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ABSTRACT

Caspersson {1970) discoveréd that each chromosome

"pair has a characteg}étic_bandingipattérn when chiromosomes
are stéined with»tﬁe fluorescent dyé, ‘quinacrine. With
'this dye.there are certain chromosome regions vhich are |
pol&morphic. These fegions can b% used as markefs in

the study of the inheritance of dhromoso@e anomalies.

The purpose of thls study was to determine,
u31ng .chromosome markers, the parental orlgln of the
'extra chromosomes found in triploid-and D, G trisomic
épontaneous abortuses. Polymorphlsms in the cﬁromosomes
of parents of 15 trlplOld and 12 tflsomlc abortuses
%ere compared w1th those of their: abortus to determlne.

. which parent donated the ‘extra chromosome(s) Thé
dlstrfgatlon of ’ the markers was used to’ determlne

whether the error occurred during mg;os;s-l or melosis II
or, in- the casée of tniploidss to distinguiéh'betweén a
meiotic error and aispérmy. .

Of the 15 friploids examined, Z'Wére\informative‘
as to the-origin of the extra set of chfoﬁosqmésﬂ In

3. of -these there was failure to extrude to sécond polar

L J

body during oogenesis. “In 3 other céses it was impossible -

P

\ . oo i} .
to distinguish between an error-during meiosis of spermato-
genesis and dispermy. The other informative case
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definitely arose by ‘dispermy. Mechanisms for the origin
of triplbidy were discﬁssed, in particular, aging of

gametes.

Only 1 of tﬂe 12 trisomies examined was ihformative.
This was a trisomy 22 in which %he extra 22 was from the
mother but it wés.not possible to distingﬁish'betwéen'
non-disjunc%ion'ﬁuring'meigsis'l and melosis II. Possible
mechanisms for the froduction‘of‘tfisomies were discussed

including maternal 1lrradiation, autoimmune processes,

possible endocrine factors and drugs.

A number of'techﬁicai factors which inflﬁence

the appearance of polymorphic regions wére also discussed.
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~ INTRODUCTION L. \

h ]

»

.I. Historical Perspective of Technical Developments

In 19562 Tjio and'Levaﬁ demonstrated with the use
of cultures of fetal lung tissﬁe that the human diploid
chromosome number‘is 46. This number was confirméd in
1956 by Ford and Hamertah wha counted 23 bivalents in
meiotic material from testicular biopsies. The deter-
mination of the human chromosome complement resulted
from the appiiéation ?f techniques from plant genetics
yto human fibroblasts: One of these techniques was the
use of céLchicine to arrest cells in metaphase. Hsu (1952)
discovered accidentally that hypotanic treéxment of cells
before fixation led to the swelling of the cells and
created much ‘better chromosome spreads. The common
hypotonic treatment used was sodium citrate. Tjio and
~ievan (1956) employed both of these techniques. in their
examingtion of the phromosOmes of lung fibrobiﬁsts. Several
weeks are needed to obtain sufficient growth of fibro-

blasts. This is the major disadvantage of such culture.

Simultaneously. with the‘above workers, other
. reseévcheps were attempting to Cplture cells from peri—

pheral blood. ASéveral unrelated qiscoveries led to the.

%

eventual success of this technique. Nowell (1960a)’
. [



\ , | 2
“,’“f~ . . - ) . o
showeg,ihét perlpheral blood culturgs exhlblt a burst

of mltotlc actiV1ty after L8- 72 urs in culture.‘;?n

) prepa¥1ng cultures, N0well used

-

Ktohaemagglutiniﬁ (PHA)
) (

t6 separate leukocytes from,red cdlis.’

-Whon'he investi-

- gated systematically which factor of his culfore‘techniqﬁé
was the initiator ‘of this mitotic activity he found that

‘ the PHA was responsible.(Nowell, 1960b). This‘was a .

very important‘discovery Becauge fhe nu@ber of cells c. T

ondergoing sponfaneous mitosis inéperipheral b%god.

»

-cultures is shall. ‘It also enabled more rapid preparation

of chromosomqs'than with fibroblast cultures.

.

In 1960, Moorhead combined Nowell's culture
techniques with air-dryinglof slide preparations (Rothfels

and Siminovitch3,1958), in place of the squasﬁ methods
used pre&iously. Th%s'ppocedure also improved chromosome

: ‘ »
»spreads.. Hungerford (1965) used 0.075 M KCl as the

7“;iyotonic pretreatment for. cells.
\ .

. This combination of techniques gave rise to au
‘yery successful culture method for the small lymphocytes .
. present in peripheral blood ond chromosome prepgqgtion.
Using this method the number of chromosomes in é prepara-

tion could be ea51ly counted. However, it was still not

¢

7
| R N SRR e g L s S e T T et T T

' p0531ble to dlstlngULSh all of the chromosome pairs

from each other. T .o



II. Banding Human Chromosomeo | ' . t '. )

Tho fie}d of humép cytogenotics progressed, no . :
furémer until‘éasyensson discovered a technique for
chromosome oamding.. frior to th;s,‘few_chromosomos
couid be identified unequivocébly Most could be. assignod
_only %o orie of the Vi groups (1abelled A t0.G)° whléh were

based on 31mllar1t1es in chromosome length and p081t10n of

"the oentromere.‘

Caspersson et al. (1969a) treated, preparatlons of
- Vicig. faba root tips-with the fluorescent dye qulnacrlne
mustard to study the process of dlfferentgatlon. They
hoped to idéntify phy51co chemlcalzilfferences between
reglons of metaphase chromosomes. Wlth qulnacrlne mustard
they obtalned"luorescent bands on each chromosome which
were 1dentlcal on sister cbromatlds. The bands were
characte;istic fop each c@rompsomé énd were reproduc&ble.
Caspersson et al. (1970) o@aineq leukocyte preparations
of human chromosomes with quinacrine mustard and found
_that again a consistent banding pattern was produced for
each‘chromosomo. A photometric'technique was used to
identify the 24 fluorestence pat?erns.of metaphase
bpromogoméS-(Cgsporsson et al., 1971). A number was
éSSignedzto eaoh ohromosomefpaift"gn the basis of
chromosome length{:centromerewindex. late-labelling

. pattern (éspecié;ly for‘chromooomesleﬁ 14 and .15) and.

13

~




banding properties all chromosome pairs were uni uely'
identified. The chromosome which ‘is trlsomlc in Rown
syndrome was called 21 because of the number- of years.
that the extra chromosome was coq51dered to. be 21 despite

the fact that 22 is slightly longer. . .

At the Péris Conforenoe (19715 the quinacrine
banding characteristics for each chromosomo pair were
‘outlined im detail as an internationgi standard. A band
}was defiﬁed.as "a part of a chromosome whioh is‘cléarly
‘distinguishablo from its adjacent segments by appearing

darker oy*lighter with one of the staining methods"”.

Miller et al. (19?1).employod Caspersson’s
findings in,the)characterization'of’structural‘cégomosome
anomaiies.' They used.banding on thé chromosomes of
péfients witﬁ translocations and démomstrated'that the
translocaﬁlon chromosomes retained the quinacrine
fluorescence patterns of the chromosomes from which they
 were derived. L&n et al. (1971) and Evans et al. (1971)
- described methods for tQQ\use of quinacrine dlhydro-
chloride, 1nstead of quinacrine mustard which was difficult
to obtain. Quinacrine dihydrochloride enabled potential °
-‘routine examination of'chromosomeS'ip'cytogenetics service

laboratories.

