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Generall introduction 





1.11 Conventional cytogenetics 

Thee term "cytogenetics", a combination of cytology and genetics, was first introduced by 

Suttonn in 1903. Only few studies on human cytogenetics were published until the fifties, and 

accuratee studies on human chromosomes became only possible after several technical 

developments.. Taking advantage of improvements in cell culturing and chromosome 

spreading,, Tjio and Levan (1956) were able to demonstrate that the human diploid 

chromosomee number is 46. Purely on morphological criteria the 23 chromosome pairs could 

bee classified in seven groups (A-G), as originally suggested by Patau (1960). A system for 

nomenclature,, using this classification, was proposed at what became known as the "Denver 

Conferencee of 1960" and was officially sanctioned by the "London Conference" in 1963 

(ISCN,, 1995). In 1959 the first aberration was reported: Lejeune et al. (1959) discovered an 

extraa chromosome (belonging to the G-group) to be present in patients with Down syndrome. 

Thiss was soon followed by the description of a number of syndromes involving the sex 

chromosomes.. In 1960 two more autosomal trisomies were reported. Patau et al. (1960) 

describedd a trisomy with an extra D-group chromosome, while Edwards et al. (1960) described 

aa patient with a trisomy for an E-group chromosome. 

AA major advance was the observation of Caspersson et al. (1968) of a kind of banding pattern, 

whenn staining plant chromosomes with fluorescent quinacrine compounds. This resulted in 

twoo articles by Caspersson et al. (1970% 1971) in which it was shown that such a staining 

producedd consistent fluorescent banding patterns (Q-bands) along each human chromosome. 

Thiss unique banding pattern made possible the identification of all human chromosomes. 

Otherr banding techniques soon followed, utilizing either fluorescent dyes or the Giemsa stain 

resultingg in G-bands (Drets and Shaw, 1971). A basic system for designating not only 

individuall  chromosomes, but also chromosome regions and bands was proposed in a report of 

thee "Paris Conference" of 1971. With revisions during the years this system has become a 

widelyy accepted nomenclature for human chromosomes (ISCN, 1995). By using this banding 

phenomenon,, Patau syndrome proved to be a trisomy 13 and Edwards syndrome was seen to 

bee a trisomy 18. With this technique of differential staining one could distinguish chromosome 

211 from the other G-group chromosome (chromosome 22) and recognise different segments 

onn chromosome 21. Caspersson et al. (1970b) formulated the following: "this implies that the 

geneticc material, which in triplicate gives Down's syndrome, is on the distal part on the long 

armm of chromosome 21". In this way, many more chromosomal abnormalities and syndromes 

couldd be identified. 

1.22 Fluorescence in situ hybridizatio n 

Inn situ hybridization (ISH) was a true impulse for the further development of cytogenetics. In 

thiss technique cytogenetics and molecular biology merged. In conventional cytogenetics one is 

lookingg at bands, which may contain numerous genes. Nowadays, it is assumed that the human 

genomee consists of approximately 30,000 genes (International Human Genome Sequencing 

Consortium,, 2001). When one can distinguish a thousand bands in a karyogram, it means that 
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onn the average each band consists of some 30 genes. Routinely 300-550 bands can be 

visualized,, so, actually karyotyping is a very crude method to establish possible genetic 

anomalies.. In molecular cytogenetics using in situ hybridization we can detect single genes. The 

mainn principle of the in situ hybridization technique, in short, is denaturation to make target-

DNAA as well as (labelled chromosome specific) probe-DNA single-stranded, followed by 

hybridizationn of probe-DNA to target-DNA. The target-DNA can consist of DNA fragments, 

nucleii  or metaphases. 

Inn situ hybridization was introduced in 1969 by Gall and Pardue (1969), at that time with 

radioactivee detection (radiolabelled in situ hybridization, RISH). Application of in situ 

hybridizationn in clinical genetics, however, became simpler and more practical with the 

introductionn of fluorescent dyes, called fluorescence in situ hybridization or FISH (Cremer et 

al.,, 1986; Hopman et al., 1986). Compared to RISH methods fluorescent detection of 

hybridizationn sites has advantages in resolution, contrast, speed and safety. 

Inn short the FISH technique implies the following: 

1.. Material (tissues, cells, and chromosomes) is fixed. 

2.. Treatment (heat / formamide) to denature the DNA in order to make it single-stranded 

(targett DNA) 

3.. Hybridization with probe DNA (single-stranded) tagged with a hapten (eg. biotin or 

digoxigenin)) or directly labelled with a fluorochrome. 

4.. In case of a hapten this is bound to an antibody tagged with a fluorescent dye. 

5.. Visualization with fluorescence microscopy. 

Besidess DNA as a target, also RNA or gene expression may be depicted. FISH thus soon 

becamee a valuable additional tool in cytogenetic laboratories with a number of applications: 

InIn metaphases: 

FISHH can be used to clarify translocations (fine-detection of breakpoints), to detect 

deletionss and to solve the origin of marker chromosomes. Sometimes even duplications 

cann be visualized. 

InIn interphases: 

FISHH can be used for detection of numerical aberrations. The possibility of studying 

interphasess is a major advantage in cases where no metaphases are available or when 

analysiss of large numbers of cells is required for a reliable result. The reporting time may 

bee shortened for there is no need to culture. 

Threee categories of probes can be distinguished (Blancato, 1999): 

1.. Satellite sequence probes. Satellite sequences are polymorphic repetitive DNA sequences 

thatt are present in the genome, but do not code for gene products. Alpha-satellite DNA is 

foundd in centromeric or peri-centromeric regions of human chromosomes. Due to 

variationss in these regions most chromosomes can be distinguished individually, which is 

usefull  to determine the ploidy of chromosomes in metaphases as well as in interphases. 

Thesee probes require a short hybridization and usually generate strong signals. Certain 

chromosomess show homology in their centromeric region and cannot be individually 
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discriminatedd (chromosomes 13 and 21, and chromosomes 14 and 22). At the end of both 

armss of all chromosomes telomeric repeats can be found. Repeat sequence probes for 

thosee regions can also be used for ploidy determination. 

2.. Whole chromosome painting probes. Each painting probe is composed of a mixture of 

manyy probes (unique and repetitive sequences) along an entire chromosome or a 

chromosomee arm. These probes are mainly suitable for metaphases and can be well used 

forr the detection of translocations and insertions, and for some deletions and duplications. 

Theyy can well be used to determine the chromosome composition of a marker 

chromosomee and to analyse complex rearrangements. 

3.. Unique sequence probes. These probes can identify specific targets, unique sequences that 

aree not repeated in the genome and may code for genes. They are especially suitable to be 

appliedd on metaphases for analysis of deletions and breakpoints in translocations. Most 

currentlyy used probes are aimed at identification of microdeletions. The signal may be too 

smalll  for detection in interphase nuclei. Also the so called "subtelomeric probes" belong 

too this group. They are unique sequence probes, hybridizing on the gene rich subtelomeric 

region.. These probes are suitable for establishing deletions in these areas or for detecting 

crypticc translocations. 

1.33 Prenatal diagnosis 

1.3.11 Amniocentesis 

Inn the late sixties Steele and Breg (1966) demonstrated that amniocytes could be cultured 

successfullyy and if sufficient mitoses were available, these could be used to determine the 

karyotypee of the fetus. So, one would be able to detect chromosomal disorders prenatally 

(numericall  as well as structural), which would make it possible for women/couples to decide 

onn termination of an affected pregnancy. Second trimester amniocentesis was the first prenatal 

diagnosticc test to be introduced in order to establish the fetal karyotype. 

Prenatall  diagnosis in the Netherlands is routinely offered to women on strict indications only. 

Thee largest indication group is the group of women opting for a prenatal test because of 

advancedd maternal age (over 35 years). Around 85% of the total number of samples examined 

att our laboratory belong to this category. The reason for offering amniocentesis to these 

women,, is mainly because the risk of bearing a child with a numerical chromosomal disorder 

increasess with elevated maternal age. Maternal meiotic errors predominate in this indication 

groupp (Nicolaides et al., 1998; Robinson et al., 1999). With elevated maternal age the number 

off  failures during cell divisions, prior to the formation of gametes, rises. The orderly 

segregationn of daughter chromosomes during meiosis I or of sister chromatids during meiosis 

I II  may fail. Such errors in meiosis (non-disjunction) result in gametes that contain abnormal 

numberss of chromosomes and, following fertilization, produce aneuploid conceptuses. Gain of 

aa chromosome leads to a trisomy, whereas loss of a chromosome leads to a monosomy. 

Althoughh advanced maternal age is a well documented risk factor for maternal-meiotic non-

disjunction,, there still is a surprising lack of understanding of the mechanisms behind the 
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maternall  age effect (Nicolaides et al., 1998). So far, it has been demonstrated that aneuploidy in 

embryoss generated in vitro, increases notably with maternal age (Munné et al., 1995; Dailey et 

al.,, 1996). 

Thee best-known and most frequent chromosomal disorder is Down syndrome (trisomy 21), 

whichh occurs in about 1.2 per 1000 live births (Goujard, 1988; Hook, 1992). Recent figures for 

thee Netherlands show an expected prevalence at birth for children with Down syndrome of 

1:518,, based on the age distribution of the population in 1999 (Health Council of the 

Netherlands,, 2001). Other numerical aberrations, such as trisomy 13 (Patau syndrome) and 

trisomyy 18 (Edwards syndrome) are observed less frequently. These syndromes are less 

compatiblee with life. Many of these trisomies end in a spontaneous abortion or late fetal death, 

andd of the liveborns many die within their first hours or days of life. Patau syndrome is 

calculatedd to occur in 1:12,000/12,500 (Hook, 1980; 1992) to 1:29,000 (Goldstein and Nielsen, 

1988)) live births, respectively. Incidental cases of longer survival, up to 19 years, have been 

reportedd (Singh, 1990; Zoll et al., 1993). Edwards syndrome is the second most common 

autosomall  trisomy seen in 1:7,000 newborns (Nielsen and Sillesen, 1975; Goldstein and 

Nielsenn 1988; Hook, 1992). Here, too, a few patients with somewhat longer survival have been 

reportedd (Carter et al., 1985; Mehta et al., 1986). In trisomy 13 or 18 patients with prolonged 

survival,, especially when some of the typical symptoms of these syndromes are missing, one 

mightt suspect mosaicism. Chromosomal mosaicism is characterized by the presence of two or 

moree karyotypically different cell lines within one individual. Mosaicism for trisomy 18 was 

illustratedd by a study of Bass et al. (1982): in a 19-year old male, non-mosaic trisomy 18 was 

seenn in blood and skin fibroblast at different ages; skin fibroblasts from a new biopsy at the 

agee of 18, only revealed normal 46,XY cells. Numerical aberrations of the sex chromosomes 

aree also frequently seen (1:500; Hook, 1992), but usually no mental retardation is observed in 

thesee patients. Advanced maternal age is not associated with an increased incidence of Turner 

syndromee (45,X). In Klinefelter syndrome (47, XXY ) approximately 50% of the additional X 

chromosomess come from the mother and advanced maternal age is associated with 47VXXY , 

butt to a lesser degree than in autosomal aneuploidy. In case of 47,XYY the extra Y 

chromosomee is paternally derived in all cases. In case of triple X (47,XXX), the extra X 

chromosomee is maternally derived in over 90% of the cases and advanced maternal age is a 

factorr in meiosis I, but not in meiosis II (Robinson et al., 1998). 

Amniocentesiss and the analysis of cultured amniocytes, proved to be a relatively safe, reliable 

andd accurate tool for prenatal diagnosis, for numerical as well as structural aberrations. 

Culturedd amniocytes can also be used for biochemical and molecular tests. Large studies report 

aa 0.5% risk of abortion by this procedure (NICHD study group, 1976; Simpson et al., 1976; 

Workingg Party on amniocentesis, 1978; Leschot et a l, 1985; Elias et al., 1986). The accuracy of 

fetall  karyotyping is high, possible discrepancies are mainly found among mosaic cases, where 

twoo or more different cell lines can be discriminated within one individual. The overall 

incidencee of mosaicism reported among approximately 60,000 cases was 0.25 per cent (Hsu 

andd Perlis, 1984). Single cell abnormalities are rarely an indication of true fetal mosaicism. 

Mosaicismm involving multiple cells in more than one culture should be considered as a strong 

indicationn of true fetal mosaicism (Worton et al., 1984). 
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Amniocentesiss nowadays is performed under ultrasound guidance, usually at 15-16 weeks of 

gestation,, and about 15-20 ml. of amniotic fluid is aspirated. This is approximately 12.5% of 

thee total volume of amniotic fluid at the time (Finegan, 1984). Cells are cultured and different 

coloniess from different cultures can be analysed (in situ or colony method) so also mosaicism 

cann be detected. Also when the flask method is used and colonies can not be analysed 

individually,, discriminating between true mosaicism and false-positives is possible, if adequate 

numberss of cells are analysed (Worton et al., 1984). 

AA disadvantage of amniocentesis is the fact that it is not performed before approximately 14 

weekss of pregnancy. The relatively long waiting time before the outcome of the test is known, 

iss another disadvantage. This is mainly due to the fact that cells have to be cultured, which 

usuallyy takes 7-10 days; so the final result is known 2-3 weeks after the sample has been taken. 

Whenn a couple is confronted with an adverse outcome, they may decide on termination of 

pregnancyy (TOP). At midtrimester, TOP wil l be performed by means of induced abortion. 

1.3.22 Chorionic villus sampling 

Ann additional prenatal test became available in the seventies. A method described by Mohr 

(1968)) to use chorionic vill i for chromosomal analysis of the fetus was refined and improved 

byy other groups. Results from a Chinese group (Tietung Hospital, 1975) showed that chorionic 

vill ii  could be aspirated in the first trimester of pregnancy and that this tissue could be used for 

fetall  sex prediction. The sample was taken transcervically. A metal canula was used, with an 

innerr fine suction tube connected to a syringe. A major breakthrough was made by Simoni et 

al.. (1983) who introduced the so-called "direct method" for cytogenetic analysis, in 

combinationn with transcervical chorionic villus sampling. Cytotrophoblast cells yielded 

relativelyy high proportions of mitoses, which could be used directly for chromosome analysis. 

Thee method implies a one-hour incubation in colcemid, followed by a short hypotonic 

treatmentt after which the cells are fixed in methanol/acetic acid (3:1). Trophoblast cells are 

releasedd from the villus core by using 60% acetic acid. The released cells (in interphase or 

metaphasee stage) can be spread on slides. The advantages of chorionic villus sampling (CVS) 

aree obvious: an early (first trimester) prenatal test, of which the results can be known within a 

feww days time. In the Netherlands the center for prenatal diagnosis in Rotterdam was the first 

too offer CVS in 1984 (Galjaard, 1985; Sachs et al., 1985), two other centers soon followed and 

CVSS became a frequendy used procedure. A chorionic villus sample is taken transcervically or 

transabdominal̂̂  under ultrasound guidance at 11-13 weeks of gestation. The amount of vill i 

takenn at first trimester sampling is about 10 mg-50 mg out of a total amount of 20 grams of 

vill ii  at this stage of pregnancy. 

Short-termShort-term culture 

Thee direct method for the chromosomal analysis of chorionic vill i was modified by Gibas et al. 

(1987),, and this improved method became known as the semi-direct method or short-term 

culturee (STC). The main modifications were a 24h incubation in fluorodeoxyuridine, the block 

inn DNA synthesis was subsequendy released using thymidine, and the mitotic cells were 
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arrestedd in metaphases using a high concentration of colcemid. Synchronization is thus 

reached,, resulting in a higher yield of metaphases and an improvement of the morphology of 

thee chromosome preparations. Combined with a different G-banding method this also led to a 

betterr quality' of banding. 

Patientss undergoing CVS are informed about the test results within 7-10 days after sampling, 

whichh will usually be around the 12-13rh weeks of gestation. In case of an abnormal laboratory 

resultt they may choose for termination of pregnancy (TOP). In this stage of pregnancy this can 

usuallyy be done safely by dilatation and vacuum curettage. 

Thee main concern at first, with respect to prenatal diagnosis of chorionic villi , was the safety of 

thee sampling procedure. All initial reports about CVS studied the procedure-related risk of an 

abortionn (Rhoads et al., 1989; Crane et al., 1988b; MRC Working Party on CVS, 1991). 

Differentt sampling procedures (transcervical versus transabdominal) were compared with 

relationn to the risk of an abortion (Brambati et al., 1991). Both techniques proved to be equally 

safee and effective. 

l^ong-terml^ong-term culture 

Kullanderr and Sandahl (1973) were the first to culture mesenchymal cells of villi . They came 

acrosss various problems in these so-called long-term cultures (LTC): growth failure, a low 

mitoticc index and contamination of the cultures by cells of maternal origin (which is extremely 

raree in short-term cultures). In a study by Williams et al. (1987) maternal cell contamination 

(MCC)) was seen in 13.1% of the long-term cultures in a group of 45 patients. MCC was 

especiallyy observed after prolonged cultivation time (24.2 + / - 6.8 days) compared with non-

contaminatedd cultures (14.1 + /- 4.4 days) and proved to be a major problem in chorionic villus 

cultures.. It may lead to incorrect sex determination (Hogge et al, 1985; Canadian collaborative 

CVS-Amniocentesiss Clinical Trial Group, 1989) and potentially to false-negative diagnoses. 

1.44 Development of the placenta durin g early pregnancy 

1.4.11 Normal development 

Inn the various prenatal tests used for chromosomal analysis of the fetus (amniocentesis, CVS-

STCC and CVS-LTC), different cells are analyzed. Knowledge of the origin of these cells and 

thee way they relate to true fetal cells is important for interpretation of the prenatal findings, 

especiallyy in case of abnormal findings. Description of normal early human development can 

bee found in many textbooks (Kaufmann, 1981; Moore, 1988; Drews, 1995), but nowadays 

numerouss websites with pictures, drawings, histological slides and video's also elucidate this 

processs (e.g. http://anatomy.med.unsw.edu/cbl/embryo; University of New South Wales, 

Sydney,, Australia). 

Inn Figure 1 a schematic model is shown of the different cell lineages in early human 

development:: different cell lineages, which are analyzed with the various prenatal tests, are 

indicated.. With reference to these books and website, early human development, with 
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emphasiss on the development of the placenta, can be described in the following steps (also 

depictedd in Fig. 1): 

11 Three days after fertilization the morula (16 cells) has developed. Additional cell 

divisionss produce the blastocyst (four to six days). By the time implantation starts, the 

blastocystt consists of 50-100 cells. It consists of an Inner Cell Mass (ICM), and a 

trophoblastt outer layer, which surrounds the blastocyst cavity. 

22 After seven to eight days of development the embryonic disc is apparent, which is 

composedd of two layers: die epiblast and the hypoblast. The hypoblast will give rise to 

thee formation of the yolk sac, whereas cells from the epiblast wil l develop into the 

embryoo and into amniotic ectoderm. 

33 Between 7-12 days after ovulation the blastocyst wil l become completely embedded in the 

endometrium.. Trophoblast cells wil l fuse and form the syncytiotrophoblast or 

syncytium.. Non-fusing trophoblast cells wil l grow into this syncytiotrophoblast layer. 

Labyrinthinee cavities (lacunae) appear in the syncytium. These first three steps are also 

shownn in Fig. 2. 

44 About 13 days after fertilization the cytotrophoblast is invaded by stromal cells originating 

fromm the extraembryonal mesoderm. From this stage on, new placental tissue is formed 

byy proliferation and branching of the villous tree. 

55 At first, chorionic vill i surround the gestational sac completely. From the sixth gestational 

weekk onwards (i.e. four weeks after fertilization) the evenly distribution of vill i 

disappearss and vill i opposite the site of implantation start to degenerate. The vill i at the 

implantationn site rapidly proliferate invading the maternal stroma. 

66 In the 9th week of gestation the vill i form a layer of 1-1.5cm in thickness, the so-called 

chorionn frondosum. From this layer chorionic villus samples are taken of pregnancies 

off  over 10 weeks of gestation. At 12 weeks vill i are solely found at the implantation site. 

77 Between the sixth and 16th week of gestation the trophoblastic layer consists of a 

monolayerr of syncytiotrophoblast and a monolayer of cytotrophoblast. A basement 

membranee separates the stromal tissue from the cytotrophoblast (Gerbie et al., 1968). 

88 After the 16th week the cytotrophoblast layer largely disappears, syncytiotrophoblast 

flattenss and villous vessels line the basement membrane, to facilitate transport between 

thee intervillous maternal component and the intravillous fetal component. 

99 At three months septa are formed to divide the placenta in units. Around the 18th week of 

pregnancyy the definite architecture of the placenta has been attained. 

100 After approximately 40 weeks of pregnancy, the child and the placenta are born. After a 

shortt inspection (merely for completeness) the placenta usually gets thrown away. 

Normall  placental development is crucial for continued fetal growth and well being leading to 

thee birth of a healthy infant at term. Failure of placentation or disordered placentation may 

causee (serious) complications, ranging from miscarriage to pre-eclampsia and intrauterine 

growthh retardation (Kingdom, 1998). 
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Figur ee 1. Model of cell lineages in the human embryo, based on Crane and Cheung (1988 ); and 
Bianchii et al. (1993). Cell lineages used in various prenatal tests are indicated. 
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Figur ee 2. Schematic representation of early human development, based on Moore (1988). 
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1.4.22 Abnormal morphology of the placenta in relation to an abnormal karyotype 

Carrr (1967) was the first to describe a relationship between abnormal chromosomal 

constitutionn and abnormal development of the fetoplacental unit. Infants born with autosomal 

trisomies,, generally, have lower birth weights than those with a normal chromosome number 

(Linnn and Evans, 1984). Various abnormal morphological features have been described for 

placentass with an abnormal karyotype. This may range from changes in chorionic villus size to 

decreasee in number of bloodvessels. Also alterations in the outline of vill i and many other 

histologicall  variations have been reported (Honoré et al., 1976; Röckelein et al., 1989; Göcke et 

al.,, 1985; Minguillon et al., 1989; Rochelson et al., 1990; Salafia et al., 1993). Many of these 

featuress have been claimed to be associated with abnormal karyotype, but many placental and 

deciduall  histological findings can be seen in both chromosomally normal and abnormal 

pregnancyy losses. The predictive value of chorionic villus histology seems to be inadequate 

(Minguillonn et al., 1989, van Lijnschoten et al., 1993). A number of these features only turned 

outt to be predictive of a triploid karyotype. Placental abnormalities might conceivably 

contributee to poor growth in trisomic fetuses, but there has been littl e experimental study 

regardingg this question, especially in humans. 

I tt has been shown in recent studies of mouse mutants, that embryonic lethality associated with 

manyy targeted mutations, involved placental defects (Rossant and Cross, 2001). Mouse 

mutantss have been described for which the mutated genes affected trophoblast and placental 

development.. At present we have candidate regulatory genes for many of the main phases of 

placentall  development. Since the placenta is the first organ to form during mammalian 

embryogenesis,, problems in formation and function may well cause early pregnancy loss and 

laterr complications in human pregnancy. Data that are provided by studies of mouse 

trophoblastt development may be helpful in the understanding of human placental function. 

1.55 Chorioni c villu s sampling and placental mosaicism 

1.5.11 Confined placental mosaicism 

Ass shown in section 1.4 above, cytotrophoblast cells and mesenchymal cells have different 

embryogenicc progenitor cells (Crane and Cheung, 1988% Bianchi et al., 1993). The fact that 

differentt cell lineages are investigated using short-term culture and long-term culture has been 

affirmedd by expression studies. In a report by Haigh et al. (1999) cytoskeletal markers were 

usedd for the identification of cell strains in first trimester placenta. Cultured mesenchymal cells 

expressedd vimentin and no cytokeratin 7, whereas in trophoblast cells the reverse situation was 

found. . 

Alreadyy in 1983 Kalousek and Dil l (1983) made an important observation. They demonstrated 

thatt an aberrant cell line could be confined to extra-embryonic tissues (confined placental 

mosaicism,, CPM). They investigated term placentas of children with unexplained intrauterine 

growthh retardation (IUGR) and found two cases of trisomy (trisomy 22 and trisomy X). A 
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normall  diploid karyotype was seen in cultured tissue of amnion and cord blood in both cases 

andd in the trisomy 22 case, cultures of skin tissue also showed a normal karyotype. 

Cranee and Cheung (1988a) showed a schematic representation of the first five cell divisions 

afterr fertilization leading to a total of 32 cells, of which only two to three cells wil l give rise to 

thee formation of the embryo (Figure 3). All other cells are responsible for the formation of the 

trophoblastt and extraembryonic tissues. This clearly illustrates that possible failure (non-

disjunction)) in early cell division may lead to an abnormal cell line in a specific cell lineage. For 

example:: a division error in the trophoblast may lead to an abnormal cell line in the placenta, 

whilee the embryonic precursor cells, from which the embryo will develop, may well be 

unaffected.. Yet another example: meiotic non-disjunction may lead to a trisomic fertilized egg, 

subsequentt mitotic non-disjunction in the trophoblast may lead to a normal diploid cell lineage 

inn the placenta, while the embryo still is trisomic. These examples explain that both false-

positivee and false-negative findings may occur in prenatal tests using placental tissue. By false-

positivee is meant that an individual who is free from the given condition is erroneously 

classifiedd as abnormal, whereas in case of a false-negative an affected individual is erroneously 

classifiedd as normal. 

Figur ee 3. Representation of the first five divisions in a human embryo after fertilization, according to 
Cranee and Cheung (1988a). In the 32-cell stage the various cells destined to form different cell lineages 
aree indicated, note that just two cells are destined to develop into the embryo. 

Celll No. of 
divisionn cells 

QQ Undifferentiated £2 Trophoblast £3 Extraembryonic Structures | Embryo 
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Inn the eighties and nineties, many groups (Simoni et al., 1985; Bartels et al., 1986; Schulze et al., 

1986;; Verjaal et al., 1987; Leschot et al., 1987, 1989; Breed et al, 1990; Sachs et al., 1990; 

Simonii  et al., 1987; Breed, 1992; Pittalis et al., 1994; Wang et al., 1994; Leschot et al., 1996; Los 

ett al., 1998) reported on false-positive findings in first-trimester CVS, due to CPM. Many of 

thesee results, combined with new cases, were also mentioned in collaborative studies 

(Mikkelsen,, 1985; Vejerslev and Mikkelsen, 1989; MRC Working party, 1991; Ledbetter et al., 

1992;; Teshima et al., 1992; ACC Working party, 1994; Wolstenholme et al., 1994; Hahnemann 

andd Vejerslev, 1997). False-negative findings were also reported (Eichenbaum et al., 1986; 

Lintonn and Lilford, 1986; Martin et al., 1986), although these findings proved to be less 

frequentt than false-positives. 

CPMM can be categorized in three different types (Table 1), according to the tissue in which the 

aberrantt cell line is detected. (Kalousek, 1990; Kalousek et al., 1991; Kalousek et al., 1992; 

Kalousek,, 2000). 

Tabl ee 1 . Types of confined placental mosaicism in gestations with a diploid embryo/fetus 

Tissue e 

Cytotrophoblast t 
Mesenchymall core 
Embryonic/fetal l 

Typee I 

NN + A or A 
N N 
N N 

Typee II 

N N 
NN + A or A 
N N 

Typee III 

NN + A or A 
NN + A or A 
N N 

N,, Normal (diploidy); A, Abnormal (aneuploidy) 

Thee same types of confined placental mosaicism apply for an aneuploid embryo/fetus but in 

suchh cases aneuploidy/diploidy are reversed. Kalousek et al. (1989) reported thet a diploid cell 

linee was present in the cytotrophoblast in placentas of a total of 14 viable cases of trisomy 13 

andd 18. This normal cell line, in their view, "rescued"an otherwise lethal condition. As a 

consequence,, this also suggests that analysis of trophoblast cells in these trisomies is unreliable 

forr prenatal diagnosis. It is repeatedly suggested in various studies, that a normal diploid 

componentt of trophoblast might facilitate prolonged intrauterine survival in nonmosaic 

trisomyy 13 or 18 fetuses (Kennerknecht et al., 1990, 1993; Artan et al., 1995; Smith et al., 1999; 

Wallersteinn et al., 2000; Farra et al., 2000). The concept of rescue seemed a reasonable 

explanationn for survival of a specific group of trisomy 13 or 18 pregnancies. Still, it has only 

beenn (partly) confirmed in just one other study (Harrison et al., 1993), in which 12 placentas of 

trisomyy 18 cases were systematically analysed for the presence of a diploid cell line. 

Especiallyy in the early years of chorionic villus sampling, a number of pregnancies were 

terminatedd erroneously based on a false-positive finding with CVS. Later on, aberrant findings 

att CVS were much reason for concern, leading to difficult counseling and usually follow-up 

testingg (amniocentesis) was advised. In a recent report by Los et al. (1998) the authors even go 

ass far as to recommend CVS (analysing both STC and LTC) only to women with a relatively 

highh cytogenetic risk. In this group of women, with a cytogenetic risk of at least 3 per cent, 

whichh is the risk equal to or exceeding that of a 40-year-old pregnant woman, CVS is preferred 

overr amniocentesis. According to their data, only for these patients, the certainty rate and 

predictivee value of abnormal cytogenetic results are acceptable. Others (Sikkema-Raddatz et al., 
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2000)) state to have found no differences in predictive values for different indications and 

concludee that the positive predictive value does not depend on the indication, but on the 

cytogeneticc result. 

Nowadays,, in practice, 1-2% of the CVS test results require further examination before a 

definitee prenatal diagnosis can be made. At present, a normal outcome seen in the semi-direct 

methodd is considered to be highly reliable. The most common aneuploidy (trisomy 21) is also 

consideredd to be a reliable finding. In case of chromosomal mosaicism, or in case of the 

findingg of certain trisomies, follow-up investigations are indicated. In some cases of aneuploidy 

(e.g.. trisomy 13 or 18) ultrasound investigation might be the best choice to confirm the 

chromosomall  findings, by looking for structural abnormalities in the fetus. Still, this may only 

bee done reliably at 20 weeks of pregnancy. For many of these inconclusive cases, though, 

analysiss of amniocytes or karyotyping of fetal cells might be necessary. Finding of an 

inconclusivee result for which follow-up is necessary to conclude whether it is a discrepant or a 

truee finding, causes great concern to the patients involved. In case amniocentesis is performed 

patientss are confronted with an additional invasive test in the second trimester of pregnancy, 

andd a considerable long time-span between the initial prenatal test and the definite prenatal 

diagnosis. . 

