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ABSTRACT

Ten to fifteen percent of all recognized human pregnancies result in 

fetal loss (Gardner and Sutherland 1996). Of these deaths, many are the 

result of chromosomal abnormalities. G banding with karyotype,I

fluorescence in situ hybridization (FISH), marker analysis of DNA 

polymorphisms, and fetal autopsy were examined as methods of 

diagnosing genetic abnormalities. They were compared based on their 

advantages and limitations. The financial implications of fetal loss and the 

role of genetic counseling were also examined. Additional consideration 

was given to mosaicism, maternal cell contamination, and the value of 

knowing the parent of origin of the additional chromosome(s). Particular 

emphasis was placed on studying the two chromosomal abnormalities 

trisomy 13 and triploidy.
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INTRODUCTION

Fetal loss in humans has numerous effects on people. Many women who 

experience a fetal loss feel isolated and responsible for the deaths of their fetuses. 

Few people, however, know that approximately 10-15% of all recognizedI

pregnancies end in fetal loss (Gardner and Sutherland 1996). Of the fetal deaths 

that occur, many are the result of chromosomal abnormalities. The rapidly 

progressing field of genetics, including genetic testing, fetal dysmorphology, and 

genetic counseling, can be instrumental in providing answers for the families who 

experience genetic abnormality-related fetal loss.

“Fetal loss,” “spontaneous abortion,” and the more common term 

“miscarriage” are all names used to describe the intra-uterine death and expulsion of 

an embryo (conception to eight weeks of gestation) or a fetus (after the eighth week 

of gestation) before the fetus is viable, or able to live outside the womb. This fetal 

loss can occur any time prior to about 20 weeks of gestation, when the pregnancy is 

in the middle of the second trimester. “Fetal death” is a broader term that applies to 

the death of any embryo or fetus before expulsion or delivery can occur. Fetal death 

can be further categorized into early, in the first 20 weeks of gestation; middle, 

during weeks 21-28; and late, after 28 weeks (Stedman 1995).

The causes of fetal loss can be roughly subdivided into those that are the 

result of genetic abnormalities and those that are not. Genetic abnormalities 

involving alteration in the number of chromosomes present form a majority of the 

anomalies that result in fetal loss. Two categories of these genetic abnormalities are 

aneuploidy and polyploidy.
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Euploidy is the normal state when cell division and disjunction of the

chromosomes occur properly, and one copy of each chromosome is delivered to
ib

each cell. For diploid organisms, like humans, the delicate balance of two copies of 

each chromosome is important. When variations, called aneuploidy, occur in the 

number of copies present, drastic changes can occur in the phenotype of the cell 

and organism.

Generally, aneuploidy involves a variation in one or a small number of 

chromosomes. Trisomy is the state in which one extra chromosome is present, in 

addition to the diploid complement of chromosomes. Trisomy is often denoted as 

(2n + 1) to show the “diploid plus one” state. The presence of extra genetic material 

disrupts developmental processes.

Monosomy is another aneuploid state, in which a diploid set of chromosomes 

is lacking one chromosome. Monosomy of an autosomal chromosome is rare 

because, in addition to upsetting the balance of genetic material, it increases the 

chance that a lethal gene on the hemizygous chromosome will prevent development. 

Monosomy of the sex chromosome X is prevalent, though. Monosomy X is 

recognized in live-born infant females at a rate of 1 in 1000 newborn females 

(Simpson et al. 1982). Monosomy X, also known as Turner’s Syndrome and 

denoted as 45,X, is compatible with development and life because in normal females 

one of the two X-chromosomes is almost completely inactivated. Thus, a patient 

with monosomy X is only missing the expression of 20 or more genes that are not 

inactivated on the second X chromosome (Mange and Mange 1999). While the loss
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of expression of 20 genes seems greatly significant, it pales in comparison to the 

loss of thousands of genes when an autosomal monosomy occurs.

Additional sex chromosome aneuploidies, besides monosomy X, are 

frequently recognized in the human population. These include 47,XYY and 47,XXY 

(Kleinfelter Syndrome), which result in males, and 47, XXX, which results in the 

female phenotype.

Polyploidy is a condition in which more than two haploid sets of chromosomes 

are present. Triploidy, the most prevalent form of polyploidy, occurs when three 

haploid sets of chromosomes are included in every cell. It is denoted as 3n.

Another type of polyploidy is tetraploidy (4n). While polyploidy is common 

throughout the animal kingdom—occurring in amphibians, fish, and mollusks, for 

example—polyploidy in humans is not compatible with life outside the womb 

(Griffiths et al. 1996). Polyploidy, particularly triploidy, accounts for about 20% of all 

spontaneous abortions with chromosomal abnormalities (Jones 1997). In addition, it 

is estimated that 2% of all conceptuses are triploid (Jones 1997).

Most Common Genetic Abnormalities for Each Trimester

The physical development of a fetus depends on the occurrence of particular 

events at specific times during development. Genetic abnormalities present 

identifiable hurdles to the various aspects of growth. When a genetic abnormality 

presents an insurmountable obstacle, the fetus dies. In this way, a genetic 

abnormality that prevents a particular development—of the heart, for example—will 

commonly result in the fetus’s death at the stage of pregnancy when the functional 

heart becomes an integral and necessary organ. Thus, it is helpful to correlate
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genetic causes of fetal loss with the stages of pregnancy in which they commonly

occur.