“ A number of_othér banding teohniques are now being-

" .used in addition to,quinacrine. . These include: Giemsa (G)’

Il
i

L

R



banding (Seabright;_l9?1; Sumner et al., i§7l);'révefee

" (R) eahding (Ddfrillaux and Le jeune, 1971); centroherie
heterochromatln (C) bandlng (Arrlghl and Hsu, 1971);

'a modlflcatlon of R bandlng w1th acrldlne arange (Bobrown
and Madan, I9?3), telomerlc (T) banding (Dutrlllaux, 19?5

and daunomy01n (D) bandlng (Lln and Van de Sande, 1975)

\

The major question,iet to be answered is how the
bands are‘produced. Siﬁce qdinacrine.mustaﬁd binds‘to
the ﬁ? of guanine, Caspersson et al. (1969b) suggested
that chrdmosome bands represent guarfine-rich regiens'of
deokyribgnucleic acid (DNA).\«However, quinacrine dihydro-
chloride which produces comparable bands 406 quinacrine
mustard is a.noaéalkylating compound, thaf is,'it.does~net
bind to the N7. of guanine. Moreover, Sumner et al. (1973)
glocked the N7 df_guanine.using dustard gas and still
-produced the.characterisfic bands. Phis evidence suggests
that‘chromosomé bands do not represent guanine-rich regions
' of the DNA Freeman (1971) descrlbed a method by which he
produced antinucleoside antibodies spec1flc for each of the
L4 bases' in DNA. These fluqresceln—tagged antibodies reacted
only aifh_single-stranded DNA. Dev (1972) used these anti-
nucleoside antibodies to show that bindihg of quinacrine
dlhydrochlorlde is not dlrectly related to the DNA base
lsequence. Antlbodles agalnst aden031ne and cytidine both

produced banding patterns 31mllar to those,of quinacrine.



Weisblum and de Haseth (1972) observed qug;\RX§§"3T‘*‘—"’////"—§<::

fluorescehce with 1ncrea51ng numbers of Nanine- cyt051ne
(GC) pairs using Several microbial DNA' s.’\ hus, tHKe
importancé of the DﬁA base sequeéce’to quiqecriﬁe binding
ie not clear. There may be severa] ‘interacting factors eo

s

that it is not possible to ascertain their relative importance.

Caspersson ef al. (1969b) suggestea that the
brightly fluorescent Bénde broduced with quinacrine represent
‘heterochromatin. Heterocﬂrqmagin_is tightl& coiled in -
mitotic prephase in eontrast to euehromafiﬁ which is
loosely coiled. Because of this tight coiling hetero-
chromatin undergoes DNA repl}cation Iate'in S phase. Two
types of heterochromatin have been described: constitutive

and facdltative. Ganner and Evans (1971) suggested that

the fluorescent bande more ilkely represented constltutlve
)

4

'rather than facultative heterochromatln. Constltutlve
heterochromatln contaLns DNA with hlghly repetltlve

sequences.‘ It is found in the same location inm both

i

members of- a homologous pairuof chromosomes. An examﬁle
i . . R ~ “ « !
is that chromatin found in the centromere regiaons of .most

lchromosomes. Facultative heterochromatin is not found

in both members'of‘a homologous pair and does not-con%ain
repetitive sequenees.” An example of facultéfive hetero—
chromatin is oﬁe_of the two X chromosomes in human females.

~

“Early in embryonic development one X becemes heterochromatin-.

.0



ized (inactiveted)l. Since both.X's'band identiéally'

w1th qulnacrlne this implies a more condensed structure

for the 1nact1ve X, not a change in organlzatlon such, as
the repeated sequences of constltutlve heterochromatln.
Ganner and Evans (1971) performed autoradlogragpy and “then A
stalned the same cel}s.w1th quinacrine. They found that
the regions of briého fluoreecence showed a high rate of
1ncorporatlon of 3H thymldlne late 1n 5 phase ‘However, J

the secondary c&hstrlctlons of chromosomes 1, 9 and 16 were

late~repllcat1ng yet were not brlghtly fluorescent.

The qulnacrlne bandlng pattern is not abollshed
by the removal of rlbonuclelc acid (RNA) w1th RNAase (Comlngs,
1971). When the bNA is removed with DNAase there is no
‘staining with qulnaCrlne (Sumner et al., 19?3) Sumner et al.
(19?3) also showed that methanol- acetlc acid flﬁgtlon, an
1ntegral part of chromosome preparatlon, ‘removes a large
{amount QE proteln, espeCLally hlstones. Therefore, hlstone“.

protelns are .not respons1ble for. banding. The pfesence of the

éhlstones may suppress the blndlng of the fluorescent dye.:

\

AN Comings'(l97i) suggested that staining patterns,

may reflect blndlng to different regions of the genome of
/

\ ,/varylng amounts of non-histone proteins. Non ~histone
protelns are- involved in the regulatlon of genetlc acthlty

and are-tlssge and species specific. Caspersson et al. (1972)’



¢

found i&éq@iqgl chrémosome banding:patterns in cells.of

amnion, bone marrow, skin and testis. - Therefo;axgnon—

histone proteins are not solely involved in the prqduction.

¢

of bands.

-
-}

- ’

Sumner et al. (1973) proposed a theory which they
felt accounted for the conditions necessary fof the pro-
duction of chromosgme bands by -quinacrine. They proposed
that the'd&e,molecule combined ionically with'phosphafe
groups :and that mgsf dye will'beuﬁounq when phosphates
are the corrqct'distancé éparf to bind boﬁh.amino gréﬁps ‘.

of the  dye moleculé.

w

‘The evidence disgussed sugggsts that thére are a
number of factors involved iﬁ the production of chromésome
bands by quinaériﬁe. The DNA base sequence is not Qirectly.
_ involvéd.' The'area; of bright fluorescénce are consti-

tutive hetefochfomatinvwith the‘ekcéption'of the éecondary
‘constrictions of chromosomes 1, 9 and 16 which are
heterochrométic bﬁt not briggtly fiuoréscent. yon-hi§ﬁone
protein -DNA iﬁtéraqtions are probably involved and histone
_proteins are not'?eceSSary for the 'production of bands.

The exact mechanism of.the production of bands by quina;

crine is yet tovbe'epoIQateda.
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TIX. Human ChHromosome .Polymorphisms

With the advent of chromosome' banding Qechoiques
came the observation that, especially with quinacrine
fluorescence, there are certain regions .of the human
Qhromosome complement'that are polymorphic, that is,
they may vary from ooé imdividdal to anotherl These
ponmorphic features areﬂnormél chromosomai varian%s
which are inherited in-a Méndelian manner (Buckton, 19?6).
Quinacr%ne fluorescence polymorphisms were first described
by Caspe;sson et al. (1971) and confirmed by Evans et al.
(19?;). Two groups of chromosomes which exhibit poly-
morphisms are phe.large'and small acrooentrlcs. * Variable
feétureé‘are-the short arms,-staiks'aﬁd satellites. The
stélks, which méy vary in length, haveibeen shown by
Goodpasture et al. (1976) to be the nueleolar organiziﬁg

-regione (NOR) of the human chromosomes, that is; the_étélks
u}pﬁtain the genes for ribosomal RNA. The short grms.and
the satellites of the acrocentric chromosomes vary_both in
theirmintensity of'fluoresoeﬂce and in their size.‘ However, -
it is dlfflcult to separate these two varlables since the
satelllte region may appear larger merely because it is
1ntensely fiuorescent Another chroomosome conta{nlng a
polymorphlc reglon is chromosome 3. It may. or-may ﬁot
have a brlght band near %ﬁe centromere on the long arm.

In cermaln 1nd;v1guals the baod is present on the, short

T T sttt
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arm. Chromosome 4 mé& or may not possess a bright

-

' centromeric band. . The length of thé secondary constric-

tions on chromosomes 1, 9 and 16 may also vary. Chromo-

]

" some l7vmay'occasioﬁally possess satellites. Thus, -

. chtomosomes 1; 3, 4, 13, lb 15, 16, 17, 21 and 22 may be

used as markers.