1.5.22 Combining short-term culture and long-term culture 

Reportss of false-positive findings in cytotrophoblast cells using the direct method or the short-

termm culture, revived the attention for cell cultures. Because of improved culture media (Chang 

ett al, 1982), resulting in reduction of culture time and a reduction of MCC, as well as an 

increasee in number of mitoses, LTC became an attractive candidate for prenatal diagnosis. 

Combiningg the outcome of cultured cells with the results of the STC can be a solution to 

preventt misdiagnoses using either method. 

Applyingg both methods for each sample, however, is laborious and time-consuming; moreover 

itt considerably delays the reporting time. In quite a number of patients two methods can not 

bee performed, simply because of lack of material. A large U.K. collaborative study (Smith et al., 

1999)) reported the results on a total of 11,303 analysed chorionic vill i samples obtained from 

1990-1993.. In 70.2% of the samples both methods had been used, in 18.4% the outcome was 

basedd on the short-term culture alone and in 11.4% only cultured cells had been analysed. In a 

U.S.. collaborative study on CVS, with cytogenetic data on 11,473 samples these figures were 

32%% (both methods), 26% (STC only), and 42% (LTC only) (Ledbetter et al., 1992). So clearly, 

alll  three different approaches for analysis are being used, with a tendency nowadays towards 

usingg the combination of methods. Different approaches can also be observed in different 

centerss in The Netherlands. Since 1997 the center for Prenatal Diagnosis (PD) in Rotterdam 

combiness STC with LTC when at least 20 mg has been sampled and uses STC alone when less 

tissuee is available (van Opstal, 1998; van den Berg et al., 2000). In 84.9% of the reported 1838 

sampless both STC and LTC-vill i slides could be made. The frequency of MCC was low (0.4%). 

Anotherr center for PD in the Netherlands (Groningen), who formerly used the short-term 

culturee changed their policy based on the results of collaborative studies and a false-negative 
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findingfinding in their own laboratory (Sikkema-Raddatz et al., 1997). In 1994 they started using LTC 

only;; using both methods was considered impossible for economic reasons (Sikkema-Raddatz 

ett al., 2000). In their series of 1958 chorionic villus samples no increase in reporting time is 

seenn and a frequency of MCC of 3.6% is found. The percentage of maternal cells ranged from 

10%-70%,, in no case did this lead to incorrect sex prediction or misdiagnosis. They consider 

thee culture method reliable for prenatal diagnosis and state it can be used as a sole investigative 

method.. Our method of choice (Amsterdam, AMC) during the years has been the short-term 

culture.. When >20mg of vill i is obtained 15 mg is used for analysis (STC), the remaining tissue 

iss preserved (Hansson et al., 1995). In case of an ambiguous finding in STC, a culture is 

initiatedd and the LTC is also analysed. 

Maternall  cell contamination using the culture method, as well as possible false-positive or 

false-negativee results in the semi-direct method, are definitely disadvantages of first trimester 

CVS.. Also, the quality of chromosomes compared to those obtained after amniocentesis is 

somewhatt poorer. Still, first-trimester CVS, is a prenatal test that will provide a lot of patients 

withh a test result early in pregnancy. Many pregnant women profit from the fact that they are 

informedd of a normal outcome of the chromosome analysis of the fetus early in pregnancy. 

1.66 Uniparental disomy and genomic imprintin g 

I tt  has long been known that both paternal and maternal genes are required for normal 

developmentt of the placenta and the fetus. It was first shown in pronuclear transplantation 

experimentss in mice, that embryos containing two maternal pronuclei (gynogenetic) show poor 

placentall  development and relatively normal embryos, whereas embryos with two paternal sets 

off  chromosomes (androgenetic) had relatively normal placentas and extra-embryonic 

membranes,, but a poorly developed embryo (reviewed in Solter, 1988). This is in accordance 

withh findings in triploid conceptuses in humans. The parental origin of the additional 

chromosomee set has a major impact on the phenotype of the fetus. When the extra haploid set 

off  chromosomes is of maternal origin (digynic type), a small placenta is found and severe fetal 

intrauterinee growth retardation is recorded. With an extra paternal haploid set (diandric type) 

ann abnormally large and cystic placenta is seen and a relatively well-grown fetus. Triploidies of 

maternall  origin are seen more frequent than those of paternal origin (Sergi et al., 2000; Baumer 

ett al., 2000). Triploid conceptuses very rarely survive to term and when live-born, the infants 

generallyy die within the first hours after birth. As shown, there is a clear phenotypic difference 

forr patients with a triploidy of maternal origin, compared to triploidy of paternal origin. So, 

obviouslyy differences exist between maternally and paternally derived chromosomes. 

Normall  development of embryo and placenta require the presence of both a paternal and a 

maternall  set of chromosomes. Phenotypical differences may also occur when both copies of a 

particularr individual chromosome are derived from one parent and none from the other. When 

twoo copies of a chromosome are derived from the same parent this is called uniparental 

disomyy (UPD). Engel (1980) hypothesized on the existence of UPD in humans in 1980. After 

thee publication of the concept of UPD (Engel, 1980), five years later Cattanach and Kirk 

(1985)) published a study on mice in which they could confirm this viewpoint. Mice that were 

15 5 



ChapterChapter 1 

isodisomicc for specific regions in the genome, which means that a mirror duplication of a 

chromosomee arm or segment is present, often showed an aberrant phenotype. 

Theree are several mechanisms described which may lead to UPD, in all cases two errors 

(meioticc / mitotic) must take place. 

Fourr different ways of formation of UPD are given by Kotzot (1999): 

1.. Gamete complementation: a disomic gamete is fertilized by a nullisomic gamete (two 

meioticc errors), resulting in heterodisomy (two different chromosomes from the same 

parent). . 

2.. Mitotic duplication: a monosomic gamete is fertilized by a nullisomic gamete and 

afterwardss the monosomic chromosome is duplicated (one meiotic and one mitotic 

error),, resulting in isodisomy (two identical chromosomes derived from one parent). 

3.. Post fertilization error: normal fertilization with loss of a chromosome followed by 

duplicationn of the other homologue (two mitotic errors): isodisomy is seen as a result. 

4.. Trisomy rescue: a disomic gamete is fertilized by a monosomic gamete, followed by the 

losss of one of the trisomic chromosomes resulting in UPD in one-third of the cases (one 

meioticc error and one mitotic): heterodisomy. 

Thesee four are probably the most frequent mechanisms resulting in UPD. More complex 

mechanisms,, involving multiple mitotic or meiotic errors, may also exist. 

UPDD in humans was first ascertained due to the presence of an autosomal recessive disease 

(cysticc fibrosis) in a child whose mother carried the mutant gene, but whose father did not. 

Thee locus for cystic fibrosis is situated on the long arm of chromosome 7. The data strongly-

suggestedd that the child had received identical copies for at least the segment from the 

centromeree to q22 of chromosome 7 from the carrier mother and none from the father 

(Spencee et al., 1988). Besides cystic fibrosis, the patient also had a short stature, which might 

bee due to a second recessive genetic disorder on chromosome 7. Soon other reports followed, 

showingg association of UPD with specific syndromes. Nicholls et al. (1989) showed that 

Prader-Willii  syndrome was associated with maternal UPD 15, while Malcolm et al. (1990, 

1991)) reported a case of Angelman sydrome associated with paternal UPD 15. So maternal and 

paternall  UPD involving the same chromosome may lead to distinct and highly different 

disorders.. Henry et al. (1991, 1993) showed that paternal disomy for chromosome 11 is 

associatedd with the Beckwith-Wiedemann syndrome and yet another example is the finding of 

maternall  disomy for chromosome 7 in the Silver-Russell syndrome (Kotzot et al., 1995; Preece 

ett al., 1997). Since 1990 many more cases with maternal or paternal UPD of almost all 

chromosomess have been described (Kotzot, 1999). 

UPDD may go undetected, for it may have no clinical consequences. It may also have negative 

effects.. Firstly, it is more likely that homozygosity of a harmful recessive gene might appear, 

sincee only one parent need be a carrier of a particular harmful gene. This might result in 

intrauterinee death if it is a lethal recessive gene or lead to expression of autosomal recessive 

disorders,, with unpredictable phenotypic outcome (Spence et al., 1988; Voss et a l, 1989). 

Secondly,, it may also result in specific disorders as described above. 

Forr the autosomal chromosome pairs, as a rule, one of the chromosomes is of paternal origin 

andd the other one of maternal origin. This, of course, is different for the sex chromosomes. 
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Maless have only one copy of X linked genes, while in females one of the X-chromosomes is 

inactivatedd (silenced). It was shown in mouse studies that the paternal X-chromosome is 

preferentiallyy inactivated in the extraembryonic cell lineages (Takagi and Sasaki, 1975). The X-

inactivationn in the embryo itself is random and starts much later. Either the maternal or the 

paternall  X chromosome wil l become inactivated and daughter cells wil l show the same 

inactivationn pattern. Ropers et al. (1978) and Harrison et al. (1989) in their studies give 

evidencee that the X inactivation in humans is similar to that in mice. Inactivation of a gene 

dependingg on the parent-of-origin is called genomic (or parental) imprinting. DNA-

methylationn is involved in silencing of genes, but is it not yet clear in what way the primary 

imprintt of a gene is established. During mitosis the imprint remains intact, but during 

gametogenesiss an imprint must be "erased", so it can be remethylated according to the parental 

genderr (Constancia et al., 1998). Genomic imprinting, therefore, is a reversible process, during 

meiosis. . 

Ann increasing number of genes are being identified that are expressed differently depending on 

whetherr they are inherited from die mother or the father. Identification of imprinted genes or 

regionss in the mouse has been helpful for the detection of such genes/regions in human. Many 

off  the genes that showed imprinting in mice also tend to be imprinted in human, so imprinting 

iss generally conserved between mouse and human (Searle et al., 1994). It is likely that study of 

mousee mutants wil l also lead to information about genes involved in placental anomalies 

(miscarriage,, intrauterine growth retardation, preeclampsia) in human. 

Whenn a trisomic zygote is formed, so-called "trisomic rescue" may cause the pregnancy to 

survivee to term. Loss of one of the trisomic chromosomes through mitotic nondisjunction or 

anaphasee lag may result in a diploid cell line in the fetus. Such pregnancies are at risk for UPD. 

Alsoo in case of a Robertsonian translocation and other structural abnormalities there is an 

increasedd risk for UPD (Robinson et al., 1995). However, a search for UPD in carriers of 

chromosomee translocations and an abnormal phenorype (James et al., 1994) and in carriers of 

supernumeraryy marker chromosomes (James et al., 1995) showed that UPD was found in only 

1/655 and 1/22 cases respectively. 

Thee finding of a trisomy at CVS, followed by a normal outcome in follow-up (which can be 

achievedd with various tissues) is often reason for concern and causes counseling dilemmas 

dependingg on the chromosomes involved. An unfavourable outcome of such a pregnancy (e.g. 

growthh retardation, intrauterine death, physical or mental handicaps) may be the result of 

severall  events. It may be the consequence of (undetected) low level mosaicism. The mosaic cell 

linee in such cases is not confined to the placenta, but is also present in the fetus, which is called 

generalizedd mosaicism. Moreover, UPD / genomic imprinting or the expression of a 

monogenicc disorder may be the cause of the adverse findings, or a combination of these 

factors.. Cases with a particular UPD showing no phenotypic effect must be regarded as a 

strongg indication that for that particular chromosome there are no (paternal and /or maternal) 

imprintedd genes. (Ledbetter and Engel, 1995). When UPD for a certain chromosome is 

consistendyy associated with a specific abnormal phenotype one might conclude that this is 

reallyy the effect of UPD and that the possibilities of a trisomy effect and/or a recessive 

mutationn can be excluded (Ledbetter and Engel, 1995) 
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1.77 Confined placental mosaicism, uniparental disomy and fetal growth 

Intrauterinee growth is a complex process, which is in part genetically determined. Pregnancies 

withh intrauterine growth retardation (IUGR), as well as infants that are small for gestational 

age,, are at risk for perinatal death or may show problems on longer term. Identification of 

underlyingg causes of growth retardation might result in better understanding, recognition and 

possiblyy prediction of abnormal fetal growth. 

Byy using maps of conserved genes, it has been possible to delineate the human chromosomes 

involvedd in growth that are homologous to mouse chromosomal fragments carrying imprinted 

geness (Morison et al., 1998). Overgrowth syndromes, such as Beckwith-Wiedemann syndrome 

(Elliottt et al., 1994) associated with UPD (paternal UPD 11), as well as pregnancies with IUGR 

inn combination with UPD for a specific chromosome (e.g. UPD 16) have been reported. 

(Kalousekk et al., 1993; Robinson et al., 1997). 

Pregnanciess with IUGR have been studied for the presence of CPM, in order to establish a 

possiblee relationship between poor pregnancy outcome and the presence of an abnormal cell 

linee confined to the placenta. So far, the prevalence of CPM detected at term in such 

pregnanciess range from 0% (Kennerknecht et al., 1993) to as high as 60% (Artan et al., 1995). 

Typee I CPM (confined to the trophoblast) is reported to result in spontaneous abortion, 

IUGR,, intrauterine death or perinatal morbidity in 22% of affected pregnancies. Type II CPM 

(confinedd to the mesenchymal core) is mostly found in pregnancies with a normal outcome 

andd rarely with fetal IUGR or intrauterine fetal death. In type II I CPM (in both trophoblast 

andd mesenchymal tissue), intrauterine death or IUGR are common (Johnson et al., 1990). 

I ff  CPM proves to be a frequent cause of IUGR, it might be worthwhile to establish the 

influencee of abnormal cells on placental functioning and, if present, the possible effect of 

UPD.. In cases with uniparental disomy it is often not entirely clear whether the UPD itself or 

(hidden)) trisomic mosaicism in the fetus is the true reason for IUGR. 

1.88 Non-invasive fetal cell diagnosis 

Walknowskaa et al. (1969) described the presence of lymphocytes containing five small 

acrocentricc chromosomes in the maternal circulation. These cells in blood of pregnant women 

carryingg a male fetus thus had to be interpreted as cells derived from the fetus. If such cells 

couldd be recognized and isolated, detection of (age-related) trisomies such as Down syndrome 

wouldd be possible without an invasive procedure during pregnancy. Various fetal cell types 

provedd to be present in the maternal circulation: lymphocytes (Walknowska et al., 1969), 

trophoblastt cells (Covone et al., 1984), granulocytes (Wessman et al., 1992) and nucleated red 

bloodd cells (Adinolfi et al., 1989), which could be used for aneuploidy detection. The main 

problemm for all these cell types is the scarcity of the fetal cells in maternal blood. Most groups 

havee focused on trophoblast cells (Mueller et al., 1990; Yagel et al., 1994; van Wijk et al., 1996, 

2001;; and many more) or nucleated red blood cells (e.g. Bianchi et al., 1992; 1999; Bianchi, 

1999-- Zheng et al., 1993; Rodriguez de Alba et al, 1999, 2000, 2001; de Graaf et al, 1999% 
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1999b;; Oosterwijk et al., 1998a, 1998b; Martel-Petit et al., 2001). Trophoblast cells, though, may 

nott be the optimal cells for aneuploidy detection, since these cells derive from the placenta and 

mayy give discrepant results, as discussed previously. The true fetal origin of the nucleated red 

bloodd cells and their relatively short lif e span (so no cells of previous pregnancies may 

influencee the test results) makes these cells good candidates for aneuploidy detection. For 

recognitionn of fetal cells in maternal blood various antibodies have been tested. Antibodies 

againstt embryonic haemoglobin (HbE) proved to be more specific man antibodies against fetal 

haemoglobinn (HbF) in detecting fetal nucleated red blood cells in early pregnancy (Mesker et 

al.,, 1998). Anti-HbE proved to be very specific in identifying fetal nucleated red blood cells in 

thee mixture of fetal and maternal cells, that are present in transfer medium of chorionic villus 

sampless (Jakobs et al., 2000). Despite the many different procedures for sorting and cell 

recognitionn that have been used, analysis of fetal cells from maternal blood for the detection of 

numericall  chromosomal abnormalities has not led to a clinical application, so far. 

Still,, research in this particular field has led to the discover)- of fetal DNA in maternal plasma, 

whichh opens up a new method for non-invasive prenatal diagnosis. (Lo et al., 1997). Fetal 

DNAA in maternal blood has been found to be present in much higher concentrations than fetal 

cellss in maternal blood (Lo et al., 1998a). Various prenatal diagnostic applications of this fetal 

DNAA have already been reported. It has been used in case of sex-linked disorders (Lo et al., 

1998a),, and for determination of the fetal rhesus status (Lo et al, 1998b). Quantitative 

abnormalitiess of fetal DNA in maternal serum have also been reported in case of pre-

eclampsiaa (Lo et al., 1999a), in pregnant women carrying a fetus with trisomy 21(Lo et al., 

1999b),, and in case of preterm labour (Leung et al., 1998). 

Recendyy it has been shown that part of the fetal DNA that is circulating in maternal plasma 

existss in the form of apoptotic cells (van Wijk et al., 2000), these cells may also be used for the 

detectionn of fetal trisomies. Further diagnostic applications may be developed over the next 

feww years. 

19 9 



ChapterChapter 1 

1.99 Ai m of the thesis 

Thee aim of this thesis is to answer the following questions: 

1.. Is it possible to locate a cell line with an abnormal number of chromosomes in a term 

placenta,, when such an abnormality was present at CVS? 

2.. Is it feasible to analyse cells from other cell lineages for follow-up when a chromosomal 

aberrationn is seen at CVS? 

3.. Are viable cases of trisomy 13 or 18 supported by a diploid cell line in the placenta? 

4.. Is there a correlation between intrauterine growth retardation, chromosomal mosaicism in 

thee placenta and uniparental disomy? 

1.100 Outlin e of the thesis 

Chapterr 2 shows molecular cytogenetic investigations on placental tissue, performed in cases 

wheree a numerical aberrant cell line was detected at chorionic villus sampling. 

Inn chapter 3, two cases are reported with respectively a trisomy 22 and a trisomy 8 detected at 

chorionicc villus sampling. Follow-up analysis of fetal and placental tissues is shown and 

pregnancyy outcome is given. 

Chapterr 4 records the outcome of pregnancies in which confined placental mosaicism or 

generalizedd mosaicism was found at chorionic villus sampling. Furthermore, the analysis and 

usee of mesenchymal cells as well as of fetal nucleated red blood cells is described in case an 

abnormall  cell line is detected in trophoblast cells from chorionic villi . 

Inn chapter 5, the outcome of trisomy 13 and 18 cases detected at first-trimester chorionic villus 

samplingg is given. The presence of diploid cells in placental biopsies of viable cases of trisomy 

133 or 18 is determined. 

Inn chapter 6, the relationship between idiopathic intrauterine growth retardation and the 

presencee of a trisomic cell line in the placenta is studied. 
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Summary y 

Inn first-trimester chorionic villus sampling (CVS) for prenatal diagnosis, abnormal 

chromosomall  findings, such as mosaicism, trisomies, or suspect abnormal karyotypes, are 

foundd more frequently than at amniocentesis. The fact that these chromosomal abnormalities 

doo not always reflect the fetal karyotype but may be restricted to the placenta is a major 

problemm in diagnosis and counselling. In this paper we present the results of fluorescence in 

situu hybridization (FISH) studies on interphase nuclei of three term placentae investigated 

becausee of false-positive findings at first-trimester CVS. The chorionic vill i of the first case 

showedd a mosaic chromosome pattern involving a trisomy 10 cell line and a normal cell line, 

thosee of the second case a total trisomy 8 cell line, while in the third case a complete 

monosomyy X was found. Follow-up amniocentesis in each of these three cases revealed a 

normall  karyotype. By using FISH, we were able to confirm the presence of the aberrant cell 

lines,, which were all confined to one part of the placenta. FISH on interphase nuclei allows the 

investigationn of large numbers of cells for the existence of numerical chromosome aberrations 

inn a quick and reliable way. 

2.1 1 
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Introductio n n 

Chromosomall  mosaicism confined to the placenta is one of the major problems in early 

prenatall  diagnosis using (semi-)direct analysis of chorionic villus material. When using the 

(semi-)directt method, we are dealing strictly with placental mosaicism confined to the 

cytotrophoblast.. Miny et al. (1991), who reported on the frequency and diagnostic implications 

off  placental mosaicism in a series of more than 2500 cases, recommend the simultaneous use 

off  direct preparation and cultured cells. When a direct method is used, mosaicism might be 

explainedd by post-zygotic non-disjunction limited to the cytotrophoblast (Crane and Cheung, 

1988)) or by the loss of a chromosome in a trisomic conceptus at different moments in 

embryogenesiss (Stengel-Rutkowski et al., 1990). Mosaicism as defined by Johnson et al. (1990) 

iss the presence of two or more cell lines derived from the same chorionic villus sample, and 

followingg this definition, a frequency of 1.3 per cent of chromosomal mosaicism was calculated 

inn 4319 pregnancies. In our laboratory, a mosaic pattern has been found in 1.8 per cent of 1250 

casess diagnosed (Leschot et al., 1989). We consider these mosaics as probable false-positive 

findingsfindings and, as a rule, follow-up amniocentesis is offered to the patient. The same policy is 

followedd for non-mosaic autosomal trisomies different from trisomy 13, 18, or 21, and for 

non-mosaicc 45,X karyotypes. 

Onlyy a few reports have described the confirmation of an aberrant cell line in the term placenta 

usingg conventional cytogenetic techniques. Schwinger et al. (1989) were able to confirm the 

aberrantt cell line in the placenta in seven cases, while Kalousek et al. (1991) demonstrated 

mosaicismm in 17 out of 34 placentae. Recently Fryburg et al. (1992) described postnatal 

placentall  confirmation of both trisomy 2 and trisomy 16. Placental trisomy 16 has also been 

describedd by Williams et al. (1992) and trisomy 18 by May et al. (1992). In all of these cases, 

onlyy a few biopsies in each placenta were examined. 

FISHH with chromosome-specific probes allows the quick detection of numerical chromosome 

aberrationss in interphase nuclei. It provides the opportunity to investigate a large sample of 

cellss and therefore more placental biopsies than could be done using conventional cytogenetic 

methods. . 

Inn this paper we describe the results of an investigation of three term placentae suspected of 

chromosomall  mosaicism using FISH. 

Casee reports 

CaseCase I 

Transcervicall  chorionic villus sampling (CVS) was performed on the third pregnancy of a 36-

year-oldd woman at 10.2 weeks. The sample contained 15 mg of chorionic villi . Cytogenetic 

analysiss of cells derived from the cytotrophoblast using a semi-direct method (Gibas et al., 

1987)) revealed a mosaic chromosome pattern, the karyotype being 46,XY/47,XY,+10 (6:10). 

Follow-upp amniocentesis at 15.4 weeks revealed a normal male karyotype (46,XY) in all cells 

(n=13).. The amniotic fluid alpha-fetoprotein (AFP) was normal (29 Jig/ml). After an 

uneventfull  pregnancy, a boy of 3240 g was born at 38 weeks (25th-50th percentile). Apgar 
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scoress at 1 and 5 min were 9 and 10, respectively. A lymphocyte culture of cord blood showed 

aa normal male chromosome complement in all cells (n=100). The complete placenta (which 

showedd on infarction) was received for further studies. On the sixth day after birth, the 

conditionn of the baby deteriorated acutely. Clinically, septicaemia was suspected. He died on 

thee seventh day after birth. Autopsy revealed inter alia a complex univentricular heart 

malformationn with atresia of both the aortic and the mitral valves, partial closure of die ductus 

arteriosus,, and coarctation of die aortic arch. 

CaseCase II 

Transcervicall  CVS was performed on the second pregnancy of a 37-year-old woman. Her first 

pregnancyy ended at 37.5 weeks with the birth of a healthy girl of 2500 g (10dv25th percentile). 

Thee mother has a congenital uterus septus. The sample, taken at 10.6 weeks, contained 20 mg 

off  chorionic villi . Cytogenetic analysis revealed a trisomy 8 pattern (karyotype 47,XX,+8) in all 

cellss (n=15). In the follow-up amniocentesis at 18.3 weeks, a normal female karyotype (46,XX) 

wass found in all cells (n=16). The amniotic fluid AFP was normal (19.0 (ig/ml). After an 

uneventfull  pregnancy, a healthy girl of 2620 g was born at 39.5 weeks (fift h percentile). A 

lymphocytee culture of cord blood revealed a normal female karyotype in all cells (n=30). The 

completee placenta (348 g) was received for further studies. 

CaseCase III 

Transcervicall  CVS was performed on the third pregnancy of a 39-year-old woman at 10.6 

weeks.. The sample contained 20 mg of chorionic villi . Cytogenetic analysis showed a 45,X 

karyotypee in all cells (n=12). Follow-up amniocentesis at 13.6 weeks revealed a normal male 

karyotypee in all cells (n=10). The amniotic fluid AFP was normal (30 Jig/ml). After an 

uneventfull  pregnancy, a healthy boy of 3000 g (5th-10th percentile) was born at 40.2 weeks. 

Thee placenta (450 g), amnion tissue, and cord blood were received for further studies. In the 

lymphocytee culture of cord blood, a normal male karyotype was found in 98 metaphases, 

whereass in two metaphases an extra chromosome Y was found (47,XYY). These two cells 

showedd one normal Y chromosome and one with an abnormal morphology. 

Materialss and Methods 

Cells Cells 

Randomm biopsies were taken from the placentae: 12 samples in case I, and 15 samples each in 

casess II and II I (Figures lb, 2b and 3b). After receiving a placenta, as soon as possible samples 

off  ca. 30 mg were taken and washed twice in Hank's balanced salt solution containing 

antibioticss and heparin. The samples were placed in a 35 mm Petri dish containing 3 ml of 

RPMII  medium, antibiotics, and 20 per cent fetal bovine serum, placed at 37°C, 5 per cent CO2 

andd 100 per cent humidity. The subsequent steps and slide preparation were according to 

Gibass et al. (1987) with some modifications described here. After fixation, the specimens were 

placedd at -20°C until further use. After removal of the fixative, the sample was rehydrated 

throughh a series of ethanol steps. Immediately after removing the water, 0.5 ml of 70 per cent 

35 5 



ChapterChapter 2 

aceticc acid was added, resulting in a cell suspension consisting mainly of cells of the 

cytotrophoblast.. In the first placenta (I: mosaic trisomy 10 in CVS), FISH was performed with 

aa chromosome 10 centromere-specific probe, and a chromosome 1 centromere-specific probe 

wass used as a control. The probes were hybridized on opposite sides of the same slide. In case 

I II  (trisomy 8), a chromosome 8 centromere-specific probe was used. In this case, slides for 

conventionall  metaphase analysis were made from amniotic tissue, chorionic tissue, and 

umbilicall  cord tissue. The spot counting of the FISH slides in cases I and II was performed by 

twoo independent observers. In case III , a two-colour FISH was performed, using probes 

specificc for the centromeric region of the X chromosome and the heterochromatic region of 

thee Y chromosome. FISH was applied to the placental biopsies as well as to cultured cells from 

amnioticc tissue, umbilical cord tissue, and cells derived from cord blood. 

FluorescenceFluorescence in situ hybridisation 

Inn situ hybridization was carried out as described by Nederlof et al. (1989) with some minor 

modifications.. Briefly, the hybridization mixture contained 60 or 70 per cent deionized 

formamide.. Probes were dissolved to a concentration varying between 1 and 2.5 ng/jo.1 for the 

centromeree 1-specific probe (pUC 1.77; Cooke and Hindley, 1979) and the centromere 10-

specificc probe (pi0.1; Devilee et al., 1988), to 0.5 ng/(J.l for the centromere 8-specific probe 

(pJMM 128; Donlon et al., 1987), and to 10 ng/(il for the centromere X-specific probe 

(pBamX5;; Willard et al., 1983) and the Y probe (pY3.4; Lau, 1985). Target and probe were 

denaturatedd simultaneously under a sealed coverslip by heating the slides on a hot plate to 

80°CC for 5 min. Hybridization was performed overnight in a moist chamber at 37°C. 

Afterr hybridization the slides were washed three times in a 2 x SSC buffer containing 60 or 70 

perr cent formamide at 42°C, followed by two washing steps of 5 min in 2 x SSC at 42°C. 

Detection Detection 

Inn cases I and II , the probes were labelled with biotin, and in case III , the X probe was labelled 

withh biotin and the Y probe with digoxigenin (dig). For signal detection of the biotinylated 

DNA ,, avidin-FITC (avidin-fluorescein isothiocyanate, a green fluorochrome) was used, and 

forr the digoxigenated DNA, sheep-anti-dig-TRITC (tetramethyl rhodamine isothiocyanate, a 

redd fluorochrome). Total human DNA was counterstained with propidium iodide and DAPI 

(4',6'-diamino-2-phenylindole),, respectively. Microphotographs were taken with a Zeiss 

Axiomatt microscope using Kodak Ektachrome 200 ASA film. 

ScoringScoring of spots 

Forr each biopsy, 100-200 nuclei were counted basically according to the criteria given by 

Hopmann et al. (1989). Nuclei without any signal as well as nuclei that overlapped or were 

asymmetricallyy covered with cytoplasm were excluded. Signals within one nucleus should have 

moree or less the same fluorescence intensity, whereas minor hybridization spots were not 

counted.. Fluorescent spots or patches were only included if the signals were completely 

separatedd from each other. Spots in a paired arrangement, the so-called split spots, close to 

eachh other were counted as one chromosome complement. In all preparations small oval-
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shapedd cells were found, often sticking together in larger groups, originating from the 

mesenchymall  core and consequently were excluded from counting. 