Chromosomal abnormalities are associated with 50-60% of fetal deaths that 

occur during the first trimester (Simpson et al. 1982). Because those embryos with 

genetic abnormalities have greater difficulty implanting properly in the uterus, it is 

difficult to estimate how many and what kinds of genetic abnormalities affect 

preimplanted and early-implanted embryos that terminate in spontaneous abortion 

(Simpson et al. 1982). As Simpson et al. noted, “The earlier the gestational age [of 

loss], the higher the frequency of chromosomal abnormalities[; thus] more severe 

genetic abnormalities are less likely to survive embryogenesis and differentiation” 

(Simpson et al. 1982). Many times, these early losses preclude the recognition of 

the pregnancy state. During the first trimester, autosomal trisomies, in particular, 

account for about 50% of chromosomally abnormal abortions, polyploidy (especially 

triploidy) makes up about 20%, monosomy X comprises 25%, and structural 

abnormalities comprise the other 5% (Simpson et al. 1982).

Among the autosomal trisomies, trisomies for chromosomes 13,16,18, 21, 

and 22 are the most commonly seen trisomies occurring in first trimester abortuses. 

Trisomies for all autosomal chromosomes, with the exception of chromosome 1, 

have been diagnosed. Trisomy 16 is the most common condition seen in first 

trimester abortuses with autosomal abnormalities, but it is rarely seen in fetal deaths 

of later gestation or in live births. “Many trisomies,” wrote Simpson et al., “observed 

in spontaneous abortions have never been observed in live births, presumably
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because the associated phenotype is incompatible with life; very few trisomic 

embryos survive until birth” (Simpson et al. 1982).

During the second trimester the percentage of fetal losses due to 

chromosomal abnormalities drops from 50-60% to about 34% (Ruzicska and CziezelI
1971). While polyploidy is a rare cause of second trimester genetic aberrations, 

autosomal trisomies and monosomy X continue to be present in many of the fetal 

losses. Very few trisomy 16 cases are recognized, perhaps because it is so lethal 

during the first trimester. In second trimester abortions, abnormalities involving 

chromosomes 13,18, 21, X, or Y are more commonly seen.

The decreasing prevalence of chromosomal abnormalities continues in the 

third trimester. Approximately 5-10% of stillbirths are complicated by chromosomal 

anomalies, with trisomy 18 being the most common (Simpson et al. 1982).

One of 160 liveborn infants has a demonstrable chromosomal abnormality 

(Jacobs et al. 1974). The most common aneuploidies involve trisomies of 13,18,

21, and X, in addition to monosomy X. Trisomy 21, known as Down syndrome, is 

the most prevalent and widely recognized autosomal chromosomal abnormality and 

occurs in 1 of every 800 liveborn infants (Hook and Hamerton 1977). Known 

phenotypically as Edwards syndrome, trisomy 18, occurs in 1 in 8000 live births 

(Edwards et al. 1960). Trisomy 13, Patau syndrome, is estimated to occur in 1 of 

12000 (Mange and Mange 1999) to 1 of 20000 livebirths (Simpson et al. 1982). 

Chromosomal aneuploidies of the sex chromosomes are more commonly seen than 

trisomies 13 and 18. Genotypes of 47,XYY; 47,XXY (Kleinfelter syndrome); and 

45,X (monosomy X) have incidence rates of 1 of 1000 in newborns, while 47,XXX
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occurs at a rate of 1 in 2700 births (Simpson et al. 1982). Errors of ploidy, 

particularly triploidy, are rare in liveborn infants because the extreme nature of these 

chromosomal aberrations prevents most fetuses from surviving to term.

The determination of incidence of chromosomal abnormalities is limited by 

bias of ascertainment. A laboratory that performs diagnostic tests on a large 

population of both normal and abnormal fetuses will determine a different incidence 

rate for an abnormality than a laboratory that tests only fetuses suspected of having

chromosomal abnormalities.

For the 40-50% of fetal losses that are not affected by chromosomal 

abnormalities, there are a variety of possible explanations for the losses. Studies 

have connected spontaneous abortion to maternal smoking during the prenatal 

period (Chatenoud et al. 1998), cervical incompetence (van Idekinge and Hofmeyr 

1991), and other general medical disorders, such as diabetes (Casson et al. 1997), 

heart disease (Winkelstein 1995), and obesity (Norman and Clark 1998).

Cause of Aneuploidv

A malfunctioning of the disjunction of chromosomes during anaphase causes 

the variation in chromosome number that results in aneuploidy. If the spindle fibers 

do not properly attach to the centromere, the sister chromatids will not be separated 

during mitosis or meiosis II. Likewise, if the malfunction occurs during meiosis I, the 

homologous chromosomes will not be separated. Nondisjunction is the term used to

describe the condition that occurs when the chromosomes or chromatids are not

properly separated.
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While the nondisjunction that results in aneuploidy can occur in either 

paternal or maternal gamete formation, most cases are due to maternal 

nondisjunction. In addition, nondisjunction that results in aneuploid fetuses has 

been strongly linked to advanced maternal age (AMA). The relationship between 

AMA and Down syndrome (trisomy 21) has been strongly correlated, while the risk 

of having a newborn with a different aneuploidy (such as trisomy 13; trisomy 18; 

47,XXY; 47,XXX; or 47.XYY) is less strongly connected to AMA (Simpson et al. 

