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ABSTRACT

• The purpose of this study was to further the understanding of

the causes of triploidy in spontaneous abortions in humans.

Triploidy is a chromosomal aberration that can be caused by several 

erroneous occurrences during gamete formation or fertilization. In 

the present study, reports that involve cases of triploidy from 

prenatal genetics laboratories in the United States were collected. 

The emphasis was put on recurrent triploidy. The percentage of 

triploidy cases out of all triploid spontaneous abortions, as well as 

the percentages of XXX, XXY, and XYY cases, respectively, have been 

determined. Based on literature review, possible etiology of 

triploidy was established. Case reports of patients from Shodair 

Hospital in Helena, MT, who had recurrent spontaneous abortions 

caused by triploidy, were included.
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LITERATURE REVIEW AND INTRODUCTION

The progress in medicine in recent years has led today's

> society to take for granted normal outcomes for many of the

physiological processes going on in the human body. People perceive 

human conception and birth as a process which in general proceeds 

without complications and results in the delivery of a normal 

healthy baby. Unfortunately, however, not all pregnancies proceed 

normally, and many of them may terminate unsuccessfully. Studies 

suggest that the frequency of futile conceptions is relatively high. 

Research conducted in 1982 by Edmonds and in 1985 by Wilcox 

demonstrated that a high frequency, 34.5% to 57%, of implantational 

loss of the embryo occurs before the mother's first missed period 

(Opitz, 1987). According to Lopata (1982), the phenomenon of early 

embryonic loss in the human female in the presence or absence of an 

associated clinical diagnosis of pregnancy has never before been so 

clearly demonstrated as it is now in women undergoing treatment 

for infertility by in vitro fertilization (IVF) and embryo transfer 

(ET). In even the most successful IVF & ET programs, only about 5- 

10% of the total embryos transferred back to the recipient patients 

will actually result in a live birth. This represents, at its maximum 

level for the population of women undergoing embryo transfer, an
* embryonic mortality of 90-95%. For women involved in the IVF & ET

process, many external factors, such as the state of the recipient's 

endometrial tissue, the ease with which the transfer is carried out, 

the number of embryos transferred, and the age of the patient
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(women undergoing IVF & ET are usually older than the average 

pregnant women), play a role. However, even when all of these 

extraneous factors are at their optimum and most beneficial level, 

there is still an embryo mortality rate of 60%.

• Approximately 50% of early miscarriages which are recognized 

have an embryo with a chromosomal abnormality. Chromosomal 

abnormalities can by divided into two categories: (1) changes in 

chromosome structure, which include balanced and unbalanced 

translocations, deletions and isochromosome formation, and (2) 

changes in the number of chromosomes (Neuber et al. 1993).

This review will concentrate on the abnormalities in the 

number of chromosomes. Normally, humans have 22 pairs of 

autosomes and one pair of sex chromosomes. In females, the 

composition of sex chromosomes is denoted as XX; in males, as XY. 

The total normal number of chromosomes in humans equals 46. 

Somatic cells in humans are diploid, that is, they contain two copies 

of each chromosome (2n). That is why we talk about 23 pairs of 

chromosomes. In humans, only the gametes: the sperm and the ovum, 

are haploid, that is, they contain only one copy of each chromosome 

(1n), for a total of 23 chromosomes.

Anomalies in the number of single chromosomes are called 

aneuploidies, which include trisomies (in the case of three copies of 

a chromosome instead of the usual two) and monosomies (when there
• is only one copy of a chromosome). Most of these conditions are 

lethal, but some can be viable. An example of a viable trisomy is 

trisomy 21, that is, Down syndrome (Alberman, 1981).
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Polyploidy is a chromosomal abnormality, in which there is one 

or more additional copies of every chromosome in the set. The most 

common cases of polyploidy include triploidy, i.e. three copies of 

each chromosome (3n; in humans--69 total), and tetraploidy, i.e. four

• copies of each chromosome (in humans--92 total) (Warburton et al., 

1987). Triploidy is very common among plants and asexually 

reproducing animals. The sterility of triploid plants has been used 

commercially to produce seedless bananas and watermelons 

(Muntzing, 1971). Triploidy is much less common among sexually 

reproducing animals, but has been reported in a few bisexual 

vertebrates, including the salamanders (Fankhauser, 1938, 1989; 

Book, 1940). The relative scarcity of polyploidy among sexually 

reproducing animals was first explained by Muller (1925). He 

postulates that the reason behind the rarity of triploidy in higher 

animals is the sharp separation of the two sexes and the upset 

polyploidy would cause in the segregation of the sex factors. In 

many higher animals sex is defined by a set composition of the sex 

chromosomes in the cells of the animal. In some species, a 

particular sex is a matter of the correct balance between the 

number of autosomes and the number of sex chromosomes. In 

mammals, only two sex chromosomes are present with each possible 

combination of the two defining the gender. For example, in humans 

XX means a female and XY marks a male. When a third chromosome is
• introduced, in a combination of XXY for example, there may be 

problems in defining the sex of the organism and the animal 

developing all the reproductive structures of one sex correctly. This 

hypothesis holds in the case of animals in which sex is a matter of
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balance between the autosomes and the X chromosomes. A more 

recent, and perhaps more important, explanation is that one of the 

two sexes in spontaneous or artificial polyploids always seems to 

be sterile (Sybenga, 1972). In general, triploids are usually sterile

• because of serious disturbances at meiosis (Sybenga, 1972). Pairing 

between chromosomes is limited to only two homologues (two 

copies of the same chromosome) and the third chromosome in the 

triploid pair will be randomly distributed at the end of the first 

meiotic division. Only if all unpaired chromosomes migrate to the 

same pole, which is not very likely, will balanced gametes be formed 

(one haploid and one diploid).

Overall, triploidy is much less common than trisomy. In 

humans, triploidy is estimated to occur in about 6% of pregnancies 

in which chromosomal abnormalities have been diagnosed, that is, in 

1%-3% of all recognized human conceptions (Jacobs et al., 1978). 

Babies with triploidy are usually miscarried. When they do survive 

until birth, they most often die within a few days. There have been 

cases, nevertheless, when triploid infants lived until they were a 

few months old. A baby girl in Helena, MT, lived for several months 

(Personal communication, Priest 1994). Triploidy seems to have a 

lethal effect in all mammals (Niebuhr, 1974). Ohno et al. (1963) 

concluded that mammalian triploids are unable to remain viable in 

postnatal life for a long time unless a sufficient number of diploid
* cells is also present. This hypothesis has been supported by 

evidence from adult triploid animals which were all found to be 

mosaic (contain both diploid and triploid cells) (Ohno et al., 1963). 

Also, no studies to date indicate that there is an increased chance of
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a triploid pregnancy for a couple which already had one (e.g. Boue and 

Boue, 1973).

Sometimes triploidy is not complete. In that case, the embryo 

has three copies of most chromosomes, but only two copies of one or

• two chromosomes (Neuber et al. 1993). In a few cases, four copies 

of a particular chromosome have been observed while the rest of the 

chromosomes have only three copies of each. In a study of triploid 

abortuses, Jacobs et al. (1982) have found that more that 90% of 

their material were 3n triploids, whereas only 8% were additionally 

aneuploid for one chromosome (3n+1 or 3n-1).

The extra set of chromosomes in a triploid condition can be of 

maternal origin (digynic triploids) or paternal origin (diandric 

triploids) (McFadden and Kalousek 1991). Digynic triploids may 

result from fertilization of an ovum that is diploid, as a result of an 

error in either the first or second meiotic division (retention of a 

polar body), or may result from fertilization of an ovulated primary 

oocyte. The latter event has been described in some animals but 

remains theoretical in humans (O'Neill and Kaufmann 1987).

Figure 1 illustrates oogenesis in humans. Two pairs of 

chromosomes are shown at the top. During the normal reproductive 

process in the female, a diploid (2n) oogonium matures into a diploid 

(2n) primary oocyte which undergoes meiosis I during which 

homologous chromosomes segregate (reduction division-the number
* of chromosomes is halved). This division results in the formation of 

a haploid (n) secondary oocyte and a haploid (n) first polar body, 

which subsequently degenerates. The secondary oocyte is ovulated 

and, upon fertilization, undergoes
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meiosis II during which chromatids segregate (equation division- 

comparable to mitosis). This division yields a mature haploid ovum 

(n) and a haploid second polar body (n) which also degenerates. 

Meiosis II is comparable to mitosis in that the chromosome number

< in progeny cells remains the same as in the parent cell. A mature

haploid ovum (n) is fertilized by a haploid (n) sperm from the male. 

The nuclei of the two gametes (pronuclei) combine to form a diploid 

(2n) nucleus in a cell called the zygote.

Several pathways have been proposed by Beatty (1957) to form 

an abnormal digynic polyploid zygote (Figure 2). They include: 

failure of first cleavage division (Figure 2A), failure of first 

maturation division so that the first polar body is not shed ( Figure 

2B), and failure of second maturation division so that the second 

polar body is not shed (Figure 2C).