Results s 

Figuress lb, 2b, and 3b show the places where successful biopsies were taken in the three 

placentae.. In case I, we were able to make suitable slides from 8 out of 12 biopsies. The four 

biopsiess in which we were unsuccessful were all situated in the infarcted area of the placenta. 

Inn Figures la, 2a, and 3a, the results of the spot counting after FISH in the three placentae are 

illustrated.. Figure 4 shows representative in situ hybridizations. 

!%% trisomy 10 .. trisomy 1 

Figur ee 1. (a) Distribution of cell lines in case I. Besides a chromosome 10-specific centromeric probe, a 
centromeree 1 probe was used as a control, (b) Schematic representation of the placenta of case I. 
Biopsyy places are marked with numbers. Places where the trisomic cell line was clearly present are 
indicatedd by numbers in black circles. The infarcted area is shaded. The insertion of the umbilical cord is 
indicatedd (IUC) 

Inn Figure la (case I), the bars represent the results of the spot counting for both chromosomes 

11 and 10. The control probe for chromosome 1 behaved consistently in all slides, showing two 

spotss in almost all cells, in contrast to the probe used for chromosome 10. Inter-observer 

differencess were negligible. In biopsies 3, 4, and 6, trisomy 10 could be detected and low 

mosaicismm is possibly present in biopsies 1 and 5 (Figure lb). The number of spots for 

chromosomee 1 did not exceed an acceptable background value (Hopman et al., 1989). A small 

subpopulationn showing four spots in the interphase nucleus, representing a tetraploid 
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subpopulation,, was also found (data not shown). 

Figuree 2a (case II) shows the results of the spot counting in the case of the chromosome 8-

specificc probe, as scored by two independent observers. As can be seen, the trisomy for 

chromosomee 8 was detected in about half of all the biopsies (2, 3, 4, 7, 10, 11, and 15, and 

possiblyy low mosaicism in 1 and 9). Control experiments on diploid placentae for different 

probess indicated that the percentage of nuclei with three spots never exceeded 10 per cent. In 

thee cultured cells of the umbilical cord (n=30), amniotic tissue (n=50), and chorionic tissue 

(n=30),, only the normal cell line was found. 

80--

70--

60--

50--

40--

30--

20--

10 0 

%% trisomy 8 II observer A D D observerr B 
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Figur ee 2. (a) Distribution of cell lines in case II. The results of two independent observers are shown, 
(b)) Schematic representation of the placenta of case II. Numbers in black circles indicate the biopsy 
placess where the trisomic cell line was clearly present. The IUC is indicated. 
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Figur ee 3. (a) Distribution of cell lines in case III. (b) Schematic representation of the placenta of case III. 
Thee presence of the cell line with monosomy X is shown (black circles). The IUC is indicated. 

Thee results of case II I for both the X probe and the Y probe are shown. Figure 3a depicts the 

distributionn of the XY and the monosomy X cell lines. From the 15 biopsies taken, four 

showedd a majority of 45,X nuclei (6, 7, 9, and 10), while in the other 11 biopsies, 46,XY nuclei 

prevailed.. Low mosaicism of the monosomy X cell line was possibly present in biopsy 5, 

whereass biopsies 7 and 9 showed low mosaicism for the diploid cell line. In most biopsies, a 

smalll  number of cells with XYY , XXYY , or only a Y chromosome were found. In the cell 

culturess of amniotic tissue, umbilical cord tissue, and cord blood, most cells showed a normal 

malee karyotype, the number of 45,X nuclei not being significant. 
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Forr full colour image: 
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Figur ee 4. Representative in situ hybridizations. (A) Trisomy 10 nucleus; the centromere-specific probe is detected 

withh FITC; the total DNA is counterstained with propidium iodide (red). (B) A tetraploid nucleus from the same 

placenta.. (C) XY nucleus from the placenta of case III, with the X-probe coloured green and the Y-probe in red, with 

DAPII counterstain. (D) From the same placenta: a 45,X nucleus 

Discussion n 

Wee have shown that mosaicism for trisomy 10 present in a chorionic villiu s sample at 10.2 

weekss was also found in a confined part of the placenta at term. In a second placenta from a 

pregnancyy in which CVS at 10.6 weeks had revealed only trisomy 8, the aberrant cell line was 

presentt in about half of the placenta. In the third case in which CVS at 10.6 weeks had 

revealedd complete monosomy X, this cell line was present only in a small part of the placenta. 

Basedd on the embryogenic model proposed by Crane and Cheung (1988), the mosaicism in 

casess I and II  might be explained either by post-zygotic non-disjunction or by the loss of a 

chromosomee in a trisomic conceptus, while the mosaicism in case II I  most likely resulted from 

post-zygoticc non-disjunction limited to the cytotrophoblast. In case III , the occurrence of the 

twoo cells with a 47,XYY karyotype in the lymphocyte culture of cord blood and the finding in 

thee placenta of similar cells remain an unsolved problem. There is probably no causal 

relationshipp between the occurrence of 45,X cells in the cytotrophoblast and 47,XYY cells in 

cordd blood. 

Kalousekk et al. (1991) suggested that there might be a correlation between the number of 

aneuploidd cells detected at CVS and the likelihood of mosaicism confirmation in term 

placentae.. They observed placental site variation regarding the percentage of abnormal cells 

found.. The results of the placentae presented here, of which 8-15 biopsies were investigated, 
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clearlyy show that the findings at CVS are not representative for the term placenta as a whole. 

Thiss is most obvious in case III , where the aberrant cell line was confined to a very small part 

off  the placenta. Kalousek et al. (1989) described the cytogenetic analysis of 14 placentae 

concerningg trisomy 13 or 18 using a modified direct method for harvesting the 

cytotrophoblast.. They analysed at least 15 mitoses per biopsy, while an exact number of 

investigatedd sites is not given. In order to get a better insight into the distribution of cell lines 

throughoutt the placenta, a sufficient number of sites should be looked into. FISH analysis of 

interphasee nuclei offers new possibilities for cytogenetic studies of complete placentae for the 

confirmationn of prenatally diagnosed mosaicism. Scoring of spots can be done quickly and 

securely,, thus making it possible to investigate large numbers of cells and biopsies. 

Johnsonn et al (1990) have suggested that placental mosaicism detected at first-trimester CVS is 

associatedd with poor perinatal outcome. So far, we have been unable to confirm the association 

off  placental mosaicism and poor perinatal outcome in a series of 37 pregnancies with 

chromosomee mosaicism (Leschot and Wolf, 1991). One pregnancy ended in a spontaneous 

abortionn at 15 weeks; a second resulted in a perinatal loss in a term pregnancy (case I of this 

report).. The outcome of the other 35 pregnancies was normal; three children had birth weights 

beloww the tenth percentile, one of them being case II of this report. The low weight at birth of 

thiss baby may have been caused by the presence of trisomy 8 cells in the placenta. However, 

thee congenital uterus anomaly of the mother must be considered as an alternative explanation 

forr this fact. 

Johnsonn et al. (1990), as well as Kalousek et al. (1991), speculate about specific cytogenetic 

factorss which could be predictive of poor perinatal outcome. Chromosome-specific mosaicism 

couldd be the cause of suboptimal functioning of the placenta. Furthermore, in the case of 

placentall  mosaicism involving a trisomic cell line with a normal fetal karyotype, poor perinatal 

outcomee may also be due to uniparental disomy for the chromosome pair which was originally 

trisomicc (Hall, 1990). Such relationships can only be tested by cytogenetic analysis of complete 

placentaee after finding mosaicism at first-trimester CVS, followed by DNA study. 

Inn order to investigate the first hypothesis, it is important to study the placenta at multiple 

sites.. We have shown that FISH can be a helpful tool in this research. 
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Summary y 

Inn eight cases of prenatally detected (mosaic) trisomy we investigated 10-15 biopsies of the 

placenta,, by using fluorescence in situ hybridization. The trisomies were: trisomy 8 (2x, 

liveborn),, trisomy 13 (2.x, abortion) and trisomies 16, 18, 20 and 22, all liveborn. Except for 

onee case of mosaic trisomy 13, the aberrant cell line proved to be present in the placenta. In 

casee of the trisomy 22, DNA studies revealed uniparental disomy (maternal) for the two 

chromosomess 22 in the diploid cell line of the fetus. In fetal skin tissue a trisomy 22 cell line 

wass found as well as a diploid cell line. 
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Introductio n n 

Whenn during pregnancy, on standard indications, chorionic villus sampling (CVS) is 

performed,, cytogenetic discrepancies between the investigated cells and the karyotype of the 

fetuss occur in 1-2% of the cases (Leschot et ah, 1989). The cells, which are analysed at CVS, 

whenn using the semi-direct method (Gibas et al., 1987), derive from the rapidly deviding 

cytotrophoblast.. When a chromosomal aberration is found, especially when a (mosaic) trisomy 

iss involved, it may be confined to the cytotrophoblast. In case of a trisomy, mosaicism might 

bee explained by post-zygotic non-disjunction limited to the cytotrophoblast (Crane and 

Cheung,, 1988) or by losing one of the chromosomes in an initially trisomic conceptus 

somewheree during early fetal development (Stengel-Rutkowski et al., 1990). When in such a 

casee of a trisomic conceptus a diploid fetus does occur, in one-third of the cases the loss of the 

extraa chromosome will result in uniparental disomv (UPD) (Kalousek et al., 1991). We here 

describee the investigation of eight placentae, suspected of having a specific (mosaic) trisomy. 

Analysiss of multiple sites of these placentae, received after birth or after termination of 

pregnancy,, was possible by using fluorescence in situ hybridization (FISH) on interphase 

nuclei,, in one case followed by DNA studies. 

Material ss and Methods 

Tablee 1 shows the results of the investigations done during pregnancy and gives the pregnancy 

outcomee of the eight presented cases. Complete placentae were received for further studies 

afterr delivery or after termination of pregnancy. From each placenta 10-15 random biopsies 

weree taken of ca. 30 mg each. Slides were made from a suspension consisting mainly of cells 

derivingg from the cytotrophoblast (Schuring-Blom et al., 1993). 

Tablee 1. Results of prenatal investigations and pregnancy outcome. 

Case e 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

Indication n 

M:: 38 yrs. 

M:: 36 yrs. 

psychh osoc. 
M:: 35 yrs. 
M:: 39 yrs. 

M:: 36 yrs. 

M:: 36 yrs. 

M:: 39 yrs. 

IUGRR + 
defectss at U.S. 

CVSS semi-direct 

46,XX/47,XX,+88 (4:12) 

47,XX,+8(n=18) ) 

--

46,XY/47,XY,+13(2:15) ) 

47,XY,+166 (n=14) 

47.XX.+188 (n=16) 
46.XXX (culture) (n=10) 
47,XY,+20(n=16) ) 

47,XX,+22(n=12) ) 

Amniocentesis s 

46,XX(n=15) ) 

46,XX(n=16) ) 

46,XY/47,XY,+133 (23:2) 

47.XY.+133 (n=10) 

46,XY(n=12) ) 

46.XX(n=15) ) 

46,XY(n=10) ) 

46.XX/47,XX,+222 (2:8) 

Outcomee of pregnancy 

400 wks./3280g., p25-50 

41+wks./4040g.,p90-95 5 

ther.. abortion, 19wks. 

ther.. abortion, 18.3 wks. 

37.55 wks./2230g., p5-10 

41+wks./4120g.,, p90 

400 wks./3250g., p10-25 

40-wks./1600g.,<p2.3 3 

IUGR,, intrauterine growth retardation at 37 weeks of pregnancy; U.S., ultrasound; p, percentile. 
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Inn all cases FISH was performed with a centromere-specific probe and a chromosome 1 

centromere-specificc probe was used as a control on polyploidy. The in situ hybridization was 

carriedd out according to Nederlof et al. (1989) with some minor modifications (Schuring-Blom 

ett al., 1993). The probes, which we used are shown in Table 2, their concentration varying 

betweenn 1-2 ng/ul. For each biopsy 100-200 nuclei were counted according to criteria given by 

Hopmaneta l.. (1989). 

Tablee 2. Probes and References 

Chromosome e 

#1 1 

#8 8 

#13 3 

#16 6 

#18 8 

#20 0 

#22 2 

Probe e 

pUCI.77 7 

pJMM 128 

pZ21A A 

pSE16 6 

L1.84 4 

pBS20Z Z 

p14.1 1 

Referencee / source 

Cookee and Hindley, 1979 

Donlonetal.,, 1987 

giftt M.Rocchi, Italy 

GreigetaL,, 1993 

Devileee et al., 1986 

Baldinii et al., 1992 

giftt M.Rocchi, Italy 

Resultss and Conclusions 

Tablee 3 shows die results of the spotcounting performed after FISH and in some cases 

additionall  postnatal (molecular) cytogenetic investigations. In all cases, except in case 3, we 

weree able to confirm the presence of the trisomy cell line in (a sometimes small part of) the 

placenta.. By using FISH on interphase nuclei we were able to get a good insight in the 

distributionn of the aberrant cell line in each placenta. The percentage of trisomy cells showed a 

considerablee variation between different sites. Polyploidy could be excluded, for the number of 

nucleii  with three spots for chromosome 1 never exceeded an acceptable background value 

(Hopmann et al, 1989). There seems to be no correlation between the number of aneuploid cells 

foundd at CVS and the likelihood of confirmation of mosaicism in the term placenta, as was 

suggestedd by Kalousek et al. (1991). 

Forr the low-mosaic trisomy 13 found at amniocentesis, neither 10 biopsies taken from the 

placenta,, nor 219 metaphases analysed in 10 fetal biopsies showed any evidence of the 

presencee of a trisomy. 
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Tablee 3. Results of postnatal (molecular) cytogenetic investigations. 

Casee Trisomy Number of Pos. Max. perc. Additional postnatal investigation 

8 8 

8 8 

13 3 

13 3 

16 6 

18 8 

20 0 

22 2 

biopsies s 

10 0 

15 5 

10 0 

14 4 

15 5 

10 0 

15 5 

14 4 

1 1 

8 8 

--
14 4 

15 5 

1 1 

2 2 

1 1 

trisomy y 

-80% % 

-90% % 

--
-90% % 

-90% % 

-30% % 

-55% % 

-20% % 

--
--
100 fetal biopsies: no trisomy found 

33 fetal biopsies: no growth 

46,XY(n=100)a a 

46,XXX (n=50)a 

46,XYY (n=50)a 

46.XXX (n=50) 

FISH:: 50 metaphases: diploid; 50 interphases: diploid 

Pos.,, number of biopsies positive for trisomy; Max. perc. trisomy, maximum percentage of trisomy found in a biopsy; 
umbilicall cord blood. 

Ass can be seen in the case involving a trisomy 22 it is very well possible to find a high 

percentagee of trisomy cells prenatally, difficult to retrace after birth. The intrauterine growth 

retardationn in this case resulted in a very low birth weight; the vital functions proved to be 

good,, although the baby had to undergo surgery because of a ventricle septum defect. Further 

clinicall  studies are in progress. Only diploid nuclei were found in a sample of umbilical cord 

blood,, after which DNA studies have been performed. Of the five primers tested, CYP2D 

(Polymeropoulos,, 1991) proved to be informative. The tandem-repeats found in the child 

revealedd uniparental disomy of maternal origin. Moreover we were able to obtain a skin biopsy 

off  the child, in which we found clear evidence of mosaic trisomy 22; 7 out of 32 metaphases 

showedd trisomy 22. Stioui et al. (1989) report on a case of mosaic trisomy 22 at amniocentesis 

withh severe growth retardation in a chromosomally and clinically normal fetus fully trisomic in 

fourr placental biopsies. Schinzel et al. (1994), however, published a case of maternal UPD 22 

inn a patient with a t(22q22q) translocation with a normal phenotype. Therefore it remains to be 

seenn whether the clinical findings in our case were caused by the presence of a mosaic trisomy 

222 cell line and/or maternal UPD. 

Wee think it is of great importance to carry on studying placentae suspected of a certain 

trisomy,, in order to get a better understanding of the effect of these aberrations on the 

functioningg of the placenta. Preferably this investigation should be combined with 

chromosomall  analysis of (various tissues of) the fetus and DNA studies to establish the origin 

off  the chromosomes, which were originally trisomic, when the fetus proves to be diploid. 
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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. 

3 3 
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Introductio n 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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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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Material ss 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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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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Summary y 

Cytogeneticc findings and outcome of pregnancy are reported in 108 cases in which confined 

placentall  mosaicism (CPM, n=101) or generalized mosaicism (n=7) was found at or after first-

trimesterr chorionic villus sampling. In all samples, a (semi)direct cytogenetic analysis of 

cytotrophoblastt cells was performed. Two pregnancies with CPM ended in a spontaneous 

abortionn before 28 weeks (1.9 per cent). In 15 cases the pregnancy was terminated: eight cases 

weree shown to be examples of CPM; seven cases can be considered as examples of generalized 

mosaicism.. A normal cytogenetic result was obtained after follow-up amniocentesis in 88 of 

thee remaining 91 cases. In three cases, no amniocentesis was performed but confirmation of a 

normall  karyotype was obtained in other cells. One of the 91 pregnancies was nevertheless 

terminatedd for psychosocial reasons. One child died perinatally and another on the seventh day 

afterr birth. The birth weight is known for 89 children; the curve shows a normal distribution. 

Inn 11 of these children (12.3 per cent), the birth weight was found to be below the tenth 

centile.. The outcome in a subgroup of eight pregnancies with CPM and involvement of 

chromosomee 13, 16, or 22, however, revealed two fetal losses and four children with a birth 

weightt below the tenth centile (75 per cent). 

4.1 1 
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Introductio n n 

Kalousekk and Dil l (1983) were the first to point out a possible relationship between confined 

placentall  mosaicism (CPM) and intrauterine growth retardation (1UGR). Johnson et al. 

reportedd in 1990 on the poor outcome of pregnancies in which chorionic villus sampling 

(CVS)) had revealed chromosome mosaicism. A later report confirmed these findings 

(Goldbergg et al, 1990), but another report did not (Leschot and Wolf, 1991). In a survey by 

Simonii  and Sirchia (1994), the authors mention CPM as the main source of both false-positive 

andd false-negative findings at CVS. As to the effects of CPM, Kalousek et al. (1991) have 

suggestedd that IUGR is a frequent complication only if mosaicism is present in both 

cytotrophoblastt and mesenchymal cells. Pittalis et al. (1994) subdivided CPM into CPM with 

thee presence of a homogeneous abnormal karyotype in a particular tissue and CPM with a 

mosaicc abnormal karyotype in a particular tissue. Moreover, these authors introduced the 

termss generalized mosaicism with (absolute or relative) concordance (GMAC, GMRC), 

generalizedd mosaicism with total discordance (GMTD), and generalized mosaicism confined 

directt or culture normality (GMDD, GMDC). 

Somee cytogenetic studies have been published by authors who examined pregnancies 

complicatedd by IUGR. Kennerknecht et al. (1993) found no mosaics in 71 small-for-date 

childrenn using cultured mesenchymal cells of the placenta. Wolstenholme et al. (1994) 

describedd the presence of CPM in seven out of 108 (6.4 per cent) pregnancies with IUGR 

(directt method and/or cultured mesenchymal cells). Recently Wilkins-Haug et al. (1995) 

reportedd that in a total of 12 patients with IUGR, CPM in cultured mesenchymal cells was 

foundd in three placentae (25 per cent), as opposed to two out of 24 in controls (8 per cent). 

Thee incidence of CPM in IUGR or adverse pregnancy outcome differs greatly between various 

studies.. Here we report our cytogenetic and pregnancy outcome findings in a series of 108 

pregnanciess in which CPM in cytotrophoblast cells or generalized mosaicism was found at or 

afterr first-trimester CVS. 

Material ss and Methods 

Fromm the diagnostic chorionic villus samples which were received for chromosome studies in 

ourr laboratory from 1985 to July 1993, we selected all results with CPM (with either a mosaic 

abnormall  karyotype or a homogeneous abnormal karyotype) or cases with generalized 

mosaicism. . 

Inn all samples a (semi)direct cytogenetic method was used (Gibas et al., 1987); chromosomes 

weree studied using Q-banding and a minimum of ten cytotrophoblast metaphases were 

routinelyy analysed in each case. From 1993 onwards, a long-term cell culture of mesenchymal 

cellss was also initiated if a minimum of 35 mg of chorionic vill i was obtained. In cases of 

chromosomee mosaicism, follow-up amniocentesis was suggested to the patient. The same 

policyy was followed when homogeneous aberrations suspected of being false positives were 

observedd (e.g. trisomy 11 or 45,X). In die second half of the study, trisomy 18 was also 

consideredd as a possible false-positive finding and an additional amniocentesis was offered. 

68 8 



Inn this study cases were included only if the gestational age at sampling was less than or equal 

too 14 weeks, if the cytogenetic results revealed at least two identical aberrant cells, and if 

cytogeneticc evaluation of at least one other cell type was available (amniotic fluid cells, 

mesenchymall  chorionic villus cells, lymphocytes, or fetal fibroblasts obtained after termination 

off  pregnancy). Both numerical (including tetraploidy) and structural chromosome aberrations 

weree included. Pregnancies that ended in a spontaneous abortion were excluded if no second 

tissuee could be studied (one case of 45,X). 

Informationn about the outcome of pregnancy was received directly from the patient and/or 

fromm the referring obstetrician, general practitioner, or midwife. The birth weights were scored 

ass centiles according to the tables of Kloosterman (1970). 

Results s 

Betweenn 1985 and mid-1993, 4498 diagnostic chorionic villus samples were received for 

chromosomee analysis in our laboratory. The majority of these samples came from four 

academicc hospitals in The Netherlands (Amsterdam-AMC: 2866; Amsterdam-AZVU: 634; 

Leiden:: 746; Utrecht: 219), whereas 33 samples were received from a non-academic hospital in 

Arnhem. . 

AA total of 101 cases with CPM were found (2.2 per cent of the total number of samples). In 72 

off  these, a mosaic abnormal karyotype was found at CVS, while in 29 cases a homogeneous 

abnormall  karyotype was present at CVS. In seven cases (0.1 per cent of the total number of 

samples),, a generalized mosaic aberration was detected. 

Inn the 108 patients with CPM or generalized mosaicism, the indications for CVS were maternal 

agee of 36 years or more at 18 weeks' gestation (n=100), fetal sex determination for an X-linked 

diseasee (n~6), a previous child with a chromosome anomaly (n=l), and a parent who was a 

translocationn carrier (n=l). 

Thee pregnancy was terminated because of abnormal laboratory and/or ultrasound findings in 

155 cases, five of which were after amniocentesis (Table I). Eight cases (Nos 1, 2, 21, 23, 33, 35, 

62,, and 85) are examples of CPM. Seven cases (Nos 25, 57, 77, 82, 91, 103, and 108) can be 

consideredd examples of generalized mosaicism of the relative concordance (GMRC) type 

(Pittaliss et al., 1994). Two pregnancies with CPM ended in a fetal loss before 28 weeks (Table 

II) .. Amniotic cell culture revealed normal results in 88 of the 91 remaining patients. In three 

otherr pregnancies, cells from at least one other tissue were studied. So all 91 pregnancies can 

bee considered as having CPM. One of these pregnancies (case 22: 46,XY/92,XXYY at CVS 

andd 46,XY in amniocytes) was terminated afterwards for psychosocial reasons. Finally 90 

pregnanciess were continued (Table III) , resulting in the birth of 90 children. One child (case 

87)) died shortly after birth at 36.6 weeks' gestation. The child had micrognathia and other 

dysmorphicc signs, but the karyotype of cultured lymphocytes revealed a normal female 

chromosomee pattern (Dr K. Madan, Amsterdam). One other child (case 41) died on the 

seventhh day after birth from a congenital heart defect. A lymphocyte culture revealed a normal 

malee karyotype. In case 53, a single umbilical artery was noticed. There were no congenital 

malformationss brought to our attention in the other children. 
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Inn 89 of the 90 children the exact birth weight is known. In 11 of these 89 children (cases 7, 

15,, 54, 65, 75, 79, 83, 95, 97, 98, and 99), the birth weights were found to be below the tenth 

centilee (12.3 per cent). Chromosome involvement in these 11 children included chromosome 

#33 (1), #8 (1), #13 (2), #16 (1), #22 (1), X-chromosome (1), Y-chromosome (1), more than 

onee chromosome (2), chromosomal material unknown (1) (see Fig. 1). Other possible causes 

forr the low birth weights could be excluded in 10 of these children. In case 97, hypertension 

withh diastolic values > 100 mmHg were observed at 37 weeks' gestation. 

Detailedd placental studies have been carried out in the following nine cases that were described 

previously:: cases 41, 65, and 75 in Schuring-Blom et al. (1993) and cases 40, 48, 64, 95, 107, 

andd 108 in Schuring-Blom et al. (1994). 

Tablee I. Discrepancies after termination of pregnancy because of abnormal laboratory and/or 
ultrasoundd findings (n=15) 

Case e 
No. . 

33 3 

108 8 

23 3 

25 5 

62 2 

103 3 

77 7 

85 5 

21 1 

35 5 

57 7 

91 1 

1 1 

2 2 

82 2 

Ser. . 
No. . 

1438 8 

4470 0 

958 8 

1032 2 

2229 9 

4263 3 

3205 5 

3682 2 

891 1 

1493 3 

2125 5 

3811 1 

47 7 

103 3 

3559 9 

Cytotrophoblasts s 

46,XY/47,XY,+77 (8:3) 

46,XY/47,XY,+13(2:15) ) 

47,XX,+18{n=15)c c 

46,XX/47,XX,+188 (3:20) 

47,XX,+18(n=10) ) 

47,XX,+18(n=11)d d 

45,X(n=10) ) 

45,X/46,XX(2:14) ) 

45.XX (n=9)c 

46,XX,t{8;9)(q11;p23)9 9 

45,X,-15,+t(Y;15)(q11;p12)9 9 

48,XX,+21,+22(n=12) ) 

47.XX,, +mar (n=7)c 

46,X,Yq+(n=10)c c 

47,XX,+21/48,XX,+21,+marr (9:6) 

Amniocytes s 

— — 
47.XY.+13 3 

— — 
— — 
— — 
— — 
45,X/46,XX(4:14) ) 

46,XXd d 

— — 
— — 
45,X,-15,der(15) ) 

— — 
— — 
— — 
47,XX,+21d d 

Fetall cells 
afterr abortion 

46,XYa a 

46.XX X 

47,XX,+18 8 

46,XX X 

46,XX/47,XX,+18e e 

ƒ ƒ 

46.XX X 

46.XY Y 

46,XXh h 

45,X,-15,der(15)' ' 

47.XX.+21 1 

46.XX X 

46,XYa a 

47.XX.+21 1 

Pregnancyy termination because of X-linked disease; Cell cultures: no growth; placenta: (FISH) 14 biopsies: 
trisomyy 13 (Schuring-Blom et al., 1994);c Previously mentioned in Leschot et al. (1989); Also hygroma colli on 
ultrasoundd examination; e Fetal biopsy 1:46.XX; FISH: 80 per cent normal cells. Fetal biopsy II: no growth; FISH: 70 
perr cent trisomy 18. Placental biopsy: 46,XX/47,XX,+ 18(4:26); FISH: 75 per cent trisomy 18; Cell cultures: no 
growth;99 Parents: normal chromosome complements; Cultured placental cells only; Karyotyping: Dr K. Madan, 
Amsterdam. . 

Tabl ee II. Pregnancies that ended in a fetal loss (n=2) 

Casee Ser. Cytotrophoblasts 
No.. No. 

88 258 46,XX/47,XX,+16{21:9) 

944 4020 46,XX/47,XX,+22 (1:10) 

Amniocytes s 

46,XX/47,XX,+22(29:1) ) 

Fetall cells 
afterr abortion 

46,XXa a 

b b 

Culturedd placental cells only; Failed because of intrauterine death detected at amniocentesis. 
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Tablee III. Continuing pregnancies after normal amniocyte karyotype (n=87) or with a discrepancy with 
otherr normal cells (n=3) 

Casee Ser. 
No.. No. 

Cytotrophoblasts s Amniocytes s Birthh weight 
(centile) ) 

477 1812 46,XY,del(2q)(q32—q33) {n=IO)a 46,XY Y 

999 420 3 46,XX/47,XX,+3(11:5 ) 

711 274 1 46,XX/47,XX,+3(15:6 ) 

300 135 5 46,XY/47,XY,+ 3 (5:5 ) 

766 316 9 46,XY/47,XY,+ 3 (15:3 ) 

433 164 2 46,XY/47,XY,+ 3 (5:5 ) 

922 3833 46,XY/46,XY,del(4)(q31)(4:13) 

966 4109 46,XY/46,XY,del(4)(p15)(10:7) 

46.XX X 
46.XX X 
46.XY Y 
46.XY Y 
46.XY Y 

46.XY Y 

46,XY Y 

<2.3 3 
10—25 5 
25—50 0 
75—90 0 

>96 6 

50—75 5 

75—90 0 

130 0 46,XX/47,XX,+55 (8:7)D 46,XX X 75—90 0 

1011 4238 46,XY/47,XY,+7 (14:2) 
144 428 46,XY/47,XY,+7(12:3)b 

1022 4246 46,XY/47,XY,+7(4:13) 
733 2877 46,XX/47,XX,+7 (13:4) 

46.XY Y 
46.XY Y 
46.XY Y 
46.XX X 

25—50 0 

50—75 5 

50—75 5 

75—90 0 

655 243 9 47,XX,+8(n=12 ) 

399 156 0 45.X ,  -8+i(8q)/46,X Y (4:14 ) 

500 193 6 46,XY/47,XY,+ 8 (7:8 ) 

633 223 6 46,XX/47,XX,+ 8 (2:6 ) 

644 231 0 46,XX/47,XX,+ 8 (4:12 ) 

522 194 4 46,XY/47,XY,+8(1:17 ) 

666 248 7 46,XX/47,XX,+8{3:13 ) 

866 370 0 46,XY/47 >XY,+8(13:3 ) 

488 182 1 47,XX,+8(n=18 ) 

46,XXC C 

46.XY Y 
46.XY Y 
46.XX X 
46.XX X 
46.XY Y 
46.XX X 
46.XY Y 

46.XX X 

2.3—5 5 

25—50 0 
25—50 0 

25—50 0 
25—50 0 

50—75 5 

50—75 5 
75—90 0 

90—95 5 

41 1 

18 8 

12 2 

3 3 

79 9 

83 3 

53 3 

74 4 

1628 8 

733 3 

378 8 

113 3 

3358 8 

3591 1 

1952 2 

2904 4 

46,XY/47,XY,+10(6:10) ) 

45.XY,-11/46,XY(4:IO)b b 

47.XX.+111 (n=11)b 

46.XX/47.XX.+122 (8:5)b 

46,XY/47,XY,+133 (12:14) 

46,XX/47,XX,+13(13:2) ) 

46tXY/46,XYldel(15)(q23)) (1:9) 

47.XX.+155 (n=10) 

46.XY Y 

46.XY Y 

46.XX X 

46.XX X 

46.XY Y 

46.XX X 

46.XY6 6 

46.XX X 

2 5 - 5 0 c d d 

10—25 5 

75—90 0 

75—90 0 

<2.3 3 

5—10 0 

50—75 5 

75—90 0 
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Tabl ee III continued 

Casee Ser. 
No.. No. 

