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Generalizedd mosaicism: two case reports 





Materna ll  uniparenta l disom y 

forr  chromosom e 22 in a chil d wit h 

generalize dd mosaicis m for trisom y 22 

J.. M. de Pater1, G. H. Schuring-Blom2, 
R.. van den Bogaard2, C. J. M. van der Sijs-Bos1, 

G.. C. M. L. Christiaens3, P.H. Stoutenbeek3 

andd N. J. Leschot2 

1Clinicall Genetics Centre, Utrecht; department of Human Genetics, 

Academicc Medical Centre, University of Amsterdam; 

andd department of Obstetrics and Gynaecology, 

Universityy Hospital Utrecht, The Netherlands 

PrenatDiagn,PrenatDiagn, 17, 81-86 (1997) 

Summary y 

Wee report on a case of generalized mosaicism for trisomy 22. At chorionic villus sampling 

(CVS)) in the 37th week of pregnancy, a 47,XX,+22 karyotype was detected in all cells. The 

indicationn for CVS was severe unexplained symmetrical intrauterine growth retardation 

(IUGR)) and a ventricular septal defect (VSD) was noted. In cultured cells from amniotic fluid 

takenn simultaneously, only two out of ten clones were trisomic. At term, a growth-retarded girl 

withh mild dysmorphic features was born. Lymphocytes showed a normal 46,XX[50] karyotype; 

bothh chromosomes 22 were maternal in origin (maternal uniparental disomy). Investigation of 

thee placenta post-delivery using fluorescence in situ hybridization showed a low presence of 

trisomyy 22 cells in only one out of 14 biopsies. In cultured fibroblasts of skin tissue, a mosaic 

47,XX,+22[7]/46,XX[25]]  was observed. Clinical follow-up is given up to 19 months. 
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Introduction n 

Thee detection of a (mosaic) trisomy in routine cytogenetic analysis of chorionic villus sampling 

(CVS)) can be a diagnostic problem. In 1-2 per cent of the analysed cases, disparity occurs 

betweenn the prenatally investigated cytotrophoblast cells and the chromosomal constitution of 

thee fetus (Leschot et al., 1989), which makes counselling difficult . In a case of trisomy, 

mosaicismm might be explained by post-zygotic non-disjunction limited to the cytotrophoblast 

(Cranee and Cheung, 1988), but most cases probably originate as trisomic conceptuses, 

followedd by the loss of the extra chromosome (Stengel-Rutkowski et al., 1990). In this respect, 

thee term "trisomic zygote rescue" is used, for some initially aneuploid pregnancies may survive 

duee to the presence of a normally diploid cell line. When the loss of the extra chromosome 

affectss the embryonic progenitor cells and a diploid fetus occurs, there is a theoretical 1 in 3 

chancee that this may result in uniparental disomy (UPD) (Hall, 1990). In cases of UPD, an 

abnormall  phenotype may occur if the chromosomes involved carry imprinted genes. Another 

ass yet unresolved matter is whether confined placental mosaicism (CPM) interferes with 

normall  fetal growth. 

Heree we describe a case of trisomy 22 detected after CVS at 37 weeks of pregnancy, performed 

becausee of IUGR, followed by further prenatal and postnatal investigations. This case has been 

mentionedd briefly in an earlier report (Schuring-Blom et al., 1994, case 8). 

Casee Report 

Transabdominall  CVS and simultaneous amniocentesis were performed in a 34-year-old 

womann (gravida 3, para 1) at 37 weeks of pregnancy, because of unexplained IUGR noted at 

344 weeks of pregnancy. With ultrasound investigation, severe symmetrical growth retardation 

(«;p2.3)) was observed with normal Doppler flow measurements in the umbilical artery and a 

normall  amount of amniotic fluid, in combination with a ventricular septal defect (VSD). There 

wass no family history of mental retardation, congenital malformation, or hereditary disease. 

Thee parents were not consanguineous. 