1982). Advanced maternal age is thought to contribute to nondisjunction. In this 

theory, as the mother’s egg cells age, they lose that ability to properly organize their 

microtubules, from which the spindles are formed. Weak, malformed, or 

nonfunctioning spindle fibers are less likely to attach properly to the chromosomes, 

possibly resulting in nondisjunction. Advanced paternal age is not linked with 

nondisjunction because males continuously produce new sperm cells late into their 

lives, ensuring that the fertilizing sperm is no more than a few weeks old. Female 

eggs are produced during fetal development and arrested in cell division. The egg 

completes division by shedding the second polar body following fertilization. Thus, 

at the time of fertilization, the egg is as old as the woman herself.

Nondisjunction is not exclusive among older women. Younger women’s germ 

cells are also at risk of nondisjunction, as evidenced by the births and spontaneous 

abortions involving aneuploid newborns and fetuses that occur to younger women. 

This incidence in younger women is understandable considering more women of this 

age range are bearing children than women of older age groups. The percentage of 

the maternal population experiencing aneuploid pregnancies, however, increases
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among older age groups. While about 1 in 500 pregnancies of young mothers are 

chromosomally abnormal, the estimated rate of abnormalities in liveborn infants is 1 

in 270 for age 30,1 in 80 for age 35, and 1 in 20 for age 45 (Hook 1981).

Aneuploidy can occur in any cell type. When an aneuploid gamete cell is 

fertilized, all the derived cells of the embryo and fetus will also be aneuploid. If 

nondisjunction occurs in a somatic cell of the developing embryo, some of the 

embryo’s cells will be normal diploid, while the cells descended from the one 

aneuploid cell will also be aneuploid. This situation results in mosaicism. The 

percentage of the cells afflicted with aneuploidy will determine the phenotype of the 

organism. Low-level mosaicism may present few phenotypic signs of aneuploidy, 

and the fetus may survive to term and live a relatively normal life. Higher levels of 

mosaicism, on the other hand, may mimic full aneuploidy and all its phenotypic 

signs. In addition to the fetus, the placenta may exhibit mosaicism.

Causes of Triploidy

Most of the time, the additional haploid set of chromosomes in triploidy is 

paternally derived. In 66% of cases, the cause of triploidy is due to double sperm 

fertilization. In addition, 24% of triploidy cases are due to fertilization by a diploid 

sperm. The remaining 10% of triploids are due to fertilization of a diploid egg. In 

these instances, the egg likely has failed to shed the second polar body, which 

contains a haploid set of chromosomes. Unlike in many cases of trisomy, triploidy is 

not linked to advanced maternal or paternal age. According to Jones, there is not an 

increased risk of reoccurrence in subsequent pregnancies (Jones 1997), although 

other sources suggest a small increase of 0.5% to 1.5%.
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Case Studies

Two particular genetic abnormalities are relevant to this thesis-trisomy 13 

and triploidy. Two spontaneously aborted fetuses, each with one of these genetic 

abnormalities, were sent to Shodair Hospital for genetic testing and analysis. These 

two cases provided the fetal material for my study.

Trisomy 13

The aneuploidy trisomy 13 syndrome is characterized by the presence of 

three complements of chromosome 13. The most common abnormalities include 

the following: severe mental defect and holoprosencephaly; apparent deafness; 

abnormalities of the eye; capillary hemangiomata and loose skin on the posterior 

neck; numerous defects of the hands and feet, including camptodactyly, polydactyly, 

overlapping of the fingers and toes, and posterior prominence of the heel; and 

ventricular septal defect (Jones 1997). The median survival rate for live-born infants 

with trisomy 13 is 2.5 days (Jones 1997). Eighty-two percent of neonates with this 

condition die within the first month, while only five percent live beyond six months 

(Jones 1997). It has been shown by ultrasonography that trisomy 13 fetuses display 

significant growth restriction during the first trimester (Bahado-Singh et al. 1997).

Trisomy 13 has been linked with advanced maternal age, both in 

spontaneous abortions and live births (Smith, Patau, and Therman 1961; Smith 

1964; Jacobs et al. 1987). The incidence of trisomy 13 in liveborn infants is 

estimated between 1/5,000 (Jones 1997) and 1/20,000 births (Simpson et al. 1982). 

Jacobs et al. (1987) examined 44 simple trisomy 13 cases and found that the mean 

gestational age for these fetuses was 79.8 days, during the first trimester. Because
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so many trisomy 13 fetuses abort early in the pregnancy, and yet a recognizable 

proportion survive to live birth, it is suggested that “there may be specific stages in 

development at which trisomic 13 conceptions are particularly likely to die” (Jacobs 

etal. 1987).

Triploidy

Of the types of polyploidy, only triploidy has been recognized in fetuses in 

later stages of pregnancy and at birth. While some cases of mixoploid, mosaic 

triploidy (46,XX/69,XXX) have lived beyond the neonatal period, no fully triploid 

infant has survived long after birth.