955 4086 

588 2135 

Cytotrophoblasts s 

47,XY,+166 (n=14) 

46,XX/47,XX,+16(2:17) ) 

Amniocytes s 

46.XY Y 

46,XX X 

Birthh weight 
(centile) ) 

5—10 0 

10—25 5 

19 9 

24 4 
107 7 

61 1 

88 8 

755 5 

1030 0 

4442 2 
2175 5 

3718 8 

46,XY/47,XY,+18(2:14) ) 
46,XX/47,XX,+18(14:2)b b 

47,XX,+18(n=15)f'9 9 

45.XX,, -18/46,XX<4:12) 
47,XX,+18(n=16) ) 

46.XY Y 

46.XX X 
46,XX° ° 

46.XX X 
c,h h 

10—25 5 

10—25 5 
75—90 0 
95—97 7 

>97.7 7 

177 722 46,XX/47,XX,+20 (4:6) 

400 1575 47,XY,+20 (n=16) 

46,, XX 

46.XY Y 

25—50 0 

25—50 0 

46 6 

84 4 

89 9 

1810 0 

3601 1 

3721 1 

45,XX-21/46XX(3:13) ) 

45,XX-21/46,XX(2:14) ) 

45,XY-21/46,XY(3:17) ) 

46.XX X 

46.XX X 

46.XY Y 

25—50 0 

75—90 0 

75—90 0 

544 1961 45,XX/47,XX.+22(1:21) 

600 2159 46,XY/47,XY,+22 (14:2) 

46.XX X 

46.XY Y 

2.3—5 5 

75—90 0 

7 7 

51 1 

67 7 

20 0 

100 0 

16 6 

32 2 

29 9 

75 5 

27 7 

56 6 

104 4 

222 2 

1939 9 

2700 0 

875 5 

4234 4 

637 7 

1392 2 

1290 0 

3147 7 

1193 3 

2082 2 

4364 4 

45,X/46,XX(8:1)D D 

46.XX/47.XXXX (6:4) 

45,X(n=10) ) 

45,X/46,XX(2:14)b b 

45,X(n=10) ) 

46,XX/47,XXXX (8:3)' 

46.XX/46.XYY (30:5) 

45,X(n=17) ) 

45,XX (n=14) 

45,X/46,XY(2:11)b b 

45.XX (n=14) 

45,X/46,XY(3:14) ) 

46.XX X 
c c 

46,XXC C 

46.XX X 

46.XX X 
46,XX X 
46.XX X 

46.XX X 

46.XY Y 

46,XY Y 

46.XY Y 
46.XY Y 

<2.3 3 

25—50 0 

25—50 0 
50—75 5 
50—75 5 

75—90 0 
75—90 0 

>97 7 

5—10 0 

25—50 0 
25—50 0 

95—97.7 7 
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Tabl ee III continued 

Casee Ser. Cytotrophoblasts 
No.. No. 

Amniocytes s Birthh weight 
(centile) ) 

36 6 
106 6 

37 7 

38 8 

87 7 

6 6 

9 9 
28 8 

59 9 

90 0 

1498 8 
4420 0 
1514 4 

1519 9 
3703 3 
210 0 

268 8 

1221 1 

2142 2 

3726 6 

46.XX/92 2 

92.XXXX X 

46.XX/92 2 

92.XXXX X 

92.XXXX X 

92.XXYY Y 

46.XY/92 2 

46.XX/92 2 

92.XXXX X 

46.XY/92 2 

,XXXXX (2:8 ) 

(n=13 ) ) 

XXXXX (5:5 ) 

(n=10 ) ) 

(n=10 ) ) 

(n=23) b b 

,XXYYY (8:8) b 

,XXXXX (7:3) b 

(n=10 ) ) 

,XXYYY (6:7 ) 

46.XX X 
46.XX X 
46.XX X 
46.XX X 
46,XXC C 

46.XY Y 

46.XY Y 

46.XX X 

46.XX X 

46.XY Y 

155 495 46,XX/46,XX,der(5) (14:2) 

100 272 46,XY/47,XY,+der(19)(15:2)b 

266 1041 46,XY/47,XY,+mar (I0:2)b 

422 1661 46,XY/46,XY,der(4)(17:3) 

811 3403 46,XY,der(8){n=11) 

499 1847 46,XY/47,XY,+ 14/47,XY,+mar (12:3:2) 

455 1783 47,XX,+mar(n=10) 

688 2715 46,XY/47,XY,+mar (14:2) 

722 2742 46.XY/47.XY, - 17,+mar(16:3) 

46,XXD D 

46.XY Y 

46.XY Y 

46,XY Y 

46.XY Y 

46,XY Y 

46,XXC C 

46.XY Y 

46.XY Y 

10—25 5 
10—25 5 
25—50 0 
25—50 0 
25—50 0 
75—90 0 
75—90 0 
75—90 0 
75—90 0 
75—90 0 

977 4128 46,XX/48,XX,+20,+21 (7:8) 46.XX 5—10 

988 4151 48,XX,+5,+13(n=11) 46.XX 5—10 

555 1978 46,XY/48,XY,+3,+7/49,XY,+3,+4,+7 (14:1:2) 46.XY 25—50 

788 3289 46,XY/47,XY,+4/48,XYt+4,+7 (8:3:3) 46.XY 25—50 

800 3389 46,XX/46IXX,t(1;8)(p34;q21){7:2) — 25—50 

1055 4408 46,XY/55,XYY,+2,+3,+5>+7,+8,+11I+15,+20(16:6) 46.XY 25—50 

133 411 46,XY/50,XY,+2+3+7+15(28:5)b 46.XY 50—75 

444 1775 46,XY/47,XY,+21/48,XY,+21,+21 (11:1:2) 46.XY 50—75 

699 2725 45,X/46,XX/47,XXX (7:3:6) 46.XX 50—75 

933 3851 46,XX/48,XX,+3>+22 (12:4) 46.XX 50—75 

5—10 0 

10—25 5 
10—25 5 

10—25 5 
10—25 5 

25 5 

25—50 0 

25—50 0 

25—50 0 

11 1 

31 1 

5 5 

70 0 

277 7 

1376 6 

46,XX/47,XX,+marr (9:3) 

46.XY/46.XY,, — 21 ,+mar (13:3) 

1622 45,X/46,XX/45,X,+mar (5:9:8)b 

27388 46,XY/46,XY,der(13)(4:6) 

46.XX X 

46.XY Y 

46.XX X 

46.XY Y 

90—95 5 

90—95 5 

95—97.7 7 

95—97.7 7 

bb Parents: normal chromosome complement. 
Mentionedd previously in Leschot et al. (1989). 

dd Lymphocyte culture after birth: normal chromosome complement. 
Diedd 7 days afterr birth, due to a congenital heart malformation. 

ff Single umbilical artery. 
Mesenchymall chorionic villus cells: 46,XX. 

hh Mentioned previously in Hansson et al. (1994). 
.. Pregnancy was continued: child normal. 
Diedd perinatally at 36.6 weeks 
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number r 
of f 

cases s 

1 1 , , 

20--

15--

10--

5--

99 9 
79 9 

7 7 
+ + 

65 5 
54 4 

+• • 

98 8 
97 7 
95 5 
83 3 
75 5 
15 5 

t t 

106 6 

81 1 
71 1 
58 8 
49 9 
42 2 

36 6 

26 6 
24 4 
19 9 
18 8 

10 0 
+ + 

105 5 

101 1 

87 7 
80 0 
78 8 
72 2 
68 8 
67 7 
64 4 
63 3 
56 6 
55 5 
51 1 

50 0 
46 6 
45 5 
41 1 
40 0 

39 9 
38 8 
37 7 
30 0 
27 7 
17 7 

+ + 

102 2 

100 0 
93 3 
92 2 
69 9 
66 6 

53 3 
52 2 
44 4 
20 0 
14 4 

13 3 
+ + 

107 7 
96 6 
90 0 
89 9 

86 6 
84 4 
76 6 
74 4 
73 3 

60 0 
59 9 
34 4 
32 2 
28 8 

16 6 

12 2 
9 9 
6 6 
4 4 

3 3 + + 

48 8 
31 1 
11 1 

+• • 

104 4 
70 0 
61 1 
5 5 • • 

88 8 
43 3 

29 9 

2.3 3 100 25 50 75 90 95 97.7 

centiles s 
Fig.. 1. Birth weight distribution in centiles of 89 children. Numbers indicate case numbers 

Discussion n 

Inn the pregnancies diagnosed as having CPM, two ended in a fetal loss before 28 weeks of 

gestationn (1.9 per cent). One child died perinatally and another on the seventh day after birth 

(1.99 per cent). Of the 89 completed pregnancies of which the birth weights of the children are 

known,, 1 1 had birth weights under the tendi centile (12.3 per cent). The birth weight curve of 

thesee 89 children shows a normal distribution. The conflicting data reported in the literature 

onn the outcome of pregnancies complicated by chromosome mosaicism detected at CVS may 

bee influenced by several factors. We have shown in a previous study using the FISH technique 

thatt the percentage of abnormal cells at 10 weeks may be different from the situation in the 

termm placenta (Schuring-Blom et al., 1993). A second factor is that pregnancies with CPM are 

att risk of earning fetuses with uniparental disomy (UPD). We did not perform DNA studies 

sincee in The Netherlands it is not allowed to perform DNA studies in children if there are no 

therapeuticc consequences. However, in our series chromosomes 13, 16, and 22 were associated 

withh spontaneous abortions or very low birth weights in particular: of the eight pregnancies 

withh CPM and involvement of these three chromosomes (cases 8, 54, 58, 60, 79, 83, 94, and 
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95),, two ended in a fetal loss and four in the birth of a child with a birth weight below the 

tenthh centile (75 per cent). For these three chromosomes, UPD has been reported 

(Wolstenholmee et al.., 1994). 

Purvis-Smithh et al., (1992) described a case of UPD 15 resulting from correction of an initial 

trisomyy 15 at CVS. At the age of 2 years, the diagnosis Prader Will i syndrome was made. We 

foundd one homogeneous trisomy 15 at CVS in case 74. The development of this child was 

completelyy normal at the age of 1 year. 

Involvementt of chromosome 18 was present in nine cases. . In three cases, CVS revealed a 

mosaicc trisomy 18 (cases 19, 24, and 25): in two cases, amniocyte cultures revealed a normal 

chromosomee complement and in one case, a trisomy 18 was present. In case 61, a mosaic 

monosomyy 18 was present; in amniocyte cultures, a normal female chromosome complement 

wass found. In five cases, a homogeneous trisomy 18 was found at CVS (cases 23, 62, 88, 103, 

andd 107). Cases 23 and 62 are discussed in the last paragraph of this section. In case 107, 

normall  cells were found in both cultured mesenchymal cells and cultured amniocytes. The 

usefulnesss of FISH studies in confirmatory studies was illustrated in case 103 (Table I). A very 

dramaticc outcome happened in the pregnancy of case 88. After counselling the Moslem 

parentss about trisomy 18 syndrome and the possibility of a false-positive test result, they 

decidedd to continue the pregnancy and refrained from further diagnostic investigations. This 

decisionn was also based on the opinion of an imam, whom the parents had asked for advice. 

Thee parents prepared themselves for a baby with serious malformations at birth and a short 

lif ee expectancy. Great was the astonishment of the parents and the obstetrician when a 

completelyy normal child was born. The parents, however, did not want to accept the child 

initially .. They could not believe the doctors who said that most probably the prenatal test 

resultt had to be considered as false-positive. Only after a few days, when the normal results of 

aa chromosome analysis of cultured lymphocytes were communicated to them, did they realize 

thatt there was really nothing wrong with their child. 

AA major counselling dilemma arose when we found only 48,XX,+21,+22 cells in case 91 

(Tablee I). It was explained to the parents that the most likely possibility was a fetus with 

trisomyy 21 with a second abnormality (an extra chromosome 22) in placental cells only. It was 

alsoo explained that we could not rule out the possibility that the fetus had a completely normal 

karyotype.. We suggested waiting for the results of an amniocentesis. The patient did not want 

too wait that long and asked for termination of pregnancy on the basis of the CVS results only. 

Itt turned out that the fetal cells obtained after abortion all showed a trisomy 21 only. 

Thee policy towards the finding of tetraploid cells only at CVS is not unequivocal. In all five 

casess reported in this study, analysis of cultured amniocytes revealed a normal male or female 

chromosomee pattern (cases 6, 38, 59, 87, and 106). Although we normally disregard a few 

tetraploidd clones in amniotic fluid cell cultures, we realized that we would be in a difficult 

situationn if a few tetraploid cells were to be found at amniocentesis in these six pregnancies. 

Livebornn children with (mosaic) tetraploidy are very rare, but have been described (Wilson et 

al.,, 1988). 

Inn five cases (Table I), we had to conclude that the decision to terminate the pregnancy had 

beenn wrong (cases 1, 21, 23, 35, and 62). 
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Inn case 1 , the indication for CVS was maternal age (38 years). In all cells a small marker 

chromosomee was present. Both parents were shown to have a normal chromosome 

complement.. The parents refused confirmatory amniocentesis. Termination of pregnancy was 

carriedd out at 11.5 weeks. The marker chromosome was observed in cultured cells of the 

placenta,, but cultured cells of fetal tissue had a normal (46,XX) karyotype. 

Inn case 21, the indication for CVS was maternal age (36 years). A 45,X karyotype was found in 

alll  cells. The parents refused confirmatory amniocentesis and the pregnancy was terminated at 

12.55 weeks. Cultured fetal cells revealed a normal (46,XY) karyotype. Cultured cells from two 

placentall  biopsies revealed a mosaic pattern (45,X/46,XY=12:3) in one biopsy and only 

normall  (46,XY) cells in the other biopsy. 

Inn case 23, the indication for CVS was maternal age (37 years). At 7 weeks a sonolucent area 

adjacentt to the amniotic sac containing the living fetus was noticed; it had disappeared at the 

timee of CVS. In all cells, a 47,XX,+ 18 karyotype was found. The pregnancy was terminated at 

10.44 weeks. Cultured cells from both the placenta and the fetus had a normal (46,XX) 

karyotype. . 

Inn case 35, the indication for CVS was maternal age (37 years). In all cells a (balanced?) 

chromosomee 8/9 translocation was found; karyotype: 46,XY,t(8;9)(qll/12;p22/33). Both 

parentss had a normal karyotype. Follow-up amniocentesis was refused by the parents. The 

pregnancyy was terminated at 12 weeks. Cultured cells from the placenta revealed a normal 

(46,XY)) karyotype; the cultures from fetal tissue failed. 

Inn case 62, CVS was performed in the fourth pregnancy of a 41-year-old woman at 10.5 weeks. 

Inn all cells (n=10), die karyotype 47,XX,+ 18 was found. Termination was performed in 

anotherr hospital. We received material for cell cultures after a vacuum curettage, in which no 

recognizablee fetal parts were seen. Only karyotype 46,XX cells were observed in these cells; the 

possibilityy of maternal origin could not be excluded. 

Inn two previous papers, we have described the situation in cases 1, 21, and 23 (Leschot et al., 

1989)) and case 35 in Leschot et al. (1990b); 

Basedd on our findings presented here and those from the literature, it is concluded that: 

(a)) the finding of (mosaic) trisomy 18 and (mosaic) monosomy X in cytotrophoblast cells 

shouldd be confirmed in other tissues, unless abnormalities at ultrasound examinations 

supportt these cytogenetic findings; 

(b)(b) careful clinical follow-up is indicated in particular in pregnancies complicated by CPM with 

involvementt of chromosome 13, 15, 16, or 22. 
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4.2 2 Thee preservin g of chorioni c vill i befor e 

establishin gg long-ter m cel l culture s for 

cytogeneti cc  analysi s 
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Summary y 

Thee possibility of preserving intact chorionic vill i in culture medium for up to 7 days before 

establishingg long-term cultures for prenatal chromosome analysis is demonstrated. The 

preservingg itself had no negative effect on the growth capacity of the mesenchymal cells. 
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Introductio n n 

Chorionicc villus sampling (CVS) is generally regarded as an acceptable method for early 

prenatall  diagnosis of chromosomal abnormalities. Occasionally, however, diagnostic problems 

arisee because the karyotype of the extraembryonic tissue does not always reflect the 

chromosomall  constitution of the fetus (Crane and Cheung, 1988). 

Too enhance the reliability of the CVS diagnosis, the combined use of a direct preparation and a 

long-termm culture, representing the cytotrophoblastic and the mesenchymal cells respectively, 

hass been recommended (Crane and Cheung, 1988). 

Inn view of the low frequency of reported false-negative results (0.04 per cent) compared with 

false-positivee ones (1-2 per cent) using the direct or semidirect method (Simoni and Sirchia, 

1994),, a possible alternative could be the selective use of long-term cultures to clarify or 

confirmm only the aberrant findings observed in the direct or semidirect preparations. 

Againstt this background, the possibility of preserving intact chorionic vill i was investigated. 

Material ss and Methods 

First-trimesterr (10-12 weeks of gestation) diagnostic chorionic villus samples from 40 

pregnanciess were obtained by means of transcervical chorionic villus sampling. Only samples 

consistingg of more than 35 mg of vill i were used in this study. 

Thee chorionic vill i were dissected free of maternal tissue under an inverted microscope and 

rinsedd thoroughly in Hank's BSS. Part of the sample was used for a semidirect preparation 

(Gibass et al., 1987) and from the remaining sample of villi , two types of long-term culture were 

initiated.. In type I, the vill i were processed immediately for the long-term culture, whereas in 

typee II , the vill i were preserved for 7 days in complete culture medium (Ham's F10 

supplementedd with 25 per cent fetal calf serum, 1 per cent L-glutamine, 100 IU/ml penicillin, 

andd 100 ug/ml streptomycin) at 37°C before the processing of the vill i was started. 

Too establish the long-term culture, the vill i were incubated in trypsin-EDTA (0.05 per cent in 

Hank'ss BSS) for 20 min at 37°C, thereby releasing the cytotrophoblastic cells. The remaining 

villuss core was rinsed in Ham's F10 and either minced (our original method) or incubated with 

collagenasee A (0.13 per cent in Ham's F10, activity 0.715 U/mg) for 30-60 min at 37°C. 

Inn samples 1-30, the type I cultures (without preserving) were established by mincing the villi , 

whereass in the type II cultures (preserved) vill i were incubated with collagenase A. In both type 

II  and type II , complete F10 culture medium (see above) was added to the cultures. 

Afterr the first 30 samples, based on the cultivation times observed in the different types of 

cultures,, it was decided to continue the study with the two-step enzymatic digestion procedure 

andd use of Chang B medium (see below). 

Inn samples 31-40, the incubation with trypsin-EDTA was followed by treatment with 

collagenasee A in order to establish both type 1 and type II cultures. After digestion with 

collagenasee A, the mesenchymal cells were incubated in Chang B medium (Chang B 

supplementedd with 1 per cent L-glutamine, 100 IU/ml pencillin, and 100 ug/ml streptomycin). 

Al ll  cultures were kept at 37°C and 5 per cent CO2. 
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Onlyy chorionic villus samples showing a normal karyotype in the semidirect preparation were 

includedd in this study. 

Results s 

Byy comparing long-term cultures established immediately after sampling (type I) and long-term 

culturess established after preserving the vill i for 7 days (type II) , it was found, on the basis of 

400 different samples, that the preserving itself had no negative effect on the growth capacity of 

thee mesenchymal cells. 

Inn our first series of experiments (samples 1-30), the mean cultivation time until harvest was 

17.33 days (n=30) with our original method, in which the vill i were treated with trypsin and 

subsequentlyy minced and placed in F10 medium (type I). In the preserved cultures (type II) 

establishedd after enzymatic digestion of the vill i and being placed in the F10 medium, the mean 

cultivationn time until harvest was 10.9 days (n=30). 

Inn the second series of experiments (samples 31-40), both types of culture (I and II) were 

establishedd after the two-step enzymatic digestion with trypsin and collagenase but incubated 

inn Chang medium. The preserving procedure had no influence on the mean cultivation time 

untill  harvest, which was 6.3 days (n=10) for the cultures established immediately after 

samplingg (type I) and 6.7 days (n=10) for the cultures established after 7 days of preserving 

(typee II). 
Thee number of culture-induced chromosomal aberrations was not altered by the preserving 

procedure.. In the cultures established immediately after sampling, the number of breaks per 

celll  was 0.09, whereas the frequency observed in the preserved cultures was 0.1 breaks per cell. 

Inn both types of culture, 0.02 rearrangements per cell was found. 

Discussion n 

Wee have shown that intact chorionic vill i can be successfully preserved for 7 days before 

establishingg the long-term culture, the preserving itself having no delaying or inhibiting effect 

onn the growth capacity of the mesenchymal cells. 

AA possible explanation for the difference in mean cultivation time observed between the 

preservedd (type II ) cultures in samples 1-30 (10.9 days) and samples 31-40 (6.7 days), both 

establishedd after enzymatic treatment of the villi , could be the use of F10 medium in samples 

1-300 and Chang medium in samples 31-40. A shorter cultivation time after incubation in 

Changg medium compared with F10 medium has been reported by Czepulkowski et al. (1986). 

Theoretically,, some of the ambiguous findings in direct or semidirect preparations could also 

bee clarified by fluorescence in situ hybridization (FISH) on mesenchymal interphase nuclei. 

Ourr preliminary results with a centromere-specific probe for chromosome 1 show that it is 

possiblee to apply FISH on slides made directly from the mesenchymal cell suspension. The 

applicationn of FISH on uncultured mesenchymal chorionic villus cells has previously been 

reportedd by Bryndorf et al. (1994). Depending on the type of chromosomal abnormality 

observedd with the semidirect method, it should be possible to choose between establishing a 
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long-termm culture or using the mesenchymal cell suspension immediately for FISH studies on 

interphasee nuclei. 

Ass a preliminary cytogenetic result from the semidirect preparation can be obtained in a few 

days,, the selective use of long-term cultures wil l lead to only a short delay compared with the 

usee of long-term cultures initiated immediately after sampling. 
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Summary y 

Objective::  In chorionic villus sampling (CVS) the chromosome analysis is inconclusive in 1-

2%% of the samples. In many cases follow-up amniocentesis is performed. Fetal nucleated red 

bloodd cells (FNRBCs) are present in washings of chorionic villus samples. We wanted to 

establishh whether analysis of these true fetal cells, using fluorescence in situ hybridization 

(FISH),, could support the CVS karyotype. 

Methods::  We analysed washings of first trimester chorionic vill i from non-mosaic 45,X (n=6) 

andd full trisomy 18 cases (n-7). FNRBCs were identified by immunostaining and FISH was 

performedd with chromosome-specific probes for X, Y and 18. 

Results::  In all 13 samples FNRBCs were present (between 4-30 cells per sample). Five cases 

off  monosomy X showed one X signal in 89-100% of the nuclei, in one more case 50% of the 

nucleii  displayed one signal. In the trisomy 18 cases three spots were seen in 60-100% of the 

cells. . 

Conclusion::  The CVS aneuploidy was confirmed in FNRBCs in all samples, so FISH on 

FNRBCss can be used in cases of non-mosaic numerical chromosomal abnormalities. This test 

cann confirm a CVS diagnosis of monosomy X or trisomy 18 and thus minimize the risk for 

false-positivee diagnoses. An additional invasive test may be prevented. 

4.3 3 
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Introductio n n 

Chorionicc villus sampling (CVS) is a widely used and accepted method for prenatal 

chromosomee analysis. It is a major concern that in 1-2% of the CVS cases the prenatal 

cytogeneticc test results do not reflect the fetal karyotype. Confined placental mosaicism (CPM) 

mayy be the cause of false-positive as well as false-negative findings (Kalousek and Vekemans, 

1996;; Smith et al., 1999). 

Differentt cell types can be used for karyotyping of chorionic villus tissue. Metaphases obtained 

fromm the actively dividing trophoblast, using the semi-direct method (short-term culture, STC) 

cann be analysed, as well as metaphases from mesenchymal cells after long-term culturing. In 

long-termm culture (LTC) possible maternal cell contamination may influence the test result. 

LTCC delays a final diagnosis compared to STC. A large UK collaborative study (Smith et al., 

1999)) reported different methods for processing of vill i in over 11,000 samples during the 

periodd 1990-1993. In 70.2% of the samples the analysis was based on both the semi-direct 

methodd as well as long-term culture, in 18.4% based on STCs only, and in 11.4%  based on 

culturedd cells. To reduce false-positive as well as possible false-negative diagnoses the authors 

recommendd analysis of both cell types for each sample. Others (Hahnemann and Vejerslev, 

1997)) suggest careful evaluation of the pregnancy as a whole after a mosaic finding and in case 

off  certain non-mosaic aberrations in CVS. They report that a non-mosaic karyotype detected 

withh the semi-direct method, which subsequently was demonstrated to be confined to the 

placenta,, most frequendy involved monosomy X and trisomy 18. The possible presence of the 

abnormall  cell line should be determined in other tissues. Placental mosaicism might be 

disclosedd on CVS culture, if available, but maternal overgrowth can be a problem. In the latter 

study,, a definite prenatal diagnosis was most often obtained through subsequent amniocentesis 

orr more rarely cordocentesis, when mosaicism was detected in chorionic villi . Reported false-

negativee findings in the latter series of over 62,000 CV samples were extremely rare (0.03%) 

andd most occurred with only one exception, after direct preparation alone. Among a total of 19 

false-negatives,, 13 cases belonged to the category of high-risk pregnancies in which CVS was 

performedd because of an abnormal ultrasound scan, because of maternal age of 40 years or 

above,, or because of a high risk found on serum screening. Therefore, the authors suggest not 

relyingg solely on a normal karyotype (in the semi-direct method) in such high-risk cases. The 

methodd of choice in many cases wil l depend on the amount of tissue obtained after sampling. 

Althoughh not stated in either study the preference of any laboratory for a specific method wil l 

alsoo play a part. 

Inn our laboratory the semi-direct method is used in cases of first trimester CVS and we regard 

aa normal finding as well as me finding of a non-mosaic trisomy 21 to be reliable. In other 

cases,, though, such as trisomy 13 or 18, monosomy X and all mosaic numerical aberrations, we 

doo not rely on the semi-direct method alone. If the quantity of vill i in the initial sample is 

sufficient,, some tissue is preserved and LTC can be initiated for analysis of mesenchymal cells, 

iff  necessary (Hansson et al., 1995). 

Inn inconclusive cases in which a culture is not possible, or when the results are unsuccessful or 

demandd further tests, amniocentesis (a second invasive test) is offered to the patients 
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concerned.. The result of this test wil l be known at 17-18 weeks of pregnancy and this waiting 

dmee usually causes considerable stress to the patients. Patients would benefit from a test that 

couldd be performed in the first trimester without an additional invasive procedure. 

Jakobss et al. (2000) reported that it is possible to identify FNRBCs in washings from 

transcervical!}-- obtained samples, using a specific antibody against embryonic haemoglobin 

(HbE).. Verification of these HbE-positive cells in male pregnancies was performed with 

fluorescencee in situ hybridization (FISH) with an X and a Y probe. In 19/20 investigated 

sampless HbE-positive cells with a nucleus were found, and 84% of the cells showed an X and 

aa Y signal. No cells with two X signals were seen. With this method, cells can be analysed 

withinn two days after the conventional cytogenetic CVS result is known. 

Inn the present study we report on the analysis of FNRBCs in washings of 13 patients with 

abnormall  karyotypes after conventional cytogenetic analysis of chorionic villus tissue. 

Material ss and Methods 

Wee collected washings (transfer medium and several washing steps) from chorionic villus 

sampless in first trimester pregnancies during a 16-month period (October 1998-January 2000) 

andd analysed all washings from cases with a non-mosaic 45,X karyotype and cases with full 

trisomyy 18. After the diagnosis was confirmed in other tissues, using standard methods, or 

whenn abnormalities were seen at ultrasound, all patients chose to terminate pregnancy (TOP). 

Wee restricted our study to cases in which the chromosomal abnormality was verified in other 

tissuess (cultured mesenchymal cells, cultured amniocytes and/or follow-up tissue received after 

TOP).. Individual details of these six 45,X and seven trisomy 18 patients are shown in Table 1. 

Thee procedure for the genetic analysis of the FNRBCs has been described previously (Jakobs 

ett al., 2000). In the present study CVS samples were obtained from pregnancies with 

gestationall  ages of 10-14 weeks (10-13 weeks in the pilot study). Washings of transcervical as 

welll  as transabdominal biopsies were analysed and both male and female cases were included. 

Slidess were made within 7 days after sampling (within 4 days after CVS in the original report). 