Spontaneouss labour began at 39.6 weeks of gestation and a girl weighing 1625 g (<p2.3 

accordingg to Kloosterman, 1970) was delivered without complications. Apgar scores were 7 

andd 9 at 1 and 5 min, respectively. Clinical examination directly after birth revealed various 

dysmorphicc features, such as epicanthal folds, upslanted palpebral fissures, proptosis, a broad 

nasall  bridge, a short nose, a long and smooth philtrum, a small mouth, low-set ears with a 

preauricularr pit at both sides, micrognathia, a simian crease, clinodactyly of the fift h fingers 

andd hypoplastic nails, a cardiac souffle, and a sacral dimple. Additional investigations revealed a 

perimembranouss VSD, which was successfully operated on at the age of 5 months, and she 

wass finally discharged from hospital. Clinical follow-up studies at the age of 6, 12, and 19 

monthss (Fig. 1) revealed growth retardation (all measures at 19 months still below p3), delayed 

motorr development, and hypotonia. The dysmorphic features are summarized in Table I. 
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ee M i 
Fig .. 1. Patient at the age of 19 months, frontal and side view. Note the frontal bossing, 
upslantedd palpebral fissures, micrognathia, and low-set ears 

Tablee I. Clinical findings in the present case compared with full trisomy 22 and with cases of mosaic 
trisomyy 22 

Severee IUGR 

Growthh retardation 

Mentall retardation 

Hypotonia a 

Microcephaly y 

Frontall bossing 

Hypertelorism m 

Epicanthus s 

Broadd nasal bridge 

Longg philtrum 

Earr anomalies 

Micrognathia a 

Cleftt lip/palate 

Shortt webbed neck 

Congenitall heart disease 

Renall malformations 

Genitall hypoplasia 

Hypoplasticc nails 

Transversee palmar crease 

Fulll trisomy 22a 

(n=28,, perc.) 

100 0 

100 0 

100 0 

50 0 

61 1 

29 9 

57 7 

39 9 

50 0 

25 5 

100 0 

86 6 

68 8 

43 3 

79 9 

54 4 

57 7 

43 3 

18 8 

Mosaicc trisomy 22 
(pos./totall number) 

3/3 3 

1/1 1 

1/1 1 

2/2 2 

1/1 1 

1/1 1 

3/3 3 

1/1 1 

1/2 2 

1/2 2 

3/3 3 

1/1 1 

Presentt case 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 
+ + 

+ + 
+ + 

+ + 

+ + 

_ _ 
--
+ + 

--
--
+ + 

+ + 

Basedd on Fahmi et al. (1994); 
Basedd on Pagon et al. (1979) and Schinzel (1981). 
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Materialss and Methods 

Cytogeneticc analysis was performed on cytotrophoblast cells of the chorionic vill i and on 

culturedd amniocytes using standard techniques. Cord blood was sampled for cytogenetic 

analysiss of lymphocytes after birth. Conventional cytogenetic analysis and fluorescence in situ 

hybridizationn (FISH) using a paint for chromosome 22 (Cambio) were performed. From the 

placentaa (355 g), 14 random biopsies were taken of ca. 30 mg each. From each biopsy, slides 

weree made from a cell suspension consisting mainly of cells from the cytotrophoblast 

(Schuring-Blomm et al, 1993) and FISH was carried out on interphase nuclei. For the detection 

off  chromosome 22, a centromere-specific probe, pi4.1 (Archidiacono et al., 1995), was used. 

Forr each biopsy, 100-200 nuclei were counted. 

Fibroblastss of the skin biopsy, taken at cardiac surgery, were cultured and used for standard 

cytogeneticc analysis. Molecular investigations were performed on umbilical cord blood of the 

probandd and peripheral blood from both parents using standard methods. The primers for 

microsatellitee loci used for haplotyping the proband and her parents are listed in Table II . To 

confirmm paternity, microsatellite markers from chromosome 15 were used, also listed in the 

table. . 