Mikelsaar.et al;~(l9?4) ¢btained the frequencies
of these polymorphlc regions among Estq\lans The presence'
of brlght bands on chromosomes 3. b and ﬁ3 had a frequency
of 64.9, 27.6 and 84.u47% respectlvely. Thpy found a sex
difference with respect to homo— and heterozygotes for .
chromosome 3 only, with women belqg more often heterozygous
and men homozygous; Slmllar studles have been conducted
on newborn populatlons (McKenzie and Lubs, 1975; Muller

'

et al.,-l975: Lin et al., 1976). Although the exact

frequencies obtained b& these groubs are not identical

%o those of Mikelsaar et al. (1974), their relative

frequencies are slmilar.‘ It is not possible to make

meaningful comparisons between the groups because the

.classification and method of scoring of variants differed

for each group. Another.compounding factor-is the'difficulty ‘

-

‘in assessing quantitatively fluorescent intensity:'

In 1975 (Parls Conference, Supplement) it was

suggested to standardize human cytogenetic research by

scoring chromosome, regions with variable fluorescence

(8]
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accordlnguto 5 ntens1ty levels. These Were" brllllant
(5), 1ntense (4), medlum (3), pale (2) and negatlve Cl)
There are a number of technlcal dlfflcultles assoc1ated

w1th thls attempt at a very prec1se method of class1flca~
tlon. It is not easy to dlstlngulsh betWeen the presence

of satellites of 1pw,1ntens1ty ‘and the absence of satellltes.

In addition; where'satellites'are definitely presenf the

level.of 1ntens1ty'may be dlfflcultto assess. The

quallty of fluorescence may vary from photograph to

-photograph dependlng on the quallty of the negative and

f
the.exposure tlme.- To overcome these- technlcal dlfflcultles.‘

scoring from qirect observatlon-;s pos31ble. However, for
. . M M ,

documentati nl.phoﬁographs'are necessary. " For' each picture

it may be poksible'to rate markers on.a scale of 1-5 but -
the rating ip a somewhat‘subjec%ive‘decision, As long as
these llmlta ions are reallzed human chromosome poly—

morphlsms can.be of value in studylng the 1nher1tance of
t

extra chromasomes ‘found in trisomiés and triploids.
d : 4
| .

1v. 'Triploidy and \its Origin

.Penrose‘and Delhanty (1961) were the first to
describe a sp0ntaneously aborted fetus w1th an abnormal
karyotype. Thls fetus, was shown to possess 69 chromosomes.
Tr1p101dy has since been found to occur in approX1mately
20% of spontaneous abortlons w1th an abnormal karyotype

(Geneva Conference, 1966 Carr, 1967 Arakakl and Waxman,

L4
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. 1970). This represents approximately’l% of all conceﬁtions

in man. Makino et al. (1964) first‘nétioed‘thgt é,
triploidvsponfénéous abortus possessed hydatidiforﬁ.
deg?nerafiqn of the chorionic villi. Qgrr (l969) l
reported that if hydaﬁidiform degeneration is present there
| is a 70% chance that thé‘conceptps‘isftriﬁléid. ‘The
Aprgsehce of triploidy is aésociafed wi%h'hydgtidiform
‘dégeneratioh or'true-moie in 85% of cases. Carr (1970)
‘found thag\fhe~inc;dence of triploidy was increased 4.5
times over controls when wbmén'conceived wi%hin 6 months
of discpntihuing'oral céntraceptives but Boué'ef al. (1975)
'did not find fﬁis increaée:in tripioid conceptuses. .

&

Althqugh most tr1n101d conceptuses are aborted
by the end of the first trimester (Carr,,l97l), a number
of cases of triploids surviving past{%his time-have been
reported, some of whom were live-born (Uchida and Lin, 1972;
Walker et al., 1973; de érouchy et al., X974; other‘g"
rev1ewed by Saadi et al., 19?6) By combining the
1nformat10n concerning malformatlons found in these’
' triploids it . has been possible to.descrlbe ﬁhe triploid
éyndrome (Werteleckr et al., 1976). The most éommon
‘features found were loQ birﬁh&éight, severe eye defects,
syhdactyly, dysplastic cranial boneé,‘génital abhofmalities
in males,'oﬁphalocpele, facial clefts and a Aumbér of less

freQuentyanomalieé. In addition to féﬁal.abnormalities,

. | A
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“triploid ges%ations.may'cause maternal complicafions such

as pre-eclampsia and hydramnios.(Gosden et ai;, 1976).

At:tﬁe celloler level; Mittwoth and,Delhahty (1972)
showed that triplOLd cells grown in culture had prolonged
cell division time. compared to cells with a normal .
~karyotype. Thls,disturbance of growﬁh may partlal;y |

explain the iethality of this'condition.:

'Junien et al. (1976) measured the activity of
several autosomal and X linked enzymes 1n cultures of.
-human. triploid cells. . Th%ycells were 694XXY and theret
was no Barr body wh%ch‘indicated botﬂ X chromosomes were
. funétioning. = Their biqehemibal evidence also supported
m%he existence of two functional X chromosomes. XXY.
trioloids_would be,expected'to“have either one k chromatin
body per cell or'none., In- other words, cells may have .

elther l or 2 actlve X chromosomes._ Weaver and Gartler

‘(1975) compared the»cllnlcal eatures ! of XXY triploids

survividg 31 weeks'gestat' whose cells contalned 1l oraz2
‘active X chromosomes.%j?hey found no 81gn1flcant dlfferences
between triploids which were sex chromatin negative and .
those @hich‘wepe sex chromatin positive, indicating that
,the'presence of g'functional X chromogomes is:not responsible

for the- obgerved abnofmalities.

There are several ways in whlch a tr1p101d
$

: conceotus could arlse. fertlllzatlon of g ‘diploid ovum
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a habloid sperm, fertilization Qf‘é haploid ovum by a
diﬁlé%d sperm or by two épefms, The former case is called
digyny and the latter th, diandry. A diﬁioid spefﬁ or
évum can result from. an error during either the first or
second meiotic division. It is possible .to distinguish
between certain of these mechanisms- with the aid of
chromosome polymorphishs. Digyny with,fgilﬁre of
chromosémé sepération.§uriné the firsF meiotic division
wéuld result in dhromoéome markers which corg?spond to

two markers found in the mother for a gi&en chromosome.
‘However, if the érror occurred in the‘sécondrmeiotic
division the aboftus would possess two chromo;omes with
fhe same marker. This would be true for’'any chromosome
containing(d polymorphism.. The underlyiné assumption
is(thét crossing over dqes not occur between‘the marker
and the centromere. Robinson (1973) épggested that sucgﬁ
crossiﬁé over is unlikely‘Qecause.of the proximity of the

centromere to the ., marker.

»
-

In cases of diandry it is sometimes possible to

discriminate between fertilization by a diploid sperm and

.dispermy. This,is difficult but the sex chromosomes may

. be of some assistance. For example, if the sex chromosomes

were XXY and.the extra set of chromosomes shown to be of

paternal origin by.marker studies, then a diploid sperm

could onlly be XY. This would result from an error during

£ ARGk
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the first meiotic division since it is this. division
‘which separates homologues. If this were the case, then

the markers for whatever thoﬁosome chosen should be

identical to those in the father. This would be useful

only if the father is heterozygous for.a marker, as
illustrated in Fig. l This XXY triploid could also have-
arisen by fertlllzatlon of a hap101d ovum by two sperms,
one bearing an X chromosome and one a Y chromosome. If
the triploid had one of each marker found in)the father,
then it is not poésible to determine with certainty

¥
whether dispermy or fertilization.with a diploid sperm

-occurred. However, by examining several chromosome pairs

it is possible to tell which of the two mechanisms is

more likely. If the father was heterozygous for several

markers then by dispefmy the triploid would be expected
to have a random assortment of ' these markers. Using this
reasoning it should Ye possibleliﬂ.certain iﬁstances to
determine whether fhe triploid arose by dispermy or by
failure of one of the meiotic divisions during either

v

spermatogenesis or oogenesis. '