FISHH was performed with an X and a Y probe (Vysis Inc., Downers Grove, IL , USA), labelled 

SpectrumOrangee and SpectrumAqua, respectively, in cases of monosomy X. In cases of a 

trisomyy 18 these probes were combined with a centromere specific probe for chromosome 18 

(LII  .84, Devilee et al., 1986) labelled with FITC. The FISH procedure was followed by 

immunostainingg with a specific antibody against embryonic haemoglobin (HbE, Applied 

Imagingg Corp., Santa Clara, CA, USA). Slides were scanned manually through the microscope 

(Zeisss Axiomat) for HbE-positive cells. Of each sample, if possible, at least 20 HbE-positive 

cellss (FNRBCs) were evaluated for their FISH signals. 
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Tablee 1. Clinical and cytogenetic data from six cases of monosomy X and seven cases of trisomy 18. 

Sample e 
number r 

122 2 

129 9 

317 7 

349 9 

363 3 

416 6 

42 2 

180 0 

279 9 

428 8 

432 2 

458 8 

465 5 

Indication n 

NT T 

USA A 

NT,, HC 

NT,, HC 

M:36,, HC 

M:39,, HC.NT 

HC,, HF. O 

NT T 

NT T 

M:38 8 

NT,, 0 

USA A 

NT T 

Gestational l 
agee (weeks) 

12.5 5 

14.0 0 

14.0 0 

13.3 3 

13.5 5 

10.6 6 

13.3 3 

12.6 6 

11.4 4 

11.3 3 

14.3 3 

13.0 0 

12.3 3 

Sampling g 
method d 

TA A 

TC C 

TA A 

TA A 

TA A 

TC C 

TC C 

TA A 

TC C 

TC C 

TA A 

TA A 

TC C 

Karyotypee at 
CVS-STC C 
[numberr of cells] 

45,X[19] ] 

45,X[4}a a 

45,X[10] ] 

45,X[10] ] 

45,X[10] ] 

45,X{11] ] 

47,XX,+18[10] ] 

47,XX,del{4)(p15), , 
+18[10] ] 

47,XX,+18[10] ] 

47,XX,+18{101 1 

47,XY,+18[10] ] 

47,XY,+18[10] ] 

47,XX,+18[10] ] 

Karyotypee in other tissue(s) for confirmation 
[numberr of cells] 

Long-term m 
culture e 

45,XJ20] ] 

45,X[10j j 

45,X[2]/ / 
46,X,+m[3]/ / 
46,XX[8] ] 

45,X[9] ] 

47,XX,+18[5] ] 

47,XX,+18[15IC C 

47,XX,+18[101 1 

47,XX,+18[3] ] 

47,XY,+18[10] ] 

47,XY,+18[10] ] 

47,XX,+18[10] ] 

Cultured d 
amiocytes s 

45,X[12]/ / 
46,X,+m[9] ] 

Fetall tissue 

45,X[10] ] 

45.XJ5] ] 

47,XX,+18[5] ] 

47,XX,+18[5] ] 

47,XY,+18[5] ] 

47,XX,+18tS] ] 

bb Pregnancy was terminated before the results of the CVS were known, because of ultrasound abnormalities. 
Thee marker chromosome in this patient has not been further identified. 
AA 4p- was not seen in follow-up tissue. 

HF,, hydrops foetalis; HC, hygroma colli; M, maternal age in years; NT, enlarged nuchal translucency; 
O,, omphalocele; STC, short-term culture; TA, transabdominal; TC, transcervical; USA, ultrasound abnormalities. 

Results s 

Thee number of HbE-positive cells and the FISH scores are given in Table 2. In cases of 

monosomyy X seen in trophoblast cells, no FNRBCs with a Y signal were observed. 

FNRBCss were present in all 13 tested samples of washings of first trimester chorionic villus 

sampless (Table 2). In seven cases, 20 or more fetal blood cells could be identified and analysed 

forr their FISH signals. It usually took about 20-30 minutes to score FISH signals of 20 fetal 

cells.. In three samples 10-20 HbE-positive nuclei were found. In three more cases (all 

transabdominall  and over 13 weeks' gestational age) fewer than ten cells were present. In none 

off  the six transcervically obtained samples, nor in samples of pregnancies of less than 13 

weeks'' gestational age, were fewer than ten cells seen. 

85 5 



ChapterChapter 4 

122 2 
129 9 
317 7 
349 9 
363 3 
416 6 
42 2 
180 0 
279 9 
428 8 
432 2 
458 8 
465 5 

19 9 
11 1 
20 0 
9 9 
4 4 
20 0 
15 5 
20 0 
20 0 
20 0 
6 6 
30 0 
20 0 

Tablee 2. FISH results in HbE-positive cells in CVS washings of 45,X cases using XY probes, and in 
trisomyy 18 cases using probes for XY and 18. 

Samplee Number of HbE positive cells Percentage of cells with Percentage of diploid cells 
numberr expected abnormality8 

94.77 5.3 
90.99 9.1 
955 0 

88.99 0 
500 0 
1000 0 
93.33 6.7 
600 25 
855 15 
1000 0 
1000 0 
93.33 6.7 

800 20 

aa One signal for X probe in 45,X cases and three signals for 18 probe in trisomy 18 cases, combined with signals 
forr XX or XY. 
Twoo signals for X probe in 45,X cases and two signals for 18 probe in trisomy 18 cases. 

Discussion n 

FNRBCss were found in all samples, a somewhat lower number of cells (<10) was present in 

threee transabdominal cases over 13 weeks' gestational age. Additional studies may show 

whetherr the sampling procedure or gestational age influences the effectiveness of this test. 

Forr the present series of patients, immunostaining of cells was improved by reversing the 

orderr of the procedure as described by Jakobs et al. (2000): FISH now preceeded the HbE 

staining.. Improved staining allowed manual screening of the slides, so the procedure could also 

bee performed without a sophisticated scanning microscope. However, automatic scanning 

mightt be helpful in cases with few fetal cells. Our choice to analyse, if possible, 20 fetal cells 

perr sample, is arbitrary. The pilot study showed that a limited number of fetal cells may be 

presentt in the washings and 12/20 samples showed 20 or more fetal cells. The optimal scoring 

level,, either to confirm the abnormal cell line, or to determine that the abnormal cell line is 

confinedd to the placenta, has to be evaluated in a larger series and is presumably also probe-

dependent. . 

Inn 5/6 45,X samples 89-100% of the cells only showed one X signal. The highest percentage 

off  nuclei with two signals for chromosome X was 9%. Therefore, a monosomy X cell line is 

obviouslyy present in the FNRBCs in these cases, concordant with the outcome of the semi-

directt method. In one other case (case 363) 50% of the cells showed one signal, but the 

outcomee is based on only four fetal cells (two nuclei showed no signals at all). 
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Inn all (n-7) trisomy 18 pregnancies, a trisomy 18 cell line was clearly present in FNRBCs. 

Threee signals were seen in 60-100% of the selected nuclei and the percentage of diploid cells 

variedd between 0% and 25% (Table 2), Since mosaicism is observed quite regularly among 

casess of trisomy 18, and the clinical phenotype may range from that of full trisomy 18 to a 

milderr form (Tolmie, 1997), it may be important to determine mosaicism. Van Opstal et al. 

(1995)) analysed archival direct vill i preparations of trisomy 18 cases, also using probe LI ,84, 

andd stated that when fewer than 83% of the nuclei show three spots this may well represent 

mosaicism.. Harrison et al. (1993), consider tissue to be mosaic for trisomy 18 when more than 

23.4%% of the cells show 2 spots, while Bryndorf et al. (2000) consider a specimen (which might 

bee amniotic fluid, chorionic villus tissue or fetal or newborn blood) to be "informative 

abnormal""  when at least 60% of the nuclei reveal three spots. From their report it is not clear 

whetherr these are all fully trisomic cases. Eiben et al. (1999) studied aneuploidy in uncultured 

amniocytes.. They classified a sample as normal when a normal signal pattern was observed in 

moree than 90% of the cells and as aberrant if more than 60% of the nuclei had an aberrant 

signall  pattern. They analysed 30 cells and their procedure demonstrated a high reliability. In 

ourr view the outcome in the seven cases in the present study would not have caused a 

diagnosticc dilemma in any of them; analysis of the fetal cells clearly confirmed the initial 

(abnormal)) prenatal test results. The analysis of FNRBCs would have accelerated definite 

diagnosess for these patients. 

Inn cases of a mosaic finding at CVS using the semi-direct method, confirmation of the 

existencee of the abnormal cell line in true fetal cells can lead to a certain diagnosis early in 

pregnancy.. Possible termination of pregnancy (TOP) can thus be done in the first trimester. A 

normall  outcome in FNRBCs in mosaic cases indicates that the abnormal cell line may be 

confinedd to the placenta. In such cases analysis of more cells may be necessary to detect 

possiblee (generalized) mosaicism. Follow-up on LTCs and/or ultrasound examination might 

alsoo be performed and finally lead to a definite diagnosis. In an earlier study (Leschot et al., 

1996)) on confined placental chromosome mosaicism (CPM) in cytotrophoblast cells, we 

reportedd 101 cases of CPM and 7 cases of generalized mosaicism among 4498 diagnostic 

chorionicc vill i samples (a total of 2.4%). In the majority of cases with (various) numerical 

chromosomall  aberrations, amniocentesis was performed. With the procedure described in this 

studyy the presence or absence of the abnormal cell line could also be established in FNRBCs 

andd lead to a final diagnosis early in pregnancy. 

Inn the present study we have shown for two different numerical chromosomal abnormalities, 

thatt these can be detected in FNRBCs from washings of first trimester CVS. This implies that 

threee different cell lineages are available for testing a chorionic villus sample and different 

methodss can be used. Chromosomal or FISH analysis can be performed on trophoblast cells 

obtainedd with the semi-direct method. Also cultured mesenchymal cells can be analysed using 

thee same methods. To avoid maternal cell overgrowth FISH can also be applied on uncultured 

mesenchymall  cells (Bryndorf et al., 1994). The present study has confirmed that analysis of a 

thirdd tissue (of true fetal origin) is possible and can accelerate a definite diagnosis after an 

inconclusivee result in the semi-direct method. It may also reduce the number of false-positive 
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diagnoses.. A result is obtained within 2 days of the result of the semi-direct method being 

knownn and can prevent an additional invasive procedure. 

Analysiss of FNRBCs might also detect false-negative findings in the semi-direct method. As 

shownn by Hahnemann and Vejerslev (1997), false-negative results are especially detected 

amongg pregnancies at high risk for a fetal chromosomal abnormality. If the analysis of 

FNRBCss was implemented for samples of such high-risk pregnancies, the number of false-

negativee diagnoses might also be reduced. Therefore, FISH analysis of FNRBCs may be of 

assistancee in helping to further improve first trimester prenatal diagnosis. 
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Summary y 

Objective::  The finding of full or mosaic trisomy 13 or 18 in first trimester chorionic villus 

samplingg (CVS) may be a false-positive result. This report provides incidence and outcome 

informationn that may be helpful in counselling individual patients and in choosing adequate 

follow-up. . 

Studyy design: From a series of 6820 CVS cases we retrospectively collected data on all 

patientss (n=51) with full (n=30) or mosaic (n=5) trisomy 18, and full (n=13) or mosaic (n=3) 

trisomyy 13 in cytotrophoblast cells. 

Results::  Five false-positives were seen in patients with full trisomy 18 and three in the mosaic 

cases.. One false-positive result was observed in full trisomy 13 and two false-positives in cases 

off  mosaicism. No false-negative results were reported. 

Conclusion::  The diagnosis of trisomy 13 or 18 in cytotrophoblasts should be confirmed in 

otherr tissues, unless fetal abnormalities are seen at ultrasound. In case of mosaicism follow-up 

amniocentesiss is advised. 

5.1 1 
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Introductio n n 

Afterr the introduction of CVS in the mid-eighties, prenatal chromosome studies were carried 

outt with a (semi-)direct cytogenetic method which used cytotrophoblast cells only. In a later 

stagee a long-term culture method (LTC) of mesenchymal cells was recommended in addition 

too the (semi-)direct method (or short-term culture, STC) in order to reduce the number of 

false-positivee findings [1]. Both methods have their pros and cons. A combination of both 

mightt be the best strategy [1,2]. However, this increases the workload in the laboratory 

considerablyy and the final results of the prenatal tests may be delayed. 

Thee most reliable diagnosis of a cytogenetic aberration in CVS is a non-mosaic trisomy 21 [2-

4].. The finding of trisomy 13 or 18 (mosaicism), however, is complicated by the fact that the 

prenatall  results do not always reflect the karyotype of the fetus [2-4], which may be due to 

confinedd placental mosaicism. 

Edwardss syndrome (trisomy 18), the second most common autosomal trisomy, is seen in 

approximatelyy 1:7,000 live newborns [5]. Patients with trisomy 18 have a significantly 

shortenedd lif e span. About 50% of newborns with trisomy 18 die within the first week of life. 

Still,, 5-10% survives the first year of life, which is often characterized by hospitalizations and 

operationss [6]. The clinical phenotype of individual cases of trisomy 18 mosaicism may range 

fromm that of full trisomy 18 syndrome to a milder phenotype [7]. Because of the obvious 

burdenn for liveborns with this syndrome and for their parents, prenatal tests in case of 

(mosaic)) trisomy 18 should be reliable and represent the actual fetal karyotype. Unfortunately, 

bothh false-positive and false-negative findings at CVS have been reported [2,4,8]. 

Thee prevalence of trisomy 13 (Patau syndrome) as reported in literature ranges from 1:12,000 

[9]]  to 1:29,000 [5]. Hook [9] estimated that the frequency of trisomy 13 is a hundred times 

higherr in spontaneous abortion than in the liveborn population. For liveborns an average 

lengthh of survival is reported of 6.6 months, often with severe medical complications [6]. Since 

bothh trisomy 13 and trisomy 18 may lead to live births, a reliable prenatal test is needed upon 

whichh parents can base their decisions regarding the pregnancy. Probably 5% of all trisomy 13 

casess are mosaics. As reviewed by Delatycki and Gardner [10] the phenotype in these cases 

mayy vary considerably from normal to the same severe form as found in full trisomy 13. In 

casee of trisomy 13 mosaicism in CVS discordant findings were also reported [2]. 

Adequatee counselling of patients confronted with the unexpected finding of (mosaic) trisomy 

188 or 13 in CVS, depends on knowledge of the outcome of previous cases. The increasing 

qualityy of the first trimester ultrasound (US) scan can be helpful. We reviewed all cases with 

thesee chromosomal abnormalities in our own series of patients over a 14-year period. We 

reportt the cytogenetic and clinical findings of 30 cases of full trisomy 18 and five mosaic cases 

andd of 13 cases of full trisomy 13 and three cases of trisomy 13 mosaicism detected at first 

trimesterr CVS, using the semi-direct method. 
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Material ss and Methods 

Fromm a series of 6,820 diagnostic CV samples received in our department between 1985 and 

19999 we selected all cases (n=51) of reported full trisomy 13 or 18 and trisomy 13 or 18 

mosaics.. A trisomy was considered to be mosaic when at least two metaphases with a normal 

karyotypee were found. Only cases have been included with a gestational age of less than 15 

weeks.. The indications for prenatal investigations in these pregnancies were advanced maternal 

agee (>36 yrs.) in the majority of cases (90.1 % in the trisomy 13 and 18 group, 78.7 % in the 

wholee series), a previous child with chromosomal abnormality, risk for a genetic disease which 

cann be detected with DNA analysis, or abnormalities seen at US investigations (Tables 1 and 

2).. In nine out of 46 patients admitted for advanced maternal age various US anomalies were 

seenn (Table 1: cases 16, 20, 25, 31, 32, 34 and 35; Table 2: cases 14 and 15). CV sampling was 

performedd under continuous ultrasound guidance. In most cases vill i were obtained with the 

transcervicall  method, using a biopsy forceps. When the transabdominal method was used this 

iss indicated in the table. In the whole series of diagnostic samples a (semi-)direct cytogenetic 

analysiss (or short-term culture, STC) of cytotrophoblast cells was used. A minimum of ten 

metaphasess was routinely analysed by means of Q-banding. From 1993 onwards in case 

ambiguouss findings were detected in the cytotrophoblast cells, LTCs were also initiated, when 

sufficientt tissue was available [11]. In case of (mosaic) trisomy 13 or 18 follow-up 

amniocentesiss and additional ultrasound was offered. The analysis of amniocytes was 

performedd on cultured cells, using the in situ method. A minimum of 10 cells was analysed, 

preferablyy from different clones and from at least two different cultures. Fetal tissue was 

requestedd if the patients chose to terminate pregnancy. Tissue was cultured and chromosomes 

weree analysed using Q-banding. After termination of pregnancy (TOP) patliological-

anatomicall  investigations (PA) were performed, or tissue was examined for abnormalities 

(Polydactyly).. For all chromosomally normal pregnancies of the total series information about 

thee outcome of the pregnancies was obtained, by sending a questionnaire to the patient. From 

Januaryy 1985 to January 1992 and between February 1994 and February 1997, the midwife, 

familyy doctor or gynaecologist was contacted if the quesdonnaire was not returned [12,13]. 

Results s 

Inn a total of 6,820 first-trimester CVS cases, 35 cases of trisomy 18 (mosaicism) were seen 

(0.51%).. An overview is given in Figure 1; individual details are listed in Table 1. 

AA homogeneous trisomy 18 karyotype was found in 30 pregnancies (0.44%), including six cases 

withh one normal cell present (Table 1: cases 13, 16, 20, 23, 26 and 29). In five out of 30 cases 

off  full trisomy 18 (cases 2, 8, 14, 18 and 22) a normal karyotype was seen at amniocentesis or 

inn tissue after TOP. Trisomy 18 mosaicism was seen in five cases, three showed a normal 

karyotypee in cultured amniocytes (cases 7, 9 and 24). 

Wee report 16 cases (0.23%) of (mosaic) trisomy 13 (Figure 2 and Table 2). In 13 pregnancies a 

fulll  trisomy 13 was found (0.19%), in one case (case 12) the molecular analysis of vill i and of 

normal,, diploid fetal tissues showed no discrepancies for the tested markers. Three mosaic 

trisomyy 13 cases were seen, including case 11 involving a Robertsonian translocation 
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(46,XY,der(13;13)(ql0;ql0),+13[9]/46,XY[l]).. The normal cell line in this case cannot be 

simplyy explained by the loss of one chromosome. Two out of three mosaic cases had a normal 

karyotypee at amniocentesis (cases 7 and 11). 

Inn our series we have a follow-up of 99.4% of the outcome from January 1985 to January 1992 

[12].. A 95% follow-up was obtained between February 1994 and February 1997 [13]. No false-

negativee findings were reported. Outside these periods no false-negative findings were brought 

too our attention. 

Figur ee 1. Overview of cases with trisomy 18 (mosaicism) in this study; dark boxes indicate a normal 
outcome. . 
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Figur ee 2. Overvie w of cases with trisom y 13 (mosaicism ) in thi s study ; dark boxe s indicat e a norma l 
outcome . . 
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Discussion n 

Inn the present study the incidence for Edwards syndrome at first trimester CVS was 1:195 

(0.51%)) including five cases of mosaicism. Patau syndrome was reported in 1:427 pregnancies 

(0.23%),, 13 cases of full trisomy 13 and three mosaic cases. These results are concordant with 

thosee reported in a previous Dutch study by Breed (1992) [4], who found an incidence of 

0.49%% for trisomy 18, including one mosaic case and an incidence of 0.24% for trisomy 13. 

Thee patient population, with a maternal age indication in 79.6% in their total series of 3,277 

pregnancies,, is comparable with our study. Snijders et al [14] provided incidences for trisomy 

188 (0.42%) and trisomy 13 (0.15%) at 9-14 weeks' gestation in women aged 35-45 years. 

Resultss from their own study were combined with data from earlier reports investigating 

15,7933 pregnancies. 
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Inn the present series five out of 30 cases of full trisomy 18 prove to be false-positive findings. 

Breedd [4] following the same approach of first analysing only cytotrophoblast cells, reported 

twoo false-positive findings out of 15 cases of full trisomy 18. 

Inn all five pregnancies with trisomy 18 mosaicism amniocentesis was offered. In case 28 intra-

uterinee death had occurred. Since trisomy 18 was also seen in cultured cells of chorionic villi , 

thiss may well be a case of generalized mosaicism for trisomy 18. In total three out of five 

mosaicc cases (cases 7, 9 and 24) proved to be false-positives at CVS-STC. Breed [4] reported 

onee mosaic case, but only a single trisomy 18 cell was seen at CVS, and they consider this cell 

ann artefact. Los et al. [15] in their series of 3,726 CV samples report mosaicism for trisomy 18 

inn four cases. Two of these were false-positives, with low-mosaic (two out of 30 investigated 

cells)) in the original sample. They describe no false-positives in a total of 21 cases of full 

trisomyy 18 and 13 (combined data). 

Wee report 13 pregnancies with a homogeneous trisomy 13 karyotype. One case (Table 2: case 

12)) is a false-positive finding, considering the outcome of the molecular tests. Breed [4] found 

noo discrepancies in his series in three cases of full trisomy 13 concluding that the predictive 

valuee for trisomy 13 is 100%. 

Twoo out of three mosaic cases of trisomy 13 proved to be false-positive (cases 7 and 11). Los 

ett al. [15] reported three mosaic cases, with low mosaicism (10% or less), which were also 

normall  at amniocentesis. Breed [4] reports two mosaic cases with high levels of abnormal cells 

att CVS that are normal at amniocentesis. 

Sincee the present study was conducted using the semi-direct method and data in most (larger, 

multi-center)) studies are based on a dual approach for each sample, analysing both direct 

preparationn and cell culture for the majority of cases, we confine our comparison to a recent 

studyy by Smith et al. [2] on 20,527 CVS patients. The authors also include an overall 

comparisonn with earlier large U.K.- and U.S.-multi-center studies. Data are provided for the 

outcomee of individual mosaic cases. Both false-positive and false-negative findings are 

reported.. These were detected in patients where both cytotrophoblast cells and mesenchymal 

cellss were investigated. If only the semi-direct method had been used on their samples this 

wouldd have resulted in one false-positive finding of trisomy 13. In the combined data of two 

otherr Dutch studies [4,15] and the present study, in a total of 13,596 cases 7 false-positive 

casess of trisomy 18 and one false-positive case involving trisomy 13 are found. 

Inn our series, with an adequate follow-up on pregnancy outcome obtained by questionnaires, 

noo false-negative findings were reported. Neither did the other two Dutch studies. In the data 

presentedd by Smith et al. [2], it can be seen that if they had used the semi-direct method only, 

thiss would have resulted in five false-negative results for trisomy 18: in two cases LTCs and 

fetall  cells showed trisomy 18, in two other cases trisomy 18 was seen in LTCs, but the fetal 

karyotypee was not known and in one case even the cell culture gave normal results. Usually the 

overalll  frequency of reported false negative results (0.04%) is low compared with false-positive 

oness (1-2%) using the semi-direct method [16]. Unfortunately, no information is given about 

possiblee US abnormalities in the false-negative cases pointing in the direction of a possible 

trisomyy 18. Since no false-negatives were seen in our series, we consider a normal result in the 
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directt method to be reliable and for these patients the diagnosis should not be delayed by an 

additionall  cell culture. A dual approach only seems beneficial to a limited number of patients. 

Fromm 1993 onwards (Table 1: cases 20-35 and Table 2: cases 10-16) when a trisomy 18 or 13 

wass detected we did not rely on the results of the direct method alone, although in some cases 

parentss decided on termination of pregnancy, without awaiting further test results. In hindsight 

inn case 12, Table 2, the pregnancy was erroneously terminated. First trimester ultrasound has 

improvedd considerably over the years, therefore, a better detection of trisomy 13 and 18 is 

possiblee [17,18]. In the latter half of both Tables 1 and 2 we see an increasing number of 

patientss with US anomalies seen at time of CV sampling. No misdiagnoses were reported when 

thee result of the STC was combined with either abnormal US findings, LTCs or amniocentesis. 

Inn case of finding a full trisomy 13 or 18, follow-up may also be done using fluorescence in situ 

hybridizationn (FISH). As described by Hansson et al. [11] we preserve villus material, which is 

selectivelyy used for culturing to clarify or confirm only the aberrant findings found in the semi-

directt method. These preserved vill i could also well be used for interphase FISH on a 

mesenchymall  cell suspension, without much delay in reporting time. Maternal cell 

contamination,, which may cause diagnostic dilemmas in LTCs, can thus be avoided. The 

resultss could be completed within the first trimester of pregnancy. Studies in this field are in 

progress.. At present, we consider our method of combining the direct method with cultured 

cells,, only in case of a trisomy (other than trisomy 21), as reliable. Also the combination of 

trisomyy 13 or 18 in trophoblast cells with abnormal US findings may result in a highly reliable 

diagnosis.. Los et al. [15] regard trisomy 13 or 18 at CVS-STC in patients with US abnormalities 

ass a certain abnormal diagnosis. In their view clinical decisions can be made upon these results, 

becausee of a high probability of a generalized abnormal karyotype. The results of the present 

studyy may be helpful in counselling patients confronted with (mosaic) trisomy 13 or 18 in 

CVS-STC. . 

Recommendations: : 

 Full trisomy 18 or full trisomy 13 in first trimester CVS-STC: reliable only in 

combinationn with abnormal US findings, or trisomic cells in mesenchymal cells 

(culturedd cells or interphase-FISH), or trisomic cells in amniocytes. 

 Mosaic trisomy 18 or mosaic trisomy 13 in first trimester CVS-STC: further prenatal 

testingg is indicated on cultured amniocytes. 
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AA placenta l diploi d cel l lin e is not essentia l 

fo rr  ongoin g trisom y 13 or 18 pregnancie s 

G.. Heleen Schuring-Blom1, Kees Boer2, Nico J. Leschot1 

1Deptt of Clinical Genetics, 2Dept of Obstetrics and Gynecology, 

Academiee Medical Center, Amsterdam, the Netherlands 

EurEur J Hum Genet, 9, 286-290 (2001) 

Summary y 

Viablee trisomy 13 or 18 pregnancies may be supported by the presence of a diploid cell line, 

confinedd to the outer layer of the placenta (cytotrophoblast). To establish the presence of 

diploidd cells we investigated five random biopsies from placentas of trisomy 13 (n=8) and 

trisomyy 18 cases (n=6) of newborn infants and terminated pregnancies by means of 

fluorescencefluorescence in situ hybridization on interphase nuclei (n=100). 

Inn 12 of these 14 placentas (including all five liveborns) 80% or more of the analysed nuclei 

showedd three spots, suggestive of the presence of a full trisomy. In the other two placentas 

(bothh cases of trisomy 18) mosaicism was detected at most investigated sites. 

Thus,, in contrast with earlier studies, these results show that a significant diploid cell line 

presentt in the placenta, confined to the trophoblast, is not a pre-requiske for intrauterine 

survivall  in the investigated cases. 

5.2 2 

107 7 



ChapterChapter 5 

Introductio n n 

Nextt to Down syndrome, trisomy 18 (Edwards syndrome) and trisomy 13 (Patau syndrome) 

aree the most frequendy reported numerical aberrations. In cytogenetic surveys of spontaneous 

abortionss or in early embryos trisomies for every chromosome have been described1, but many 

off  these trisomies are lethal. Still, a number of them lead to liveborn deliveries. For trisomy 21, 

20-35%% survive to term, while less than 5% of the trisomy 18 cases and 2.5% of trisomy 13 

casess are liveborn.2 Kalousek et al.3 were the first to suggest that possibly only cases with 

mosaicc or non-mosaic diploidy in the cytotrophoblast of these trisomy 13 or 18 conceptions 

mightt survive prenatally. Their hypothesis was based on the cytogenetic analysis of 14 

placentass from terminated pregnancies or from live newborn infants between 20 and 42 weeks 

off  pregnancy, having a trisomy 13 or 18. It was shown that all were mosaic, in contrast with 12 

casess of trisomy 21, where no diploid cells were seen. The authors speculated that the presence 

off  diploid cells in the outer layer of the placenta might provide the necessary biological 

protectionn and significantly enhance intrauterine survival of fetuses with trisomy 13 or 18. The 

relativee surplus of mosaic trisomy 13 and 18 cases (in comparison with trisomy 21) in first 

trimesterr chorionic villus sampling, as well as false-negative findings may also reflect a better 

survivall  in case of placental mosaicism.4-'' 

I tt has been shown that the chromosomal complement of the placenta may have an effect on 

fetall  outcome: among pregnancies with a diploid fetus the presence of an abnormal cell line 

confinedd to the placenta showed correlation with an increased frequency of fetal intrauterine 

growuhh retardation.6"9 Others, however, could not confirm this.10 

Thee majority (around 90%) of trisomy 13 and 18 cases are maternal-meiotic in origin.11-12 

Whenn a diploid cell line is formed through trisomic rescue, there is a 1:3 chance that both 

chromosomess 13 or 18 are derived from the parent whose chromosomes led to the trisomy 

(usuallyy maternal), the so-called uniparental disomy (UPD). The presence or absence of UPD 

mightt play a role in the phenotypic consequences of trisomy rescue. 

Thee distribution of an aberrant cell line in a placenta may differ gready13, so multiple biopsies 

shouldd be analysed to establish whether a diploid cell line indeed is a determining factor in 

intrauterinee survival of viable trisomy 13 or 18 pregnancies. In case of diploidy we wanted to 

determinee if the presence of a specific UPD would influence the viability of a pregnancy. 

Material ss and methods 

Placentall  tissues were collected from eight pregnancies with trisomy 13 and six pregnancies 

withh (mosaic) trisomy 18, detected at prenatal diagnosis or at birth. The clinical histories of 

thesee 14 pregnancies are summarized in Table 1. The mean maternal age in these cases was 

34.77 years. When fetal tissue was investigated after birth or after termination of pregnancy the 

resultss are also given in Table 1. Cases 8 and 9 are twin pregnancies, in both cases the other 

childd had a normal female (diploid) karyotype. 
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ChapterChapter 5 

Thee complete placenta and, if possible, blood of both parents was collected after informed 

consent.. In case of a twin pregnancy both placentas were investigated. Five random biopsies of 

thee placenta of 250-500 mg each were taken. Samples were washed thoroughly in Hank's 

balancedd salt solution (Hank's BSS) containing heparin. One half of each biopsy was stored at 

-20°CC for DNA analysis and DNA was also extracted from blood of both parents. 