Tablee II. Results of the PCR analysis of microsatellite loci in the proband and her parents. A box 
indicatess an informative allele constellation for chromosome 22 

Locus s 

D22S257 7 

D22S156 6 

D22S258 8 

IL-2RB B 

CYP2D D 

GABRB3 3 

ACTC C 

D15S108 8 

Probe e 

MFD51 1 

MFD33 3 

MFD162 2 

PCR R 

PCR R 

PCR R 

PCR R 

MFD102 2 

Location n 

22q11 1 

22q11.2 2 

22q11.2 2 

22q11.2-q12 2 

22q13 3 

15q12 2 

15q13-q21 1 

15q13-q22.2 2 

Proband d 

12 2 

23 3 

12 2 

24 4 

13 3 

23 3 

12 2 

12 2 

Allele e 

Father r 

22 2 

12 2 

13 3 

13 3 

24 4 

12 2 

11 1 

11 1 

Mother r 

12 2 

23 3 

12 2 

24 4 

13 3 

33 3 

22 2 

22 2 

Results s 

Tablee II I shows the results of the prenatal and postnatal cytogenetic investigations. A 

47,XX,+22[12]]  karyotype was found at CVS. In amniocytes, the trisomy 22 cell line was also 

detectedd in addition to a normal cell line (8/10 clones normally diploid). Only normal 

46,XX[50]]  metaphases could be detected in lymphocytes. FISH on interphase nuclei (n=50) 

withh a paint for chromosome 22 gave a similar result. 
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Inn the 14 random placental biopsies investigated with interphase FISH, trisomy 22 cells were 

presentt in only one of the biopsies in a low percentage of about 20 per cent, thus showing a 

considerablee difference with the results of the CVS at 37 weeks of pregnancy. 

Fibroblastss from the skin tissue analysed cytogenetically showed a 47,XX,+22[7]/46,XX[25] 

karyotype. . 

Withh molecular investigations, two of the five chromosome 22 markers were informative and 

noo inheritance of paternal alleles could be found (Table II) . The CYP2D and IL2RB loci 

displayedd a uniparental maternal heterodisomy. The chromosome 15 markers showed a normal 

segregationn of paternal alleles. 

Tabl ee III. Cytogeneti c and FISH result s of the presen t case 

Chorionicc villi (cytotrophoblast) 

Amnioticc fluid 

Lymphocytes s 

Fibroblasts s 

Placenta: : 

Biopsyy 1-13 

Biopsyy 14 

(no o 

Disomy y 

0 0 

8 8 

50 0 

25 5 

nd d 

nd d 

GTG G 
off cells) 

Trisomy y 

12 2 

2 2 

0 0 

7 7 

nd d 

nd d 

FISH H 
(percentage) ) 

Disomy y 

nd d 

nd d 

100a a 

nd d 

85.4-93b b 

75 5 

Trisomy y 

nd d 

nd d 

0 0 

nd d 

0-7.6 6 

19.7 7 

Paintt 22 (Cambio); Probe p14.1 (Archidiacono et al., 1995); nd, not done. 

Discussion n 

Thee patient in this study was shown to have generalized mosaicism for trisomy 22, detected 

onlyy after the analysis of skin tissue. Recently Henderson et al. (1996) also stressed the 

importancee of analysing various tissues in such cases. 

Thee clinical features are in accordance with other reported cases of (mosaic) trisomy 22 (Table 

I) .. The extra chromosome 22 is apparently of maternal origin. In order to illustrate how careful 

onee should be in drawing conclusions from cytogenetic and/or molecular cytogenetic 

investigations,, the results of the various tests and the consequent conclusions are discussed in 

theirr successive order. 

Thee prenatal results and the normal outcome in lymphocytes, combined with the results of the 

DNAA investigations (maternal UPD), seemed to suggest that for this particular patient the 

growthh retardation and clinical features might have been caused by the presence of trisomy 22 

inn the placenta, or by UPD for chromosome 22, or by a combination of both. Kalousek and 

Dil ll  (1983) reported on an infant with IUGR and mosaic trisomy 22 confined to the placenta, 

suggestingg a correlation between CPM and IUGR. Supporting this view, Stioui et al. (1989) 

describedd in more detail a similar case, with full trisomy 22 present in the placenta after birth at 

fourr sampled sites. In our case, although a 47,XX,+22 karyotype was found prenatally at CVS, 

onlyy one out of 14 placental biopsies showed a trisomy 22 to be present in 20 per cent of the 
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cells.. Clinical examinations of our patient were highly suggestive of a (mosaic) trisomy 22, so 

wee felt it necessary to investigate additional tissue(s). Moreover, Palmer et al. (1980), Kirkels et 

al.. (1980), and more recently Schinzel et al. (1994) concluded that transmission of a t(22q;22q) 

resultingg in UPD of maternal origin seemed to have no adverse impact on the phenotype. 

