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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 
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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 

122 2 



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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Tablee 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) 

Clinicall details Hybridizationn success 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 

2330 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 

5-10 0 

5-10 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. . 

Clinicall details Hybridization success 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. 
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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 results Elevated levels of trisomy in the initial 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. 

Acknowledgements s 

Thee authors wish to thank Karla Plug-Engel, Saskia van Bezouw, Maureen Rahanra and 

Mariann Bagnay for technical assistance. 

References s 

1.. Reece EA, Hagay Z. Prenatal diagnosis of deviant fetal growth; In Lippincott JP (ed.): Medicine of 
thee fetus and mother. Philadelphia, 1992, pp 671-685. 

2.. Lestou VS, Kalousek DK. Confined placental mosaicism and intrauterine fetal growth. Arch Dis 
Child'Fetal'Neonatal'EdChild'Fetal'Neonatal'Ed'1998;'1998; 79, 223-226. 

3.. Kalousek DK, Dill FJ. Chromosomal mosaicism confined to the placenta in human conceptions. 
ScienceScience 1983; 221, 665-667. 

4.. Leschot NJ, Wolf H, van Prooijen-Knegt AC et al. Cytogenetic findings in 1250 first trimester 
chorionicc villus samples, with clinical follow-up of the first 1000 pregnancies. Br J Obstet Gynaecol 
1989;; 96, 663-670. 

5.. Leschot NJ, Schuring-Blom GH, van Prooijen-Knegt AC et al. The outcome of pregnancies with 
confinedd placental chromosome mosaicism in cytotrophoblast cells. PrenatDiagn 1996; 16, 705-712. 

6.. Johnson A, Wapner RJ, Davis GH, Jackson LG. Mosaicism in chorionic villus sampling: an 
associationn with poor perinatal outcome, Obstet Gynecol 1990; 75, 573-577. 

7.. Artan S, Basaran N, Hassa H et al. Confined placental mosaicism in term placentae: analysis of 125 
cases.. PrenatDiagn 1995; 15,1135-42. 

8.. Verp MS, Unger NL. Chorionic chromosome abnormalities and intrauterine growth retardation. J 
PerinatalPerinatal 1990; 10, 52-54. 

9.. Kennerknecht I, Kramer S, Grab D, Terinde R, Vogel W. A prospective cytogenetic study of third-
trimesterr placentae in small-for-date but otherwise normal newborns. PrenatDiagn 1993; 13, 257-269. 

10.. Wolstenholme J, Rooney DE, Davison EV. Confined placental mosaicism, IUGR, and adverse 
pregnancyy outcome: a controlled retrospective U.K collaborative survey. Prenat Diagn 1994; 14, 345-
361. . 

11.. Krishnamoorthy A, Gowen LC, Boll KE, Knuppel RA, Sciorra LJ. Chromosome and interphase 
analysiss of placental mosaicism in intrauterine growth retardation. J Perinatal 1995,15, 47-50. 

12.. Wilkins-Haug L, Roberts DJ, Morton CC. Confined placental mosaicism and intrauterine growth 
retardation:: a case-control analysis of placentas at delivery. Am J Obstet Gynecol 1995; 172, 44-50. 

13.. Schuring-Blom GH, Keijzer M, Jakobs ME et al. Molecular cytogenetic analysis of term placentae 
suspectedd of mosaicism using fluorescence in situ hybridization. PrenatDiagn 1993; 13, 671-679. 

14.. Kalousek DK, Howard-Peebles PN, Olsen SB et al. Confirmation of CVS mosaicism in term 
placentaee and high frequency of intrauterine growth retardation association with confined placental 
mosaicism.. PrenatDiagn 1991; 11, 743-750. 

15.. Kloosterman GJ. On intrauterine growth, the significance of prenatal care. Int Obstet 1970; 8, 895-
912. . 

16.. Kalousek DK. Confined placental mosaicism and intrauterine fetal development. Placenta 1994; 15, 
219-230. . 

130 0 



17.. Engel E, DeLozier-Blanchet CD. Uniparental disomy, isodisomy, and imprinting: probable effects 
inn man and strategies for their detection. Am J Med Genet 1991; 40, 432-439. 

18.. Baty Bj, Blackburn BL, Carey JC. Natural history of trisomy 18 and trisomy 13: I. Growth, physical 
assessment,, medical histories, survival, andd recurrence risk. Am] Med Genet 1994; 49,175-188. 

19.. Cooke HJ, Hindley J. Cloning of human satellite II I DNA: different components are on different 
chromosomes.. Nucleic Acid Res 1979; 6, 3177-3197. 

20.. Waye JS, Willard HF. Chromosome specificity of satellite DNAs: short- and long-range organization 
off  a diverged dimeric subset of human alpha satellite from chromosome 3. Chromosoma 1989; 97, 
475-480. . 

21.. Waye JS, England SB, Willard HF. Genomic organization of alpha satellite DNA on human 
chromosomee 7: evidence for two distinct alphoid domains on a single chromosome. Mol Cell Biol 
1987-7,349-356. . 