There have been several rgpofts in the literature
of cases in which att&upts were made to determine the
origin of triploids using chromosome banding te;hniques.
Uchida and Lin (1972) presented good evidence that an

XXY triploid arose by fertilization of an ovum with either

15

g R R AR R £



Figure 1: Illustration of the difference in marker
chromosomes between diandry caused by a
diploid spern and'di‘s)permy, when the sex
cp»ﬁ;mosdmes of the txiploid are XXY.
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a diploid sperm or by two sperms. MecConnell and Carr

(1975) found that 'in two. tfiploids.the extra set of

chromosomes were derlved from the father. Lauritsen (1976)

examlned 14 tr1p101d abortuses and the chromosomes of

'thelr'parents., He found that in 2. cases non-reduction

oceurred at'fhé first meiotic division in tme mother. In

a third'aboftuo the extra chromosomes were of paternal
origin. -In thé'remaining 11, cases it was nét'possible to
distinguish oetween maternal and paternal éVemtsl Kajii

and Niikawa '(1977) found that 10 out of 16 tripleid abortuses

were -informative. when they used sequential Q and R banding.

‘0f these 101 5 résul%ed from dispermy, 2 derived from an

error durlng elther the paternal second d1v131on or the .

first mitotic lelSlon, 1 was Qaused by fallure of the

flmst meiotic division in the mother and 2 were paternal

but no more information}coold be derfved concerning ‘the
mechanisn. Dewald et al. (19?5) ‘reported a U456, XX/69 ng
mosalc in whlch cytogenetlo results show;o,that double
fertlllzatlon had occurred. An earlier mosalc reported

by Ferrler et-al. (1964) seemed to arise by failure of.

the second melotlc division in the mother. They arrived:

at this ofclslon because of the presence of two acrocentrlc'

chromosomes w1th large satellltes in the triploid mosalc.

Only the mother was found to have such a satelllted

chromosome.



The purpose of was to examine the
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triploids from a sefected series of spontaneous abortions )

in order to determine which parent dongted the extra‘

set of chromosomes gnd éecondly, if.possible—to'determine
whether‘thé error Wés more likely. o occur during meiosis
I or meiosis II. ‘

]

V. Trisomies-and Their Origin

v

Y —PhE autosomal trisomies represent approximately

40-50% of first trimester spontaneous apoftions with an

abnormal karyotype. Of thése about 40% involve the D or

G group chromosomes (Arakaki.and Waxman, 1970; Carr, 1972;

Boué et al., 1975) Tt is well known that advanced
maternal age is associated with an 1ncreased incidence
of the D and G trisomies whether 1ive-born or abarted

spontaneously (Bouéd et al., 1975). ' These are represented

af birth ﬁy trisomy 22, trisomy 21 and trisomy 13, ‘all of

which possess well-defined clinical-features. Thé’maternal

.

age influence on trisomies is 1mportant for the acrocentrlc

-

chromosomes and also for the X chromosome (Ferguson—Smlth

et al., 1964). Evans,clgé7) suggested that, because the

. acrocentrie- chromdsomes are involved in-the organization

of the nucleolus, any factor, such as aging- of oocytes,

which may interfere w1th the dlsper81on of the nucleolus-

could account for thls 1ncrease in non- dlSJunCtlon.
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Cooke (1972) obsef&ed a decrease in-tﬁéfnuwbef'of
nucleoiar gSsociationé with age aﬁd suggeéted that this
- may be associated with fewer nucleoli in which case
those thaf are present may persist longer in order to

produce the same amount of rRNA.

Theoreficallyxnon—disjuncti%n can occur in\The~§
first orlsecqﬁd division during'éither’spermatogénesis or
oogéneéis. Licznerski and Lindétenw(1972)‘presented the
first eviaence using th§mosbme banding that the extré
chroﬁosome 21 in a Down syndrome child was inherited
from the mother and probably the- non- dlsgunctlon occq;red
-durlng the flrst meiotic d1v131on. In thls study, only
1 of 6 families was informative.‘ Since thls original
report there ha;e been a number of studies reportlng the
origin of- the extra chromosomes 1n autosomal trlsomles.
Langenbeck et al (1976) summarlzed the results of -1k other
authors studying “the origin of the extra chromosome 21 in
Down:éyndrome. 'Sixtyitwo cases were informative out of
the more than 243 étudied When these résults were pooled,
non-disjunction was found 51gn1flcantly more frequently in
oogene31s than spermatogene31s. He also cqncluded.that
'nonrdlssuncthn was much more common.in meiasis'l'thgn .

melosis II.-
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It was the intent of this study to deterﬁine if -

possible the origin of the extra D or G chromosomes in

trisomic spontaneous abortuses.

”~
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. MATERIATS AND METHODS - .

The spontaneous.abortuses used in this study

>

represent part of,a larger[

from 1972—197§. Spontaneous ‘abortuses were collected
méinly from the Henderson Qeneral and.St. Joseph's Hospitals;
in Hamilton, Ontario. A few were oetained from the McMaster.
University Medicai Centre.‘ The specipens Were\kept in |
sterile glass jars éontainfng physioiogicai saliﬁe..
. Sgeeimens were ‘selected for culture-according to one of".

5

the following.criteriaz a'ruﬁtured or intact sac witﬁ oss R
of embryonlc materlal a structurally abnormal embryoéjr .
macerated embryo, or hydatldlform degeneraii the

chorionic - villi. APortuses possessing these features.

have been shown to6 have ad increased risk of chromosome
labnorﬁaiity. Speciﬁens‘were cultured according to the_:

method previously described in- detail (Carr, 1975) . _

‘_Brlefly, this :anolved grow1ng small pleces of embryonlc 6‘ A

membrane in culture.‘ Usually chorlon was chosen except
where ' amnion and chorlon could not be, separated, in which
f;case both were’ cultured. .E}brgblasts‘were 1ncubated Pntll
sufficient cellular prdiiferation.had occurred. Cells were'
| then harvested and a karyotype analysis performed. Ail

7#cultures of abortus tlssue and karyotype preparatlon was

v

._‘done by M. Gedeon. . )
‘ - ' PR §

serles obtalned by¥ Dr. D.H. Carr e
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For the purpose-of'this study, épecimeos,wepe
chosen-'which had & triploid,kafyotype or were trisomic
fop_a chromosome in the D (l}, 14, 15) or G (21, R2)
groups. In total there were 20 triploidé and l8 trlsomies
‘ potentially available  for study. Two additional triploids
. from the same fime period were'studiedupreviously (Mchnnell
and’Carr3.1975)._' ’ . o \
| The family’physicians or obstetricians of the

"mothers"#* of:the;e abortuses were cOntacted by Df; Carr.
The project was explained to them and they advised us as
to whafher or not the couple should be approached There '
were several reasons why certaln couples were deemed
unapproachable. - These 1ncluded_d1vorce or serious
illnese. Several couples had moved from the Hamllton area’
but we did manage to pontact two of these. In total/29
couples were contacted. Of these, luzdere the parents of
a triploid abortus and 14 of'ngﬁggiG trisomy abortus.
In additﬁony blood eamplés were pro;ided by Dr. I. Uchida
. from the parents of a 68,XX aooftus. Fioroblases”of the

abortus were also provided. The study was explained to the

*A parent has beenﬁézfined by Webster's Third
Internatlonal chtlonary as "the source from which somethlng
is derlved" Therefore couples who produce an abortus rather

than a live child can stlll be called parents and will be’

. referred to as such.
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couplee by telephone. No'couple to whom the purpose was
explalned refused to partlclpate Because of the famlly
situation, one couple was not pursued after the lnltlal
telephone call.“ Arrangements were made with the remaining
28lcouples,te optain:a’venoué bloed aample. If possible
the coaples came to fhe.McMasfer Medical Centre and the .
blood was taken by Dr. Carr. If this waé'net'conveniént,n

Dr. Carr arranged to visit them at.- their home.