Fromm the other half a suspension was made consisting mainly of cells derived from the 

cvtotrophoblast133 In one case (trisomy 18, case 13) the trophoblast suspension was made from 

onee half of the biopsy using the direct method, as in all other cases. The other half of the fresh 

biopsyy was used to isolate mesenchymal cells. For this, trophoblast cells were removed by 

trypsin-EDTAA treatment (0.05% in Hank's BSS for 20 min at 37°C) and a mesenchymal cell 

suspensionn was made using collagenase-A (0.13% in HAM's F10, activity 0.715-0.78U/mg).14 

Fromm all suspensions, slides were made and FISH was performed according to standard 

procedures.. In case of trisomy 13 pregnancies we used a probe obtained by Vysis (LSI 13 

spectrumm green, Vysis UK Ltd, Richmond, UK), which hybridizes to the long arm of 

chromosomee 13 (13ql4). Placental biopsies of trisomy 18 pregnancies were hybridized with a 

centromere-specificc probe (Ll.84).15 A chromosome 1 centromere-specific probe (pUC 1.77)16 

wass used as a control on polyploidy. These probes were biotin-labelled and for detection 

avidin-FITCC was used. Total human DNA was counterstained with propidium iodide. For 

eachh biopsy and each probe a minimum of 100 cells was scored and according to standard 

criteria,, the proportion of nuclei with one, two, three and four or more hybridization signals 

wass determined. A site was considered to be fully trisomic when 80% or more of the nuclei 

displayedd three signals (see Discussion). 

Results s 

Thee results of the FISH analysis of the tested trisomy 13 and 18 placentas are summarized in 

Tablee 2. Only percentages of cells with two and three spots are given, the total of one, four 

andd more spots never exceeded 9%, and usually was less than 5%; individual results are not 

shown.. All trisomy 13 placentas, with the exception of one site in case 5, and four out of six 

trisomyy 18 placentas were fully trisomic at all sites. In the other two trisomy 18 placentas the 

highestt percentage of two spots was 45% (Table 2). For each biopsy a control probe on 

chromosomee 1 was used. For this probe the percentage of two spots ranged from 86% to 

100%,, and for three spots a range from 0% to 9% was seen. Separate data are not shown. 

110 0 



Tablee 2. FISH results of placental biopsies of trisomy 13 cases (cases 1-8, probe LSI 13) or trisomy 18 
(casess 9-14, probe L1.84), sites with less than 80% of nuclei showing three spots are indicated in bold. 

Casee Biopsy number 
no. . 

1 22 3 4 5 
22 spots 3 spots 2 spots 3 spots 2 spots 3 spots 2 spots 3 spots 2 spots 3 spots 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8a a 

9b b 

10 0 

11 1 

12 2 

13c c 

14 4 

(%) ) 

6 6 

3 3 

5 5 

15 5 

13 3 

16 6 

5 5 

10 0 

6 6 

2 2 

5 5 

5 5 

21 1 

32 2 

(%) ) 

94 4 

93 3 

92 2 

82 2 

83 3 

81 1 

92 2 

86 6 

91 1 

97 7 

94 4 

93 3 

77 7 

64 4 

(%) ) 

4 4 

6 6 

4 4 

8 8 

14 4 

5 5 

8 8 

8 8 

4 4 

6 6 

6 6 

7 7 

--

45 5 

(%) ) 

95 5 

91 1 

95 5 

88 8 

83 3 

93 3 

89 9 

89 9 

96 6 

94 4 

92 2 

89 9 

--

54 4 

(%) ) 

3 3 

7 7 

3 3 

9 9 

13 3 

7 7 

3 3 

11 1 

12 2 

5 5 

6 6 

4 4 

21 1 

35 5 

(%) ) 

96 6 

91 1 

94 4 

83 3 

86 6 

88 8 

94 4 

89 9 

88 8 

94 4 

93 3 

90 0 

72 2 

62 2 

(%) ) 

8 8 

6 6 

6 6 

7 7 

20 0 

2 2 

4 4 

9 9 

14 4 

5 5 

8 8 

3 3 

17 7 

18 8 

(%) ) 

91 1 

92 2 

92 2 

90 0 

76 6 

94 4 

95 5 

86 6 

82 2 

95 5 

92 2 

93 3 

80 0 

79 9 

(%) ) 

5 5 

6 6 

4 4 

6 6 

16 6 

8 8 

6 6 

11 1 

11 1 

7 7 

8 8 

8 8 

33 3 

12 2 

(%) ) 

94 4 

93 3 

95 5 

90 0 

82 2 

90 0 

89 9 

86 6 

88 8 

91 1 

91 1 

85 5 

58 8 

88 8 

.. Normal twin showed two spots at all sites in 90%-95% of the nuclei 
Normall twin showed two spots at all sites in 94%-98% of the nuclei 
Mesenchymall cells showed three spots in 51-75% of the nuclei 

Discussion n 

Inn 12 out of 14 investigated placentas involving trisomy 13 or 18 in this study 80% or more of 

nucleii  at the investigated sites displayed three signals, which can be regarded as indicative of 

non-mosaicc trisomy (Table 2). In only one of these (case 5, trisomy 18) a slighdy lower level 

wass found at one site. In two pregnancies with trisomy 18, in case 13 (in cytotrophoblast cells 

andd mesenchymal cells) and in case 14, a diploid cell line may have been present at most of the 

placentall  sites. These sites, with less than 80% of nuclei with three spots, are indicated in Table 

2.. The FISH results of the control probe did not indicate polyploidy in any case. 

Fromm other studies we know that when interphase FISH is performed the expected number of 

signalss (two signals for autosomes in case of diploidy) is (most often) not present in 100% of 

thee nuclei.17-18 Results were considered abnormal when at least 60% of the cells were 
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aneuploid'9,, others diagnosed aneuploidy or euploidy when at least 85% of the nuclei showed 

equall  numbers of signals.18 These figures highly depend on the type of tissue and probe. 

Ruangvutilertt et al.2" attempted to assess probe efficiency regarding interphase detection of 

trisomies.. In non-mosaic trisomic or triploid fibroblast cultures 80-89% of nuclei displayed the 

expectedd number of signals. Two signals were seen in most of the nuclei that did not produce 

threee signals. FISH on trisomic interphase nuclei proved to be less accurate than on disomic 

nuclei,, most probably due to an increase of signal overlap. Therefore, in the present study we 

regardedd sites with 80% or more nuclei with three spots as fully trisomic. In one of the mosaic 

casess (case 13) the diploid cell line does not seem to be confined to the outer layer of the 

placenta,, for diploid cells were also observed in mesenchymal cells (Table 2). Unfortunately no 

mesenchymall  cells were available for FISH in the other mosaic case (case 14). 

Ourr findings are in contrast with earlier reports. Kalousek et al.3 investigated three placentas 

withh full trisomy 13 (gestational ages between 37-40 weeks) and 11 placentas with full trisomy 

188 (gestational ages between 20 and 40 weeks). Direct preparations of cytotrophoblast cells 

weree karyotyped and all revealed mosaicism, involving a normal diploid cell line. The 

percentagee of metaphases with trisomy 13 varied from 0 to 67% and for trisomy 18 from 0 to 

88%.. On average, in their study, in all investigated sites no less than 70% of the metaphases 

hadd a normal diploid karyotype. For the same patients full trisomy was seen in cultures from 

villouss stroma, chorion and amnion. Since a diploid cell line was found in all cases the authors 

suggestedd that mosaicism confined to the trophoblast might facilitate intrauterine survival of 

suchh conceptuses. 

Dataa shown by Harrison et al.21 in another study performed in the same laborator}' supported 

thiss idea. They studied 12 placentas from pregnancies with trisomy 18 (gestational ages 

betweenn 14 and 40 weeks) using FISH. In five placentas only one site was investigated, in five 

otherss two samples were taken and three and four sites, respectively, were investigated in the 

otherr two cases. Statistical analysis was used to determine the minimum level of mosaicism for 

chromosomall  diploidy detectable by FISH. The upper 95% confidence interval was used to 

assignn a cut-off value and a sample was considered to be mosaic when more than 23.4% of the 

nucleii  revealed two spots. Using this threshold seven out of 12 placentas were mosaic, 

includingg all five stillborn and liveborn cases of over 25 weeks of gestational age, whereas no 

significantt levels of mosaicism were detected in cytotrophoblast from spontaneously lost 

pregnanciess (n=2). In both studies3'21 the authors suggested that viable trisomy 18 and 13 

pregnanciess required a diploid cell line in the cytotrophoblast. A summary of the results of 

bothh studies is shown in Table 3. Only the placental analysis of pregnancies of over 24 weeks 

off  gestational age are given (respectively eight out of a total of 14 cases and five out of 12 

cases),, and these were all regarded to be mosaics. When comparing these data with our own 

resultss (Table 2) in cases over 24 weeks of gestational age (cases 1, 3, 4, 6, 8, 9 and 13), for 

whichh significant levels of diploidy could be expected, in only one of these seven cases the 

percentagee of trisomic cells was less than 80%. The gestational ages in these cases are 

comparablee and can not explain the discrepancy between our findings and earlier studies. Two 

casess of mosaic trisomy 18 seen at amniocentesis (cases 11 and 12), also showed full trisomy in 
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thee placental biopsies. Since no complete diploid sites were found, testing for uniparental 

disomyy was not carried out. 

Differentt methods were used in the present study and both other studies, but in our view, this 

factt can not explain the difference in outcome. Kalousek et al.3 used die direct method and 

analysedd actively dividing cells, Harrison et al.21 enzymatically isolated trophoblast cells and 

usedd interphase FISH. We performed FISH on trophoblast nuclei, obtained by the direct 

method.. From earlier studies on term placentas we know that with this method, 

cytotrophoblastt cells can well be isolated.13,23 In these cases where a chromosomal aberration 

wass observed in first trimester trophoblast cells and a normal karyotype was seen at 

amniocentesis,, we were able to confirm the abnormal cell line (often confined to one or few 

sites)) in term placentas. In some biopsies upto 90% of the cells, analysed by FISH, showed the 

samee abnormality as initially seen at first trimester, indicating that mainly cytotrophoblast cells 

hadd been analysed. 

Tablee 3: Summary of the results on placental tissue in viable trisomy 13 cases (cases 13-1. 13-2 and 
13-3)) or trisomy 18 cases (all other cases) of over 24 weeks of pregnancy in a study by Kalousek et 
al.33 (A) using conventional cytogenetics, and Harrison et al.19 (B) using FISH. 

Studyy A 

Studyy Ba 

Casee numbe r 

13-1 1 

13-2 2 

13-3 3 

18-1 1 

18-4 4 

18-5 5 

18-10 0 

18-11 1 

18-8 8 

18-9 9 

18-10 0 

18-11 1 

18-12 2 

Gestationa ll  age 
(wks ) ) 

40 0 

37 7 

38 8 

32 2 

37 7 

40 0 

37 7 

38 8 

25 5 

38 8 

38 8 

Term m 

Term m 

%% diploi d 

100 0 

70 0 

27 7 

100 0 

34 4 

21 1 

50 0 

47 7 

18.2-27.4 4 

27.7-41.6 6 

29.2-33.8 8 

26.7-27.8 8 

97.3-98.8 8 

%% trisom y 

0 0 

30 0 

69 9 

0 0 

66 6 

64 4 

42 2 

53 3 

69.6-77.4 4 

53.1-69.6 6 

61.8-68.8 8 

67.8-70.4 4 

1.2-2.7 7 

Twoo or more placental sites were investigated: the lowest and highest scores are indicated. 

Ourr present findings are concordant with the results of a recent study by Moore et al.22 They 

studiedd fetal tissues of different gestational ages (11-26 weeks) of four cases of trisomy 13, ten 

pregnanciess involving trisomy 18 (mean maternal age in case of trisomy 13 or 18 was 39.1 

years)) and seven cases of trisomy 21, using FISH. Slides were made from frozen tissues. In 

threee trisomy 13 cases and nine trisomy 18 cases (gestational ages less than 24 weeks) a single 

placentall  biopsy was among the examined tissues. Most likely, because of the technique used, 
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mesenchymall  cells as well as trophoblast cells were scored together. In their study, however, 

confinedd placental mosaicism could not be ruled out. In only one out of 14 cases of trisomy 13 

orr 18 a diploid cell line was reported (in a placental biopsy of a trisomy 13 pregnancy). 

Onn the basis of our data we conclude that a diploid cell line does not seem to be a crucial 

factorr in intrauterine survival of trisomy 13 or 18 pregnancies. The term "trisomic rescue" 

introducedd for this phenomenon, and widely accepted as a possible explanation for survival in 

thesee cases does not seem to hold for the viable trisomy 13 or 18 cases presented in our study 

andd "survivors" are not mosaics. Moore et al.22 , too, concluded that tissue-specific mosaicism 

iss not likely to be responsible for potential survival to birth. Considering our combined results, 

theree still is a lack of understanding which mechanisms are involved in intrauterine survival of 

differentt trisomies, which may differ considerably. Each aneuploidy also shows a wide 

variabilityy of major malformations so, other, as yet unknown factors may play a role in 

morphogenesiss and may thus affect (intrauterine) survival. 
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Summary y 

Introduction:: Causes of intrauterine growth retardation (IUGR) are subdivided in maternal, 

fetall  and placental factors. A relation has been suggested between IUGR and chromosome 

mosaicismm confined to the placenta. An abnormal, trisomic cell line might interfere with 

normall  placental function. This could also depend on the chromosomes involved. 

Studyy design: Placentas of 32 patients with IUGR during pregnancy and a birth weight of less 

thann 10th percentile were investigated. From each placenta five randomly taken biopsies were 

analysedd by means of FISH on interphase nuclei (n=100) with probes for 13 different 

chromosomess (chromosomes 1, 2, 3, 7, 8, 9,11,13,15, 16, 18, 21 and 22). 

Results:: In 24 cases between 90%-100% of the hybridizations were successful, in two cases 

betweenn 80%-90%, in four cases between 50%-80%, in one case <50% and in one more case 

noo result could be obtained. No elevated levels (>10%) of three spots could be detected for 

anyy probe on any of the tested placental sites. 

Conclusion:: It is highly unlikely that a trisomic cell line confined to the placenta has been the 

underlyingg cause for IUGR. This suggests that there is no association between unexplained 

IUGRR and a trisomic cell line, which is confined to the placenta. 
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Introduction n 

Causess of intrauterine growth retardation (IUGR) are subdivided in maternal, fetal and utero-

placentall  factors. However, in about half of the cases no specific cause can be identified.1 

Abnormall  fetal growth (IUGR or infants that are small for gestational age) represents a major 

causee of perinatal morbidity and mortality. Identification of specific causes of growth 

retardationn may result in a better understanding, and even prediction of the long-term 

implicationss of the newborn's condition.2 

Kalousekk and Dil l (1983)3 were the first to suggest that in these cases, there might be a 

relationshipp between IUGR and chromosomal mosaicism confined to the placenta (confined 

placentall  mosaicism, CPM). They found two cases of CPM (a trisomy 22 and a trisomy X) in a 

seriess of 46 placentas, a large proportion of which (no exact data are given) was investigated 

becausee of IUGR (Table 1). 

Tablee 1. Reports in literature on cases with growth retardation at birth (percentiles given when 
reported)) of which the placentas have been karyotyped, using conventional cytogenetic methods. 

No.. of 
placentas s 

46 6 

11 1 

71 1 

108 8 

26 6 

12 2 

10 0 

Birth h 
weight t 

n.s. . 

<p10 0 

<p10 0 

n.s. . 

<p10 0 

<p10 0 

<p10 0 

Method d 

LTC C 

LTC C 

LTC+STC C 

STC C 

LTC C 

LTC C 

LTC C 

No.. of 
biopsies s 

1 1 

1 1 

2 2 

1 1 

1 1 

1 1 

10 0 

No.. of 
mosaic c 
cases s 

2 2 

0 0 

0 0 

7 7 

4 4 

3 3 

6 6 

Numericall abnormal cell 
line(s)) (no of cases) 

+222 (1); trisomy X{1) 

--
--
+2,+15a(1);+9b<1); ; 
+16  (3);+22(1) 
monosomyy 21 (2) 
monosomyy 3 (1) 
variouss aneuploid cells (1) 
tetraploidyy (2) 
+17,+21e(1) ) 
+14(1);+211 (2);+18(1); 
monosomyy X(1); 
tetraploiy(l) ) 

Source e 

Kalousekk and Dill (1983)3 

Verpandd Unger(1990)8 

Kennerknechtt et al.(1993) 

Wolstenholmee et al.(1994)10 

Krishnamoorthyy et al.(1995) 

Wilkins-Haugetal.(1995)12 2 

Artanetal.(1995)7 7 

Twoo biopsies studied, only one showed the abnormal cell line 
Trophoblastt and mesenchymal cells were analysed: both showed the abnormal cell line 

cc In one case of trisomy 16 only LTC was analysed: two biopsies showed the same abnormal cell line 
Onee case of monosomy 21 was confirmed with FISH 

ee FISH as confirmationn on formalin-fixed placental sections in case of an abnormal cell line 
IUGR,, intrauterine growth retardation, percentile not indicated; LTC, long-term culture; n.s, birth weight not 
specified,, but reported as IUGR; p10,10th percentile (based on different growth curves); STC, short-term culture 

Ann aberrant cell line might interfere with normal placental function. The experience with 

prenatall  chromosome studies of chorionic villus samples (CVS) has revealed that in about 2% 

off  the pregnancies a chromosome mosaicism is detected, which is restricted to the placenta4'5. 

IUGRR has been recorded in such pregnancies. Johnson et al. (1990)6 reported on 42 

pregnanciess in which chromosome mosaicism was detected in chorionic vill i cells, while the 

fetuss itself had a normal karyotype: they found poor perinatal outcome with a perinatal loss 

ratee of 16.7% (including four spontaneous abortions before the 20th week). Others reported 
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specificallyy on patients with prenatally detected growth retardation, using different methods 

andd analysing various cell types. Using the short-term culture (STC) trophoblast cells were 

investigatedd and when the long-term culture (LTC) was used, mesenchymal cells were analysed. 

Thee outcome of the placental analysis differed greatly, from "no indication of a numerical 

abnormall  cell line among IUGR cases" to a report in which ten placentas of IUGR 

pregnanciess were investigated, with CPM observed in six of these placentas.7 In Table 1 we 

showw details from seven studies in the literature3-7-812 of pregnancies showing IUGR and a low 

birthh weight (<plO), in which placentas have been investigated. In these studies, except in the 

studyy by Artan et al. (1995)7, limited numbers of placental sites were analysed. An abnormal 

celll  line, which may be confined to certain parts of the placenta, can well be missed in this 

way133 Artan et al. (1995)7 in their study of ten placentas, investigated ten sites from each of 

them,, analysing 10-15 metaphases from cultured mesenchymal cells for each placental site. 

Theyy concluded that placental cell lines with chromosomal abnormalities in some way 

interferedd with a normal developmental pattern of the fetus. They stated that an even higher 

CPMM rate could be expected if the direct method would have been used for karyotyping. 

Thee percentage of chromosomal abnormal cells in the whole placenta could be of significance 

inn a possible negative effect on placental function. It may alio be important whether the 

chromosomee aberrations are restricted to the cytotrophoblast cells or whether mesenchymal 

(stroma)) cells are involved as well. The latter type of cells is more likely to reflect the fetal 

karyotype,, since this cell line is derived from the extraembryonic mesoderm. It is also 

conceivablee that the possible effects of chromosome aberrations in placental cells depend on 

thee chromosomes involved.: In our experience with CPM, mainly trisomies involving 

chromosomess 3, 8, 13, 16 and 22 were detected among patients with birth weights below the 

tenthh centile.5 Moreover, fetuses with CPM are at risk for having uniparental disomy (UPD)14. 

Thiss may cause specific developmental aberrations, because of inactivation of (parts of) 

chromosomess due to genomic imprinting. This group of patients is not recognised by routine 

diagnosticc chromosome analysis using cultured lymphocytes. 

Inn order to establish the presence and possible effect of an abnormal cell line present in the 

placentaa of a pregnancy with severe IUGR, we analysed trophoblast cells of multiple placental 

biopsiess in a series of unexplained growth-retarded children. 

Materiall and Methods ' 

Patientss suspected of carrying a child with IUGR (10th percentile or less, according to 

Kloosterman,, 1970)15 were identified antepartum by clinical and ultrasound examination or 

immediatelyy after birth by physical examination. Parents were asked for participation in this 

projectt by informed consent. The study started in March 1995 and material was collected in 

thee Academic Medical Center in Amsterdam throughout a three-year period. If possible, 

alreadyy before birth, blood samples of both parents were taken and DNA was isolated and 

stored.. After birth we received the placenta, and asked for blood of the child (DNA storage for 

possiblee later use). Only pregnancies of 20 weeks of gestation and over were included. A total 

off  37 placentas were received for further analysis. Initially the recruitement of eligible patients 

121 1 



ChapterChapter 6 

wass poor: three placentas in the first year and eight placentas in the second year. In the last 14 

monthss of this study (1997-March 1998) we were able to obtain material of 25 pregnancies (26 

placentas). . 

Off  each placenta five random biopsies were taken and these were dioroughly washed in 

Hank'ss balanced salt solution. One half of each biopsy was stored at -20 C; this tissue could be 

usedd for DNA research in a later stage. The other half of the biopsy was fixed in 

methanol/aceticc acid. Slides were made from trophoblast cells and FISH was performed using 

standardd procedures13. Sampling sites were indicated and the placenta was formalin-fixed. Each 

biopsyy was examined for numerical aberrations involving chromosomes 2, 3 ,7 ,8 ,9 ,11 ,13 ,15, 

16,, 18, 21 and 22. The choice of the chromosomes that would be tested was made at the start 

off  our study. It was based on published data on chromosome mosaicism in relation with 

IUGR5'' 16, on homology studies between mouse and human chromosome regions for which 

onee might expect imprinting17, and on the fact that growth retardation has been reported in 

specificc aneuploid pregnancies18. A probe for chromosome 1 was used as a control. Probes and 

references19-300 are listed in Table 2A. 

Tablee 2A. Standard probes used in ail cases in this study. 

Chromosome e 

1 1 
2 2 
3 3 
7 7 
8 8 
9 9 
11 1 
133 and 21 
15 5 
16 6 
18 8 
21 1 
22 2 
22 2 

Probe(s) ) 

pUCI.77 7 
D22 2 
pa3.5 5 
p7t1 1 
pJM128 8 
pMR9A A 
pLC11A A 
pZ21A A 
D15Z1 1 
pSE16 6 
L1-84 4 
E0275;F01129;H1108 8 
P22/1:2.1 1 
orr LSI 22 

** At present: Intergen Co. 

Experiencedd technicians evaluated, if possible, at least 100 nuclei for each different probe for 

alll  biopsies, according to standard scoring criteria. So, closely paired signals are counted as one, 

overlappingg nuclei were excluded from analysis and spots should have more or less the same 

fluorescentt intensity. Probe pZ21A recognizes the centromeric region of both chromosomes 

133 and 21, so when 4 spots are seen this most likely represents two chromosomes 13 and 21, 

additionallyy also a separate probe for chromosome 21 was tested. If hybridization with a 

specificc probe was technically unsuccessful, or did not meet the scoring criteria twice, the score 

off  that probe for that specific biopsy was designated uninformative. In a number of cases a 

probee for a different region on the same chromosome was used to reach a definitive result. 

Basedd on Bryndorf et al. (1996)31 we have chosen a cut-off value of 10%. Therefore, a sample 

wass considered to be disomic for the tested chromosomes when no more than 10% of all 

Cookee etal., 1979 
Oncorr Inc, Gaithersburg, USA* 
Wayeetal.,, 198920 

Wayeetal.,, 198721 

Donlonetal.,, 198722 

Rocchietal.,199123 3 

Wayeetal.,, 198724 

Archidiaconoo et al., 1995 
Higginss et al., 1985 
Greigetal.,, 198927 

Devileeetal.,, 198628 

Nizeticetal.,, 199129 

McDermidd et al., 198630 

Vysiss Ltd, Richmond, UK 
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nucleii  of each hybridization demonstrated an extra signal. Al l samples with 10-20% of nuclei 

withh three spots, which could be regarded as possible low mosaics, were hybridized for a 

secondd time and 100 additional nuclei were scored. The final FISH results are based on the 

totall  score of 200 nuclei in these cases. When >20% of the cells showed three spots, we no 

longerr considered a sample "informative disomic" as mentioned by Bryndorf et al. (2000)32 and 

aa second hybridization was performed with a different probe on the same chromosome 

(probess are listed in Table 2B). Possible cross hybridization of a specific probe could thus be 

recognized. . 

Tablee 2B. Additional probes used in case of elevated levels (>20%) of three spots in initial test 

Chromosomee Probe(s) Reference / source 

133 LSI 13 Vysis Ltd, Richmond, UK 
155 GS-124-05 Knight et al., 200033 

Inn case of phenotypic abnormalities at birth, chromosome analysis of cultured lymphocytes of 

thee newborn were carried out as well. If an abnormality was found, which could explain IUGR, 

thee results of the placental analysis were not included in the IUGR series. Also cases with a 

birthh weight over 10th centile were excluded. Still, all hybridizations were performed similar to 

thosee in the IUGR cases, and an abnormal karyotype seen in lymphocytes was not revealed to 

diee technician who had to evaluate the FISH results. The outcome of the FISH for this group 

iss listed separately. 

Results s 

OutcomeOutcome of pregnancies 

Inn spite of the prenatal suspicion of intrauterine growth retardation not all the 37 neonates had 

aa low birth weight: in 34 out of a total of 37 placentas, growth retardation (<plO, according to 

Kloosterman,, 1970)15 was indeed confirmed after birth (Tables 3A and 3B). 

Off  these 34, two cases were excluded because of the fetal karyotype. In case 33, (cases 33 and 

344 originated of a twin pregnancy) a trisomy 13 was found in lymphocytes, which might well 

explainn the growth retardation (p5-10). The other twin (case 34) had a normal karyotype. In 

casee 35 a triploidy was diagnosed after birth, explaining the IUGR (<p2.3) (Table 3B). The 

childd died two days post partum. 

Growthh retardation in the 32 remaining cases could not be explained. Yet, in case 24, smoking 

off  more than 25 cigarettes a day during pregnancy was reported, but this alone can not explain 

aa birth weight between 5th-10th percentile. In another case (case 22) Pseudoxanthoma 

Elasticumm (PXE) was reported in the mother, after the results of the placental investigation 

becamee available. In a recent study by Gheduzzi et al. (2001 J34, in which placentas of 15 PXE 

patientss have been compared with 14 controls, fetal growth was normal in all cases. Still, 

intrauterinee growth retardation has been mentioned in PXE cases in incidental reports 

(Broekhuizenn and Hamilton, 1984; Elejalde et al., 1984)35- 36, but the majority of women with 

PXEE have a normal pregnancy. Therefore, this patient, too, was included in our series of 
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neonatess with growth retardation for studying placental chromosomal mosaicism. Individual 

detailss of all 32 cases (including two twin pregnancies: cases 6 and 7; 17 and 18, respectively), 

aree shown in Table 3A. In 19 cases the birth weight was <p2.3, in seven cases between p2.3-

p5,, and in four more cases between p5-pl0. In two cases (cases 8 and 30) percentiles are not 

given,, because of the low gestational ages (21 1/7 weeks and 20 1/7 weeks). 

FISHFISH success rate between 90%-100% 

Sincee probes for 13 different chromosomes were used on five different biopsies, this could 

resultt in a maximum of 65 separate test results for each placenta. In 24 out of 32 placentas 

90%-100%% (58-65 individual counts) of the hybridizations were informative, the results for all 

322 cases are summarised in Table 3A. 

Inn two cases the outcome of the initial hybridization demanded further testing (Table 4A): in 

casee 23, one out of five biopsies revealed elevated counts of three spots for chromosome 15: 

79%% of the cells showed three spots. In case 32 all five biopsies showed elevated levels of three 

spotss for chromosome 15, ranging between 61-83%. However, in both patients a smaller spot 

wass observed next to two larger (equal) spots. So, strictly speaking the hybridization criteria 

weree not met and a minor spot was suggestive of cross hybridization. Yet, a rehybridization, 

usingg a different probe for chromosome 15 that hybridizes on the terminal end of the long arm 

off  chromosome 15 (probe GS-124-05, Table 2B) was performed. No elevated levels of three 

spotss were observed in any of these biopsies. 

Inn one other case (case 7) an abnormality was detected at one of the investigated sites, all 

testedd probes showing high percentages of four spots (mean: 80.8%, range 55-90%). 

FISHFISH success rate <90% 

Inn seven placentas out of the 32 cases listed in Table 3A, hybridization was successful in <90% 

off  the different tests. In two placentas the hybridization success rate ranged from 80-90% (52-

577 counts), in four other cases from 50-80% (32-51 counts), and in one case less than half of 

thee hybridizations (<32 counts) was informative. Table 4A shows that, with one exception, no 

elevatedd levels of >20% of nuclei with three spots for any probe were seen among these cases. 

Inn case 11, one out of five biopsies showed a somewhat elevated level of five spots for probe 

#13/211 (23 % of the nuclei showed five spots). Hybridization with separate probes for 

chromosomee 13 and chromosome 21 in this case did not show elevated levels of nuclei with 

threee spots for either chromosome. Using probe LSI 13, 6% of the nuclei showed three spots 

andd 2% showed three spots with the probe for chromosome 21 (Table 2A and 2B). 