In the case of a failure of the first cleavage division (Figure 

2A), a correct diploid zygote is formed initially. If the diploid (2n) 

zygote failed to divide after replicating its chromosomes, 

subsequent mitosis would produce a tetraploid (4n) embryo.

When meiosis I fails to take place (Figure 2B) the secondary 

oocyte contains the diploid number (2n) of double-stranded 

chromosomes. Subsequently, normal meiosis II takes place 

separating the sister chromatids of each chromosome (which now 

become chromosomes). The end result is an ovum with the

7



OVUM

FIGURE 2. POSSIBLE PATHWAYS LEADING TO 
TRIPLOID OR TETRAPLOID ZYGOTES.
A, FAILURE OF FIRST CLEAVAGE DIVISION

8





PRIMARY OOCYTE

SECONDARY 
OOCYTE

SPERM
FIGURE 2. C.ERROR DURING MEIOSIS II

10



diploid number (2n) of single-stranded chromosomes. When such an 

egg is fertilized by a haploid sperm, a triploid (3n) zygote is created 

(see Figure 2B).

The same outcome is observed when the second meiotic 

• division is defective (see Figure 2C). However, the mechanism in

this case is different. Meiosis I takes place normally separating 

homologous chromosomes into two cells and resulting in a secondary 

oocyte with the chromosome number of double-stranded

chromosomes cut in half. Meiosis II, on the other hand, is defective. 

The sister chromatids fail to segregate to the opposite poles of the 

cell, a nondisjunction of the complete set of chromosomes takes 

place and a gamete is now diploid since the sister chromatids are 

now considered separate chromosomes. When such an ovum is 

fertilized by a haploid (n) sperm, development of a triploid zygote 

and embryo proceeds. Either the first or the second polar body can 

also fuse with the haploid (n) ovum at any stage in the development 

creating a diploid (n) ovum, and, thus, upon fertilization, a triploid 

zygote.

Diandric triploids may occur through fertilization of a normal 

ovum by a diploid sperm as a result of an error in either the first or 

the second meiotic division, or through fertilization of an ovum by 

two sperm, a condition termed dispermy (McFadden and Halousek,

1991). Dispermy could actually result from an abnormal functioning
9 of the female reproductive system. The cortical reaction in the 

ovum, which prevents the penetration of the egg by sperm 

immediately after the egg is fertilized by one sperm, would have to 

be either missing or dysfunctional in order to allow more sperm to
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penetrate the same ovum. Dispermy has been shown to be the most 

common cause of triploidy in humans (Van Blerkom and Henry, 1991) 

The observations of diploid sperm in man (Sumner, 1971) and in 

several mammals (reviewed by Beatty, 1970) support diandry as a

• possible cause of triploid embryos.

The possible viable combinations for the sex chromosomes in 

triploids include XXX, XXY, and XYY. By far, the most commonly 

occurring ones are XXX and XXY. XYY is very rare; it has been 

observed in only approximately 3% of all triploids (Kaufman et al., 

1989). This observation may be due to the fact that the XYY 

combination is extremely uncommon or that embryos with such sex 

chromosomes composition are lost very early during embryonic 

development in which case the majority of them pass unrecognized. 

An empirical ratio cited in the literature for the proportions of 

different sex chromosomes compositions in human triploid 

abortuses are as follow: 1 XXY : 0.62 XXX : 0.08 XYY according to 

Wertelecki et al. (1976).

Niebuhr (1974) proposed the following theoretical ratios for 

sex chromosome composition which differ from the values actually 

observed in human triploids:

Digynic:

-Pre meiotic error: 0.5 XXX : 0.5 XXY : 0 XYY

-1st meiotic failure: 0.5 XXX : 0.5 XXY : 0 XYY
* -2nd meiotic failure: 0.5 XXX : 0.5 XXY : 0 XYY

Diandric:

-Pre meiotic error: 0.25 XXX : 0.5 XXY : 0.25 XYY

-1st meiotic failure: 0 XXX : 1 XXY : 0 XYY
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-2nd meiotic failure: 0.5 XXX : 0 XXY : 0.5 XYY 

-Dispermy: 0.25 XXX : 0.5 XXY : 0.25 XYY.

If the mechanism is failure of paternal meiosis I, each set of

• paternal homologues in the triploid would look like the original set 

of paternal homologues for all chromosome pairs. In the case of 

dispermy, the two paternal homologues (m or p) in the triploid would 

have assorted randomly for each pair (Table 1).

Other mechanisms may lead to triploidy in somatic cells. In 

humans, triploid cells have been found in short term leukocyte 

cultures (Pawlowitzki and Cenani, 1967; Sellyei et al., 1971) and in 

oral mucosa (Gropp et al., 1964). These findings may represent 

malsegregation of one haploid set from a 2n cell line. Tripolar 

division of a tetraploid cell is another explanation. In a tripolar cell 

division the parent cell gives rise not to two, but to three progeny 

cells. Tripolar mitosis is frequently noticed in tumorous tissues 

and has been found in 0.5% of human diploid fibroblast cultures 

(Citoler et al., 1969) and in short term tissue cultures from 

Microtus agrestis (Schwarzacher and Pera, 1969).

Evidence for the origin of the extra haploid set in human 

triploids may be based on the detection of distinguishable loci 

(blood groups, serum types, enzymes, tissue antigens (HL-A) etc.) or 

the analysis of inherited normal variants in chromosomes
* (fluorochrome-and heterochromatin stained) in the triploid and the 

parents (Niebuhr, 1974). In a normal situation, the two homologous 

chromosomes in the germ cell precursor will separate into two 

separate cells at the end of meiosis I. Thus, in a gamete, there will
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Table 1. Possible combinations of chromosomes in cases of 

a failure of paternal meiosis I and dispermy

• m=maternally derived chromosome in the father of the triploid

p=paternally derived chromosome in the father of the triploid 

1, 2, 3, etc. chromosome pair number

Original paternal

diploid

Two paternal homologs in triploid if:

dispermy no meiosis I

1m1p 1m1m or 1m1p or 1p1p 1m1p

2m2p 2m2m or 2m2p or 2p2p 2m2p

3m3p 3m3m or 3m3p or 3p3p 3m3p

etc. etc. etc.
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only be one copy of that particular chromosome. When the egg and 

the sperm fuse at fertilization, the zygote contains two copies of 

the chromosome. Since every person's chromosomes can have a 

unique appearance, the two copies of the chromosome that the child 

inherited will look different and it will be possible to distinguish 

which copy is inherited from which parent.

Digyny with failure during the first meiotic division and 

suppression of the first polar body will produce a diploid ovum with 

fluorescent marker chromosome pairs identical to those found in the 

mother. Digyny with failure during the second meiosis and 

suppression of the second polar body will produce a diploid ovum 

with fluorescent marker chromosome pairs identical to only one of 

the markers in the mother provided that crossing over does not occur 

in the marker regions. Diandry with failure of the first meiosis will 

lead to diploid sperm with a XY sex chromosome complement and 

fluorescent marker chromosome pairs identical to those in the 

father. Failure of the second meiotic division in the father would 

theoretically lead to diploid sperm with a XX or YY sex chromosome 

complement and fluorescent marker chromosome pairs identical to 

one of the chromosomes in the corresponding paternal pair (Niebuhr, 

1974).

Recently, however, the cytogenetic methodology described 

above has been replaced in many laboratories studying the parental 

origin of triploidy by DNA finger printing studies. The identification 

of DNA polymorphisms provides an alternative approach to studying 

the parental origin of triploidy and, thereby, a means for assessing 

the validity of the cytogenetic observations. In some laboratories,
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including, for example, that of Sherman et al. (1991), the old 

cytogenetic methodology was proven to be quite prone to errors, 

with the percentage of mistakes as high as 8%.

In the DNA studies, DNA is obtained from either peripheral 

blood samples from the parents or liveborn infants or frozen fetal 

tissue from conceptuses or abortuses. The methodology for 

preparing DNA from these specimens was described by Hassold et al. 

(1985). DNA samples are digested with the appropriate restriction 

enzymes, size fractionated on agarose gels, and transferred to 

membranes by using the method of Southern (1975). Membranes are 

then hybridized with radioactive probes. Each individual's DNA will 

give a unique set of fragments. The location of the three loci of a 

chromosome of a triploid can then be compared to the locations of 

the two loci of that chromosome in each of the parents. When two of 

the fragments from the triploid align with the two fragments of the 

mother and the third triploid fragment aligns with one of the 

fragments of the father, maternal origin of triploidy is assumed. 

When two of the fragments from the triploid align with the two 

fragments of the father and the third triploid fragment aligns with 

one of the alleles of the mother, paternal origin of triploidy is 

concluded. Studies are done at several loci to increase their 

accuracy.