Fibroblastss of the patient's skin tissue gave proof of the presence of a trisomy 22 cell line in 

additionn to a normal cell line. 

Wee compared the clinical data with the abnormalities as described for (mosaic) trisomy 22 

(Tablee I): cases of mosaic trisomy 22 as described by Pagon et al. (1979) and Schinzel (1981), 

andd cases of possibly full trisomy 22 as reviewed by Fahmi et al. (1994). In their report, Fahmi 

ett al. gave the frequency of various features in 27 patients with trisomy 22. To the figures we 

addedd the case men tioned in their report, resulting in a slight change of some frequencies. It 

seemss justified to conclude that the clinical findings in the case presented here are caused by 

thee presence of the trisomic cells, rather than by UPD of maternal origin. 

Thee aberrant cell line found at CVS proved to be present as a mosaic in the placenta, as well as 

inn amniocytes and fibroblasts. In lymphocytes only a diploid cell line could be detected, 

showingg heterodisomy of maternal origin for at least two markers. Three other markers were 

nott informative but do not contradict the concept of maternal heterodisomy either. Therefore 

wee think that the most obvious scenario in this case is to assume a trisomic conceptus, 

followedd by the loss of one of the three chromosomes 22. We think that this case might be an 

examplee of "trisomic rescue", which might also be a possible explanation for the three cases 

describedd by Palmer et al. (1980), Kirkels et al. (1980), and Schinzel et al. (1994) in which only 

lymphocytess were investigated. In the patient presented here, loss of one of the chromosomes 

222 must have occurred post-zygotically, but at such an early stage that mosaicism could be 

foundd in the embryo as well as in extraembryonic tissues, resulting in generalized mosaicism. 

I tt is worth noting that we were directed by the results of the prenatal investigations towards a 

searchh for the possible presence of UPD or trisomy 22. Otherwise a correct diagnosis for this 

patientt would have been unlikely. 

Inn cases of unexplained IUGR or an extremely low birth weight, particularly in combination 

withh dysmorphic features, it is advisable to (also) investigate extraembryonic tissue, for this 

mayy show the way in making a definitive diagnosis. 
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Trisom yy 8 in chorioni c villi — 

unpredictabl ee result s in follow-u p 
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M.. A. Nieste-Otter2, B. van Nesselrooij1, B. Kapitein2, 

G.. C. M. L. Christiaens3 and N. J. Leschot2 

11 Clinical Genetics Centre, Utrecht, The Netherlands; 

departmentt of Clinical Genetics, Academic Medical Centre, 

Universityy of Amsterdam, The Netherlands 

departmentt of Obstetrics and Gynaecology, University 

Hospitall Utrecht, The Netherlands 

PrenatPrenat Diagn, 20, 435-437 (2000) 

Severall  surveys in prenatal diagnosis mention the finding of a (mosaic) trisomy 8 (Wang et al., 

1994;; Hsu et al., 1997); only a small number of reports give more or less detailed results of 

prenatall  tests and follow-up (Table la) and clinical findings (Table lb). These features range 

fromm no defects at all (Camurri et al., 1988) to newborns with multiple anomalies (Schneider et 

al.,, 1994; Guichet et al., 1995). In all cases, except one (Schneider et al., 1994), trisomy 8 was 

seenn pre and postnatally. Also, in the live-born population, a considerable clinical variability of 

thee trisomy 8 syndrome is well known. Apparendy healthy (mosaic) trisomy 8 cases are 

describedd as well as patients with severe malformations, with no relation found to the degree 

off  mosaicism (James and Jacobs, 1996). 