Twenty ml of blood.Were aepirared‘using'a sterile
heparinized glass syringe. The blood was immeﬁiately .
placed in a’centrifuge tube containing 0.5 ml Hepalean
(1000 heparln units per ml). Centrifuée ‘tubes were
stoppered and allowed to stand at room temperature/

' for 3 hours.. Approximately 2 ml of plasma were placed
in an 84 mi'medihm bottle containing lO'mi'of Connaught
H597 cdulture medium. - The pH of the medium was adjusted,

to 7.6—?;7 using sodiﬁm_bicarbonate. Each culture

- * also contained 0.1 ml of phytohaemagglutinin (Wellcome);

Two cultures were prepared for each person. rOne contained

a drop of packed.red blood pells in addition to the plasma’
\eand one contained 2 .ml of human AB serum (Hamllton Red” Cross)
~Cultures were 1ncubated at 37 for 3 days. then O 1 ml

colcemld (0.4 mg.colchLCLne per ml). was added to each

- culture. After 2% hours in'colcemid, cﬁltures were

-transferred to centrlfuge tubes and spun at 500 rpm for

~
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‘Slides were prepared by dropﬁing celle'from'a height 6;
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"6 minutes. ‘The eupernatant was discarded and approximately .

5 ml of«OLO?S M KC1 was added to the pellet. Cells were

kept in this hypotonic solution for 9 minutes and then - '
cen%rifuged at 500 fpﬁ'for’Q minutes.- The supernatant

was again discarded and the cells fixed in.5 ml of fresh

3:1 methanol glac1al acetic acid. The tubes were stoppered

and refrlgerated overnlght. The following day the cells
were centrifuged at 500 rpm for 6 miputés, the supernatant
discaqded'aﬁd fhe cells resuspended in a small,amount'of
fresh fixative;'jqet enough to make a milky suspehsioﬁ.

[y

épproximately 20 cm ento slides which had been presoaked

in ice- cold water so that they were covered by a thin film
of watep. Slides were then air- drled by shaklng v1gorously
ovef’an_alcohol lamp. Prepared slldes were stqred until

.

needed. - . Lot . *

Slides were stained for 2 minutes w1th quinacrine
dlhydrochlorlde made by dissolving 3 gm of. Atebrln .
(6.T. G h?&&rn 45 cc acetic a01d and 55 cc dlstllled water
After szrl 'ﬁg, the slldes were rlnsed in 3 washes of
distilled yﬁter. Coversllps were mounted 1n dlstllled
water and sealed. w1th wax. . Cells were then observed wlth
a Zelss photomlcroscope equlpped w1th an HBO 200w/4 super—
pressure'mercury lamp. Exclter fllters BG 12 and BG 38

and barrier filter 47 were in position. Slldes were scanped'
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‘With;;he Planépéchroma% L0X, 1.0 N.A., oil'équctive.‘
.Phofographs of appropriafe cells were taken using the
Planapochromat 100X, 1.3 N.A.,-oii’objeétive[ Kodak high
contrast copy filﬁ (ASA 64) was used withhén average '
exposure time of 5 minutes. Films.were developed- using
Kodak 'D-19 developer. Prinfs werelmade on F-2 or F-3
Kodabromide paper using Kodak Dektol developer and rapid

fixer.

Approximately hg photographs were.taken of'the '
’chromosomeS'of each person. Chromosomes were'identified
according to the standards of the Paris Confergncei(IQV}fq
Satellite regioné were desériped as beiné either non- |
"existent (0), present (+), or iﬁtensely fluorescent (++).
‘Centromeric bands on chromosomeé 3°and 4 were either intensé
(+) or dull (-) an& wifh chroﬁosome 3 the'posit;on of the
band was noted. After‘making'observations on the polymorphic
\regioﬁs of the chromosomgs of the parents and_the;; abértﬁs
a icomparison ‘was maqé iﬁ order.to try to determine\which
parent doﬁated the extra/thoﬁosome or set of chéomosomea
and to determine, if possible, in whibh'meiotib division

. » o :
the "error occurred. -

. ‘ ’ v
. . ’ 4




RESULTS ~ *

The characterlst@bandlng patterns produced

\
when chromosomes were stained w1th quinacrine dlhydro—

chloride are 1llustrated in Fig. 2. A number of chromosomes |

.exhibiting'polymorphisms were used .in determining the
origin of the extra chromosome or set of chromosomes in

trisomies and triploids. These are- shown in Fig. 3.

Triploids: Four triploids were 69,XXX, ten were
69,XXY and one was 68,XX. All cultures of parents of
triploid sbontaneous abortuses were successful. The

-chromosomes of all parents were normal by the Q—bahding

teogfique‘,

~Priploid No. 1 (69,XXX): Chromosome 22 was used
as the marker chromosome in this. abortus (Flg. 4) " The ’
trlplOld had two 22' s with brlght satellites and one _
non—br}ght. -The, fathef had one 22 with brlght satellites,
whereas both of the mother's 22%s were not bright. This

indicated either. failure during meiosis II of spermato-

genesis or dispermy.
Triploid Nd. 2~(69 XXX) CoIt gan be seen in Fig;‘h
»
Jthat - the father of this tr1p101d had one chromosome 15

with brlght satellltes and one w1th non~br1ght satellltes

26
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Thé mother's 15's were not safellited." The abortus had
two 15's with bright satellites and one without visible ,

satellites- Again, the triploid coﬁld have arigen'by;

failure during meiosis II .or by dispermy
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Figure 2:

Q-banded karyotype of a rormal 46,XY male
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Figure 3: - Polymorphic Teatures of chromosomes 3,- 4, 9,

13, 14, 15, 21 and 22 which were used as

markers T e
4 °.
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.

Figure 4i{ Top - Marker chromosomes of parents and triploid
abortus No. 1 (6§,XXX)1 1Chrémosome 22 was

used as the marker. Triploid inherited the
e;?ra éhr&mosome; from the fgthér. (

Bottom - Some chromosomes 5f_parents and
triploid No.-2 (69,XXX) in which chromosomé 15
was the inforﬁativé markér_and showed that

the exfrg‘chromosomes were donated by the
father either\by failure of meiosis ITI or

-

dispermy.
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Triploid No. 3 (69,XXX): Some chromosomes of this

triploid and the parents are illustrated in Fig. 5.
Chromosome 13 was ed as ‘the marker. The mother's 1l3's
- contained no bright~polymorphic regiéns, whereas thg
father had oné.chromosome 13 with brigﬁt satellites and
one with non-bright satéllites. The abortus had two 13's
with bright sateilites_which were 'identical to one in the
‘fathgf.( This triploid arose by failure_during meiosis II -

or dispérmy.

\ ' Triploid No. 4 (69,XXX): Both chrgmosomes 3 and 4
weré used in determining the origin of this triploid,.
illustrated in Fig. 5. The abortus had two 3's with a
bright f;uofescent band on the long arm.éhd two b's with-
bright bands at the ‘centromere. Onl& the mother's -

chromogomes possessed these two features. Because the -,

two matérnal 3's in the abortus Wepe identical yet the

mother had one b with Q? fluorescent band near the centromere,

then the failure must have oceurred during_héiosis II
\ . "
of oogenesis. - \ \\

.Triploid No. 5'1§?,X£Y{f Chromésome_b was used
as the marKer in this friploid ?Fig. 6). The triploid
had two 4's with a fluorescent centromeric band. Tha®

father had one ﬂvwit@:this same band.but his other 4 and
" both 4's of the mother lacked this band: . The extra .

haploid set of chromosomes was donated by the father either

12
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by dispermy or failure of meiosis IT. However, the patérnal

sex chromosomes were XY, which could naot occur from faillure

‘of meiosis II. Dispermy was'the mechanism for the origin

of this triploid. ~
Triploid No. 6 (68,XX): This abortus shown in
Fig. 6 had two l4"s with bright satellites and one with no
satellites. Only the mother had a chromosome 14 with
bright satellites. The.error occurred during -meiosis II

of ocogenesis.
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Figure 5:

Top ~ Chromosome 13 was used as the marker in
triploid No: 3 (69,XXX). .The father donated

the extra 243 chromosomes.