Exactly what environmental or genetic conditions could lead to 

errors in meiosis or dispermy in the human is not known. In the 

hamster, if ova are allowed to age in vivo for only three hours 

beyond the expected time of ovulation, a high proportion of the 

embryos produced are triploid, the extra set of chromosomes
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originating from the oocyte (Adachi and Ingalls, 1976). In hypoxic 

(low pH) conditions, these authors found the incidence of triploid 

embryos to be increased in animals with a mating delay. Delayed 

fertilization leading to aging of the ovum induces suppression of the

• second polar body or penetrance of the ova by more than one 

spermatozoan. According to the same researchers, digynic triploidy 

in the hamster has also been described to occur at a level five times 

greater after hormonally induced ovulation compared to normal 

control animals (Becker, 1986).

Polyspermic fertilization (dispermy), on the other hand, has 

been found in the mouse to be directly related to the sperm 

concentration used in an in vitro system (Rudak, 1985). As 

previously mentioned, in humans, dispermy can result from a 

deficiency in the cortical reaction. More specifically, Trounson et 

al. (1982) have attributed polyspermic fertilization to a defect in 

the sperm-blocking cortical reaction in the immature oocytes, 

where the cortical granules are still migrating to the periphery of 

the egg cytoplasm. Thus, it would appear that delayed insemination 

is more likely to predispose an oocyte to second polar body 

retention, whereas in triploidy occurring as a result of polyspermic 

fertilization either the ovum was somewhat immature or it was 

simply inseminated with too many spermatozoa.

A great deal of work has been carried out on the experimental
* induction of polyploidy in animals, chemicals (colchicine) and 

physical treatment (temperature shock) being the most used. 

Treatment of freshly fertilized salamander eggs by cold or hot shock 

(Fankhouser and Griffiths, 1939; Fankhauser and Godwin, 1948) gives
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rise to triploid individuals with two maternal and one paternal 

haploid set of chromosomes. The latter authors showed that after 

heat shock treatment, the second maturation spindle does not lie 

near the surface of the egg, and the chromosomes of the second polar

• body remain in the egg. Turning to mammals Fischberg and Beatty 

(1952) have shown that heat shock treatment of mouse eggs about 

three hours after copulation inhibits the second meiosis division 

giving rise to triploidy. It is tempting to suggest, that elevation of 

temperature in the Fallopian tube shortly after ovulation, may lead 

to triploid in humans, but no data support this hypothesis (Niebuhr, 

1974).

Chemical agents (e.g. cocemid) are known to induce 

suppression of the second polar body during in vitro fertilization 

(Bomsel-Helmreich, 1965). In humans, much interest has been 

focused on certain drugs, especially oral contraceptives as a 

possible factor. In a study of abortuses from women, who became 

pregnant within 6 months of discontinuing oral contraceptives, 28% 

were triploid (Carr, 1969), which is a nine-fold increase over the 

incidence found in unselected series. Carr also mentioned that a 

temporary rise in luteinizing hormone production after stopping 

synthetic progesterone ingestion might be a possible mechanism for 

the increased risk of polyploidy due to abnormalities of fertilization 

and early cell division of the zygote. However, Boue et al. (1973)
* found no significant increase in the frequency of triploid abortuses 

from women, who conceived 0-6 months after discontinuing oral 

contraceptives.
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Studies attempting to correlate the frequency of triploidy 

with maternal age have also been carried out. It is well known that 

the rate of spontaneous abortions increases with maternal age, 

while the proportion of chromosomally abnormal abortions increases 

only moderately (Hassold and Chiu, 1985). The above finding could 

be explained by the high rate of trisomies (Neuber et al., 1993). No 

correlation has been found between the frequency of triploid 

spontaneous abortions and maternal age by Warburton et al. (1994) 

in their study which included 3315 karyotyped specimens from 

miscarried fetuses in three New York City hospitals over a period of 

twelve years.

The current study was initially undertaken after two 

intriguing phenomena had been observed. The first one was the 

appearance in professional literature of an article by Warburton et 

al. (1987) reporting the findings on the correlation between a 

chromosomally abnormal abortion and the chromosome composition 

of a subsequent abortus. Since their findings have been unique for 

the most part, there was a necessity to double check the results by 

conducting a similar research project. The second factor influencing 

the conception of this study was the occurrence of two cases of 

recurrent triploidy at the Shodair Hospital Genetics Laboratory in 

Helena, MT. Since only four patients at that laboratory have been 

studied twice, the percentage of recurring triploids was alarmingly 

high. The total number of repeated studies, however, was too low to 

make the figure meaningful.

To correctly assess the frequency of recurrent triploidy a 

larger number of repeated studies was needed. This goal was to be
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achieved by obtaining reports from different laboratories around the 

country. Questionnaires (see Appendix F and cover letters-- 

Appendix E) seeking information on triploidies in general and 

particularly recurrent triploidies were prepared and sent out to each

• laboratory. A data search was conducted at Shodair as well to find

out the specific figures concerning triploidies from that laboratoriy. 

Case reports of recurrent triploids from Shodair Genetics Laboratory 

were written up. When responses to the questionnaire from the 

other laboratories became available, the results were analyzed 

statistically and the findings of the analysis summarized.

Comparison of this study's findings with results presented in the 

literature by other researchers are also included in this report. Not 

only data concerning recurrent triploids, but also general data 

regarding the incidence and kinds of triploidy, were analyzed in this 

project.

Much of the information compiled in this study agreed with 

results previously published by independent researchers (Niebuhr, 

1974; Wertelecki et al., 1976; McFadden et al., 1993). In addition, 

some unique results concerning the sex chromosome composition and 

the parental origin of recurrent triploids will be presented.
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MATERIALS AND METHODS

Literature review and case histories

The first stage of the project consisted of the review of 

professional literature on human triploidy. The initial intention 

was to concentrate on cases of recurring triploids, that is mothers 

who had had two or more spontaneous abortions in which fetuses had 

been diagnosed as triploids.

Case histories of two patients, each studied twice at Shodair 

Hospital genetics laboratory, who have had two spontaneous 

abortions which yielded triploid fetuses, have been researched and 

written up. These reports can be found on pages 27-29.

Survey

Questionnaires inquiring about the number of 

fetuses/stillborns karyotyped in the past five years were sent to 14 

genetics laboratories in the Mountain States Genetics Region in the 

western part of the United States, (including Shodair Genetics 

Laboratory in Helena,)as well as to Nemours Children's Clinic in 

Jacksonville, Florida, and Emory University Genetics Laboratory in
* Atlanta, Georgia, for a total of 16 laboratories. On the form were

also questions regarding the number of fetuses/stillborns found 

triploid which were studied at each lab. We also inquired about the 

composition of sex chromosomes of each triploid. Another part of
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the questionnaire dealt with recurrent triploids. We asked how 

many patients had had two or more fetuses/stillborns karyotyped 

and, of those, how many were triploid and what their genotypes 

were. Finally, we asked how many liveborn triploids had been 

studied at each laboratory. The last question on the questionnaire 

asked whether the laboratory was interested in participating in a 

prospective study to evaluate parental origin of the abnormality. A 

copy of a blank questionnaire can be found in Appendix F. A copy of a 

cover letter sent with the questionnaires can be found in Appendix E.

Karyotyping

Two triploid fetuses from consecutive pregnancies of the same 

patient were karyotyped especially for use in this project. One of 

the karyotypes can be seen in Figure 3.

In cytogenetic studies of chromosomes at Shodair Genetics 

Laboratory fetal tissues are cultured and cells are harvested for 

microscopic examination. Cells undergoing mitosis are searched for. 

Subsequently the number of chromosomes in those cells is counted 

and chromosomes are photographed. The pictures are developed in 

the dark room at the laboratory.

During karyotyping, the number of chromosomes on the 

pictures is obtained again. The chromosomes are cut out, each is 

identified as one of the 22 numbered types of autosomal 

chromosomes or a particular kind of sex chromosomes (X or Y). Next, 

the chromosomes are fixed in pairs (groups of three in the case of
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triploids) on a special form beginning with chromosomes number 1 

through number 22, and ending with the sex chromosomes. Copies of 

karyotypes are sent to physicians referring patients for chromosome 

studies to the laboratory. The originals, as well as the film, are 

stored in patient files at the Shodair Hospital.

DNA studies

In a new prospective study, samples of fetal tissues from two 

triploids studied in this laboratory and blood samples from their 

parents have been sent to Dr. Terry Hassold of Case Western 

University in Cleveland, Ohio. His graduate students will carry out 

DNA testing (analysis of DNA polymorphisms, following the method 

described in the Introduction and Literature Review) on these 

samples to establish parental origin of the extra set of 

chromosomes in the triploids. The parents of the abortuses were 

contacted with a request for blood samples and permission to 

perform the testing. The sole determinant of inclusion in the study 

was parents' willingness to contribute blood specimens for research 

purposes. Parental consent was obtained on a voluntary basis. A 

copy of patient consent form can be found in Appendix C. A copy of 

the form for collecting clinical information on the patient can be 

found in Appendix D. This parental origin study includes many cases 

of triploids, not just the ones from Shodair Hospital. The protocol 

for special studies on triploid abortuses can be found in Appendix A.
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The protocol for shipment of blood samples for chromosome and DNA 

studies can be found in Appendix B.