22.. Donlon TA, Bruns GA, Latt SA, Mulholland J, Wyman AR. A chromosome 8-enriched alphoid 
repeat.. Cytogenet Cell Genet 1987; 46,607. 

23.. Rocchi M, Archidiacono N, Ward DC, Baldini A. A human chromosome 9-specific alphoid DNA 
repeatt spatially resolvable from satellite 3 DNA by fluorescent in situ hybridization. Genomics 1991; 
9,, 517-523. 

24.. Waye JS, Creeper LA, Willard HF. Organization and evolution of alpha satellite DNA from human 
chromosomee 11. Chromosoma 1987b; 95,182-188. 

25.. Archidiacono N, Antonacci R, Marzella R, Finelli P, Lonoce A, Rocchi M. Comparative mapping of 
humann alphoid sequences in great apes using fluorescence in situ hybridizations. Genomics 1995; 25, 
477-484. . 

26.. Higgins MJ, Wang HS, Shtromas I et at. Organization of a repetitive human 1.8 kb Kpnl sequence 
localizedd in the heterochromatin of chromosome 15. Chromosoma 1985; 93, 77-86. 

27.. Greig GM, England SB, Bedford HM, Willard HF. Chromosome-specific alpha satellite DNA from 
thee centromere of human chromosome 16. Am] Hum Genet 1989; 45, 862-872. 

28.. Devilee P, Cremer T, Slagboom P et at. Two subsets of human alphoid repetitive DNA show 
distinctt preferential localization in the pericentric regions of chromosomes 13, 18 and 21. Cytogenet 
CellCell Genet 1986; 41,193-201. 

29.. Nizetic D, Zehetner G, Monaco AP, Geilen L, Young BD, Lehrach H. Construction, arraying, and 
high-densityy screening of large insert libraries of human chromosomes X and 21: their potential use 
ass reference libraries. PNAS 1991; 88, 3233-3237. 

30.. McDermid HE, Duncan AM, Higgins MJ et al. Isolation and characterization of an alpha-satellite 
repeatedd sequence from human chromosome 22. Chromosoma 1986; 94,228-234. 

31.. Bryndorf T, Christensen B, Vad M et al. Prenatal detection of chromosome aneuploidies in 
unculturedd chorionic villus samples by FISH. Am] Hum Genet 1996; 59, 918-926. 

32.. Bryndorf T, Lundsteen C, Lamb A, Christensen B, Philip J. Rapid prenatal diagnosis of 
chromosomee aneuploidies by interphase fluorescence in situ hybridization: a one-year clinical 
experiencee with high-risk and urgent fetal and postnatal samples. Acta Obstet Gynecol Scand 2000; 79, 
8-14. . 

33.. Knight SJ, Lese CM, Precht KS et al. An optimized set of human telomere clones for studying 
telomeree integrity and architecture. Am] Hum Genet 2000; 67, 320-323. 

34.. Gheduzzi D, Taparelli F, Quaglino Jr D et al. The placenta in Pseudoxanthoma Elasticum: clinical, 
structurall  and immunochemical study. Placenta 2001; 22, 580-590. 

35.. Broekhuizen FF, Hamilton PR. Pseudoxanthoma Elasticum and intrauterine growth retardation. Am 
]]  Obstet Gynecol 1984; 148,112-114. 

36.. Elejalde BR, De Elejalde MM, Samter T, Burgess J, Lombardi J, Gilbert EF. Manifestations of 
Pseudoxanthomaa Elasticum during pregnancy: a case report and review of the literature. Am J Med 
GenetGenet 1984; 18,755-762. 

37.. Bryndorf T, Christensen B, Vad M, Parner J, Brocks V, Philip J. Prenatal detection of chromosome 
aneuploidiess by fluorescence in situ hybridization: experience with 2000 uncultured amniotic fluid 
sampless in a prospective preclinical trial. Prtnat Diagn 1997; 17, 333-341. 

131 1 



ChapterChapter 6 

38.. Schuring-Blom GH, Plug-Engel K, Smit N et al. Placenta studies after chromosome mosaicism at 
CVS:: an informative (t)issue; in Zakut H (ed): 7th International Conference on Early Prenatal 
Diagnosis,, Monduzzi Editore. Bologna, 1994, pp 237-241. 

39.. Rossant J, Cross JC. Placental development: lessons from mouse mutants. Nature Reviews 2001; 2, 
538-548. . 

40.. Ledbetter DH, Engel E. Uniparental disomy in humans: development of an imprinting map and its 
implicationss for prenatal diagnosis. Hum Mol Genet 1995; 4, 1757-1764. 

41.. Moore GE, Ali Z, Khan RU, Blunt S, Bennett PR, Vaughan JI. The incidence of uniparental disomy 
associatedd with intrauterine growth retardation in a cohort of thirty-five severely affected babies. Am 
JJ Obstet Gynecol \991\ 176,294-299. 

132 2 