Inn a number of cases (indicated in Table 4A) the level of cells with three spots ranged between 

10-20%% for various chromosomes in the initial hybridization. These cases were considered to 

bee potentially low mosaics and after a second hybridization one hundred additional nuclei were 

analysed.. In all cases the final percentage of nuclei with three spots was less than 10%. In one 

lastt case (case 27) FISH analysis was not possible, for we were unable to make proper slides 

fromm any of the five biopsies (unsatisfactory yield of intact cells). 
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Tabl ee 3A. Clinical details of 32 cases (30 pregnancies) with growth retardation. Cases 6 and 7, and 17 
andd 18: twin pregnancies. Hybridization success rate is given for five different placental sites using 
probess for 13 different chromosomes. Percentiles according to Kloosterman (1970) 

Clinica ll  detail s Hybridizatio nn succes s rate 

Seriall Gestational Birth weight Percentile Male/ Placenta 90-100% 
no.. age (weeks) (g) female weight (g) 

80-90%% 50-80% <50% % 

300 1/7 
311 5/7 

31 1 
355 3/7 
300 6/7 

580 0 
860 0 
725 5 
1830 0 
915 5 

<2.3 3 
<2.3 3 
<2.3 3 
5-10 0 
<2.3 3 

212 2 
194 4 
166 6 
358 8 
226 6 

7 7 
8 8 
9 9 
10 0 
11 1 
12 2 
13 3 
14 4 
15 5 
16 6 
17 7 
18 8 
19 9 
20 0 
21 1 
22 2 
23 3 
24 4 
25 5 
26 6 
27 7 
28 8 
29 9 
30 0 
31 1 
32 2 

299 5/7 
299 5/7 
211 1/7 
311 4/7 
377 5/7 

500 0 
510 0 
147 7 
935 5 
2040 0 

<2.3 3 
<2.3 3 

2.3-5 5 
<2.3 3 

290" " 
290a a 

159 9 
152 2 
413 3 

388 4/7 
377 5/7 
288 6/7 
311 1/7 
388 3/7 

2330 0 

233 0 0 

875 5 

825 5 

1650 0 

<2. 3 3 

2.3- 5 5 

2.3- 5 5 

<2. 3 3 

<2. 3 3 

357 7 

426 6 

270 0 

167 7 

280 0 

311 6/7 
344 6/7 
344 6/7 
300 5/7 
377 6/7 

1180 0 

1255 5 

1795 5 

1105 5 

1885 5 

2.3-5 5 
<2.3 3 
5-10 0 
2.3-5 5 
<2.3 3 

196 6 
180 0 
400 0 
255 5 
320 0 

39 9 
288 3/7 
399 4/7 
277 6/7 
244 4/7 

2340 0 
675 5 
2440 0 
710 0 
490 0 

2.3- 5 5 

<2. 3 3 

<2. 3 3 

5-1 0 0 

5-1 0 0 

345 5 

140 0 

432 2 

167 7 

124 4 

255 5/7 
344 2/7 
299 6/7 
244 4/7 
200 1/7 

200 0 
1110 0 
930 0 
360 0 
210 0 

<2.3 3 
<2.3 3 
2.3-5 5 
<2.3 3 

107 7 
314 4 
203 3 
151 1 
85 5 

299 2/7 
33 3 

790 0 
800 0 

<2.3 3 
<2.3 3 

208 8 
142 2 

bb Combined placenta weight of both placentas of twin pregnancy 
Hybridizationn not performed, because of poor quality of the slides 
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FISHFISH results for the excluded cases 

Off  the total of 37 placentas, five were excluded from this study for various reasons {see Table 

3B).. Hybridization was successful in all five cases (success rate: 90%-100%). Table 4B shows 

thee results of the FISH analysis in these five placentas. In case 33 (trisomy 13), higher levels of 

threee spots for chromosome 13 could be seen at all five placental sites, with a mean of 59.4% 

off  nuclei showing three spots (range 37-80%), whereas in the other twin (case 34) the number 

off  three spots ranged from 0-3%. In case 35 (triploidy), high levels of three spots were 

observedd for all probes at all placental sites (range 74-98%). The slighdy elevated levels of three 

spotss seen for two different probes in case 36, proved to be less than 10% after an additional 

onee hundred nuclei had been scored. In total 2147 out of 2340 hybridizations, which have 

beenn carried out, could be analysed successfully. In conclusion, no elevated levels of three 

spotss (>10%) were detected among any of the IUGR cases. 

Tablee 3B. Clinical details of five excluded cases (four pregnancies; cases 33 and 34: twin pregnancy). 
Hybridizationn success rate is given for five different placental sites using probes for 13 different 
chromosomes. . 

Clinica ll  detail s Hybridizatio n succes s rate 

Seriall Gestational Birth weight Percentile Male/ Placenta 90-100% 80-90% 50-80% <50% 
no.. age (weeks) (g) female weight (g) 

33 3 
34 4 
35 5 
36 6 
37 7 

322 6/7 
322 6/7 

32 2 
31 1 

281/7 7 

1215 5 
2380 0 
780 0 
1700 0 
1110 0 

5-10 0 
75-90 0 
<2.3 3 

25-50 0 
25-50 0 

F F 
M M 
F F 
M M 
M M 

700a a 

700a a 

100 0 
261 1 
294 4 

aa Combined placenta weight of both placentas of twin pregnancy 

Discussion n 

FISHFISH success rate 

Thee overall hybridization success rate (2147 out of 2340 hybridizations) is 92%. As can be seen 

inn Table 3A FISH results were not optimal (hybridizations with a success rate of <90%) in the 

initiall  phase of this study. Decreasing frequencies of unsuccessful hybridizations are most likely 

duee to increased laboratory experience with preparing appropriate slides from placental tissue 

ass well as performing FISH on this tissue. If the 25 cases from the last 14 months of our study 

aree regarded, the success rate is up to 96% (1562 out of 1625 hybridizations). Our success rate 

off  FISH is comparable with studies by Bryndorf et al. (1996, 1997)31> 37 They recorded a 

successs rate of 96% for FISH on single cell suspensions from mesenchymal chorionic tissue 

withh probes specific for chromosomes 13, 18, 21 X and Y. With the same probe set 93% of 

thee euploid specimens of amniotic fluid was technically successful and 67% of the 

hybridizationss testing for aneuploid specimens proved to be successful. The authors suggest 

thatt this somewhat poorer result for aneuploid cases may have been (partly) caused by "two 

unintentionall  deviations from the laboratory protocol", accounting for 11% of these 

unsuccessfull  hybridizations. 

126 6 



Tablee 4A. Outcome of the placental FISH analysis in 32 cases with unexplained growth retardation. 
Probess for 13 different chromosomes were tested on five random biopsies in each case. A case was 
consideredd normal diploid if <10% of the nuclei revealed three spots. Details of cases with higher 
levelss of trisomy are given. 

FISHH result s Elevated level s of trisom y in the initia l test 

Seriall Normal 10-20% >20% Chromosome involved (#) (number of sites) / (% of cells with three spots) 
no.. (diploid) three three 

forr all spots spots 
probess for a specific probe 

11 + 
22 + #3 (3)/(13%. 14%, 14%)* 
33 + #2(1V(12%)*; #3(1)/(11%)*; #11(1)/(15%)* 
44 + 

J>> + 
66 + 
7 7 
88 + 
99 + 
100 + 
111 + + #2 (1 )/(13%)*; #3 (2)/(11 %, 11 %)*; #22 (1 V(11 %)*; >20%: #13/21 (1 )/{23%)' 
122 + 
133 + 
144 + 
155 + 
166 + 

177 + 
188 + 
199 + #8(1)/(11%)* 
200 + 

211 + 
222 + 
233 + >20%:#15(1)/(79%)** 
244 + 
255 + 

266 + 
27 7 
288 + #2(1)/(16%)* 
299 + 
300 + 

311 + 
322 + + #1 (iy<11%)*;>20%:#15(5y(61%-83%)** 

** Normal outcome (<10% three spots) after a second hybridization and analysis of one hundred additional nuclei 
*** Rehybridization with a different probe showed a normal result 
bb Four out of five biopsies fully diploid for the tested probes, one site fully tetraploid for all tested probes 

Noo hybridization performed, unsatisfactory yield of cells 
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Tablee 4B. Outcome of the placental FISH analysis in five excluded cases. Case 33: trisomy 13; case 
35:: triploidy 

Seriall no. FISH results, other than normal 

333 3 spots for #13 in 37-80% of the cells 
34 4 
355 3 spots for all probes in 74-98% of the cells 
366 Elevated levels of three spots: #16 (1 )/(11 %)*, #1 {1 )/{13%)* 
37 7 

** Normal outcome {<10% three spots) after a second hybridization and analysis of one hundred additional nuclei 

IUGRIUGR and CPM 

Inn 31 out of 32 cases of unexplained IUGR, analysis of the placental biopsies has been carried 

outt successfully, but no relationship was observed with the presence of a trisomic cell line 

confinedd to the placenta (CPM). In a study by Bryndorf et al. (1996)31, FISH was performed 

withh a number of different probes on chorionic vill i samples and placental samples. Although 

wee are aware of the fact that other FISH probes on different tissues may well show different 

results,, the same cut-off level of 10% has been chosen. 

Inn 26 out of 32 cases the birth weight was below the 5th percentile, and in four cases between 

5th-10thh percentile. As shown in Table 1 the prevalence of CPM detected at term in IUGR 

pregnanciess (<pl0) shows a wide range. Two studies reported no cases of CPM detected 

amongg IUGR pregnancies8'9 and one study reported six out of a small series of ten cases with 

CPM7.. Lestou et al. (1998)2 mention that, when placentas from idiopathic IUGR pregnancies 

aree selected with birth weights below or equal to the 5th percentile, CPM has been detected in 

20%% or more. They failed to mention reports in which no CPM was detected among such 

cases,, as shown in Table 1. 

Fromm earlier studies we know that an abnormal cell line in the placenta may be confined to 

certainn parts of the placenta13* 38. Therefore, in order to raise our chance of finding 

abnormalities,, five biopsies of each placenta were sampled. In most other studies initially just 

onee or two placental biopsies were investigated (Table 1). In a study by Artan et al. (1995)7 125 

termm placentas from uneventful pregnancies were analysed by karyotyping mesenchymal 

(cultured)) cells of ten biopsies of each placenta. Of the small series of ten newborns who were 

consideredd to be growth-retarded, six had placentas with abnormal chromosome constitutions 

andd a normal diploid karyotype in cord blood. If their suggestion that the CPM rate might even 

havee been higher in trophoblast cells should be true, CPM would be a common finding among 

IUGRR cases. 

Ourr results are in agreement with earlier studies8-9, reporting that no CPM was detected among 

IUGRR cases. Our findings, too, fully contradict the suggestion that IUGR is associated with 

CPM,, with a trisomic cell line involved. 

Inn case 7 (Table 3A) a tetraploid cell line was detected. All hybridizations with the 13 separate 

probess showed high levels of nuclei with four spots. Tetraploidy was also reported by others7-
12,, as shown in Table 1. In the study by Wilkins-Haug et al. (1995)12 on CPM and intrauterine 

growthh retardation, in two out of 12 IUGR cases and one out of 24 control cases tetraploidy 
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wass seen in cultured cells. In the IUGR cases tetraploidy was confirmed by FISH on 

unculturedd chorion sections. Artan et al. (1995)7 irt" their tetraploid case show, that the 

abnormall  cell line was detected in almost all parts of the placenta, while a normal diploid cell 

linee was observed in amniocytes and cord blood. Kalousek et al. (1991)14 reported two cases of 

tetraploidyy in cases where CVS mosaicism was detected and confirmed in the term placenta. 

Onee of these two showed IUGR. In first trimester CVS, we sporadically come across 

tetraploidyy in trophoblast cells. In an earlier study on CPM cases5, we reported five cases of 

placentall  mosaicism involving a tetraploid cell line detected in first trimester CVS. In all cases 

thee amniocytes showed a normal diploid cell line and no growth retardation (<10th percentile) 

wass found in any of these cases. Therefore, it is not likely that a tetraploid cell line confined to 

thee placenta has caused IUGR in the present case. 

Sincee no cases of trisomy with confinement of the abnormal cell line to the trophoblast have 

beenn found in this series of patients, IUGR may have a different cause. Early pregnancy loss 

andd pregnancy complications may well arise because of problems in formation and function of 

thee placenta. Recent studies of mouse mutants showed that many targeted mutations 

associatedd witl i embryonic lethality involved placental defects, as reviewed by Rossant and 

Crosss (2001)39. It was shown that several genes necessary for mouse placental development are 

expressedd in a similar way in humans. Mouse studies may provide insight in so far unresolved 

complications,, such as IUGR and preeclampsia, of human pregnancy. 

UPD UPD 

Whenn a trisomic cell line is detected and is confined to the placenta, this may lead, in one out 

off  three cases, to uniparental disomy in the diploid cell line. For numerous types of uniparental 

disomyy (maternal as well as paternal) no imprinting effects have been established, for a number 

off  others specific effects have been reported40. Moore et al. (1997)41 reported on the incidence 

off  UPD associated with intrauterine growth retardation. A total of 35 severely growth retarded 

babiess (<5th percentile) was tested with markers for 12 different chromosomes (chromosomes 

2,, 3, 7, 8, 9, 13, 14, 15, 16, 18, 22, X). In two babies maternal UPD (heterodisomy) for 

chromosomee 16 was detected in the diploid cell line, in combination with CPM. Neither baby 

survived.. Our aim in the present study was to look for possible trisomies in the placenta, which 

couldd be followed by testing for UPD in the diploid cell line, to elucidate a possible additional 

adversee effect of UPD. However, since no trisomies were detected in our series of growth 

retardedd cases, no UPD testing was performed. 

ExcludedExcluded cases 

Inn case 33, the FISH results clearly confirmed the trisomy 13 in all tested placental biopsies; 

resultss in the other twin were normal. In case 35, a triploidy, high percentages of three spots 

forr all chromosomes at all placental sites could be observed with FISH. This case clearly shows 

thatt significant and well detectable levels of three spots can be found for each probe, when 

threee chromosomes are present. Both other cases (cases 35 and 36) showed normal birth 

weightss and a normal outcome of the placental FISH studies. 
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Conclusions Conclusions 

Basedd on data in the literature we had expected to find a number of CPM cases among the 

selectedd study group of growth retarded babies. Although all placentas of these cases were 

extensivelyy analysed, no cases of trisomy confined to trophoblast cells of the placenta could be 

found.. We conclude that it is unlikely that IUGR in the presented patients is caused by 

chromosomall  mosaicism. This suggests that there is no association between unexplained 

IUGRR and a trisomic cell line, which is confined to die placenta. 
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DISCUSSION N 

Sincee the mid 1980's, chorionic villus sampling (CVS) has become a widely accepted alternative 

too second trimester amniocentesis. Prenatal diagnosis on chorionic vill i to establish the fetal 

karyotypee was based on the assumption that identical chromosome constitutions exist in both 

fetall  and extra-embryonal tissues. Numerous reports on false-positive findings and, to a lesser 

extend,, false-negative findings, show that discrepancies can be found in these tissues. 

Karyotypee disparities between cytotrophoblast cells (investigated when the short-term culture, 

STC,, is used) and fetal cells occur in l%-2% of the analysed cases (Ledbetter et al., 1992) and 

mayy cause diagnostic dilemmas. The phenomenon of an abnormal cell line which might be 

confinedd to the placenta (confined placental mosaicism, CPM) led to the first question to be 

answeredd in this thesis: 

Iss it possible to locate a cell line with an abnormal number of chromosomes in a term 

placenta,, when such an abnormality was present at CVS? 

Inn chapter 2, two studies are presented in which placentas are investigated with such 

discrepantt findings at CVS, using the short-term culture. In all cases presented, where a 

(mosaic)) abnormal cell line had been detected at CVS, the abnormality proved to be present in 

thee placenta at term or after termination of pregnancy. At the time these studies were 

published,, littl e was known about the persisting presence of an abnormal cell line (detected at 

CVS)) in the placenta later in pregnancy. We were among the first to publish on this subject 

(Schwingerr et al., 1989; Kalousek et al., 1991). In both studies only few placental sites had been 

analysedd and therefore, the aberrant cell line could not be found in term placentas in a number 

off  cases. 

I tt was shown that the distribution of the abnormal cell line throughout the placenta, as well as 

thee percentage of abnormal cells per placental site, can vary greatly. There seemed to be no 

correlationn between the percentage of abnormal cells at the initial sampling and the number of 

abnormall  cells detected in the placenta in a later stage. The uneven distribution of the 

abnormall  cell line has been confirmed by others (Artan et al., 1995; Schubert et al., 1996). The 

factt that these abnormal cell lines proved to be present in the placenta later in pregnancy, 

meanss that these have been "true" findings at CVS, although in most cases the abnormal 

karyotypee was "not true" for the fetus and are therefore described as false-positive findings. 

Thesee cases make it very clear that we wil l always come across such findings in first trimester 

CVS.. Follow-up testing wil l be necessary to determine whether the abnormal cell line is also 

presentt in the fetus (a true finding) or is confined to the placenta and should be qualified as a 

false-positivee test result for the fetus. 

Inn Chapter 3, two cases showing generalized mosaicism, involving a trisomy 22 and a trisomy 

8,, respectively, are presented. In both cases confinement of the trisomic cell line to the 

placentaa was initially considered as a possibility. After birth it was shown that the abnormal 

celll  lines could be located in the placenta in both cases, but also proved to be present in fetal 

tissues.tissues. These cases underline the fact that follow-up testing may also reveal that the abnormal 
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celll  line seen at CVS truly represents an abnormal cell line in the fetus. It may be necessary to 

analysee various tissues to detect the presence of the abnormal cell line in the fetus. 

Inconclusivee results at CVS using the short-term culture often require follow-up testing. 

Analysiss of both short-term culture and long-term culture for each sample is not feasible for 

variouss reasons, which have been explained in the introduction. Since the reported frequency 

off  false-negative findings using the short-term culture is low (0.03%-0.04%), a possible 

alternativee could be to selectively perform follow-up testing only in case of abnormal findings 

usingg this method. The following question was raised: 

Iss it feasible to analyse cells from other cell lineages for follow-up when a numerical 
aberrationn is seen at CVS? 

Inn chapter 4 we show that chorionic villus tissue can well be preserved, up to seven days, 

beforee initiating a long-term culture (LTC). This makes it possible to restrict culturing and 

analysess of these cultured cells to cases where an abnormal cell line has been detected in the 

short-termm culture (STC). This procedure has been successfully implemented in our laboratory. 

Follow-upp on fetal nucleated red blood cells, which prove to be present in the transfer medium 

andd washing steps of the chorionic villus sample is also possible. Fetal nucleated red blood 

cellss are cells of true fetal origin and can be identified by immunostaining. In a number of 

monosomyy X and trisomy 18 cases, which are unreliable findings when they are detected in 

CVSS with the short-term culture, the abnormal cell line could be confirmed in the fetal blood 

cells.. This means that yet another cell lineage (of true fetal origin) is available for either 

verificationn of the CVS-resuit or to clarify cases with ambiguous findings. This newly 

developedd procedure has also been tested by others with similar results (Thomas Martin, 12th 

Fetall  Cell Workshop, 2001; personal communication). 

Inn the first part of chapter 5 (5.1) it is shown that confined placental mosaicism is regularly 

seenn in case of trisomy 13 or 18. False-positive results at CVS, using the short-term culture 

weree observed in 11 out of 51 analysed cases. 

Thee relative surplus of mosaic trisomy 13 and 18 cases, as well as the fact that only 5% of the 

trisomyy 13 and 18 cases are live born (20-35% for trisomy 21), was reason for Kalousek et al., 

(1989)) to investigate placentas of viable cases. This study led to the suggestion that a diploid 

celll  line confined to the placenta might "support" these pregnancies and facilitate intrauterine 

survival.. This concept was welcomed by many others as a plausible explanation for the variable 

survivall  in trisomy 13 and 18 cases. In the second part of Chapter 5 (5.2) we sought to answer 

thee following question regarding this subject: 

Aree viable cases of trisomy 13 or 18 supported by a diploid cell line in the placenta? 

Inn 12 out of 14 viable trisomy 13 or 18 pregnancies of over 14 weeks of gestational age, no 

evidencee for the presence of a diploid cell line was found in multiple placental biopsies. 

Althoughh these placentas have been searched extensively for the presence of a diploid cell line, 
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noo proof was found to support the outcome of the studies of the group of Kalousek (Kalousek 

ett al., 1989; Harrison et al., 1993). Therefore, there is no reason to suggest that a diploid cell 

linee is a pre-requisite for intrauterine survival. The concept that viable cases of trisomy 13 or 

188 are "rescued" by a diploid cell line, which might result in an "improved" functioning of the 

placenta,, may thus have to be reconsidered. 

I tt has also been suggested by Kalousek et al. (1983), that there might be a relation between 

intrauterinee growth retardation (IUGR) and confined placental mosaicism. When the aberrant 

celll  line in the placenta is trisomic and subsequendy a diploid cell line is formed, this may lead 

too uniparental disomy (UPD) in this diploid cell line. Depending on the chromosomes 

involved,, the trisomic cell line as well as the UPD may have phenotypic consequences or cause 

developmentall  problems. The following question was formulated: 

Iss there a correlation between intrauterine growth retardation, chromosomal 
mosaicismm in the placenta and uniparental disomy? 

Inn Chapter 6 we show that in a total of 32 placentas of pregnancies with severe intrauterine 

growthh retardation no trisomic cell line could be found in the trophoblast layer. A trisomic cell 

linee confined to the placenta did not appear to be the cause of the growth retardation in these 

pregnancies.. It thus seems unlikely that numerical chromosome abnormalities confined to the 

placentaa are responsible for a large proportion of cases with IUGR. Further testing for 

uniparentall  disomy was considered to be unnecessary, since no abnormal cell line had been 

detectedd in any of these placentas. 

CLOSINGG REMARKS A N D FUTURE PROSPECTS 

Inn a Dutch thesis (Breed, 1992, Groningen) on reliability and implications of cytogenetic 

diagnosiss on CVS, the author ended with mentioning that the prenatal diagnosis of fetal cells 

isolatedd in maternal blood was "a more remote future prospect". Although almost ten years 

havee passed and, as shown, a lot of effort has been put into the development of this method 

(Bianchii  et al., 1992; 1999; Bianchi, 1999; Ganshirt-Ahlert et al., 1993; Jansen et al., 1997, 

Oosterwijkk et al., 1998% 1998b; de Graaf et al; 1999»; 1999b; Lim et al., 2001; and many others) 

thiss statement, unfortunately, is still true. When isolation of fetal cells from the maternal 

circulationn eventually wil l become possible, and cells can be analysed for routine diagnosis, 

strategiess in prenatal diagnosis may change. One could perform early biochemical tests, which 

couldd be combined with ultrasound "markers", to come to a risk estimate. In case of an 

elevatedd risk for Down syndrome, fetal cells isolated from maternal blood, could be analysed 

usingg FISH for the presence of trisomy 21. This test would, preferably, be performed in the 

firstt trimester of pregnancy and an invasive test could be avoided. Another option might be to 
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analysee these fetal cells as a kind of screening test for detection of the most common 

aneuploidies,, such as trisomies 21, 13 and 18. 

Availabilityy of data, obtained by the human genome project (2001) and development of new 

techniquess such as DNA microarrays may also change the possibilities for prenatal testing 

(Cheungg et al., 1999; Brown and Botstein, 1999). A DNA microarray consists of fragments of 

DNAA placed on a glass slide in a grid of very high density. Microarray technology was initially 

conceivedd to detect simultaneously the expression of thousands of genes, but also 

identificationn of sequences is possible. 

Geneticc diagnosis wil l become available for a growing number of diseases and parents may 

wantt to use these tests also in a prenatal stage. This may well lead to a more individually 

directedd prenatal diagnosis, because different couples wil l come forward with different 

questionss based on their own genomic "defects" or knowledge of presence of specific diseases 

inn their families. Therefore, continuing education of professionals working in this field, 

includingg primary care givers, is necessary to provide them with adequate information to be 

ablee to counsel all these individual cases. Moreover, informing the public, through the available 

mediaa is of the utmost importance. 

DNAA microarrays can be used for large-scale identification and genotyping of mutations and 

polymorphisms.. Once the laboratory is equipped to perform this procedure a test can be done 

inn a (relatively) cheap and fast way (Cheung et al., 1999; Brown and Botstein, 1999). DNA 

microarrayss wil l most probably present us with a huge amount of data that need to be 

interpretedd and ordered. Well-educated personnel with knowledge of genetics as well as data 

processingg (computational scientists) wil l have to populate the cytogenetic laboratories in the 

nearr future. Microarray technology can be used to study the expression of genes, so this may 

bee helpful to gain knowledge on early human development. Differences between 

(chromosomally)) normal and abnormal placentas may be demonstrated and help to understand 

thee effect on growth and development of the fetus. Early pregnancy loss as well as pregnancy 

complicationss may result from problems in formation and function of the placenta. From 

mousee studies many mutations are now known resulting in placental defects (Rossant and 

Cross,, 2001), and several genes necessary for placental development in mice are expressed in a 

similarr way in humans. Using micro-arrays, large-scale expression studies are possible during 

placentall  development in humans, which may give further insight in pregnancy complications 

suchh as intrauterine growth retardation and preeclampsia. 

Inn the Netherlands, ever since the 1970's, prenatal diagnosis is offered only on strict 

indications.. By far the largest group consists of women opting for prenatal karyotyping because 

off  elevated age (over 35 years). Recently the Health Council of the Netherlands (2001) advised 

too offer a screening for Down syndrome (the triple test) and neural tube defects to all pregnant 

women.. The triple test can be performed in the second trimester of pregnancy. By this 

measurementt of specific markers in the maternal blood, calculation of the individual risk of a 

pregnantt woman for fetal Down's syndrome is possible. In case of an individual elevated risk 

estimate,, prenatal diagnosis can be offered. Because of the timing of the screening test that can 

bee performed at approximately 15 weeks of pregnancy, amniocentesis wil l be offered if the test 

resultt is abnormal. As yet, it remains unclear what the effect of such a new policy wil l be. What 
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choicess will women make? Wil l "older women", who are still entitled to opt directly for CVS 

orr amniocentesis, turn to screening tests to possibly avoid an invasive procedure? Wil l 

"youngerr women" accept or reject the possibility of prenatal screening? Are they willin g to 

undergoo amniocentesis and accept the risk of a procedure-related abortion in case an elevated 

riskk is assessed at screening? What wil l be the effect on the numbers of CVS tests and 

amniocenteses?? Will a shift in maternal age (towards testing of younger women) affect the 

numberss of false-positive and false-negative findings and findings of confined placental 

mosaicism?? These and many more questions need to be addressed. 

Althoughh it is suggested that the triple test wil l be offered as the standard screening test, the 

committeee advises that trial population screening programmes should also be permitted. This 

offerss the possibility for further testing of other markers, preferably in the first trimester, 

whichh could be used for Down syndrome risk assessment. A promising test is the 

measurementt of the nuchal fold (Pajkrt, 1998). It has been shown that an increased nuchal 

translucencyy (excessive fluid collection in the posterior region on the fetal neck) is a marker for 

fetall  aneuploidy. Measurement can be performed at ultrasound examination in the first 

trimesterr of pregnancy. If necessary, CVS can be offered in case of an elevated risk. 

Yett another effect of our growing knowledge and technical possibilities may result in a call for 

evenn more tests and if possible even earlier in pregnancy. With more couples using techniques 

suchh as in vitro fertilization (IVF) and intra cytoplasmic sperm injection (ICSI), the want for 

preimplantationn genetic diagnosis may also grow. It has been demonstrated that aneuploidy in 

embryoss generated in vitro increases with maternal age (Munné et al, 1995; Dailey et al, 1996). 

Implantationn failure in older women, using these techniques, therefore, could be largely due to 

aneuploidy.. Pre-implantation genetic screening of embryos for numerical aberrations in these 

patientss could reduce the transfer of chromosomally abnormal embryos. This may lead to an 

increasee of the implantation rate. Munné et al. (1999) in their study observed reduction of 

embryoo loss after implantation and improvement in die ongoing pregnancy rate after pre-

implantationn analysis for chromosome abnormality. Politicians, researchers, clinicians and 

counsellorss must determine the boundaries for these types of tests that will be possible in the 

nearr future. 
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SUMMARY Y 

Chapterr 1: The fetal karyotype can be established prenatally by analysis of cultured amniocytes 

orr by analysis of cells obtained by chorionic villus sampling (CVS). Two methods are used for 

karyotypingg of chorionic villus tissue: the short-term culture, using trophoblast cells and the 

long-termm culture in which mesenchymal cells are analysed. A disadvantage of CVS, especially 

whenn the short-term culture is used, is the fact that discrepancies may be found between the 

prenatall  karyotype and the fetal chromosome complement. False-positive results may be 

causedd by an aberrant cell line which is confined to the placenta (confined placental mosaicism, 

CPM).. In 1-2% of the analysed chorionic vill i samples after short-term culture, CPM is 

suspectedd and follow-up investigation is offered. Amniocentesis (an additional invasive 

procedure)) may be offered to establish the actual fetal karyotype. 

Whenn the aberrant cell line is trisomic and a normal diploid cell line has derived from this cell 

line,, there is a risk that both remaining chromosomes of the initial trisomy, are derived from 

thee same parent (uniparental disomy, UPD). Both the trisomic cell line (whether or not 

confinedd to the placenta) and UPD, depending on the chromosomes involved, may affect the 

phenotypee and/or development of the fetus or child. This thesis deals with a number of 

questionss with respect to CPM, UPD, their possible presence and consequences. 

Chapterr 2: In investigated cases of numerical chromosomal aberrations seen in chorionic vill i 

inn the first trimester of pregnancy, the same abnormality was observed in the placenta at term, 

orr in the placenta after termination of pregnancy. Trophoblast cells were examined using 

fluorescencee in situ hybridization (FISH) on interplase nuclei. The presence of the abnormal 

celll  line showed a considerable range. The abnormality could be observed in a restricted small 

partt of the placenta or, in other cases, be present at almost all investigated sites. No correlation 

wass observed between the percentage of abnormal cells seen at CVS and the number of 

abnormall  biopsies or cells in the follow-up investigation of the placenta. 