Database search

Finally, data needed for the project from Shodair Hospital was 

obtained from the laboratory's database. The data searched for was 

of the same kind as that requested in the questionnaire. Since the 

Shodair Laboratory was to be included in the study with the other 

laboratories, the data used had to be limited to the types of data 

requested from the other labs. The search began with a computer 

data base. The name of the data base containing cases since 1991 

was RapidFile. The program was used to obtain the total number of 

fetuses/stillborns karyotyped within the four-year period, 1991- 

1994. Out of those, the ones that were triploid were selected. This 

selection was double checked with a hand-made list taken directly 

from the laboratory log book. The search was conducted according to 

the questions on the questionnaire. In order to count the number of 

patients who have had two or more studies done on their 

fetuses/stillborns, files with matching names and birthdates were 

retrieved. Patients who had studies done on twins from the same 

pregnancy were excluded. After selecting patients with repetitive 

studies, the search was further limited to those who had had two or 

more triploid miscarriages. Finally, another search was done to 

find out how many patients at Shodair have had liveborn triploids. 

This task was accomplished by looking for triploids who have had 

studies done from blood samples. Studies of fetuses or abortuses
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are done from fetal cell cultures. Chromosomal studies of liveborn 

infants are performed from blood cells cultures, because this kind of 

culture usually gives better results, but is not generally available 

from either fetuses (a dangerous procedure) or abortuses. Also, use 

of blood cells from liveborn does not require a tissue biopsy.

Since the study was designed to cover the period of the last 

five years, the Historical File in the Shodair data base had to be 

reached. The old laboratory log book was also used. The same 

procedures were performed with these sources as with the current 

file and log book. Since the time period included in the study was 

limited to five years and the data from the last four years was 

obtained from the current database file and laboratory log book, the 

search on the historic file and log book was shorter; it consisted of 

only one year, 1991.
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CASE REPORT I

CT had a spontaneous abortion in August, 1992. The patient 

was 32 at the time of the pregnancy. By that time, she had had one 

living child and two previous spontaneous abortions. The products 

of conception resulting in the abortion of August 1992 were the 

first ones tested in this lab. Neither of her previous abortions had 

been referred for chromosomal study. From the August 1992 

abortion a specimen weighing 5 grams was submitted for studies.

The placental tissue was very pale and cyst like. An empty sac was 

identified. Hydatidiform mole was diagnosed. The fetus was 

determined to have been triploid--the chromosome count of 15 cells 

and the analysis of 5 has shown that it was 69,XYY.

CT had another spontaneous abortion in June, 1993. At that 

time she was 33. The products of this conception were also studied. 

The specimen supplied weighed 5 grams. This time the specimen 

tissues came for analysis dry and no identifiable fetal tissue or villi 

could be found. Nevertheless, cultures were set up. The tissue was 

found out to be triploid again, and the same type of triploidy,- 

69,XYY-was involved. The two spontaneous abortions studied were 

consecutive.

At the time of both spontaneous abortions studied CT was 

diagnosed with hypothyroidism. There is no consanguinity between 

CT and her partner. No family history is known.
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CASE REPORT 2

CH has had four spontaneous abortions, the first one in the fall 

of 1989, the next one in February of 1991, and the last two in July, 

1992 and July, 1993, respectively. All of the miscarriages occurred 

during the first trimester of pregnancy. All of the pregnancies were 

by the same mate. There is no consanguinity between the partners. 

CH had a history of a ruptured ovarian cyst (5/16/56). Family 

history of either of the parents does not include recurrent abortion. 

The father's brother's wife has had two normal children and a 

spontaneous abortion. The mother has four sisters and a brother.

The brother was born from a twin pregnancy. The other male in that 

pregnancy was spontaneously aborted "deformed." Three of the 

mother's sisters have normal children. No chromosomal studies have 

been done of either CH or her partner.

CH's last two miscarriages were studied and chromosome 

analysis has been performed on products of conception. In 1992, CH 

was 36. The chorionic villi of the abortus and embryonic tissue 

were studied and the products of conception were found to be 

triploid, specifically 69,XXY. The villi were found to be swollen, had 

few buds, and they were not vascularized. The specimen consisted 

of approximately 6 to 10 g of decidual tissue and a small intact 

gestational sac which weighed approximately 1 g. The sac was 

somewhat flattened and measured 1.6 cm x 2.2 cm. Upon opening the 

sac the fetal membranes appeared normal. There was a yolk sac 

which measured approximately 2 ml in diameter. There was a 

hydropic umbilical cord measuring approximately 6 ml in length.
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Attached to the end was a severely growth-disorganized embryo 

which measured approximately 2 mm from pole to pole.

CH was 37 at the time her last miscarriage was studied. The 

amniotic fluid withdrawn from an intact amniotic sac was analyzed 

for chromosomal abnormalities. It, too, was found triploid; this 

time the configuration of sex chromosomes was different: 69,XXX. 

This embryo appeared to be normally developed and in no way 

resembled the growth disorganized triploid embryo of the last 

miscarriage. The specimen consisted of 17 grams of tissue. There 

was an intact gestational sac which weighed 3 grams. The sac 

contained an intact embryo and clear amniotic fluid. Some of the 

amniotic fluid was removed for cytogenetic analysis. On 

examination of the embryo, this was a normal appearing embryo 

with a crown-rump length of 1.6 cm. The spinal column was intact. 

There was retinal pigmentation. There were hand plates but no 

recognizable single digits. The foot plates and tail were also 

present. The heart bulge was evident and facial development 

appeared to be normal. The umbilical cord appeared to contain three 

vessels. Within the gestational sac but distantly separated from 

this embryo was a 3 mm sac which was also intact and which 

contained clear fluid. No embryo could be identified within this 

small sac. The autopsy results diagnosed an embryo whose growth 

was at day 34-36.
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RESULTS

Only seven of the fourteen contacted laboratories have 

responded to the questionnaire in a timely manner, allowing the use 

of their data in the project. Those responding include: Palo Verde 

Laboratory, Chandler, AZ; Mountain States Genetic Services, Inc., 

Denver, CO; The Children's Hospital, Denver, CO; Nemours Children's 

Clinic, Nemours, Florida; Integrated Genetics, Santa Fe, NM; Genetrix 

Scottsdale, AZ; and Shodair Genetics Laboratory in Helena, MT. was 

also collected.

The data from the seven laboratories is summarized in several 

tables. The laboratories are referred to in the table by number; the 

code matching the name of the laboratory and its number can be 

found in Table 2.

The total number of stillborns/fetuses karyotyped and the 

number of triploid karyotypes among them are presented in Table 3 

for each lab. The range of the number of karyotypes done per 

laboratory on fetuses/stillborns varied from 169 to 3141. The total 

number of triploids found in the six labs was 7827. The mean is 

1118 (highly influenced by the two largest labs) and the median is 

453. The total number of triploids found equals 454, that is 5.8% of 

the total number of fetuses/stillborns karyotyped. The mean per 

laboratory is 65 (5.8%); the median is 27 (6.0%).
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TABLE 2
NUMBERS ASSIGNED TO THE LABORATORIES DATA 
WHOSE DATA HAS BEEN INCLUDED IN THE STUDY

1 SHODAIR HOSPITAL
2 PALO VERDE LABORATORY
3 MOUNTAIN STATES GENETICS SERVICES

• 4 CHILDREN'S HOSPITAL, DENVER
5 NEMOURS CHILDREN'S CUNIC
6 INTEGRATED GENETICS
7 GENETRIX

TABLE 3
THE TOTAL NUMBER OF ABORTUSES/STILLBORNS 
KARYOTYPED AND TRIPLOID KARYOTYPES FOR EACH 
LABORATORY

LAB # ABORTUSES/
STILLBORNS
KARYOTYPED

TRIPLOID
KARYOTYPES

PERCENT 
OF TOTAL

1
1
1
1
1
1
1

1 I
2 I
3 I
4 I
5 I
6 I
7 |

453 |
1 000 |
289 |
284 |
169 |

3141 |
2491 |

27
60
1 3

9
1 6

1 21
208

| 5.96
| 6.00
| 4.50
| 3.17
| 9.47
| 3.85
| 8.35

1 TOTAL I 7827 | 454 | 5.80
1 MEAN I 1 1 18.14 | 64.86 | 5.80
1 MEDIAN I 453 | 27 | 5.96
1 RANGE I 169-3141 | 9-208 | 3.17-9.47

= ======== - = =========== = === ======== = =========
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The largest laboratory that responded to our questionnaire was 

laboratory #6. This laboratory alone karyotyped 3141 

fetuses/stillborns, that is 650 more cases than the second largest 

lab, #7. Of the 3141 cases, Laboratory #6 had 121 triploids, that is, 

3.8%, which is below the average from all the labs included in the 

study (5.8%) (Table 3).