Common abnormalities associated with triploidy include the following: large, 

hydatidiform placenta; brain anomalies; septal defects of the heart; syndactyly of the 

third and fourth fingers; and disproportionate prenatal growth deficiency (Jones 

1997).

Diagnosis of Genetic Abnormalities

Four methods of laboratory study can be utilized to determine if genetics 

contributed to the fetal or neonatal loss. They are G banding and karyotyping, 

fluorescence in situ hybridization (FISH), DNA analysis by microsatellite markers, 

and fetal autopsy. Each method provides unique information that helps solve the 

puzzle of fetal loss.

G Banding and Karyotyping

Together, the processes of G banding and karyotyping form the most 

common method for diagnosing both triploidy and aneuploidy. G banding is a 

differential staining technique that clearly identifies each of the chromosomes.
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Karyotyping is the process of counting and analyzing the structures of the 

chromosomes present in a cell and arranging the paired homologous chromosomes
♦

in an ordered array.

Sumner et al. developed the Giemsa staining procedure (Sumner et al. 1971) 

The process is useful because it stains homologous chromosomes with easily 

differentiable, high-resolution bands. In addition, the cells can be analyzed under a 

simple light microscope, rather than the fluorescent photomicroscope that is 

necessary with previous staining techniques.

Differential stains, like the Giemsa stain, work because they utilize minute 

variations within chromosomes, such as the packaging, base composition, and 

timing of DNA replication (Gustashaw 1997). In particular, dark staining G bands 

are rich in adenine -thymine nucleotides (Gustashaw 1997). Fixation of the cells in 

3:1 Methanol: Glacial Acetic Acid is an important step because it removes a portion 

of the histone and non-histone proteins (Gustashaw 1997). Curtis and Horobin 

suggest that the loss of the hydrophilic histone proteins encourages hydrophobic 

bonding and, thus, more selective G banding (1982).

Treatment with trypsin, a proteolytic enzyme, is also important. 

Chromosomes that are undertrypsinized have little contrast and indistinct bands, 

while overtrypsinized chromosomes have sharp bands and overpowering contrast.

In addition, these chromosome ends appear frazzled and the telomeres pale

* (Gustashaw 1997).

Once the chromosomes of a cell are stained to create G bands, the cells can

be viewed under a light microscope. To karyotype the chromosomes, the cut out
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images of the chromosomes are organized by size and centromere-placement and

then are paired in homologous sets based on their banding patterns. A karyotype
ft

provides an organized, conventional means of quickly seeing the presence of 

aneuploidy and analyzing all of the chromosomes for structural abnormalities. 

Fluorescence in situ Hybridization (FISH)

While G banding is widely recognized as the “gold standard” method for the 

diagnosis of aneuploidy, FISH provides confirmation of results from G banding or 

suspicions raised during fetal autopsy. Using fluorescently labeled DNA probes 

unique to specific locations on each chromosome, FISH can be performed on 

interphase nuclei. Because the sample cells do not need to be actively dividing, as 

in G banding, it is not necessary to culture the cells (Gardner and Sutherland, 1996), 

a process that is time consuming and expensive. In the FISH process, a probe 

specific to a particular chromosome hybridizes to all the copies of that chromosome 

in the cell. Results are visualized when the ultraviolet lamp of a fluorescent 

microscope excites the labeled probes. All chromosomes bearing the label will give 

off excited energy as light. For example, three fluorescent signals when using a 

probe for chromosome 13 would signify a trisomy 13 cell.

DNA Analysis

Through DNA analysis, it is possible to screen a DNA sample for evidence of 

aneuploidy involving the chromosomes 13,18, 21, X, or Y, as well as to determine

* the parental source of the extra chromosome or set of chromosomes, as in the case

of triploidy. To understand the role DNA plays in the diagnosis of aneuploidy and 

polyploidy, it is important to understand the particulars of DNA that allow for
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analysis. Throughout the genome, there are 50,000-100,000 regions of dinucleotide 

repeats of the bases cytosine and adenine, which are called small tandem repeats 

(STR) or microsatellites. Generally, a CA region has between 15 and 30 repeats 

(Weber and May 1988), thus numerous alleles present within the human population. 

A cell, for example, will have a maternally inherited chromosome with a STR with an 

identifiable number of CA repeats, and the paternal chromosome will likely have a 

different number of CA repeats.

Because the nucleotides of the STR make up perhaps less than a hundred of 

the billions of nucleotides in the DNA of a single cell, direct isolation of the sequence 

from the genomic DNA is impossible. With the use of the polymerase chain reaction 

(PCR), however, the specific STR region can be preferentially amplified and 

identified. The PCR technique provides all the components necessary to amplify a 

particular sequence millions of times. At a high temperature, the DNA is denatured, 

when the double strands separate from each other. At a second temperature, a 

DNA primer anneals to the DNA sequence immediately flanking the STR to be 

replicated. In a third and final step, the temperature-resistant Taq polymerase- 

isolated from the thermophilic bacterium Thermus aquaticus-creaXes a new DNA 

strand complementary to each of the original templates. Once again, the two newly 

completed DNA strands are each denatured to create four template strands.