Boftom - Triploid Np.’h (69,XXX):resulted

: e .
from failure of meiosis II of. oogenesis.

Chromosome ,3 was tﬁg,informativé marker.

Pl
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Figure 6:°

5
Top = Triploid No. 5 (69,XXY) .arose by dispermy.
The abortus had two chromosorie 4's with

fluorescent centromeric bands. Only the father

possessed a 4 with the band.

Bottom - Chromosome 14 was the informative
marker in triploid No. 6 (68,XX). The conceptus

arose by failure of meiosis II of oogenesis.
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Triploid No. 7\£92L§§Y): The chromosomes of this
triploid and the parents are illustrated in Fig. 7.
Cﬁromosome 22 was used as the marker. The abortus had
two ZZ'S with brightly fluorescent sateilites and one
with no brightness. Only the mother héd’a 22 with such
é brightly fludrescent area. The triploid must have arisen
from a haploid sperm and a diplgid ovum, which resulted

from failure during meiosis II of oogenesis.

Triploids 8-15 (all 69,XXY): The origiﬁ of the
extra set of chromosomes in these triploids was impossiblé_
to determine. The chromosomes of these triploids and their
parents are shown in Fig. ?—ll. There was no sultable
marker which allowed unequivocable determination of their
origin. However, there are several possibilities for their
'5rigin which can be proposed. “ This was done by choosing

one chromosome as a marker and -then ruling out uﬁlikely

possibilities. Several alternatives remained. These

.are illustrated in Table 1.
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Figure 7: Top - Triploid No. 7 (69,XXY) resulted from

failure of meiosis II of oogenesis. Chromosome

N

Bottom - Some marker chromosomes of parents ~

22 was the informative marker.

and triploid No. 8 (69,XXY). There was no

informative chromosome marker.
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Figufe 8:

Top - Some marker chromosomes of triploid
No. 9 (69,XXY) and the parents. There was no

informative marker.

‘Bottom ~ Some marker chromosomes of the parents

and triploid No. 10 (69,XXY). The parental
origin of the triploid could not be deter-

mined.
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Figure 9:

informative marker.

-
v

"Top - Some marker chromosomes of triploid

No. 11 (69,XXY) and the parents. There was no

Bottom - Some marker chromosomes of the parents

and tr1p101d abortus No. 12 (69, XXY) There

was no’ 1nformat1ve marker.

\

.






-3

39

‘Figure 10:

Top - Some marker chromosomes of triploid
abortus No. 13 (69,XXY) and the parents.
The parental origih,of the abortus could not

be "determined.

Bottom -~ Some marker chromosomes of triploid

No. 14 (69,XXY) and the parents{ There was

no informative marker.
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Figure 11

Some marker chromosomes of triploid abortus

No. 15 (&9,XXY) and the parenfé. -Th'ere was no -

informative marker so the parental origin of

the triploid is not knownl
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Illustrates . the proBable origin of the fifteen

15 XXY

Table 1:
triploid spontaneous abortuses
:Triploid, Oogenesié Spermato- Dispermy Chromosome
No.. genesis ‘ * Marker
MI MIT MI ' MII |
1 XXX + + 22
2 XXX + + 15 .
3 XXX + + 13
b XXX + 3.h
5 XXY + L -
6 XX + 1l
7 XXY + 22
. 9
8 XXY + - + - + 21
9 XXY + - - - + 15
10 XXY + + - - -+. 15
11 XXY + - - - + 1k
12 XXY - + - - + lﬁ
13 XXY + + + - + 14
14 XXy - + . = o 14 .
+ + + - o+ ‘ '22

+ Above event is likely

- Above event is unlikely
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Trisomies: Of the trisomies examined four were
trisomy 13, one was triéom& 14, one trisomy 15, thfee
were trisomy 21 .and three were trisomyj;22. 1In addition,
“the cultﬁres of parents of a trisomy é& were unsuccpssfui
-and in a trisomy 14 the father refused to gﬁQe a blood
sample aithough the mother was willing. The chromosomes
of the mother alone were not informa#ive. 0f the remaining
12 trisomies studied the parental origin éf only one could
Be determined. This was the first trisomy 22 illustrated
in Fig. 13. Only the mother had brightly satellited 22's.
The abortus had two 22's with bright satellites. It
was not possible to determine whether the non-disjunction
occurred during meiosis I or.ﬁeioéis IT. All other
trisomief\wé§; uninformative becaﬁge of ‘the sim;larity

of parental markers.
. /
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FigureﬂiZ: . Abortuses possessing D group trisomies and
) the corresponding chromosomes of the parents
are shown.. There were four ﬁrisomy 13'3,'
one trisémy‘l# and one trisomy 15. The
‘parental origin of none of these trisomic -
abortuses coulé be determinéd because of the '

similarity of parenfal vgfkers.

</
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Figure 13:

The trisomic chromosomes of abortuses possessing
G group trisomies and the corresponding

chromosomes of the parents are shown. There

were three trisomy 21's and three trisomy

22's. The origin of only one of these could

be determined. This is the first trisomy 22

shown in this figure. The extra chromosome

came from the mother although in which meiotic

division the non-disjunction occurred was not

clear.

T B PGS o £ S8

LR O

otk Yo



Mosh,,

Trisomy 21

Trisomy 2]

Trisomy 21

S e

2%

LR 22



DISCUSSION

-—

Human chromosome polymorphisms have proved useful
“in the determination of the pareﬁtal origin of the extra
ohromosohes fodnd in D and G trisomies and triploids.
However, the polymorphic fluorescent rggions, espeéiaily
the satellites, have»cerfain limitations which must be
reéognized. For example, satellites may be bent under
the chromosome and thus appear to be missing. For this
reason analysis should not be made from onhly one éell.
Another factor is the intensity of fluorescence in é.
photograph. This depends on many .factors, inclﬁding the
intensity of the negétive and the exposure time of the
print. Any overlapped chromosomes will appear much |
brighter than if &hey we;e separate. For these reaéons
initial scoring of variant$§ is best made directly from
the slide. Realizing the limitations of fluoresce?ce
polymorphisms it Qas decided npt to employ the fivé-
level scale of fluorescent intensity suggested at the

»

Paris Conference. A simplified scheme consis%ing of
s,

o

three categories was used. These categories are absence of

brightness, fluorescemce present put not brilliant and
brilliant fluoresc e. This was believed to be more

' objective than the five-level scale since it eliminated
45 D .
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1

the need tovdiscrimina‘te between very similar levels,of'
L . ro,

intensity.

.. .

Overton et al..(;976Y'reported greaf success in

-

determining the origin o%'the extra,chromosome 21 in Down
syndrome. Thelr success stemmed from darﬁrOOm mechniques‘
in whfch'they mede‘serial prfnts of each 21 using increments
of .1 second exposure time, from uhderexbosure/to over-
exposure. They belleved that ‘the number of exposures'*
necessary to produce v1s1ble satellltes could be used

o as a herltable characterlstlc. Because of the number of

_ variables involved such ‘a conclusion is. not justified.
- . <L ( ' ’ Lo \/
. . " EY

Origin 6f Triploidy -

‘ ':Of the,7 triplg}ds which"mere rmformetive there
were almost equal nhmbers in whicﬁ'the extra chromosomes 5
‘“were from the mother {3) and the - father (4). These
- 7 cases represent 47% of the tr1p101ds examlned The-
}ncreased number of lnformatlve cases. compared to the

TN
" autosomal trlsomles is due to the fact that more chromosome

pairs are avallable for“study( Because triploids possess

a'completewextra‘héblbid set of chromosomes, a polymprpﬁism_

4

-on any chromosome mhy be useful as a marker. It is

\

-.1ntereSt1ng to note that ln the 3 cases’ in whlch the
extra’ chromosomes were fnom the mother. the tr1p101ds

Were due to an error 1n the second melotlc lelSlon. In
” » p M .