The frequencies of the particular sex compositions of the 

triploids for each laboratory are presented in Table 4. A total of 

239 XXY genotypes were found (52.6% of all triploids). The mean 

number of XXYs per lab is 34 (52.6%); the median is 12 (44.4%). A 

total of 196 XXX genotypes have been diagnosed (43.2% of all 

triploids). The mean is 28 (43.2%); the median is 10 (37.0%).

Thirteen cases of XYY have been karyotyped in the seven 

laboratories. This number makes up 2.9% of the total number of 

triploid fetuses/stillborns karyotyped.

As shown in Table 4, sixty six, or 54%, of the triploids from 

the largest laboratory #6 were XXY, forty eight, or 40%, were XXX, 

and five, or 4%, were XYY. The percentage of XXY was one of the 

highest percentages for this genotype; only two other laboratories 

matched it. The frequency of XXX, on the other hand, was one of the 

lowest in its group; only one lab had a lower percentage. The 

frequency of XYY, 4%, was a little bit above the average (3%).

Because so many studies were done in this laboratory 

compared to other laboratories included in this study, it was 

important to emphasize how the results from this particular lab 

compared to the average results obtained from the
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TABLE 4
FREQUENCIES OF SEX CHROMOSOMES COMPOSITIONS IN TRIPLOIDS

LAB#

1
2
3
4
5
6 
7

TOTAL
MEAN

MEDIAN
RANGE

TRIPLOID | XXY | PERCENT OF
KARYOTYPES | I ALL TRIPLOIDS

27 | 12 | 44.44
60 | 31 I 51.67
13 | 7 | 53.85

9 I 4 I 44.44
16 | 7 | 43.75

121 | 66 | 54.55
208 |

I
112 |

I
53.85

454 | 239 | 52.64
64.86 | 34.14 | 52.64

27 | 12 | 44.44
9-208 | 4-112 | 43.75-54.55

XXX

11
26

6
5
9

48
91

196
28.00

10
5-91

PERCENT OF | 
ALL TRIPLOIDS |

XYY | PERCENT OF 
| ALL TRIPLOIDS

| OTHER |
I I

t

PERCENT OF
ALL TRIPLOIDS

40.74 | 3 I 11.11 1 68,XX
I
I 3.70

43.33 | 2 I 3.33 1 68,XX I 1.67
46.15 | 0 I 0.00 1 NONE I 0.00
55.56 | 0 I 0.00 1 NONE I 0.00
56.25 | 0 I 0.00 1 NONE I 0.00
39.67 | 5 I 4.13 1 2:70,XXXY I 1.65
43.75 |

I
3 I

I
1.44 1

1
69,XXXX,-7

69,XX,inv(Y)(p1
I
I

0.96

1
1,2q11.2)

43.17 | 13 I 2.86
1
1 6 I 1.32

43.17 | 1.86 I 2.86 1 0.86 I 1.32
37.04 | 1 I 3.70 1 1 I 3.70

39.67-6.25 | 0-5 I 0.00-11.11 1 0-2 I 0.00-3.70
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total of the seven labs. The mean, of course, is influenced quite a 

bit by the data from the largest laboratory. The median, on the other 

hand, is not impacted so much by any particular subset of data.

Four special cases have been recognized in the questionnaires. 

Laboratories #1 and #2 have each had one case of 68,XX. Laboratory 

#6 has had two cases of 70, XXYY. Lab #7 also had two unusual cases 

(see Table 4). These cases cannot be assigned to either XXX, XXY, or 

XYY category.

As is evident from the data, the XYY genotype is the rarest of 

the three. Interestingly, Laboratory #1 has had three cases of XYY, 

which makes up 11% of the total number of triploids they studied. 

This is a very high percentage, but it is probably a result of the 

small number of fetuses/stillborns karyotyped.

One of the initial objectives of the project was to study 

recurrent triploidies. In the questionnaire, therefore, questions 

were asked regarding the number of patients studied more than once 

and the number of patients who have had more than one triploid 

pregnancy. Only four laboratories could provide information about 

the number of patients they studied at least twice. As indicated in 

Table 5, only two laboratories reported that they did repeat studies 

on the same patient. Laboratory #1 had two cases of repeated 

triploid pregnancies. One patient had an XXX and an XXY pregnancy; 

another patient had two XYY pregnancies. Both these patients had 

triploids in consecutive pregnancies. Case histories of these two 

patients appear earlier in this paper. Laboratory #7 had two cases 

of repeated triploids (Table 5), but the number of patients with 

repeated studies was not known. One patient had two XXX
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TABLE 5
PATIENTS STUDIED MORE THAN ONCE, INCLUDING THOSE WITH 
RECURRENT TRIPLOIDY

| LAB # |
1 1
1 1

PATIENTS |
WITH |
ABORTUSES/ 1

PATIENTS WITH
TWO OR MORE 
ABORTUSES/

PERCENT | 
CF |

ALL |

PATIENTS 
WITH 

TWO OR
• 1 1 STILLBORN 1 STILLBORNS PATIENTS | MORE

1
I

1 KARYOTYPED 1 KARYOTYPED KARYOTYPED | TRIPLOIDS

449 | 4 I 0.89
1 000 | o I 0.00
289 | 0 | 0.00
281 | 3 I 1.07
1 69 | - | -

3141 | - | -
2491 | - | -

CM O O O

TOTAL | 7820 | 7 | 0.09 | 4
MEAN | 1117.14 | 1.75 | 0.98 | 0.57

MEDIAN | 453 | 1 .5 | 0.44 | 0
RANGE I 169-3141 I 0-4 I 0.00-1.07 | 5-91
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TABLE 6
LIVEBORN TRIPLOIDS

LAB# I TRIPLOID | LIVEBORN | PERCENT OF
I KARYOTYPES | TRIPLOIDS | TRIPLOID
I I I ABORTUSES/
I I I STILLBORNS

1 I 27 | 1 | 3.70
2 I 60 | 1 | 1.67
3 I 13 | o I 0.00
4 I 9 I o I 0.00
5 I 16 | o I 0.00
6 I 121 | 7 | 5.79
7 I 208 | 3 I 1.44

TOTAL I 454 | 12 | 2.64
MEAN I 64.86 | 1.71 | 2.64

MEDIAN I 27 | 1 | 3.70
RANGE I 9-208 | 0-4 |

TRIPLOID |
ABORTUSES/ | 
STILLBORNS | 

AND LIVEBORN |

PERCENT
OF

TOTAL
TRIPLOID

RATIO OF |
LIVEBORNSTO | 
ABORTUSES/ | 
STILLBORNS |

RATIO OF
LIVEBORNS
TO TOTAL
TRIPLOIDS

28 | 3.57 1:27 | 1:28
61 I 1.64 1:60 | 1:61
13 | 0.00 I
9 I 0.00 I

16 | 0.00 I
128 | 5.47 1:17.28 | 1:18.28
211 | 1.42 1:69.33 | 1:70.33

466 | 2.58 I
66.57 | 2.58 I

28 | 3.57 I
5-91 |

— 
IIIIIIIIIIIIIIIIIIIIIIIIII
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triploids; another patient had two XXY triploids. No information was 

given whether those triploids were the patients' consecutive 

pregnancies or any other information regarding the parents' 

reproductive histories.

In the questionnaire, the laboratory directors were also asked 

to provide the number of liveborn triploids that they had studied 

(results in Table 6). Three of the laboratories (#3, #4, and #5) have 

had no liveborn triploids. The other four laboratories had one, two, 

three, and seven, liveborn triploids, respectively. Twofold 

calculations have been performed to establish the proportion of 

liveborn triploids. First, they were calculated as opposed to the 

numbers for triploid abortuses/stillborns. Second, they were 

measured as part of the total number of triploids

(abortus/stillborns plus live births). Because the number of liveborn 

triploids is so small compared to the number of aborted/miscarried 

triploids, and, therefore, the total number of triploids, the 

percentages and ratios in both cases came out very close. The 

detailed results can be found in Table 6. Interestingly, the two 

laboratories with the biggest number of triploids studies (and the 

biggest numbers of karyotypes performed), came out with quite 

different proportions for the ratios between the liveborn and 

stillborn/aborted triploids, as well as for the percentage of liveborn 

triploid out of the total number of triploids studied. Liveborn 

triploids constitute 5.5% of all triploids studied at Laboratory #6, 

whereas they make up only 1.4% of all triploids karyotyped at
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Laboratory #7. Similarly, one liveborn triploid is detected for every 

eighteen stillborn/aborted triploids at Laboratory #6, and only one 

liveborn triploid for every seventy-one stillborn/aborted triploids 

has been reported at Laboratory #7. Since these values are so 

different, mean and median have been calculated; they include the 

four laboratories which have recorded cases of liveborn triploids.

A larger table of the raw data collected from the seven 

participating laboratories has been included together in Appendix G.

