPD7 was detected in 7.6% of SRS patientsfirstly in Turkish population, which is slightlylower than that in previous reports. It is alsoworth to emphasize that congenital cardiopathy ofthe matUPD7 case has not been described in theliterature to date. We suggest testing all patientswith intrauterine and severe postnatal growthretardation with only slight signs of SRS.
AcknowledgmentThanks to colleagues in the Medical GeneticDepartment of Ege University Medical Faculty andDivision of Genetics, Department of Pediatrics ofIstanbul University. This article has no conflict ofinterest. The study was reviewed and approved bythe author's institutional review board.
Conflict of Interest: None
References1. Eggermann T, Schönherr N, Eggermann K, et al.Use of multiple ligation-dependent probeamplification in Silver-Russell syndrome. Clin

Genet 2008;73(1):79-84.2. Kotzot D, Schmitt S, Bernasconi F, et al.Uniparental disomy 7 in Silvere-Russellsyndrome and primordial growth retardation.
Hum  Mol Genet 1995;4(4):583-7.3. Spence JE, Perciaccante RG, Greig GM, et al.Uniparental disomy as a mechanism for humangenetic disease. Am  J Hum Genet 1988;42(2):217-26.4. Langlois S, Yong SL, Wilson RD, et al. Prenatal andpostnatal failure associated with maternalheterodisomy for chromosome 7. J Med  Genet1995;32(11):871-5.



450 Silver-Russell syndrome and Maternal Uniparental Disomy; E Karaca, et al

Published by: Tehran University of Medical Sciences (http://ijp.tums.ac.ir)

5. Voss R, Ben-Simon E, Avital A,  et al. Isodisomyfor chromosome 7 in a patient with cysticfibrosis: could uniparental disomy be common inhumans? Am J Hum Genet 1989;45(3):373-80.6. Spotila LD, Sereda L, Prockop DJ. Partialisodisomy for maternal chromosome 7 and shortstature in an individual with a mutation at theCOLlA2 locus. Am J Hum Genet 1992;51(6):1396-405.7. Eggerding FA, Schonberg SA, Chehab FF, et al.Uniparental disomy for paternal 7p and maternal7q in a child with growth retardation. Am J Hum
Genet 1994;55(2):253–65.8. Preece MA, Price SM, Davies V, et al. Maternaluniparental disomy in Silver-Russell syndrome.
J Med Genet 1997;34(1):6-9.9. Eggermann T, Wollmann HA, Kuner R,   et al.Molecular studies in 37 Silver-Russell syndromepatients: frequency and etiology of uniparentaldisomy. Hum Genet 1997;100(3-4):415-9.10. Price SM, Stanhope R, Garrett C, et al. Thespectrum of Silver-Russell syndrome: a clinicaland molecular genetic study and new diagnosticcriteria. J Med Genet 1999;36(11):837-42.11. Bernard LE, Peñaherrera MS, Van Allen MI,  et al.Clinical and molecular findings in two patientswith Russell-Silver syndrome and UPD7:comparison with non-UPD7 cases. Am J Med
Genet 1999;87(3):230–6.12. Hehr U, Dörr S, Hagemann M, et al. Silver-Russellsyndrome and cystic fibrosis associated withmaternal uniparental disomy 7. Am J Med Genet2000;91(3):237–9.13. Kotzot D, Balmer D, Baumer A,  et al. Maternaluniparental disomy 7 review and furtherdelineation of the phenotype. Eur J Pediatr 2000;159(4):247-56.14. Russo S, Bedeschi MF, Cogliati F, et al. Maternalchromosome 7 hetero/isodisomy in Silver-Russell syndrome and PEG1 biallelic expression.
Clin Dysmorph 2000;9(3):157-62.15. Hannula K, Lipsanen-Nyman M, Kontiokari T,Kere J. A narrow segment of maternal uni-parental disomy of chromosome 7q31-qter inSilver-Russell syndrome delimits candidate generegion. Am J Hum Genet 2001;68(1):247-53.16. Hannula K, Kere J, Pirinen S, et al. Do patientswith maternal uniparental disomy forchromosome 7 have a distinct mild Silver-Russellphenotype? J Med Genet 2001;38(4):273–8.17. Kotzot D. Review and meta-analysis of systematicsearches for uniparental disomy (UPD) otherthan UPD 15. Am J Med Genet 2002;111(4):366-75.18. Monk D, Bentley L, Hitchins M, et al. Chromosome7p disruptions in Silver-Russell syndrome:

