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Abstract

Chromosome  investigations  were carnied ot in 50 cases  with
pathological aberration of the conceptus. The majonty of chorionic biopsies
were analysed between the 10th and 11th weeks of pregrancy. A normal Karyolype
was diagnosed in 37 probes | 13 showed different types of cliromosome
aberralions.

The morphology of the chorwonie villous tree revealed a greater number
of alterations in cases with abnormal karyotypes, The same distribution
pattern could be observed in histological investigations,

The frequencies of degencrative changes of the villi were the same 1o
buth groups. In 4 cases , the fate of the pregnancy could be predicted by the

kind and degree of alterations in the chonon.

Introduction

The analysis of extraembryonic tissues of chorionic villi has created
# new  possibility of  disgnosing  pregnancies  during the first three
gestational muonths,

The tissuc-samples cnable dingnostics on dilferent gene levels ;5 the
gene product , the chromosome | and the DNAL Among these |, ascerlainment or
exclusion of chromosome abnormahties 15 the dominating group. Another
investigation 15 given  in cases  with  abnormal development of the
conceplus in the Tirst weeks of ontogenesis by ultrasonography. Apart from the
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ultrasound-biometry of the conceptus , morophologic changes of embryo and
extraembryonic tissues are laken into account (3-7).

The results of the cylogenetic investigations are usually received
after 3 to & days.

In 5 to 10% of analyses in current pregnancies no definite results can
be achieved aller chorionic villi sampling. Therfore a second complimentary
chromosome analysis has to be performed. Usually this is done by cultivation
of amniotic fluid cells or fetal lmphocytes in the 16th to 20th gestational
week.

The necessity of more than one chromosome analysis in current
pregnancies is either given by a pathologic karyotype in extracmbryonic
cells, of which the importance for the further development of the embryo is
uncertain , or it is given by the analysis of single pathologic cells which
might present a chiomosome mosaic and might be of no importance if they were
restricled to the extraembryonic parts of the conceptus.

In cases of an increased penetic risk the genetic counsélling of the
parents is offered before carrying out any prenatal invesligations (&),

If the first ultrasonographic screemng reveals an  abnormal
conceplus; cylogenetic analyses are performed before genetic counselling |
so thal a more precise prognosis can be made.

Especially in these abnormal pregnancies enough information has to be
gathered within a few days. Therefore not only the karyotype of the conceplus
but also the developmental changes of the chorton compared to the week of
gestation , morphologic changes of the chorionic villous tree and
degenerative alterations are taken into account,

In the following , a number of cases showing an abnormal developmental
course in early pregnancy are summarized 1o demonstrate the most important
factors which have to be regarded as determinative for the [urther
developmental allerations of the embryo.

Material and methods
Chromosome analyses were carried out on 50 pregnancies showing

abnormal ultrasonographic screening.
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The mean gestational age was 1005, The carliest case was at the 8th
the latest from the 15th (15/73) weeks,

The mean maternal age at pregnancy was mereased (X = 32.4 vears)
compared to the average population (X = 28.5 vears } |, but showed a rather wide
spread Trom 22 e 45 years, The number of previous abortions was increased lor
the women , ranging from 1 1o 7 asa maxomm, One woman has had a child with a
chromosome syndrome (trisomy 18) in a previous pregnancy , one women had a
child with a monogenic inherited defect.

Treatment of the chorionie biopsy and morphologic analyses Biopsy
probes gamed by chorionic villi sampling (CVS) or taken from placenta
material of induced abortions when a mussing embryo was diagnosed | were
transmitled 1o a stenle Peir dish contamng cell cullure mediam.

Blood coagles and decidua tissue were separated.

The non-fixed material was investigated by a divert - microscope at
magnification 25 and 100X. Four main groups of criteria were concerned | cach
of them subdivided into different specific features
1 Wascularisalion

- reduced

- profracied &

- unequal developiment

- missing
1 Hranching ol the villous trec

- reduced

- unequal distribution

- increased m lerminal regions

- missing

11 Development of sprouts
- reduced
- unequal distribution
- MiSSIng
B Structure ol the villous tree

- changed ratio between epithelium and stroma
- varying diameter of the trophoblast

- vdematous swelling of stroma
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- inliltration of abnormal cells or cell-dervaies info the stroma

- Pathologic structure of blood vessels.

This model had been developed by the previous imvestigation of 250
choronic biopsies , both with normal and abnormal differentiation of the
villus trec (4.

Vital dyes arc those substances | which can be added to the non-fixed
material , giving a different staining pattern in normal vital cells | in
cells wilh rduced wvitality and in dead cells, In our investigation , this
staining was performed with Acndine-Orange |, which gives very specilic
staining differences for cells with change in vitalily.

{ Mormal vital cells

Incorporation of only a small amount of Acridine-Orange molecules:

Cireen fluorescence of cytoplasm dnd nucleus.

1) Sightly reduced wvitality of the cell . leading to an increased
permeability of the cell membrane:

Yellow-preen fluorescence of cytoplasm.