The results of the parental origin DNA testing carried out by 

Dr. Terry Hassold's laboratory are not completed. DNA has been 

extracted and stored.
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DISCUSSION

In general, the results obtained from the survey of the 

selected genetics laboratories confirm the results presented in 

professional literature on triploidy. The present study is one of the 

biggest ones of its kind. Data from a total number of 7827 

karyotyped abortuses/stillborns, including 459 triploid 

abortuses/stillborns, are presented in this report. Of the larger 

studies of human triploidy reported in the literature, Warburton 

(1994) researched 247 cases of triploids, Beatty (1978) included 

325 cases in his report, Niebuhr (1974) studied 260 triploids and 

Uchida and Freeman (1985) reported their findings in 105 cases.

Reports in the literature estimate that from 1% to 3% of all 

human conceptions are triploids (Niebuhr, 1974; Jacobs et al., 1979 

Kaffe et al., 1989; Muller et al., 1993; Niemann-Seyde et al., 1993; 

McFadden, 1993). If only spontaneous abortions are taken into 

consideration, triploids constitute from 4% to 5% of all cases 

(Schindler and Mikamo, 1970; Dewald et al., 1975; Saade et al., 

1976). When the group is further limited to only spontaneous 

abortuses from the first trimester of pregnancy, values as high as 

12% (Sherard et al., 1986) to 15% (Tuerlings et al., 1993) for 

triploids are reported. In the present study, spontaneous abortions 

not restricted to the first trimester of pregnancy, as well as 

stillborns, were included. The percentage of triploids out of all 

abortuses/stillborns karyotyped equals 5.86% in this study. This
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value is comparable to the percentages presented in the literature 

for all spontaneous abortions.

Some interesting comparisons between this study's results of 

sex chromosomes composition of triploids and those obtained by 

other researchers can be drawn. There are three possible sex 

chromosome complements in complete triploids: XXX, XXY, and XYY. 

The triploids studied in this project came out with an XXY : XXX : XYY 

ratio of 1 : 0.81 : 0.06. Before these results are compared to those 

found in the literature, let us look at some of the different 

approaches, both theoretical and empirical, that authors use when 

discussing the sex chromosome ratios in triploids.

As observed in other studies, XYY is only rarely seen in 

spontaneous abortions or live births. Presumably, it degenerates in 

embryonic development. Because of the rarity of XYY, some 

researchers narrow their study to comparing the incidence of the 

XXY cases to that of the XXX ones. Following this analysis and using 

the total number of cases with XXY and the total number of cases 

with XXX, the ratio from this study comes out to be 1 : 0.81. In an 

analysis of sex-chromosome constitution of digynic triploid mouse 

embryos, the overall XXY : XXX sex ratio of 120 triploids was 1 : 

1(Speirs and Kaufman, 1989). Analysis of only the developmental^ 

most advanced triploid mouse embryos revealed that the XXY : XXX 

sex ratio in this group was 1 : 0.88 (Speirs and Kaufman, 1989). Our 

results, however, cannot be compared with those obtained by Speirs 

and Kaufman, because the parental origin of our specimens has not 

been established and developmental stage was not assessed.
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Theoretically triploid zygotes may arise from mitotic 

anomalies in the germ cell precursors, from failure in the first or 

second meiotic division of oocytes and spermatocytes or dispermy. 

Niebuhr (1974) assumes that each of these events has an equal 

chance and that each of the three different sex chromosome types 

has an equal chance of recovery. He, then, expects a proportion of 1 

XXY : 0.71 XXX : 0.28 XYY (Niebuhr, 1974). In Niebuhr's study of 255 

cases with a complete triploidy, 153 were XXY, 92 were XXX, and 10 

were XYY. These results give the XXY : XXX : XYY sex ratio of 1 : 0.60 : 

0.06. The empirical sex chromosome distribution of the triploids 

differs markedly from the expected proportion, which may mean that 

all the events leading to triploidy do not have an equal chance of 

occurrence. The presence of cases with a 69, XYY karyotype shows 

that the male may contribute two haploid sets, either by dispermy or 

diandry due to second meiotic failure, but the importance of this 

relative to digyny is unknown. The very rare occurrence for the XYY 

variety suggests that diandry must either be relatively infrequent or 

that XYY zygotes have a decreased viability. The latter hypothesis is 

more probable as no live-born XYY case has been proven.

Observations by Boue and Boue (1970) strongly support a 

decreased viability of 69, XYY zygotes: in vitro cultures of these 

triploids show a very poor cell proliferation. Furthermore, 

macroscopically and histologically the XYY abortuses were not 

developed past 3-4 weeks of gestation. An accumulation of 69, XYY 

zygotes among very early stages of abortuses would prove this 

hypothesis. Decreased viability of 69,XXX zygotes has not been 

proven (Boue and Boue, 1970).
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Considering the origin of triploidy, the expected sex 

chromosome ratio in digyny would be 1 XXX : 1 XXY and for diandry 1 

XXX : 2 XXY : 1 XYY (Niebuhr, 1974). It appears from Niebuhr's study 

that 69, XXY cases are in excess to the expected values and, 

conversely, 69, XYY cases are fewer than expected, while there is no 

difference between observed and expected values in 69, XXX cases.

As mentioned above, according to his calculations, total 

proportions expected equal 1 XXY : 0.71 XXX : 0.29 XYY. Proportions 

he observed were 1 XXY : 0.60 XXX : 0.06 XYY. The proportions 

obtained from our study, 1 XXY : 0.81 XXX : 0.06 XYY, agree with his 

results in the values for XYY. However, our analysis shows the 

proportion of XXX to be higher. Niebuhr argues that an excess of 69, 

XXY abortuses may indicate that failure of the first meiotic division 

in spermatogenesis leading to only diploid sperms with a XY sex 

chromosome complement, is the more frequent origin of diandry. 

However, there is no experimental data to support this hypothesis. 

The results of our analysis agree with this hypothesis, but cannot be 

considered a proof for it (they do not exclude other etiologies).

Boue and Boue (1973) in their study report the ratio of 1 XXY : 

0.62 XXX : 0.08 XYY. Their proportion of XXX cases is also lower than 

ours; their proportion of XYY cases is slightly higher than ours.

More recent studies examining the ratios of sex-chromosomes 

constitution have been carried out by Neuber et al. (1992). These 

researchers found the ratio of XXY : XXX : XYY to be 1 : 0.72 : 0.03. In 

this case, as in Boue and Boue’s study, the proportion of the XXX 

karyotypes is also lower than that observed in our study. The
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percentage of XYY karyotypes in Neuber's study is also lower as 

compared to our study.

Overall, it seems evident that in our study, we had relatively 

more XXX cases than in other studies. XXY karyotype, however, still 

remains the dominant sex ratio in all studies.

The events that can lead to triploidy include errors in: germ 

cell precursors, meiotic division I, meiosis II, and dispermy. The 

theoretical value for the ratio of XXX : XXY : XYY resulting from an 

error in the germ cell precursors is 1 : 2 : 1 (see Figure 4). This 

result, as well as the results that follow, is calculated from the 

assumption that either a paternal or a maternal error may occur.

The possibility of no error or errors in both parents at the same 

time was excluded. (In Figure 4 and in the following figures, no error 

or double error is indicated by a dash.) In the case of an abnormality 

in a germ cell precursor, a combination of XX is possible from the 

mother, while combinations of XY and YY are possible from the 

father.

From an error in meiosis I, the theoretical proportion of sex 

chromosomes is 1 XXX : 2 XXY (Figure 5). In this case, an error in the 

mother can lead to the combination of XX, while an error in the 

father leads to the combination of XY exclusively. The made-up of YY 

is impossible in this etiology, because meiotic division I is the 

reduction division, during which homologous chromosomes separate 

to change the ploidy of the cell from diploid (2n) to haploid (n).

Since only one X and one Y chromosome is present in each somatic 

(diploid) cell in the male, nondisjuction of chromosomes cannot lead
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FATHER X Y XY YY

MOTHER

X - XXY XYY

XX

XXX : XXY : XYY

1:2:1

XXX XXY -

FIGURE 4. POSSIBLE ERRORS IN GERM CELL PRECURSORS

FATHER X Y XY

MOTHER

X - XXY

XX XXX XXY -

XXX : XXY : XYY

1 : 2 : 0

FIGURE 5. POSSIBLE ERRORS IN MEIOSIS I
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to the formation of a YY pair.

From an error in meiosis II, the theoretical proportion would 

be 2 XXX : 1 XXY : 1 XYY (see Figure 6). The second meiotic division, 

the equation division, preserves the haploid number of chromosomes 

in a cell. The sister chromatids, of each chromosome separate into 

two separate cells. In the mother, an error would result in the XX 

combination; in the father, an abnormal separation would give rise 

to either XX or YY composition.

Finally, for dispermy, the theoretical values equal 1 XXX : 2XXY 

: 1 XYY (see Figure 7). In this case, naturally, two haploid sets of 

chromosomes can only come from the father. From a Punnett square 

setting up the possibilities for combinations of two sperm 

fertilizing the same egg, it is evident that the XXY combination (XY 

sperm) has twice the chance of occurring as either XXX (XX sperm) or 

XYY (YY sperm).