Chapterr 3: In two case reports, involving a trisomy 22 and a trisomy 8, the abnormal cell line 

wass thought to be confined to the trophoblast. Follow-up investigation on both placental and 

fetall  tissues showed that in the first patient the trisomy 22 cell line was also present in fetal 

tissues.. Maternal uniparental disomy for chromosome 22 was established in the diploid cell 

line.. In the second patient, where trisomy 8 was seen at CVS, the aberrant cell line was also 

presentt in fetal tissue. So, both cases are examples of generalized mosaicism: the aberrant cell 

linee being present in both fetal and extra-embryonal tissues. 

Chapterr 4: A series of 108 patients is described, with chromosomal abnormalities seen at first 

trimesterr chorionic villus sampling. In 101 cases confined placental mosaicism was recorded 

andd in seven cases generalized mosaicism was seen. In 88 patients, follow-up amniocentesis (an 

additionall  invasive test) was performed, to establish the actual fetal karyotype. 

Twoo new methods for follow-up analysis, that might possibly replace amniocentesis in such 

cases,, are described. Chorionic villus tissue can be preserved upto seven days after sampling, 

andd a culture can be initiated and analysed when necessary. This may lead to a prenatal 

diagnosiss of the fetal karyotype based on mesenchymal cells, too. Also fetal cells present in 

washingss of chorionic vill i can be analysed for numerical abnormalities using fluorescence in 

situu hybridization. When chorionic villus tissue is aspirated, small capillaries within the vill i are 
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rapturedd and fetal red blood cells are released. These fetal cells, present in the transfer medium 

andd washing steps of the samples, can be identified with an antibody against embryonic 

haemoglobin.. Such fetal nucleated red blood cells were analysed using FISH in six cases of 

monosomyy X and seven cases of trisomy 18. Monosomy X as well as trisomy 18 are 

consideredd as unreliable findings when detected in CVS using the short-term culture. The 

specificc aneuploid cell line was confirmed in the fetal blood cells in all cases. Application of the 

describedd methods, in case of inconclusive findings at CVS, might prevent an additional 

invasivee procedure during pregnancy. 

Chapterr 5: Trisomy 18 (Edwards syndrome) and trisomy 13 (Patau syndrome) are the second 

andd third most common observed autosomal trisomies at birth. Both trisomies may lead to 

livebornn children and prolonged survival has also been described. In a series of 51 cases of 

(mosaic)) trisomy 13 or 18 detected at first trimester chorionic villus sampling, the prenatal test 

resultt proved to be false-positive in 11 cases. A diploid cell line is regularly described in 

trophoblastt cells of viable cases of trisomy 13 or 18. Such a normal cell line seen in the 

trophoblastt might influence placental functioning and support intrauterine survival of a 

trisomyy 13 or 18 fetus. In 14 placentas of such cases, five placental biopsies were studied in 

eachh case, using FISH. No evidence was found for the hypothesis that a diploid cell line in the 

placentaa is essential for intrauterine survival. 

Chapterr 6: Fetal intrauterine growth retardation may result from inadequate or abnormal 

functioningg of the placenta. A cell line with an abnormal chromosome constitution may be 

responsiblee for insufficient growth of the fetus, since growth retardation is described in cases 

off  CPM. A total of 32 placentas of cases showing severe fetal intrauterine growth retardation 

wass investigated using FISH with probes for 13 different chromosomes. Five placental 

biopsiess were examined in each case. No trisomic cell line could be detected in the trophoblast 

off  any of the biopsies. Therefore, an abnormal (trisomic) cell line does not seem to be a 

frequentt cause of severe intrauterine growth retardation. 

148 8 



S A M E N V A T T I N G G 

Inleiding Inleiding 

Prenataall  chromosoomonderzoek kan, op indicatie, verricht worden aan cellen uit vruchtwater 

verkregenn d.m.v. een vruchtwaterpunctie bij de zwangere. De punctie kan plaatsvinden rond de 

16ee week van de zwangerschap. Vruchtwatercellen moeten gekweekt worden om voldoende 

delendee cellen te verkrijgen waarin het chromosoompatroon kan worden vastgesteld 

(karyotypering).. Het duurt in de regel 2 a 3 weken tot een uitslag bekend is. Een tweede 

mogelijkheidd om vóór de geboorte het karyotype van de foetus vast te stellen, is het 

onderzoekenn van weefsel verkregen bij de zogenaamde vlokkentest. Deze test vindt in de regel 

plaatss tussen de 11—13 weken van de zwangerschap en wanneer de semi-directe methode 

wordtt gebruikt is de uitslag van dit onderzoek na 7-10 dagen bekend. De semi-directe 

methode,, ook wel short-term culture (STC) genoemd, maakt gebruik van het feit dat er rond 

dezee tijd in de zwangerschap sprake is van een explosieve groei van de placenta, waardoor er 

voldoendee delende cellen aanwezig zijn in de buitenste cellaag van de vlok, de trofoblast, om 

dezee te kunnen analyseren. Met deze prenatale test, die in het eerste trimester van de 

zwangerschapp kan worden afgerond, weten ouders al vroeg of er sprake is van een normaal 

karyotypee of dat er een chromosomale afwijking bij hun kind is vastgesteld. Op grond van (de 

ernstt van) de gevonden afwijking kunnen ouders eventueel besluiten de zwangerschap te laten 

beëindigen.. Een nadeel van de vlokkentest, gebruikmakend van de STC, is dat deze niet in alle 

gevallenn betrouwbaar blijkt te zijn. Het komt voor dat een bepaalde afwijkende cellijn, al dan 

niett in mozaïekvorm, die in de trofoblastcellen wordt gezien, niet wordt teruggevonden in de 

foetus.. Wanneer een afwijkende cellijn zich beperkt tot de placenta spreken we van "confined 

placentall  mosaicism" (CPM). Wanneer wordt vermoed dat er sprake zou kunnen zijn van CPM 

wordtt vervolgonderzoek aangeboden. Dit kan, afhankelijk van de gevonden chromosomale 

afwijking,, een uitgebreid echo-onderzoek betekenen later in de zwangerschap, maar in een 

aantall  gevallen zal een chromosoomonderzoek in ander weefsel uitsluitsel moeten geven. Di t 

maaktt een tweede invasieve ingreep, in de vorm van een vruchtwateronderzoek, tijdens de 

zwangerschapp noodzakelijk. 

Wanneerr er in de afwijkende cellijn sprake is van een trisomie (drie exemplaren van een 

bepaaldd chromosoom i.p.v. het normale aantal van twee), kan bij verlies van één van deze drie 

chromosomenn weer een normale (diploide) cellijn ontstaan. Het extra chromosoom bij een 

trisomiee kan zowel van vaderlijke als van moederlijke origine zijn, dit maakt het mogelijk dat in 

dee ontstane diploide cellijn de twee overgebleven chromosomen oorspronkelijk van dezelfde 

ouderr (vader óf moeder) afkomstig zijn. In deze ongebruikelijke situatie (normaal is van elk 

chromosomenpaarr er één afkomstig van de vader en één van de moeder) spreken we van 

"uniparentall  disomy" (UPD). Soms heeft deze situatie geen enkel effect op de ontwikkeling 

vann de foetus, het kan echter ook leiden tot afwijkingen bij het kind, afhankelijk van het 

betrokkenn chromosoompaar en de ouderlijke afkomst. Uiteraard kan ook de aanwezigheid van 

dee trisomie cellijn op zich, al dan niet beperkt tot de placenta, effect hebben op de 

ontwikkelingg en het fenotype van het kind. Het (mogelijk) vóórkomen van CPM en UPD heeft 

geleidd tot veel van het in dit proefschrift beschreven onderzoek aan placenta's. Dit proefschrift 
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geeftt antwoord op een aantal vragen die betrekking hebben op de aanwezigheid van CPM, 

UPDD en de mogelijke gevolgen. 

Bijj  de diverse studies is vaak gebruik gemaakt van fluorescentie in situ hybridisatie (FISH). Met 

FISHH kunnen we ook in niet-delende cellen, in interfasekernen, numerieke (getalsmatige) 

afwijkingenn zichtbaar maken. Het stelt ons in staat om grote hoeveelheden cellen te analyseren 

opp de aanwezigheid van een specifieke numerieke afwijking. Kweken van (placenta)weefsel, dat 

tijdrovendd en vaak moeizaam is en ook regelmatig mislukt, is dan niet noodzakelijk. 

BeknopteBeknopte weergave van Hoofdstuk 2-6 

Inn hoofdstuk 2 wordt in een tweetal artikelen een aantal zwangerschappen beschreven waarbij 

eenn numeriek afwijkende cellijn werd gezien bij de vlokkentest. Onderzoek d.m.v. interfase-

FISHH van placentaweefsel na de geboorte, waarbij per placenta vijf biopten werden onderzocht 

opp aanwezigheid van de betreffende afwijking, toonde aan dat de afwijking in alle gevallen kon 

wordenn terug gevonden. Soms bleek de afwijking beperkt te zijn tot slechts een klein deel van 

dee placenta, in andere gevallen werd de afwijking gezien in het grootste deel van de placenta en 

bleekk een groot deel van de onderzochte kernen afwijkend te zijn. Er lijk t geen verband te 

bestaann tussen het percentage afwijkende cellen gezien bij de vlokkentest en het aantal 

afwijkendee biopten en kernen bij het latere piacentaonderzoek. 

Inn hoofdstuk 3 wordt een tweetal zwangerschappen beschreven, waar bij prenataal onderzoek 

werdd gedacht dat de gevonden numerieke afwijking (respectievelijk trisomie 22 en trisomie 8) 

zichh zou beperken tot de placenta. Uitgebreid vervolgonderzoek aan zowel foetaal weefsel als 

placenta,, wees uit dat de trisomie 22 cellijn ook in opgekweekte fibroblasten afkomstig van een 

huidbioptt van het kind aanwezig was. Bij deze patient werd tevens UPD van maternale origine 

vastgesteldd in de diploide cellijn. Ook bij de zwangerschap waarbij een trisomie 8 werd gezien 

bijj  de vlokkentest, bleek de afwijkende cellijn aanwezig in fibroblasten van een huidbiopt, 

verkregenn na vroeggeboorte. In beide gevallen is er sprake van zgn. gegeneraliseerd 

mozaïcisme,, dat wil zeggen dat de afwijkende cellijn werd gezien in zowel embryonaal als 

extra-embryonaall  weefsel. 

Inn hoofdstuk 4 beschrijven we een totaal van 108 patiënten waarbij een afwijkend 

chromosoompatroonn werd gevonden bij de vlokkentest in het eerste trimester van de 

zwangerschap.. Bij 101 patiënten bleek het te gaan om een cellijn die zich beperkte tot de 

placentaa en bij 7 patiënten werd een gegeneraliseerd mozaïcisme vastgesteld. Een tweede 

invasievee ingreep (vruchtwaterpunctie) tijdens de zwangerschap bleek nodig bij 88 patiënten, 

omm tot een definitieve prenatale diagnose te kunnen komen via de analyse van 

vruchtwatercellen.. We beschrijven twee methoden die, als mogelijke vervanging van 

vruchtwateronderzoek,, bij kunnen dragen in het vaststellen van het chromosoompatroon van 

dee foetus, in geval van chromosomale afwijkingen in trofoblastcellen. We laten zien dat, 

wanneerr er meer chorionweefsel is afgenomen dan nodig voor de semi-directe methode, dit tot 

aann zeven dagen na afname bewaard kan worden en vervolgens, indien nodig, kan worden 

opgekweekt.. De prenatale diagnose van het foetale karyotype is dan mede gebaseerd op de 

analysee van mesenchymale cellen. Een tweede weefsel waarover wij kunnen beschikken voor 

mogelijkk vervolgonderzoek na de vlokkentest, is een weefsel van foetale origine. Bij afname 
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vann een vlok worden de bloedvaatjes, die zich in de vlok bevinden, beschadigd. Foetale 

kerndragendee rode bloedcellen in deze bloedvaatjes, kunnen hierdoor vrijkomen in het 

transportmediumm en de spoelvloeistof van de vlokken. Deze cellen kunnen we specifiek 

herkennenn met een antilichaam tegen embryonaal haemoglobine. Bij een numerieke 

chromosomalee afwijking vastgesteld middels de vlokkentest, kunnen de foetale bloedcellen 

m.b.v.. FISH onderzocht worden op de aanwezigheid van die afwijking. Door toepassing van 

dee beschreven methoden kan, bij het vinden van een afwijkende cellijn in trofoblast cellen, een 

tweedee invasieve ingreep worden voorkomen. 

Trisomiee 18 (syndroom van Edwards) en trisomie 13 (syndroom van Patau) zijn na het Down 

syndroomm de twee meest voorkomende autosomale trisomieën na een voldragen 

zwangerschap.. Voor beide syndromen is overleving na de geboorte beschreven. 

Inn hoofdstuk 5 kijken we terug op een eigen serie van in totaal 51 patiënten waarbij in het 

eerstee trimester van de zwangerschap een (mozaïek) trisomie 13 of 18 werd gevonden in 

trofoblastt cellen. Bij 11 van de patiënten met deze prenataal vastgestelde chromosomale 

afwijking,, kon de afwijkende cellijn niet worden vastgesteld in de foetus of baby. De uitkomst 

vann de vlokkentest bleek fout-positief te zijn. Voor beide chromosoomafwijkingen geldt dat ze 

niett betrouwbaar kunnen worden vastgesteld via analyse van alleen trofoblastcellen. 

Bijj  trisomie 13 en 18 wordt regelmatig zowel een afwijkende cellijn als een normale (diploïde) 

cellijnn gevonden in de placenta. Deze normale cellijn (in de trofoblast) zou mogelijk van 

invloedd kunnen zijn op het functioneren van de placenta en daarmee een rol spelen in het 

intra-uterienn overleven van een trisomie 13 of 18 zwangerschap. 

Placenta'ss van 14 zwangerschappen met een zwangerschapsduur >14 weken, waarin een 

trisomiee 13 danwei 18 werd vastgesteld, werden onderzocht met behulp van interfase-FISH 

aann een vijftal biopten per placenta. Een diploïde cellijn in de trofoblast werd slechts 

incidenteell  aangetroffen. Er blijkt geen grond te bestaan voor de hypothese dat een diploïde 

cellijnn in de placenta van trisomie 13 of trisomie 18 zwangerschappen, onmisbaar zou zijn voor 

hett intra-uterien overleven. 

Onvoldoendee of abnormaal functioneren van de placenta kan een oorzaak zijn van foetale 

intra-uterienee groeivertraging. Een chromosomaal afwijkende cellijn in de placenta zou 

hiervoorr verantwoordelijk kunnen zijn, groeivertraging van de foetus wordt namelijk 

beschrevenn als een mogelijke complicatie bij zwangeren waarbij via de vlokkentest "confined 

placentall  mosaicism" werd vastgesteld. 

Inn hoofdstuk 6 beschrijven we onderzoek aan placenta's na afloop van zwangerschappen 

waarbijj  foetale groeivertraging werd gezien, waarvoor geen oorzaak kon worden vastgesteld. 

Eenn totaal van 32 placenta's werd m.b.v. interfase-FISH (vijf biopten per placenta) met probes 

voorr 13 verschillende chromosomen onderzocht op de mogelijke aanwezigheid van een 

numeriekee chromosomale afwijking. Bij geen van deze placenta's kon een trisomie worden 

aangetoondd voor de geteste probes. Een afwijkende (trisomie) cellijn die zich beperkt tot de 

placentaa lijk t niet een onderliggende oorzaak te zijn voor het optreden van foetale intra-

uterienee groeivertraging. 
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Toekomst Toekomst 

Hett ontrafelen van het humaan genoom en het ontwikkelen en beschikbaar komen van nieuwe 

technieken,, zal in de nabije toekomst ook invloed hebben op de prenatale diagnostiek, zoals we 

diee nu kennen. Voor steeds meer aandoeningen zal de achterliggende genetische oorzaak 

bepaaldd kunnen worden en dat zal ongetwijfeld leiden naar de vraag dergelijke aandoeningen 

ookk prenataal vast te stellen. Prenataal onderzoek zal zich meer op de individuele genetische 

problematiekk kunnen gaan richten. Om patiënten goed te kunnen informeren en begeleiden zal 

err veel aandacht moeten zijn voor opleiding en scholing van professionals, die voorlichting en 

begeleidingg als taak hebben. Ook voor algemene voorlichting aan het publiek moet ruim 

aandachtt zijn. 

All  vanaf de zeventiger jaren wordt in Nederland prenataal chromosoomonderzoek 

aangebodenn aan een beperkte groep zwangeren met een verhoogde kans op het krijgen van een 

kindd met een chromosomale afwijking. De grootste groep zijn de zwangeren van 36 jaar en 

ouder.. Er ligt nu een advies van de Gezondheidsraad (Prenatale screening, mei 2001) deze 

grenss los te laten. Wanneer dit advies door de minister wordt opgevolgd zal aan alle 

zwangeren,, ongeacht hun leeftijd, met behulp van de tripel test, screening op Down syndroom 

enn op het vóórkomen van een open hoofdje of een open ruggetje aangeboden worden. Deze 

testt kan plaats vinden vanaf een zwangerschapsduur van 15 weken. Vervolgens kan, bij een 

verhoogdd risico een vruchtwaterpunctie aangeboden worden. Het is (nog) niet te voorspellen 

watt de mogelijk effecten kunnen zijn van deze verandering in beleid. Tot welke keuzen zullen 

vrouwenn komen? Zal de groep "oudere vrouwen", die in principe vooralsnog rechtstreeks 

gebruikk kunnen blijven maken van óf de vlokkentest óf amniocentese, gaan kiezen voor 

kansbepalendee testen? Zullen "jongere vrouwen" op de mogelijkheid tot screenen ingaan? 

Zullenn zij kiezen voor een invasieve ingreep, wanneer er na screening sprake is van een 

verhoogdee kans op een kind met het Down syndroom? Accepteren zij het mogelijk risico op 

eenn spontane miskraam ten gevolge van zo'n ingreep? Zullen er meer of minder vlokkentesten 

enn vruchtwaterpuncties gedaan worden dan voorheen? Zal onderzoek van de groep "jongere 

vrouwen""  leiden tot meer of minder fout-positieven en fout-negatieven? Vinden we in gelijke 

matee waarin dat nu het geval is, chromosomaal mozaïcisme, dat zich beperkt tot de placenta? 

Dee tijd zal het leren. 

Ondankss de aanbeveling om de tripeltest aan alle zwangeren aan te bieden adviseert de 

commissiee ook proefbevolkingsonderzoek toe te staan. Daarmee wordt de mogelijkheid 

gebodenn om ook andere markers te testen, die gebruikt zouden kunnen worden om de kans op 

eenn zwangerschap met Down syndroom te bepalen. Er bestaat voorkeur voor het ontwikkelen 

vann een test, die mogelijk is in het eerste trimester van de zwangerschap, hierbij valt te denken 

aann de meting van de nekplooi, een test die veelbelovend lijkt . Bij verhoogde kans op Down 

syndroomm kan vervolgonderzoek middels de vlokkentest aangeboden worden. 

Onderzoekk naar de mogelijkheid om in foetale cellen uit maternaal bloed het Down syndroom 

tee kunnen aantonen, is helaas nog niet zo ver gevorderd dat dit toegepast kan worden binnen 

dee diagnostiek. Mocht dit uiteindelijk tot de mogelijkheden gaan behoren, dan zou in geval van 

eenn verhoogde kans op een kindje met Down syndroom, vastgesteld bij screening, follow-up 

onderzoekk aan dergelijke foetale cellen kunnen plaatsvinden om uitsluitsel te geven. Dit zou 
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eenn invasieve ingreep tijdens de zwangerschap mogelijk overbodig maken. Ook screening van 

dezee foetale cellen op numerieke chromosomale afwijkingen, waarbij te denken valt aan 

trisomiee 13,18 en 21, zou in de toekomst een optie kunnen zijn. 

Binnenn de cytogenetische laboratoria zal de introductie van micro-arrays de nodige 

veranderingenn teweeg brengen. Mogelijk is dit de techniek die op termijn de "klassieke" 

karyotyperingg gaat vervangen. Micro-arrays kunnen gebruikt worden voor het op grote schaal, 

identificerenn van mutaties en het karakteriseren van polymorfïsmen. Mogelijk kunnen functies 

vann genen opgehelderd worden en plaats en timing van de expressie van RNA gedurende de 

ontwikkelingg worden bepaald. Deze techniek kan bijdragen aan het vergroten van onze kennis 

opp het gebied van de vroege ontwikkeling van de mens. Met het bekend worden van functies 

vann genen kunnen mogelijke verschillen tussen (chromosomaal) normale en afwijkende 

placenta'ss worden aangetoond en leiden tot een beter begrip m.b.t. de afwijkingen die dit met 

zichh mee brengt voor groei en ontwikkeling van de foetus. 

Dee vele gegevens die met deze techniek zullen worden voortgebracht, dienen ook verwerkt te 

wordenn en al deze ontwikkelingen zullen ertoe leiden dat er andere eisen gesteld zullen worden 

aann medewerkers. Er zal ruim aandacht moeten zijn voor opleiding en scholing van zittend 

personeell  en nieuw aan te stellen medewerkers. 

TenTen slotte 

Mett het beschikbaar komen van gegevens m.b.t. het humaan genoom en de mogelijkheden die 

nieuwee technische ontwikkelingen bieden voor grootschalig onderzoek, is de genetica in een 

stroomversnellingg gekomen. De "jacht" op genen en eiwitten zal toenemen. Wat zijn de 

onderlingee connecties en wat is hun betekenis voor het individu? Is er behandeling mogelijk 

wanneerr er sprake is van een gendefect? Is herstel van een gendefect mogelijk? Gentherapie zal 

zekerr onderwerp van veel onderzoek zijn, waarbij ook gedacht kan worden aan gentherapie bij 

dee foetus al tijdens de zwangerschap, wanneer er bij prenatale diagnostiek een gendefect wordt 

aangetroffen.. In dit toekomstscenario lijk t er voor de prenatale diagnostiek nog een belangrijke 

roll  te zijn weggelegd. 
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DANKWOORD D 

Zo,, af. 

Alleenn het was niet zó af. Veel mensen hebben de afgelopen jaren meegewerkt aan het tot 

standd komen van dit boekje. Ik wil iedereen die een bijdrage heeft geleverd van harte 

bedanken.. Ook degenen die er "last" van hadden dat ik dit onderzoek deed wil ik bedanken. 

Hiermeee doel ik op de groep van analisten die ik in mijn functie als hoofanaliste behoorde aan 

tee sturen en op de cytogenetici, klinisch genetici en anderen die profijt horen te hebben van de 

aanwezigheidd van een hoofdanalist. Goed, aanwezig was ik vrijwel altijd, maar aanspreekbaar, 

zekerr de laatste maanden, niet altijd. Ik hoop dat ik, door voor in dit boekje te zetten: "voor de 

afdelingg Klinische Genetica", mijn dank aan alle medewerkers en oud-medewerkers duidelijk 

hebb gemaakt. 

Dankk aan mijn promotor Prof. dr. N.J. Leschot. Beste Nico, ik wil je bedanken voor alle 

kansenn die je mij door de jaren hebt geboden om door te groeien in mijn functie en nu zelfs 

mijnn functie te ontgroeien. Je kritische kanttekeningen bij een manuscript zijn misschien niet 

altijdd leuk, maar wel aanleiding voor verder uitpluizen en een stuk wordt er altijd beter van. 

Dankk aan mijn "andere" promotor: Prof. dr. O.P. Bleker. Beste Otto, voor mij kwam je pas 

echtt in beeld in de laatste fase van mijn onderzoek. Ik heb je positieve insteek erg gewaardeerd. 

Dankk aan mijn co-promotor: Dr. K. Boer. Beste Kees, je hebt het misschien nooit geweten, 

maarr je opmerking op één van mijn manuscripten, waarop je schreef: "mooi begin, kan snel af 

zijn",, kwam ten tijde van een stevige dip. Goede timing! Dank ook voor de voorzichtig 

uitgeoefendee druk: "Hoever ben je?; Wanneer krijg ik een nieuwe versie?" 

All ee commissieleden wil ik bedanken voor hun bereidheid het manuscript (snel) te beoordelen. 

Dankk aan Karla. Je zorgde voor een goed werkend FISH-protocol en met engelengeduld, heb 

jee veel geFISHt en gescoord. Je vertrek bij ons heeft me echt geraakt, maar in het diepe zuiden 

zitt je zeker naar je zin. Maastricht: julli e hebben een lot uit de loterij. 

Saskiaa nam het stokje over. Vol enthousiasme, zo helemaal Sas, stortte je je op dit werk. 

Bergenn heb je verzet. Inmiddels twee kinderen rijker, heb je voor een ander vak gekozen. Fijn 

datt je nog één dag komt "werken" als paranimf. 

Dee afronding is gedaan door Maureen. Afronden, gaatjes vullen, heel ongemerkt, heel stilletjes. 

Maarr je deed meer dan dat. Je nam de administratie op je, wat heerlijk! 

Marja,, betrokken bij de opzet van nieuwe technieken, leverde een belangrijke bijdrage met de 

introductiee van "spoeltjes" en Nancy zorgde voor een flitsend vervolg. Met dank. 

Hett DNA-werk kon hier in huis gebeuren. Marcel was bereid daar altijd weer 

man/vrouwkrachtt voor te leveren. Een ieder die hieraan heeft meegewerkt wil ik bedanken. 

Dankk ook aan de afdeling Verloskunde. Op de achtergrond meewerkend aan dit onderzoek, 

doorr het leveren van materiaal. Artsen en verpleegkundigen binnen het AMC en in andere 

ziekenhuizenn die bereid waren patiënten om medewerking te vragen, dank ik voor hun inzet. 

Opp de afdeling heeft Marjan Verjaal veel van het regelwerk er omheen gedaan, een hele klus. 

Ikk kreeg ook veel placenta's aangeleverd door "Utrecht". Dit leidde ook tot gezamenlijke 

publicaties.. De samenwerking met Joke de Pater verliep heel plezierig. 
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Veell  dank aan mijn directe "baas", Lia. We hebben heel veel meegemaakt samen en in al die 

jarenn nooit problemen gehad. Ik vermoed dat wij samen een mooi mozaïek vormen! 

Al ss de subafdelingen waar ik als hoofdanalist werk, niet in staat waren geweest zo goed en 

zelfstandigg te draaien had ik nooit voldoende tijd kunnen vrijmaken voor onderzoek. Dit is 

zekerr ook te danken aan het werk van Wilma en Bianca. Jullie hebben veel van mij 

overgenomen,, ik kijk met plezier naar julli e werkwijze en ons overleg is voor mij ook leerzaam. 

Dankk aan alle analisten van "prenataal" en "post/ tumor" (die steeds minder aan mij hadden). 

Inn totaal willekeurige volgorde (daar heb ik nog mijn best op gedaan): Rob, Monique, Netty, 

Maarten,, Marleen, Patricia, Mirjam, Gemma, Bart, Mariëtte, Ruth, Sandra, Hanni, Annette, 

Diana,, Jenny, Ellen, Jaime, Loes, Suze, Marian en Hussein; en voor de research, Hai-Yen. Een 

aantall  van julli e heeft ook een flinke bijdrage geleverd aan dit onderzoek, maar bovenal 

zorgdenn julli e voor goed draaiende diagnostiek. Ik ben blij dat ik zoveel jaren in zo'n goede 

sfeerr met julli e heb gewerkt. Samen dragen julli e daar zorg voor, maar het feit dat iedereen 

weerr anders is, en ik van iedereen wel iets heb kunnen leren, maakt het voor mij bijzonder! 

Apartt noem ik Rietje, ook een "gewone" prenatale analist, maar bovenal een vriendin sinds 

jaren.. Paranimf bij Frank en nu ook bij mij, een rijk gevoel! 

Veell  dank ook aan Jos, computer-expert. All e lof voor je steun (fit-to-pageü) en kalmte. 

Dee analisten, die ons in de loop der jaren hebben verlaten wil ik ook graag bedanken. Agaath, 

Esther,, Jaennelle, Karine, Cindy, Michel, Carolien, Sigrid en gewaardeerde oud-kamergenoten: 

Kristinn en Linda. Ook anderen, die al langer weg zijn ben ik echt niet vergeten! 

Opp de kamer op M l , bemand door Lia, Clemens en Wilma, is het goed toeven en er is veel 

cytogenetischee kennis aanwezig. Daar kan ik nog mijn voordeel mee doen! Jan, bewoner van 

onss buitenverblijf, heeft me op het spoor van het placenta-onderzoek heeft gezet. Dit is nu het 

eindresultaat! ! 

Ookk over ondersteuning op allerlei terrein had ik geen klagen: Rob en Eelco (presentaties en 

publicaties),, Beatrice en Hannelore (weer een map!), Robert (alles staat klaar, ook de koffie), 

Gerritt (techniek), Monique (hulp en belangstelling) en alle anderen: bedankt! 

Mij nn huidige kamergenote, Emilia en mijn computerkamergenoten, Petro en Els, hebben mij 

wetenn te verdragen. Knap, hoor! Ik ga pas weer achter de computer als Dominique mij 

"dwingt""  SOPs te gaan schrijven! 
Papp en Mam, Pa en Ma, verdere familie en vrienden bedankt voor de steun. Misschien heb ik 

nuu weer eens tijd voor een bezoekje! 

Al ss laatste: het thuisfront. Lieke en Nannet, julli e zijn fantastisch en ik ben heel trots op julli e 

enn julli e zelfstandigheid. Voor de opvang buiten schooltijd wil ik Reyhan, Miranda, Jolinda en 

Chantall  hartelijk bedanken. 

Alss laatste, Frank. We hebben elkaar gesteund in de promotie-crisis en daar zijn we goed 

doorheenn gekomen. Dank je, voor veel! Jij denkt: nu moet ze het rustiger aan gaan doen, maar 

jee weet wel beter!! Ik vind zoveel dingen leuk (naast werken): Spaans, Italiaans, 

kunstgeschiedenis,, ballet, een boek schrijven en dan beroemd worden....(ach, een mens mag dromen). 

Heleen n 
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