Wee present a patient with trisomy 8 (94,XXYY,+8,+8[l]/47,XY,+8[16]) in trophoblast cells. 

Transabdominall  chorionic villus sampling (CVS) was performed in the 11th week of pregnancy 

off  a 36-year-old woman (G4P2AS1) because of advanced maternal age. At 15.6 weeks of 

pregnancyy a normal male karyotype (46,XY) was seen in cultured amniocytes (40 colonies). No 

ultrasoundd abnormalities were seen. Trisomy 8 (mosaicism) may well be associated with a 

chromosomallyy normal pregnancy outcome (Leschot et al., 1996). However, even when the 

trisomicc cell line seems to be confined to the placenta (CPM), a low percentage of aneuploid 

cellss in the fetus can not be excluded. A normal outcome in amniotic fluid may thus provide a 

falsee sense of security. 

Thee parents were counselled about the possibility of CPM and the uncertain prognosis of a 

childd with mosaic trisomy 8 and decided to continue the pregnancy. The baby was born at 26.2 

weeks,, because of disrupted membranes, which might be due to an intrauterine infection. He 

diedd 30 min post-partum. His birthweight was 890 g (50th percentile) and clinical findings 

3.2 2 
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showedd a wide fontanel, broad nose bridge, micro/retrognathy, large low-set ears, and pectus 

excavatumm with widely spaced nipples. Obduction revealed hypoplastic lungs and malrotation 

off  the intestine, but no skeletal, renal or cardiac abnormalities (Table 1, case 9). 

Bothh parents had normal karyotypes. No mitoses were seen in cultured cord blood 

lymphocytes.. However, interphase fluorescence in situ hybridization (FISH) on these cells with 

aa chromosome 8 centromere-specific probe (pJM128; Donlon et al., 1987) showed two spots in 

96%% of the nuclei (n—200). Similar results were seen with a control probe (pUCt.77; Cooke 

andd Hindley, 1979). Cultured skin fibroblasts showed a 47,XY, + 8[2]/46,XY[30] karyotype. 

Interphasee FISH with the same set of probes on 10 placental biopsies showed a high presence 

off  trisomy 8 cells in all biopsies (84—96%). the percentage of diploid cells varied from 3— 

12%.. Only a few metaphases could be analysed in placenta cultures: one culture showed 

46,XY[2]]  and 47,XY,+8[1]/46,XY[1] was found in the other one. According to the 

classificationn by Pittalis et al. (1994), this is a case of generalized mosaicism. 

Previouss studies have shown that, in general, the viability of the fetus seems to correlate with 

thee origin of the trisomy. In the majority of cases of live-born trisomy 8 a somatic origin is 

reported,, suggesting that survival of trisomy 8 deriving from a meiotic error is less frequent. 

Jamess and Jacobs (1996) described four cases of spontaneous abortion, where the extra 

chromosomee was maternal-meiotic in origin, and four live-born trisomy 8 cases which 

probablyy resulted from mitotic gain of the extra chromosome. Hassold and Jacobs (1984) 

statedd that trisomy 8 resulting from a meiotic error only rarely survive to term: a meiotic origin 

off  trisomy often leads to a wider distribution of aberrant cells throughout fetal and exta-fetal 

tissues.tissues. Molecular investigations in our patient (Table 2) revealed the presence of both 

maternall  alleles at three different loci (two on the short arm and one on the long arm of 

chromosomee 8) indicating that the additional chromosome was maternal in origin. The other 

twoo loci showed reduction to homozygosity, suggesting that recombination had taken place at 

meiosiss I with two (or 2n) chiasmata present. In this case premature birth was assumed to be 

causedd by an intrauterine infection, rather than due to maternal-meiotic origin of trisomy 8. 