Since the sex chromosomes composition ratios obtained in this 

study are not identical to any one of the ratios proposed above, it is 

concluded that no single etiology can be postulated for all the 

triploid cases karyotyped in the laboratories which participated in 

this project. However, preferential viability of one type of triploid 

cells over another also has to be accounted for. Final determination 

of parental origin of triploids requires results of DNA studies.

Some emphasis was put in the survey on the occurrence of 

recurring triploidy. Repeated studies on the same patients are rare, 

however, and, thus, only a very small number were reported in the 

questionnaires received from the laboratories. Four of the seven 

laboratories included in the study, have sent in data regarding
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FATHER X Y XX YY

MOTHER

X - XXX XYY

XX XXX XXY -

XXX : XXY : XYY

2:1:1

FIGURE 6. POSSIBLE ERRORS IN MEIOSIS II

MOTHER

FATHER XX XY YY

X XXX XXY XYY

X

X XX

Y XY

PUNNETTS SQUARE FOR DIPLOID SPERM

Y XXX : XXY : XYY

XY 1:2:1

YY

FIGURE 7. POSSIBLE ERRORS IN DISPERMY
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patients who had had more than one abortus/stillborn karyotyped 

(see Table 5). One of the reasons why the other laboratories did not 

make their data available may be the fact that this kind of data is 

relatively difficult to retrieve, that is, harder to retrieve than the 

total number of triploids and their composition of sex chromosomes. 

The way this problem should be addressed is by selecting records in 

a database with matching names and birthdates for cases which have 

the recorded number of chromosomes in cells indicated as 68 or 

higher. Then another check has to be made to exclude cases of 

tetraploidy and/or mosaicism. If data is not stored in a computer 

database, this search has to be carried out "by hand," which is much 

more time-consuming, but not impossible. Another problem is that a 

very small proportion of all women have their abortuses/stillborns 

karyotyped more than once. At laboratory #1, four out of 449 women 

(all cases minus repeated cases) had studies repeated. This figure 

comprises 0.89% of all karyotypes carried out in this laboratory. 

Laboratory #4 has records of three women who have had more than 

one abortus karyotyped, out of a total number of 281 women 

karyotyped. This number makes up 1.07% of all patients. The other 

two laboratories which have provided data on the total number of 

their recurrent studies have not karotyped more than one 

abortus/stillborn from any of their patients (see Table 5). When all 

four labs who sent the information of the total number of repeated 

studies are considered, the percentage of women who have had more 

than one abortus/stillborn karyotyped equals 0.35%.

The problem of these data being so scarce may lie partially in 

the fact that the present study covered only the period of the last
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five years. When consecutive studies are to be considered, this time 

frame may not be sufficiently long to obtain significant numbers. 

Also, due to the system of payment for health care in the United 

States, not many patients have chromosomal studies done on more 

than one of their abortuses/stillborns. A lack of interest in results 

of such a study can be observed among physicians. They only 

sporadically refer patients for chromosomal studies more than once.

Because of the fact that the number of studies repeated on the 

same patients is so low, the number of patients with recurring 

triploidy cases found is very low. At the two laboratories which 

have reported studying at least one patient more than once, two 

cases of triploids were found in one of the labs, and no recurrent 

triploids were indicated in the other lab. These figures give the 

ratio of two out of seven women studied more than once who had 

recurrent triploidy. These numbers come out as 28.57% of recurring 

triploids from patients studied more than once. The numbers, 

however, are far too small to be meaningful.

Out of the four recurring cases compiled in this report in 

which triploidy was repeated each set of recurring triploids had a 

different sex chromosome composition. The summary of the sex 

compositions of abortuses/stillborns from patients studied twice is 

presented in Table 7. As the table shows, both maternal and 

paternal origins of recurrence are possible in three cases and 

paternal origin is indicated in the one case with two XYY abortuses.

There are few reports in the literature describing the 

incidence of recurring triploids. Boue and Boue (1973) in their 

chromosomal analysis of two consecutive abortuses in each of 43
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TABLE 7. Sex composition for all reported recurrent triploids

XXY;XXX

XYY/YY

XXX/XX

XXY;XXY
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women found one case with repeated triploidy. The sex

chromosomes composition for that set was XXX/XXX. Warburton et 

al. (1987) conducted a larger survey of women with two karyotyped 

spontaneous abortions. Their project included 273 patients. Out of 

that total number, 125 patients were studied in New York City and 

148 patients were studied in Honolulu. Of the New York City sample, 

one patient had two triploid spontaneous abortions (0.8%); of the 

Honolulu sample, three patients had repeated triploidies (2.03%).

The total number of patients studied in this report is much larger 

than the number of women studied by Boue and Boue (1973), but the 

difference in percentage values between the two sets of data 

studied by Warburton et al. is significant. Further research is 

needed to confirm these findings. The present study cannot be of 

much help in this respect since the numbers obtained in this study 

are too low.

The proportion of liveborn triploids has also been analyzed. 

Overall, twelve cases of liveborn triploids have been reported. When 

the figures from the seven laboratories participating in the survey 

are added together, the results obtained indicate that 2.58% of all 

triploids studied survive until birth. In other words, one liveborn 

triploid has been studied for every 44-45 aborted/stillborn 

triploids.

Most of the literature on liveborn triploids consists of case 

reports. The vast majority of infants who survive past a few days 

of life are diploid/triploid mosaics (Book et al., 1962; Ferrier et al., 

1964; Wiedemann et al., 1964; Baily, 1964; Kohn et al., 1967; Schmid
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and Vischer, 1967; Sherard et al., 1986). There are, however, some 

completely triploid individuals who survive for some time after 

birth (Edwards et al., 1967; Niemann-Seyde, 1993; Schmickel et al., 

1971; Finley et al., 1972; personal communication, Priest, 1994). 

Edwards et al. (1967) assumed an incidence of less than one triploid 

in 20,000 births, many of which are probably overlooked due to death 

in utero or very soon after delivery. The results obtained from our 

study cannot be compared with those obtained by Edwards et al., 

because theirs are just estimates while ours have been compiled 

from actual data.

The report given in this paper adds much validity to the 

analyses of triploidy which have appeared in the literature thus far. 

Being such a large project, it is important that it confirms the 

essential findings of other studies. It also adds new information, 

particularly on the issue of the recurrence of triploidy. The sex 

chromosome composition of sets of recurring triploids has never 

been studied before. Though the data on recurrent triploidy is rather 

limited, the results show clearly that all possible combinations of 

sex chromosomes can be found in recurring triploids. No correlation 

has been found between the sex chromosome composition of the first 

abortus and that of the second one. This finding allows for the 

conclusion that there is no correlation between composition of sex 

chromosomes in two consecutive pregnancies. To assess the 

frequency at which particular combinations are found a bigger study 

is needed.

The research project suggested above, which would attempt to 

calculate the relative proportions of different combinations of sex
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chromosome compositions in recurring cases of triploidy, would 

have to put special emphasis on the particular problem of 

recurrence. As is evident from the results of the survey carried out 

in the present study, when the questionnaire presented to the 

laboratories includes many other aspects of triploidy, questions on 

repeated karyotypes on the same patients are often omitted. As 

mentioned above, this may result from the fact that this kind of data 

is considerably harder to reach than data concerning cases of 

triploidy studied only once for each woman. Furthermore, a longer 

period of time, preferably ten years or longer, needs to be 

considered since many patients simply have not had two pregnancies 

within the period of five years.

This project would also be extended in the future if DNA 

polymorphisms to determine parental origin are done on abortuses of 

women who have had at least two triploids.

Some crucial summary points of this study have been 

compiled in the Summary on the following page.
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Summary

• Summary points--this study

1. Triploidy is found in about 6% abortuses/stillborns studied.

2. Mean sex composition of all triploids is 53% XXY, 43% XXX, 4% XYY.

3. Ratio of XXY : XXX is 1 : 0.81 indicating that no single theoretical 

etiology prevails.

4. Only about 1% of women having an abortus karyotyped have a 

repeated abortus karyotyped.

5. Of all triploids studied, about 3% are liveborn.
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APPENDIX A
8/8/94
Protocol for special studies on triploid abortuses

Terry Hassold, Case Western Reserve, Medical Genetics, Cleveland will run molecular 
studies on fetal tissue and parents. He will attempt to determine parental and meiotic

• origin of the abnormality. As part of this analysis it is possible to tell dispermy from
diploid sperm as the source of triploidy (see attached diagram). He is also studying X 
inactivation (methylation patterns) in triploidy.

Protocol

1. Both parents need to sign special informed consent form.

2. Information sheet for Hassold’s lab needs to be filled out.

3. Fetal tissue is cultured or stored in liquid nitrogen and mailed by overnight delivery 
to:

Dr. Terry Hassold
Department of Genetics. 709B BRB
Case Western Reserve University, School of Medicine
2109 Adalbert Rd
Cleveland, OH 44106 
Attn: Michael Zaragoza 
Lab phone: 216-368-6225

Call before sending.
Specify tissue or culture types sent.
Cultured ceils are shipped as monolaye in 25cm2 flask filled with medium.
Frozen tissue is shipped on dry ice.