Primers anneal, and the polymerase creates complementary strands. This process 

is repeated for 20-30 cycles, during which the single STR region is replicated to 

produce over a million copies. When fluorescently labeled primers are used, each 

resulting copy of DNA is fluorescently marked. The ABI Genetic Analyzer
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recognizes the number of repeats within each replicated and labeled STR and the 

relative quantity of the STR. Thus, in a normal diploid cell with heterozygous alleles 

for a characteristic STR, the Genetic Analyzer recognizes the two different STRs by 

size, one paternally contributed and the other maternally derived. Both STRs should 

be represented in equal quantities. In a trisomic cell, however, there may be three 

different STRs or two types of STRs, where one of the STRs is present in twice the 

quantity of the other.

Because the maternal and paternal chromosomes can often be distinguished 

by their STR alleles, the procedure of quantitative fluorescent-polymerase chain 

reaction (QF-PCR) can be used to determine from which parent the extra 

chromosome (in aneuploidy) or set of chromosomes (polyploidy) came. The DNA of 

the fetus is amplified for the STR on the chromosome in question. Likewise, the 

particular STR is amplified and analyzed for the parents.

To understand how analysis of STR markers can determine the parent of 

origin for the extra chromosome or set of chromosomes, consider this example. The 

mother has alleles of 24 and 35 repeats; the father has repeats of 19 and 27. If the 

trisomic fetus has alleles of 19, 24, and 35, it can be deduced that the mother was

the source of the third chromosome. If the fetus has 19, 19, and 24, the analysis 

shows the father is the source of the aneuploid contribution.

Multiplex-PCR is a variation of standard PCR in which multiple DNA locations 

are amplified simultaneously. For this to occur, primers for each of the sequences 

desired are contained in the PCR mixture. Henegariu et al. described how to 

multiplex the multiple primers to get the best overall results (Henegariu et al. 1997).
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This involves varying the concentrations of components, temperatures, and lengths 

of times of various steps of the cycle.

Multiplex-PCR can be performed with fluorescent primers to yield a

quantifiable fluorescent method, as described previously. With the multiplex system
1 ■■■

however, it is possible to test simultaneously for multiple STRs. In addition to using 

this technique to identify cases of polyploidy, this method is being developed as a 

prenatal screen for the common aneuploides that involve chromosomes 13,18, 21, 

X, and Y (Pertl et al. 1997; Findlay et al 1997; Mansfield 1993).

Fetal Pathology/Autopsy

The autopsy of an aborted fetus or stillborn infant is important to both the 

family and society for a number of reasons. A physical examination of a fetus may 

provide clues to the cause of death, and from this, may suggest a chance of 

reoccurrence in the family. In addition, an autopsy helps indicate when further 

chromosomal studies are necessary. On the societal level, recognition of the 

causes of fetal death is important for estimates of incidence.

Primarily, the autopsy ideally indicates the cause of death. Understanding 

why the fetus died and how the abnormalities developed are important factors to the 

family. By attaching meaning to the fetus’s death, the parents can begin to work 

through their grief.

Some chromosomal abnormalities, such as trisomy 13 and triploidy, exhibit 

characteristic anomalies. By screening fetal deaths for these traits, the medical 

examiner may recognize an abnormality and order further cytogenetic or molecular 

genetic study on the fetus.
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By recognizing if the cause of death is genetic, the fetal pathologist is able to 

help estimate the chance of the reoccurrence of fetal loss. If the cause of death is 

not related to the fetus, insight may be gained from examining the mother or the 

environment. If, however, the cause is related to a fetal defect, medical 

professionals can explain how the situation—particularly if it is genetic-related— 

came about. Through counseling to present these facts to the parents, the parents 

may be absolved of guilt they place on themselves for causing the fetus’s death.

On a wider scale, the role of the autopsy is important because it adds to 

regional and national statistics (Keeling 1987). By recognizing the causes of fetal 

mortality, epidemiologists can develop a greater understanding of the incidence of 

genetic abnormalities. When three cases of trisomy 13 surfaced in Missoula, 

Montana, in July 1997 within three weeks of each other, epidemiologists were

alerted. Scientists studied both environmental conditions of the area and the

families’ risk factors to look for possible causes of the aneuploidies. The random 

occurrence of three rare cases within a short time period and a localized region is

rare.

Genetic Counseling

The role of the genetic counselor straddles the two worlds of science and the 

humanities. Balancing knowledge of both the science of genetics and the empathy 

of counseling, a genetic counselor interprets information for families and assists 

them in grieving and coping.

Initially, the genetic counselor calls the family and informs them of what 

genetic studies can be done—from an autopsy to a karyotype. In addition, in a
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phone conversation the counselor evaluates the family’s grief, asks them how they 

are doing, and normalizes or validates the grief they are experiencing. After genetic 

studies have been performed, the counselor summarizes the findings for the family 

and tells them of the implications for future pregnancies. This information is also 

repeated in a letter sent to the family (Berry 1999).

The genetic counselor is open to the needs of the family. With a strong 

background in the science of genetics, the counselor can answer the family’s 

questions of “How did this happen” and ‘Will this happen again?” When the family is 

having a particularly difficult time dealing with the grief of the loss, the genetic 

counselor may refer them for more in-depth counseling.

The genetic counselor is an important link between the family and the 

laboratory. Most importantly, the counselor can explore issues of cause, prevention, 

reoccurrence, and grief with the family suffering a fetal loss.