Thee parental origin of the chromosomes 8 in disomic cells revealed biparental inheritance. As 

yet,, there is no indication that chromosome 8 is subject to imprinting (Kotzot, 1999). This case 

showss the uncertainty in follow-up and prognosis of trisomy 8 detected at CVS. The normal 

resultss in amniocytes, lymphocytes and ultrasound suggested CPM. However, a mosaic trisomy 

88 was found in fibroblasts. Only some facial dysmorphisms were seen after birth, but no 

skeletal,, renal, or cardiac anomalies. Any case of (mosaic) trisomy 8 detected in CVS is 

associatedd with a risk of mosaicism in the fetus,even when amniocentesis or ultrasound 

scanningg fail to detect any abnormalities, which complicates counselling. 
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Tablee 1. Cytogenetic (A) and clinical findings (B) in 9 cases with (mosaic) trisomy 8, in which both 
prenatall and postnatal cytogenetic results are known, compared with the present case (case 9) 

(A)) Cytogenetic s 

Cases s 

%% of trisomy 8 1 2 3 4 5 6a 6b 7 8 9 

CVS-STC C 
CVS-LTC C 
Amniocentesis s 

Fetall blood 
Lymphocytes s 

Fibroblasts s 

Placenta a 

25 5 

0 0 

30 0 

0 0 

4 4 

0.3 3 
0.7 7 

0 0 

0 0 
81 1 
0 0 

3 3 

0 0 

60 0 

25 5 

0 0 
66 6 
7 7 

24 4 

82 2 

0 0 
4a a 

50 0 

3 3 
o b b 

50 0 

0 0 
62 2 
0 0 

5 5 
0.7C C 

0/0/100d d 

0 0 
100 100 
47e e 

0 0 

13.3 3 
8f f 

10-25f f 

100 100 

0 0 

o f f 

6 6 

84-96f f 

gCVS-STC:: chorionic villus sampling, short-term culture; CVS-LTC: chorionic villus sampling, long-term culture. 
Amnioticc fluid reanalysed. 
Secondd sample of amniotic fluid. 

.. 5% after birth, 0.7% at the age of 5 months. 
Percentagess in 3 different placental biopsies. 
Twoo samples of the amniotic membrane showed 0% and 80% trisomy 8 respectively. 

,, Fetal urine sample. 
FISHH results. 

(B)) Clinica l finding s 

Cases s 

6aa 6b 

—— + 

Mentall retardation 
Skeletall anomalies 
Dysm.. facies 
Viscerall malformation — — + + — + 
Palmar/plantarr furrows — — + + 
Live-bornn TOP + + + TOP + + + TOP 
Agee of examination 3yrs 2 1/2yrs Newborn 21/2yrs 

TOP:: termination of pregnancy, in case 1 and 8 at 20 weeks; in case 5 at 18 weeks. 
Immaturee delivery, the child died shortly after birth. 

6a:: Amniotic fluid AFP was elevated: the infant was bom with a lumbosacral meningomyelocele, ventriculomegaly, VSD 
andd ASD. 

6b:: No clinical information is available on this child. 

CaseCase numbers and references 
1,, Swisshelm et al. (1981); 2, Camum' et al. (1988 and 1991); 3, Klein et al. (1994); 4, Schneider et al. (1994); 
5,, Guichet et al. (1995); 6, Hanna et al. (1995); 7, Miller et al. (1997); 8, Webb et al. (1998); and 9, Present patient. 
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Tablee 2. Results of the PCR analyses of ftve microsatellite loci in the proband, his parents and 
placentall tissue. All allele constellations of chromosome 8 are informative. 

Locus s 

D8S201 1 
D8S87 7 
D8S166 6 
D8G146 6 
MYC C 

Probe e 

MFD199 9 
MFD39 9 
MFDI59 9 
MFD104 4 
MYC C 

Location n 

8p p 
8p12 2 
8q11—q12 2 
8q12—q22 2 
8q24 4 

Child d 

4 1 1 
2 3 3 
3 4 4 
1 2 2 
11 3 

Father r 

2 4 4 
2 2 2 
2 3 3 
11 1 
2 1 1 

Mother r 

3 1 1 
11 3 
11 4 
3 2 2 
4 3 3 

Placenta a 

4 1 3 3 
2 3 1 1 
33 4a 

11 2a 

11 3 4 

11 Reduction to homozygosity, increased dosage of the maternal allele has not been determined. 
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