4. Draw two Na heparin tubes (green top) from each parent and mail to above address 
If father is not available, send mother’s blood. Before shipping refrigerate but do not 
freeze the sample. Ship in double enclosed biosafety packaging by overnight delivery



APPENDIX B
PROTOCOL FOR SHIPMENT OF BLOOD SAMPLES FOR CHROMOSOME AND DNA 

STUDIES

For chromosome analysis:

• 1. Collect 3-5 cc blood and place in green top (sodium heparin) 
vacutainer tubes.

Before shipping, refrigerate (BUT DO NOT FREEZE) the sample.

Ship in an appropriate, non-breakable container. Be sure to use a 
shipper that guarantees same day or overnight delivery (e.g. Federal 
Express).

" 2.

'AV 3.

For DNA analysis:

1. Collect 10-15 cc blood and place in green top (sodium heparin) 
vacutainer tubes. (For small infants or children, try to obtain at least 
5 cc).

2. Before shipping, refrigerate (BUT DO NOT FREEZE) the sample.

3. Ship in an appropriate, non-breakable container. Be sure to use a 
shipper that guarantees same day or overnight delivery (e.g. Federal 
Express).

NOTE:
- - Be sure all tubes are labeled properly and capped tightly.
- - If you do not have the appropriate tubes or shipping containers,

please contact us and we will send them to you.
Please contact us before sending the samples to us. It is essential that 
you use a shipper with same day/overnight delivery and the samples 
arrive in our laboratory Monday-Friday. DO NOT send samples on a 
Friday or a Saturday, as they will arrive here over the weekend.

- - Please complete the attached patient information form and have the
patients read and sign the enclosed consent forms.

-- If you have any questions please contact us at (216) 368-6225.

MAILING ADDRESS: Dr. Terry Hassold
Dept. of Genetics, 709B BRB
Case Western Reserve University, School of Medicine 
2109 Adelbert Rd.
Cleveland, OH 44106
(216) 368-6225 or (216) 368-3433



APPENDIX C
UNIVERSITY HOSPITALS OF CLEVELAND
PATIENT CONSENT FOR INVESTIGATIONAL STUDIES

TITLE OF PROJECT: Molecular and 
Cytogenetic Studies of Human 
Spontaneous Abortions.

Page 1 of 2

DESCRIPTION OF STUDY: I have been invited to participate in a study of the cause 
of miscarriages. Physicians and geneticists of the Departments of Genetics, 
Pathology, and Reproductive Biology at Case Western Reserve University in 
association with University Hospitals of Cleveland hope to learn exactly why 
miscarriages are so common and why my particular pregnancy miscarried. The 
geneticists will perform tests that have the capability of determining chromosome 
status and the presence or absences of certain genetic markers. I was selected as 
a possible participant in this study because I had a miscarriage of a type toward 
which this study is directed.

If I decide to participate, the investigators will obtain a small (one ounce) blood 
sample from me and from the father. These samples will be analyzed to compare the 
DNA content of my chromosomes with those of the miscarriage in an attempt to 
determine the cause of the miscarriage. This study is funded by a grant from the 
federal government, and therefore, the study related tests will be provided at no 
cost to me.

RISKS: The taking of blood by venipuncture is a standard medical procedure. 
There is slight discomfort and minimal risks of bruising and infection associated with 
routine blood sampling.

BENEFITS: The investigators may learn some information about the cause of my 
recent miscarriage but the study may also not provide any direct benefit to me. All 
information will be shared with my physician and myself.

ALTERNATIVES: I am free not to participate in the study and my care would not be 
affected in anv wav.

CONFIDENTIALITY: All information obtained during this study will be kept
confidential. My test results will be shared with my physician and potentially the 
Institutional Review Board and the National Institute of Health. My name will not be 
used in reporting the results of the study.



"APPENDIX C CONT.
UNIVERSITY HOSPITALS OF CLEVELAND
PATIENT CONSENT FOR INVESTIGATIONAL STUDIES

TITLE OF PROJECT: Molecular and 
Cytogenetic Studies of Human 
Spontaneous Abortions.

Page 2 of 2

_____________ .______________ , has described to me what is going to be done, how it
is going to be done, the risks, hazards and benefits involved, and will be available 
for questions at (216) 368-3433. I understand that my decision to participate or not 
to participate in this study will not alter my usual health care. In the use of 
information generated from this study, my identity will remain anonymous. I am 
aware that I may withdraw from this study at any time. I further understand that 
in the event of physical injury or illness occurring to me resulting from the research 
procedures, University Hospitals will not provide free medical care or compensation 
for lost wages. Further information with respect to this topic is available from the 
Office of the Chief of Staff. I understand that by signing this consent form, I do not 
waive any of my legal rights nor does it relieve investigators or suppliers of liability, 
but merely indicates that I have been informed about the research study in which I 
am agreeing to participate. A copy of this form is available to me upon request.

Signature___________________________________________ Age_______ Date_________________

Witnessed by______________________________________ ___ __________  Date________________
(Signature of Physician Investigator)

Witnessed by_______________________________________ _______ ______ Date________________

XRB
4/89



APPENDIX D
Fetal PMCL No: _____________

Date sample received: _____________

Family Name:__________________________ __________________
Last First

SAMPLE INFORMATION:

Referring Physician: ______________________________________________

Address:___________________________________________________________________

Phone:______________ _____________________________________________________

Hospital Pathology No: __________________ Medical Record No: ________________________

LMP_________  SAB________Gestational Age (from LMP) at time of SAB_________________

PARENTAL INFORMATION

Parental participation in SAB study [ ] Declined [

Father's Name: ___________________________
Last First

DOB: _________________
Month Day Year

Date Sample Received: ________________

Mother’s Name: ___________________________
Last First

DOB: _________________
Month Day Year

Date Sample Received: ______________

Age at LMP: ___________

] Accepted [ ] Not contacted

Clinical Lab No/ Patient No._________

Home Phone: ___________________

Work Phone: ____________________

Clinical Lab No/ Patient No.________

Home Phone:_____________________

Work Phone: ____________________

Address for correspondence:



APPENDIX D CONT.
PMCL No:__________

MATERNAL REPRODUCTIVE HISTORY: 
Chronological order:

DOB Outcome
(SAB, TAB
Term, etc) Sex

Gestational 
Age (weeks) If abnormal, how?

Summary: Gravida___  Para____ SAB____ TAB Term____ Stillborn____

LABORATORY RESULTS:
Fetal Cord Membrane CV

Culture: Tissue type received ____ ____ ____

Days until harvest ____ ____ ____

Cytogenetic results:

ID No

Fetus Father Mother
/

t Result

Cell Line 1

Cell Line II



APPENDIX E
Department of Medical Genetics SHODRIR
Genetics Laboratory
840 Helena Avenue PO Box 5539
Helena. MT 59604
Phone: (406) 444-7532

FAXIMILE TRANSMISSION FORM
Fax Number (406) 444-7536

Date: 10/12/94
To Fax No:
Attn:
At:
From: Jean Priest
No. of pages to follow: 1
Please advise if any part of this transmission is illegible or if pages are missing.

NOTES:

This memo proposes that the MSRGSN cytogenetic laboratories cooperate for a study 
designed to assess the etiology of triploidy in humans. One interesting question is 
whether there are risk factors for recurrence. A preliminary literature review indicates 
there is little information about this latter problem except that some women do have two 
triploid abortuses. When a 3n abortus karyotype is diagnosed, a common question 
asked by parents is whether this event can happen again. There are empiric figures for 
trisomy but not for triploidy.

Terry Hassold, Case Western Reserve, Department of Genetics^ has expressed a 
willingness to use DNA markers for analyzing parental and meiotic stage of origin of 
the additional haploid set. Parental bloods would need to be sent to his laboratory, as 
well as cultured cells (preferably more than one tissue type) from the abortus.

To assess interest in this study and to determine initial numbers and sex types of 3n 
cases in our region would you be willing to fill out the attached form, regardless of 
whether or not your laboratory is interested in participating in the full study? Could I 
have the form back at your earliest convenience but in any case not later than 
November 1, 1994?



APPENDIX F
PROPOSED MSRGSN TRIPLOID STUDY

10/11/94

Laboratory name:

* Person filling out the form:

Date form is filled out:

Number (past 5 years)

Abortuses/ stillborns karyotyped ______

Triploid karyotypes ______

Of these, how many were? XXY ______

XXX

XYY

Patients with two or more abortuses/ stillborns karyotyped ______

Of these, how many had two or more triploids? ______

List sex composition for each set of recurrent 3n:

A

Liveborn triploid ______

• We are interested in participating in a regional triploid study Yes_____  No_____

Return this form by November 1, 1994 to:

Jean Priest, MD, Laboratory Director 
Shodair Genetics Laboratory 
840 Helena Avenue, PO Box 5539 
Helena, MT 59604-5539 
FAX: 406-444-7536
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