Financial Expenses of Loss and Diagnostic Methods

Fetal loss involves numerous expenses to the families experiencing it. In 

addition to the prenatal care already invested in a pregnancy, there are also the 

costs of delivery or the removal of the fetus. When diagnosis is undertaken, a new 

set of staggering costs is assumed. At Shodair Hospital, chromosome studies on an 

aborted fetus, in the form of G banding and karyotyping, cost $520. While culturing 

is not necessary for FISH, Shodair often cultures fetal tissues on which FISH will be 

performed, at an expense of $315. The FISH procedure costs an additional $160, 

for which the fluorescent FISH probes are a major expense. When trisomy studies 

are performed on the DNA, the procedure costs $170-$225. Fetal pathology exams
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increase in cost for the age of the placenta or fetus. Autopsy of a placenta from the 

first two trimesters costs $96, but this increases to $130 for a third-trimester 

placenta. Autopsies on fetuses of 0-12 weeks gestation cost $106,13-20 weeks 

cost $151,21-30 weeks cost $175, and 31 weeks to term cost $242. Pathological 

exams of liveborn infants cost $293.

Scope of This Thesis

Throughout this thesis, I will relate the position of a genetics laboratory and 

the role of genetics in analyzing two cases of fetal and neonatal death that were 

referred to Shodair Genetics Hospital in Helena, Montana. The cases are of a 

neonatal death in a case of trisomy 13 and a fetal death with triploidy.
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MATERIALS AND METHODS

G-Bandinq
*

Because the G-banding technique differentially stains chromosomes, it is 

necessary for the chromosomes to be condensed to be visible under microscopic 

examination. Culturing promotes active cell division.

For the culturing of peripheral blood cells, 0.7-ml of blood was added to each 

of two cultures. One contained 10-ml medium 199, 5% Fetal Bovine Serum (FBS), 

Antibiotic/Antimicotic (Ab/Am) L-glutamine, and 2.0% phytohaemagglutinin (PHA). 

The second culture had 10-ml RPMI 1640, 20% FBS, Ab/Am L-glutamine, and 2.0% 

PHA. Two culture methods were used to increase the likelihood of producing 

accurate and quality results.

The cultures were incubated at 37°C for 72 hours, in which time the cells

were stimulated to divide. After the period of incubation, 0.1-ml colcemid (10 pg/ml)

was added to each culture tube to halt all cell division. After 15 minutes of

incubation at 37°C, the cells were centrifuged for 10 minutes at 800 g.

The supernatant was aspirated off, and the cells were resuspended in10-13 

ml 0.057M KCI (2.12 g/500 ml) prewarmed to 37°C. This solution, which was 

hypotonic to the cells, disrupted the cell membranes. Water entered into the cells 

and swelled them. This helped spread the chromosomes when the cells were 

dropped onto the microscope slides.

> The cells were incubated at 37°C for 15 minutes. Then, 2-ml of 3:1 absolute

methanol: glacial acetic acid fixative were added to the hypotonic cell solution. The 

culture tubes were gently inverted several times to mix the fixative solution. The
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cells were pelleted in a centrifuge, the supernatant was removed, and 10-ml of fresh 

fixative were added to resuspend the pellet. The cells were centrifuged twice more, 

being resuspended in 5-ml of fixative each time.

The last 5-ml of fixative were aspirated off the pelleted cells. A small amount 

of fresh fixative was added to the pellet to reconstitute the cells to an adequate 

concentration. Three to five drops of cells were dispensed from a distance of 0.5-m 

to a microscope slide that was rinsed and covered with distilled water and blotted on 

a paper towel. Two slides were made for each sample: one slide air dried, while the 

other dried on a warming plate. The speed and humidity at which the slides dry can 

affect the quality of the cell preparation. The slides were baked at 60°C in a dry oven 

overnight to age the cells.

The next day, the Giemsa staining technique was used. Initially, the slides 

were placed in trypsin for 25 seconds. The trypsin acts on proteins in the chromatin 

structure. Following the digestion, the slides were rinsed in two consecutive washes 

of buffer to halt the action of the trypsin. Next, the slides were stained for two 

minutes a dilution of Giemsa stain stock and Gurfs Buffer. The slides were again

rinsed in buffer. The cell surfaces were dried under an air hose.

Suitable slides were analyzed with a traditional light microscope under 40X 

and 100X objectives. Standard Shodair analysis includes counting a minimum of 20 

metaphases, performing microscopic analysis of five or more metaphases, and 

preparing two karyotypes by taking a digital image from the microscope and using 

the PSI computer imaging system to create a karyotype. When a slide shows 

abnormal metaphases, additional cells may be scored to ascertain the presence of
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mosaicism and the types of genetic abnormality. Anywhere between 200 and 500

cells may need to be analyzed to find an accurate representation of mosaicism.
ft

Fluorescent In Situ Hybridization (FISH)

Because interphase cells can be analyzed in the FISH procedure, culturing of 

the cells is not always necessary. However, if the cell sample is also being analyzed 

by G banding—for which culturation is necessary—the same cultured cell sample 

can be used in FISH. The same culture procedure is followed, with the exception 

that slides are not baked overnight.