.

-



47
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3 of fhe'ultriploids in which tho extra chromosomes wero
paternally derived, it was not possible to distinguish
befweém non—reduotion'during meilosis II or fertilibation
by two spérms. Tre fourth case definitely arose by

dispermy:

Origin of D, G Trisomies

The fact that a very small number of autosomal
frigom;és (1 out of 12 ekamine&) was informative as to
the ofigin of the extra chromésome is,im agreement with
other .authors. Informative césgs are thoée'in‘which it
is possible to trace each marker'in the‘abortus to one
_parent unequivooébly. Im ordor to do‘thié there must be
differences in the pérental markers for the chromosome ,
.under oonsideratiom. If both. péfents are, homozygous or.
] heterozygous for the Same marker then it is not pOSSlble .
to determlne whlch parent donated tThe extra chromosome.

'The reason why the number of 1nformatlve cases in autosomal
trlsomles is S0 small is because only one ohromosome palr

is ayallgble for stqu. Certain polymorphlc features are

. much mofe common:than others so similar patterns for a
couple are more probable than d1381m11ar ones. For eiamﬁle;
Mu;lep et_alu (1975) reporteﬁ that 97.5% of chromosome 14 s
have no brightly.fluorescenﬁ band e;the? on the short arm

or .in the cenﬁraﬁefé region. 'Th;;qfqpéj the.prooébility

of onoimombg} of the'oouplé hoVing'suoh a band is much |

A
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R
smaller. than the probablllty that neither will have: it.

5

If one member of ‘the couple dld possess such a Jless

) frequent characteristic then there is a good chance it

would be useful as a marker. L S Lo
‘ N

Roblnson and Newton (1977) examined the chromo-
somes of Down syndrome’ 1nd1v1duals. -They defined pos1t1€e
satellites as those.which were brilliantly fluorescent o
and normal satellites were those which contained no
quinacrime.fluorescehce"or the‘fluorescence was not \
intense. They'found tmat the incidence of positime i ’
satellltes on chromosome 21 in Down syndrome was 31gn1f1cantly
greater than controls. " They hypothesized that this may.
indicate an assoc1atlon oetween tpis bolymorphism and‘the
tendency to‘mon—disjunction.f If this were tfue, the
probability of a woman pfodﬁoing a Down synorome.child
could be based on more thsn just her agg\ More data need
‘to be collected by other authors teo verlfy thls is a true
assoc1atlon and 1n addltrpn the parents of Down syndrome
1nd1v1duals would be expected to have an 1ncreased frequency
of p031t1ve satellltes over controls. Thls also -needs’ to
be examined. Roblnson and; Newton (1977) also found that
21" s w1th pos1t1ve Satellltes associate less often than .":
those ‘with normal satellltes.- Orlglnally 1¥ was proposed/‘

that there was a llnk between gsatellite as3001atlon of:

chromosome 21 and non-dlsaunotlon (Evans,,l967)  This

R
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in the maternal age-dependent categopry of D and G
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-

could aleo be related. to .the positive satellites just
mentioned. However, Taysi (i9?5)_exemined the incidence
of satellite assooia%ion'in parents of Down syndrome
indiviouals and controls. He found that for both groups
chromosome’ 21 was more“%requently involved in associatioens
than otﬁer acrocentrics. The;e was no difference between

the groups indicating that satellite association does not

" seem to be related to non-disjunction directly. Therefore,

if the presence of pOSltlve satellites on chromosome ZlNJ
affects its behaviour in such a way as to increase its
rate of non-disjunction, then it must’act through a

different mechanism than by satellite association.

It is-generally agreed that the extra chromosome‘

trlsomles are 1nher1ted from the mother. It ié the métehnal
age 1ndependent trisomies in whlch paternal non~dlsaunct10n
must occur (Mikkelsen.et &l., 1976). Indeed, non-
disjunction during spermatogenesis leading to Dand G
trisomies, espeCLally 21, is much more common than .3
orlglnally thought.: Langenbeg;,%lQ?é) rev1ewed the studles
on the orlgln of ‘the extra chromosome in trlsomy 21. In,
31% of informative famllles the non dlsgunctloﬂ occurré”

in. the f%ther. He also‘concluded that non-dlsggnctlon
during me1931s’I was much more common than_in mei0$is II.

'
—
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The only trisbmvahigh was informative in this
study was a trisomy 22 in which the extra chromqéome was
' defihitely from the mother. ﬁowever. it was not-possiblé
to distinguish between non-disjunction dﬁring meiosis I'
and meiosis II. The materhal ége at the time:of this

abortion was 39 yéars.

i

Causes of Triploidy and -Trisomy :
! : - ‘ N
Aging'of gametes has been proposed as the major
cause ofhchromosqme éﬁomalies which are found in such
great numbers in spontaneous ab&ftioﬁs. This aging does
ﬁot have to coincide with chronological aging\éf one or
bqth payents. Aging of oocytés ma& be of tyo\typesa
intrafdilicular, in which the ovum is retained within.
the follicle lénge; than the‘nbrmai'time; and intratubdl
(post-ovulatory ove;ripenéss)‘in~which ovulation occurs at
the normal tiﬁe‘bht-there is:a delay before fertiliéatign.
Aging of sperm méy occﬁr_within’either the male or the
female reprodﬁctiée traét. kHumar; sexual behaviour is.such
that’it ;}fers no protec%ion against aging of gametes. '
Sexuéi'a;iiviéy‘is not restricted to a narrow time period
" around” ovulation as it is.in animals éhat.have a specifiq
estfousipériod; such as dogs. Other dnimals,.for examplé
rabbits, ha&e coitus~induced ovulation.. Both of theéé .
mephanisﬁs ensure that ova will nﬁt.pé aged-beforé_ B

fertilization and that sperm will not be aged before théy
Voo .ot . ' i 1 ] A

v
. N ' - B
i; . R . . . . » . N
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contact:-the ova. In humans because sexual activity may
occur at eny time duringlthe mopthly oycle there is the
potentdel_for.both typesJof gametes_to be aged before
fertilization.

.

A number of studies have been carried out, mainly
in animals-and occasionally in man, to examine the specific
7 . .

effects of aging of gametes on zygotic deﬁelopment. Fugo

and Butcher (1966) delayed ovulation in rats for 48 hours.

They found that polyspermy.was three times more frequent

with delayed ovulation than w1th controls. They also _
studled the chromosomes of the zygotes which resulted from
delayed ovulation. They found a wide range of chromosome
anomalies similar to those found- in humans. Mikamo (1968)
studied the effects of intrafollicular overrlpeness on

the development of Xenopus embryos. Frogs were prevented
from ovulatlng for extended periods and then ovulation

was induced. Abnormal movement of und1v1ded tetrads or
dyads to splndle poles was observed. Shaver and Carr (1967)
found -that trlplo;dy was the most common anomaly when.
there was a delay of & - 5 hours between actual ovulation
and fertilizatioh in the rabbdit. /ViCRers <1§69) also
caused a delay between ovulation and fertlllzatlon in
mice, for 7 - 13 hours, and found -a nine-fold increase in

triploid "embryos compared.with controls.'
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In a study involving humans, Guerrero and Rojas

(1975) examined spontaneous abortion and its relation'

to the time.of/feitilizatdon. .women were following their
basal body temperature as an indication o% ovulation and
reported when coitus had occurred. They found that when
spermswere aged before fertlllzatlon or when there.wds a
delay between ovulation and fertilization there was an _'
_incfeased risk of sbontaneous abortion. The lowest fate.of
such abortlons occurred in a narrow the perlod around
ovulation. If spontaneous abortions can be used as an
indicator of ohromosome anomalies (s1nce 507 of spontaneous
abortlons have such an anoma;y) then aglng of either the
ovum,or the sperm may cause an.lncreased risk of.chromo—

some abnormalities in humans.