I Profoundly reduced vitality of cells:

Yellow-orange luorescence of the whole cell,
v Dying and necrotic cells:

Uptake of the dye uninhibited | leading to a red-brown colour of the

cells.

The final concentration of the dye was 0,0005% | the time of
incubation was 3' at 37° €', After stainiug the dye was removed and 1.5 ml of
phosphate buffer (pll 6.9 was added to the probe.

The analysis was then carried out by fluorescence microscopy.

The probes were prepared according 1o the standard technigues and the
shides were stained by hematnxylhn-cosm and besides by immuno-peroxidase dye
(4).

In all cascs where the morphologic investigation and the vitality
control revealed a normal vitality of the chorionic biopsy |, in vivo occuring
mitoses from the cylotrophoblast were pamed by direct preparation of this
cell-layer (3) When the vitality of the probe was obviously reduced | long
term cell cultures were set up from small cuts of the tissue.

All chromosome preparativns { C.melaphases ) were stained by the
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acridine  denivative yuinacrine-mustard | which induces a different intensive
fluorescencein Atl- and GU-enniched segments of the chromosome . thus enabling

the identification of the single chromosome and its  intrachromosomal
structure,

Hesults

37 out of 50 cases revealed a normal karyotype, 13 showed various
chromosome aberrations
A Polyploudy

Karyotype:
69 XXX
69 XXY
02XXYY
B. Ancuploidy
Earyotype:
47 Ky +6
47 XX +9
47, XX, F16
47T XX 1B (2 cases)
47, XX, 121
47 XX 422
45X {2 cases)
7. Structural aberration
Karvotype:
46, XY dup (9p)

Comparing pregnancies with normal and pathologie karyotype no
significant differences on t‘Jiu basis of T-test could be observed concerning
maternal age , which was X= 3.18 years (22-43 years) for concepluses with
normal karyotype and X- 4.0 years (2345 wears) in pregnancies with
chromosome abnarmalities.

Regarding the frequency of abortions in previous pregonancics of the
women , no dilference were found between the two groups.

The mean time of CVS for cytogenetic diagnoses was the 10th
gestational week. Analysing the group of cases with a normal karyolype |, the
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mean week of gestations was 10/4 | varying from 80 to 1570,

In the group with pathologic karyotype the mean value was almost the
same with X = 10/5 , ranging from %3 1o 15/3. Thus , in our cases with normal
and abnormal karvotypes , pathologic alterations of the conceptus at almost
the same phase of ontogenesis were observed,

All cases revealed an abnormal morphology of the chorionic villi,
The number of villi was reduced , the branching of the willous tree was
irregulr and ofien reduced. The rami tended to be croweded in the terminal
regions. The villi varied in their diameter even within the same case from
filiformed 1o clubformed, These caliber differences oceured more often in the
peripheral than in the proximal villi. The vasculrisation was in the majority
of cases not-appropriale to the gestational week. Mostly |, it was reduced or
even missing , in single cases prevailing in parts of the chorion (Fig. 1).

The number of sprouts was reduced and mainly irregularly distributed
over the villous tree. The surface of the trophoblast epithelium revealed a
decreased number of microvilli and was often irregularly notched or wrinkled.

Comparing cases with normal and pathologic karyolype , those with
chromosome aberrations had on an average a greater number of different types
of morphologic alterations of the chorion than those with normal chromosomes.

The vitality of chorion samples was normal in 50% of the cases in
spite of showing a pathologic morphology of the villous tree. This group
comprised cases with normal as well as those with a pathologic karyolype.

In 35% of the biopsies , a slightly reduced vitality of the cells
visible by an increased uptake of Acridine-Orange in cytoplasm and nucleus ,
was observed. The altered cell groups were found irregularly scattered over
the chorion and they were always restricted to peripheral rami and sprouls.
Only in 15% of the investipated cases , peripheral parts of the villous trees
revealed a greater amount of dead cells | but the stem villi were unchanged in
vitality as well as the stroma of the proximal rami In these cases direct
preparations of mitoses from the cylotropheblast were no longer practicable
but chromosome investigations could be performed by long term cell cultures.

Hiopsies with normal vitality and those with reduced vitality showed
an cqual amount of cases with normal and pathologic karyotype.

The revealed significant differences in the number and extent of
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alterations compared to the normal differentiation of the chorionic villi in
the respective gestational week (IFig. 2). The combination of alterations in
the single probe will be given i the [ollowing by detaled description of two
CASES.

Trisomy-18 (11th week of gestation) in three different types of villi
were observed. [ there were villl with an almoest normal stucture and only
shghtly reduced wvascularisation ; 11 | there were willi with plump and
compact appearance withoul vasculansation with smooth surface of the
rophoblast epithleium ; 111 | the last group consisted of wvilli with
rudimentary vascularisation | the stroma being cell-rich and the trophoblast
epithlium irregular. The trophoblast epitheliom itself’ was different in its
height and number of cell-layers. Some villi showed foci of calcification.