After the slides dried, they were soaked for 30 minutes in pH 7.0 saline 

sodium citrate (SSC) and a detergent (2X SSC+ 0.1% NP-40), which caused the 

cytoplasm to be hypertonic and the membranes more permeable, both of which 

caused the cells to swell. After that step, slides were successively dehydrated in 

two-minute washes of room temperature 70%, 80%, and 95% ethanol. After the 

95% ethanol wash, slides were air dried or placed on a slide warmer.

Next, the slides were placed in 72-74°C solution of 70% Formamide/2X SSC 

for five minutes. The slides were dehydrated in a series of cold two-minute washes 

in 70%, 80%, and 95% ethanol. The cold temperature and fixative ensures that the

DNA strands remain denatured. After the last wash, the slides were air dried and

then are placed on a slide warmer.

While the slides dried, the fluorescent probe mixture was prepared from l-pl 

£ CEP or LSI probe (Vysis), 2-p.l purified water, and 7-p.l hybridization buffer (Vysis).

The microtube was centrifuged for a few seconds to mix the solution. To denature

the probe, the microtube was placed in a 72-74°C waterbath for five minutes. With a
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micropipette, 10-p.l of the denatured probe was applied to the target area of the dried 

slide, and the area was covered with a coverslip. The edges of the coverslip were 

sealed with Rubber Cement. The probe was hybridized to the DNA specimen in an 

airtight box overnight at 37°C.

The next day, the Rubber Cement and the coverslip were gently removed. 

The slide was washed for two minutes in a 72-74°C solution of 0.4X SSC/0.3% NP.

Next, a rapid wash was performed in 2X SSC/0.1% NP-40 for 30-60 seconds at 

ambient temperature.

The counterstain mixture was prepared from a 2:1 solution of DAPI: Antifade 

buffer. Ten-gl of the counterstain solution was applied with a micropipette over the 

region of the probe: DNA complexes.

The slide was viewed in a dark room with a fluorescent microscope. It is 

important to prevent excessive exposure to light, as this will overexcite the 

fluorescent probe and lead to a fainter signal. The slide was stored in a dark area, 

such as a closed refrigerator.

In an analysis, the number and types of normal and abnormal cells present 

were counted. The total number of cells to be counted depends on the degree of 

abnormality and variations of cell type. Enough cells must be considered to give a 

strong statistical representation of the population present. Representatives of the 

normal and abnormal cell types displayed were photographed on film or captured on 

a digital imaging system as evidence for the case.

DNA—Isolation and Analysis

22



DNA can be isolated from many types of tissue, including amniocytes, 

chorionic villi, or directly from the fetus. DNA was extracted from frozen pathological
t

samples saved during fetal autopsies; these tissue samples were from the placenta, 

fascia, liver, lung, and heart of fetuses on which autopsies were performed.

A piece of tissue with a mass between 10-20 pg was sliced off the original 

block of tissue. Following sterile procedures, 600-pl of chilled Cell Lysis Solution 

(Puregene) was added to the tissue. With a microtube pestle (Eppendorf), a plunge- 

twist motion was used for 30-50 strokes to homogenize the tissue. A few grains of 

Proteinase K (Puregene) were swirled in the cell solution. The mixture was 

incubated at 55°C in a shaking incubator for at least three hours (up to overnight) to

allow the tissue to dissolve.

Following incubation, three pi of RNAase A solution (Puregene) was added to

the cell solution. The tube was inverted 25 times to mix the two solutions. The tube

was incubated for 15 minutes in a 37°C waterbath. After incubation, the solution

cooled to room temperature and then 200-pl of Protein Precipitation Solution 

(Puregene) was added to the lysate. After vortexing the microtube for 20 seconds, 

the tube was centrifuged for three minutes to pellet the proteinacious components of

the cell. The DNA remained in solution.

The supernatant from the centrifuge tube was poured into 600-pl of 

isopropanol. The supernatant and isopropanol solution in the microtube was gently

• inverted about 50 times until the small white strands of DNA became visible as a

small mass. The microtube was centrifuged for one minute at 3200 RPM to pellet 

the DNA clump. The supernatant/isopropanol was poured off, with care taken not to
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allow the DNA to escape from the microtube. Six hundred-pl of 70% ethanol was 

pipetted into the tube with the DNA pellet. The tube was then microfuged for one
a

minute. The ethanol was poured off and the pellet was allowed to air dry. After the 

pellet dried, 50-100 pi of DNA Hydration Solution (Puregene) was added to the dry 

pellet. The volume used was based on the relative size of the DNA pellet.

After mixing the solution and the pellet, the tube was incubated in a multi

block heater at 50°C for one hour or was allowed to sit overnight at room

temperature. Subsequent storage was at 2-8°C.

A protocol published by the Hoefer Fluorometer company (machine model

TKO 100) was used to determine the concentration of DNA in the DNA Hydration

Solution

Solution A was prepared fresh each day from 5-ml TNE (10X), 0.005-ml 

Hoechst Dye 33258 (1mg/ml), and purified distilled water to a total volume of 50-ml. 

Two-ml of Solution A was pipetted into a quartz cuvette, and the reading was 

measured. If the reading was less than ± 10, then the machine was rezeroed. If the 

deviation was greater, the solution was disposed of, the cuvette recleaned, and the 

procedure retried. The machine’s accuracy was tested by adding 0.002-ml of low 

DNA standard (100 pg/ml), for which the reading should be within 10 units of 100.