Sperm may.oe aged in the-male reprQductive tract
as well as in the female. In humans this results from
"periods of sexual inacfivity. Little is known'about-this
type of aging of sperm in numans. Martin-Deleon et'al.n(19?})
examined the effects of sperm aged in tne male feproduotive
tract in,rabbits} The&'found that when’sperm were aged ...
for 1 - 3 weeks a-numbef'of abnormalities were found -in
tbe'zygotes, the most common ogAwhioh was autoscmal .
“trisomy. Fechheimer and-Beatty (1974) presented evidence
that, at least in rabblts, d1p101d sperm are- unllkely to

*

glve rise to trlplold zygotes Semen containing O.h,ll;ﬁ'
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and 2.9% diploid sperm was used for artificial insemination.
They found no increase in the_inoidence of triploidy with

‘greater coﬁcenﬁngtions of diploid sperm. < .

The findings discussed thus-fgr, if applioab}e
to humans, offer explanations for thevresults obﬁaihed
with triﬁloid abortuses. . In 3 of the 4 triploids in which
the extra chromosomes were derived from the fafher it was Q
hot”iossible to'distingoish between failure of meiosis IT
and dispermy. From the animal data, dispermy is a more’
probable mechanism than fertilization with a diploid,
spefm.. In order for dlspermy to occur there must be a
- breakdown of the barrler which 1nh1b1ts entry of more. than
one spefm. Normally after one sperm penetrates the zona.
pellu01da there are changes in thls layer such that it
becomes impermeable to addltlonal sperm (Austln, 1970) .

The work of Fugo and Butcher (1966) showed that, in mice, .
aglng of an ovum causes changes in the zona pellucxda .
such that more than oné\sperm can penetrate the ovum., ;n
all 3 tr1p101ds in whlch the extra chromosomes were
maternal, the conceptus arose by fallure to extrude the
.second polar body. There is ev1dence that delaylng
fertlllzatlon, ‘in addition to 1ncrea51ng the rate of
.,dlspermy, also causes retention of the second polar body .
'(Braden and Austln, 1954) , Szollosi (l973)‘descrlbed

changes in the melotac.splndle with post-ovulatony'aglng

e ) )
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of the ovum which are probably responsible for the failure -

to extrude the second polar oody. Since the incidence of

triploidy does not increase with advenced maternal age,
the aging of the ovum which is responsible for the
production of a triploid zygote is probably post-ovulatory
overripeness. ‘This is supported by the finding that

. meiotic errors in the mbther ocourred{during meiosis II.
Lauritsen (1976) reported two triploids in which the error
occurred in melos1s I in the mother. Therefore, pre—

ovulatory aging must be involved in some cases.

*

Intrafollicular overripeness is one of the possible

-mechanlsms for the produotlon of D and G trlsomles,
especially those which exhibit maternal age dependence.
.ThlS type of aging may affect elther melotlc divmslon as
shown by Mikamo (1968). There are a number of other
passible etiologicel factors to eccount for those trisomies
which are not related to late maternal: age and £hose in
which tne extra chromosome is\from the father. ' One whicnl
has been well-established is maternal irradiation.’.

Uchida et al. (1968) found that women who underwent
_ abdomlnal radlatlon prior to thelr pregnancy were more
-llkely to produce’ trisomic offsprlng than controls. The
effect was more pronounced 1n the late reproductlve years
"of the .women. Uchida and Freeman (1977) found experl—.-

mental evidence in mice of a~simllar phenomenon. They ,
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found that the sensitivity of mice %o radiation increased
with age. Kochupillai et al. (1976) studied a oopulation
in Xerala, South India which has a high level of back-
ground radiation. They found that the incidence of Down
syndrome was signifieantly greater than ih a nearby control
population which had a much lower level of background
radiation. The populations were similaf-in other respécts
so it was cons1dered that radiation was the only i;oo;tant
variable. It thus appears well-documented that radiation
whether used therapeutically or at high lejels in the ‘

environment is capable of genetic damage, especially

increasing the rate of non-~disjunction.

Anofher factor which may affect the'rato of. non-
disjunction is the presence of éhyroid antibodies.
Fialkow et al. (1965) found that the frequency of thyroid
autoantlbodles was greater in the mothers of .Down syndrome
than control mothers. These antibodies could either be
th\\oause of the non- dlsgunctlon or be the result. of
‘,carr§\ng a fetus contalnlng the non- dlsJunctlon chromo—a

somes At ﬁreggf? this issue has not yet been resolved.
" Dpallaire and Leboeuf\fiQZQL‘presented ev1dence that the

aut01mmune process in the mothers. Qf Down syndrome chlldren .

was multl-opgan speclflc_and hypotheSIQed thay~ arian
_antibodies could lead to the disruption of nor meiotic

events.
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Epidemiological studies have shown the peak
conception rates of Down offspring to occuf in the months
of May and November (Harlap, 1974). Janerich and Jacobson
(1977) proposed an endocrinological theory to aqcount
for the seasonal fluctuation in the incidence of conbeption
‘of DownAsyndrome. This-is just a theory with no data to

support it.

In some families there'ﬁay be more than one
incidence of Down syndrome which is not related to late.
maternal age and the chromosomes of the parents are
normal. One meéhanism for the production of repeated

trisomies is gonadal mosaicism.

One other factor which may be causative in the
productio£ of trisomies is drugs. Some evidence suggests
that certain drugs such as analgesics, antiﬁyretics and
antibio%ics may cause an increase in non-disjunction if
taken around the time qf conception (Private communication
to Dr. I.&. Uqhida,‘from Dr. M. Yamamoto). The effect
of &rugs in causing non—disjunétion is not well-documented

at this time.

The relative importance and the interactions

between these various factors in the production of trisomies’

is not known. There are probably additional agents which

) A‘ > '\N . » .
-.also are causative. The relationship of non-disjunction
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A

to late maternal age is the one factor which has been well
studied but any of the ‘other factors may also be related to

age, such as radiation.

At present, a very.small proportion of autosomal
trisomies and approximately 50% of triploid spontaneous
abortions are informative_a§ to the origin of the extra
. chromosomes when quinacrine fluorescence polymorphisms
aré employed. Table 2 outlines'which chromosome markers
were found useful for défermining the parental origin of
the extra chromosomes. There was no chromosdmal ﬁarker
which was foun& to be consistently of value. In most
informative triploids there was only one definite mafker.
In 3 of the 4 informative diandric triploidé it was not
possible to distinguish befween failure of a meiotic
divisidn and dispermy. Ideally to accomplish this, a
polymorphism on each chromosome would be needed. In the
future as more and more banding techniques are attempted
such a* dye or combination of stains may be found. Perhaps
it will be possible to predict on the basis of an
individual's (or couple's) chromoSomes, the probability
of spontaneous abortion or of a spec1f1c chromosomal :

defect

»
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Table 2: Illustrates which chromosome polymorphism was

tive triploids.

useful in determining the origin of the informa-

Tripleid Number

Chromosome, Marker Used

X XXX
2 XXX
3 XXX
L XXX
5 XXY
6 XX

7 XXY

22-bright satellites
15-bright satellites
13-bright satellites

3~bright band on long arm

4-flugrescent. centromerié¢ band
© 1b-bright satellites ‘

22-bright satellites

¥
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