Trisomy 22 (11th week of gestation) in three types of villi were
analysed. The majority was vascular with retarded development Some willi
showed reduced vascularisation with the blood vessels being extremely narrow
in lumen. A small number of villi had delated terminal regions with an excess
of large blood vessels. The epithelium was uneven with partial invaginations
into the stroma |, thus developing pscudo-cysts,

secondary changes of the choronic villus tree could be divided into
4 main groups:

I deposition of fibrin on and in the vilh

I Hydropie swelling of choerionie villi

Il Detachement of the rophoblast epithelium
IV Reduction of the vitality of the cells

Degenerative changes of the chorion were documented by the
combination of morphologic | histologic |, and  wvilality apalyses. No
preference as to early or late pregnancy age was observed,

Cases with pathologic karyotype showed degencrative alterations in
the same frequency and degree of severily as those with a aormal chromosome
constitution.

In the whaole | 38% of the biopsies revealed degenerative alleralions
of the chorion (Fig. 3).

Developmental differences in the abnormal chorionic  fissue in
regarding different cases with the same chromosome abnormality (trisomy 18 |
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monosomy X}, it was striking to notice that the amount and the expression
ol pathologic changes o the placenta differed distinctly, Tno oparts |, tus
might be caused by chromosome mosaics , which for example amont to alomst 50%
i monosomy X cases.

Itowas ool always possible | 1o proove the existence of the sccond
cell-line , perhaps because of an irregular distribution i the placentia or
even between truphoblast epithelium and stroma,

Besides | other lactors mught have eoabled the almost oormal
differentiation of the wvilli in cerlain regions of the placenta | as it could
be observed in our case of nsomy 18 Willi with less retarded diferentiation
were not restricted o the center of the chorion {rondosum.

If it is possible | as in 3 of our cases with chromosome aberration
gel 2 or even more biopsies [or mveshigation over a peniod of more than two
weeks | information can be oblained oo the lomitudinal changes in the
pathologic villous tree. ln two ol our cases if could be stated that the
amount of less aliered villi was nising within the tune of investigation , in
the third one alterations were changing to the worse,

ln cases of extremely abnormal development of the chorion at an early
stage of gestation a [alal course of the pregnancy had 1o be predicted |
althought | by sonpgraphy | the embryo appeared almost normal at the time of
the first investigation {trisomy 9, trisomy 22 , dupSp).

Discussion

Chur investigations on early pregnancies with an abnormal course
showed that about one third was due to chromosome abnormality of the
conceptus. The degree of developmental disturbances depended on  the
karyotype | chromosome  constitution and  type of aboormality. Severe
anparrment during  the differentiation of the chonon lead 0 secondary
changes |, such as hydropic swelling of the villi or terminal dilatations of
blood vessels | leading itrauterine death of the cmbryo,

In two cases |, hydropic swellig of single chrionic villi |, lead 1o
such excessive dilatation of the tssue, that false diagnosis of a twin
pregoancy was given during ultrasonographic investigation suggesting that
cacl case was an emply amniotic sac , one triploidy and the other trisomy 21.
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Ihe morphologic change in the extracmbryonc lissues with cliromusome

aberration reveal a patiern of frequent and rare symploms as 11 is known from

fetuses | and children with chromosome syndromes (2.3 .4 .6 7l
thur ntension is to find oul the ypical

cmbivos |

. combimation ol symploms
characterising the individual chromuosome ahnormality | as we did i during the
last 30 years in patients with chromosome syndromes.

Another problem | which has arisen during the last § vears is that

growing number of chromosome mosaics is found when ivestigating embryome
extraembryonic tissues of early pregnancies (1),

When chromosome nvestigation was only possible by long term cell
cultures it was assumed that the majority of

and

pathologic clones and single
cells was caused by in vitro alterations of the cells, But nowad
aberrant cells were also diagnosed m short
preparations of mitoses (1),

ays those
lerm cultures as well as in direct

I'he significance of these cells 1o the development of the conce

. | Plus
15 stll unknown, As

the majonty of pregnancies wilh single patholgic cells

I'r v . P ol .
1 the extraembryonic tissues shows a normal course | it has been supposed

that there is a sclectin against single cells with a

. pathologie  karyotype
during ontogenesis. o

Experiments are now carried out in our

- nvestigation group 1o get
further information about these

peculiarities in early pregnancies.
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Fig. 1- Partial hydropic swelling of the chorionic villous tree (11

pestational wuek).

Fig, 2- Changes of the lopheblast cpithelium (8

Increased height of epithelium and decreased number of

gestational week), ¢

nucler.



Schwanrtr ef.al.

20

Fig, 2- Changes of the trophoblast epithelium (8th gestational week). b.
Decreased height of epithelium |, reduced number of microvilli.

Abnormal IifTerentiation.

2f

Fig. 3- Degenerative alterations of chorionjc villt {11th

: : gestational wee
Foci of calcificantion in N

the stroma of (he villi,
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