delineating an imprinted candidate gene region.
Hum Genet 2002;111(4-5):376-87.19. Reboul MP, Tandonnet O, Biteau N, et al. Mosaicuniparental isodisomy for chromosome 7q21-qter. Am J Med Genet 2006;70(3):207-13.20. Riesewijk AM, Blagitko N, Schinzel AA,  et al.Evidence against a major role of PEG1/MEST inSilver-Russell syndrome. Eur J Hum Genet 1998;6(2):114-20.21. Blagitko N, Schulz U, Schinzel AA, et al.  Gamma2-COP, a novel imprinted gene on chromosome7q32, defines a new imprinting cluster in thehuman genome. Hum Mol Genet 1999;8(13):2387-96.22. Meyer E, Wollmann HA, Eggermann T. Noevidence for a role of genomic variants in CIT1 inthe etiology of Silver-Russell syndrome.
J Endocrin Genet 2003;3(3-4):161–3.23. Meyer E, Wollmann HA, Eggermann T. Searchingfor genomic variants in the MESTIT1 transcript inSilver-Russell syndrome patients. J Med Genet2003;40(5):e65.24. Kayashima T, Yamasaki K, Yamada T,  et al. Thenovel imprinted carboxypeptidase A4 gene(CPA4) in the 7q32 imprinting domain. Hum
Genet 2003;112(3):220-6.25. Tamura T, Tohma T, Ohta T,  et al. Ringchromosome 15 involving deletion of the insulin-like growth factor 1 receptor gene in a patientwith features of Silvere-Russell syndrome. Clin
Dysmorphol 1993;2(2):106-13.26. Rogan PK, Seip JR, Driscoll DJ, et al.  Distinct 15qgenotypes in Russell-Silver and ring 15syndromes. Am J Med Genet 1996;62(1):10-5.27. Schinzel AA, Robinson WP, Binkert F, Fanconi A.An interstitial deletion of proximal 8q (q11eq13)in a girl with Silver-Russell syndrome-likefeatures. Clin Dysmorphol 1994;3(1):63-9.28. Midro AT, Debek K, Sawicka A, et al. Secondobservation of Silver-Russell syndrome in acarrier of a reciprocal translocation with onebreakpoint at site 17q25. Clin Genet 1993;44(1):53-5.29. Prager S, Wollmann HA, Mergenthaler S, et al.Characterization of genomic variants in CSH1 andGH2, two candidate genes for Silver-Russellsyndrome in 17q24eq25. Genet Test 2003;7(3):259-63.30. Fisher AM, Thomas NS, Cockwell A, et al.Duplications of chromosome 11p15 of maternalorigin result in a phenotype that includes growthretardation. Hum Genet 2002;111(3):290-6.31. Gicquel C, Rossignol S, Cabrol S, et al. Epimutationof the telomeric imprinting center region onchromosome 11p15 in Silver-Russell syndrome.
Nat Genet 2005;37(9):1003-7.



451Iran J Pediatr; Vol 22 (No 4); Dec 2012

Published by: Tehran University of Medical Sciences (http://ijp.tums.ac.ir)

32. Zeschnigk M, Albrecht B, Buiting K, et al.IGF2/H19 hypomethylation in Silver-Russellsyndrome and isolated hemihypoplasia. Eur J
Hum Genet 2008;16(3):328-34.33. Horike S, Ferreira JC, Meguro-Horike M, et al.Screening of DNA methylation at the H19promoter or the distal region of its ICR1 ensuresefficient detection of chromosome 11p15epimutations in Russell-Silver syndrome. Am J
Med Genet A 2009;149A(11):2415-23.34. Binder G, Begemann M, Eggermann T, et al.Silver-Russell syndrome. Best Pract Res Clin
Endocrinol Metab 2011;25(1):153-60.35. Hannula K, Lipsanen-Nyman M, Kristo P,  et al.Genetic screening for maternal uniparentaldisomy of chromosome 7 in prenatal andpostnatal growth retardation of unknown cause.
Pediatrics 2002;109(3):441-8.36. Wakeling EL, Amero SA, Alders M, et al.Epigenotype-phenotype correlations in Silver-

Russell syndrome. J Med Genet. 2010;47(11):760-8.37. Kobayashi S, Kohda T, Miyoshi N, et al. HumanPEG1/MEST, an imprinted gene on chromosome7. Hum Mol Genet. 1997;6(5):781-6.38. Riesewijk AM, Hu L, Schulz U, et al. Monoallelicexpression of human PEG1/MEST is paralleled byparent-specific methylation in fetuses. Genomics1997;42(2):236–44.39. Eggermann T, Spengler S, Begemann M, et al.Deletion of the paternal allele of the imprintedMEST/PEG1 region in a patient with Silver-Russell syndrome features. Clin Genet 2012;81(3):298-300.40. Fuke-Sato T, Yamazawa K, Nakabayashi K, et al.Mosaic upd(7)mat in a patient with Silver-Russellsyndrome. Am J Med Genet 2012;158A(2):465-8.41. Riesewijk AM, Hu L, Schulz U, et al. Monoallelicexpression of human PEG1/MEST is paralleled byparent-specific methylation in fetuses. Genomics1997;42(2):236–44.