The steps necessary for measuring DNA concentration were numerous.

First, the DNA microtube was vortexed and centrifuged to distribute the DNA

9 throughout the DNA Hydration Solution and to collect all the droplets at the bottom of

the tube. The solution was pipetted up and down with a 20-ml pipette, making note 

of the viscosity of the solution. If the solution was too viscous to pipette evenly, 50-
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100 gl of DNA Hydration Solution (Puregene) was added and the vortex and 

centrifugation steps repeated.

Two-gl of DNA solution was added to 2-ml of Solution A in the cuvette. The 

fluids were pipetted up and down to thoroughly mix the two solutions. This was 

done until two consecutive readings were stable. The stable reading was noted in 

the log sheet. Because the machine’s accuracy plateaus at about 500 units, if the 

reading was greater than 400, the solution was disposed of and 1-gl of DNA solution 

was added to 2-ml of fresh Solution A. A second reading was taken of the DNA 

sample.

If the first and second readings were highly variable, one of the following can

be done:

• Start with fresh buffer and a clean cuvette.

• Repeat the vortex/centrifuge step.

• Add more DNA Hydration Solution to the DNA to allow for more

even distribution of the DNA.

• Observe pipetting technique to ensure it is being done properly.

• Repipet the mixture in the cuvette to ensure it was well mixed.

Finally, notation was made of the average concentration of 2-jllI DNA/2-ml

Solution A. This was the average of the two readings when a volume of 0.002-ml (2- 

gl) of DNA was used for each reading. If DNA of volume of 0.001-ml (1-gl) was

* used, then the concentration was the sum of the two readings (thus bringing the final

volume of DNA to 0.002-ml). The final dilution of DNA to buffer was 1-gl: 1000-gl or

0.001-ml: 1-ml or 1:1000.
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After the DNA was isolated and quantified, PCR and STR marker analysis 

was performed in Shodair’s Molecular Genetics Lab by molecular genetics specialist

Linda Beischel.
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RESULTS

The purpose of this project was to compare the methods of testing that may 

be used to diagnose chromosomal abnormalities. These methods include G 

banding and karyotyping, FISH, DNA analysis, and fetal autopsy. Two cases were 

studied involving extensive literature searches on aneuploidy (trisomy 13), polyploidy 

(triploidy), and diagnosis with STR marker analysis and FISH.

G Banding and Karyotyping

Band analysis had previously been performed on cultured cell samples from 

both the trisomy 13 sample and the triploidy sample. The karyotypes presented 

genotypic evidence of the respective diagnoses.

To gain an understanding of the methods of G banding and karyotyping, 

these procedures were performed on the author’s leukocytes. The cells were 

cultured for 72 hours, treated with hypotonic and fixative solutions, and dropped on 

slides. After the slides were dried and aged overnight, the cells were treated with 

trypsin and stained with a Giemsa stain solution. The stained slides were analyzed 

first under phase contrast and then with a traditional light microscope.

Fluorescent In Situ Hybridization

To learn the procedure of FISH and to compare its advantages and limitation 

as a diagnostic tool, FISH was performed on cells from both a trisomy 13 case and a 

triploidy case. In addition, the tissue was analyzed for signs of mosicism by the 

prevalence of trisomic or triploid cells. Cells were prepared in fresh fixative and 

dropped on microscope slides. The slides were pretreated in a process that swells 

the cells. Next, the cells were dehydrated in ethanol washes to help facilitate DNA
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denaturation by a 70% Formamide/2X SSC solution. The slides were again 

dehydrated. Denatured, fluorescent DNA probe was applied to the cell-covered

* slides and was hybridized overnight. Two types of probes were used: locus specific 

indicator (LSI) probes, which bind only to a small region of the particular 

chromosome, and whole chromosome paint (WCP) probes or 

chromosome/centromere enumeration (CEP) probes, which anneal to large regions 

of the particular chromosome. The following day, a counterstain was applied and 

the cells were analyzed with a fluorescent microscope.

Trisomy 13

Trisomy 13 cells were hybridized with two types of probes for Chromosome 

13. Because G banding and karyotyping had previously diagnosed the sample with 

trisomy 13, FISH allowed confirmation of the previous finding and determination of 

the prevalence of trisomic cells. According to standard laboratory procedure, at 

least 200 interphase nuclei were analyzed to give a broad statistical basis. Identified 

by the LS113 probe (Vysis) specific to a small gene region of chromosome 13, 250 

interphase nuclei were analyzed (Table 1). A whole chromosome paint probe for 

chromosome 13 identified 200 interphase nuclei and six metaphase spreads (Table 

2). In addition to visually counting the representative cells, the imaging system was 

used to capture digital images of metaphase spreads (Fig. 1) and interphase nuclei 

(Fig. 2). Both probes indicated that trisomy 13 cells were widely prevalent.

♦
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Number of Signals/Cell
2 3 4 5

Number of Cells 8 233 8 1
Total Cells Counted: 250

Table 1. The trisomy 13 sample was analyzed with a LS113 probe to determine the 
number of copies of Chromosome 13 in each cell. Cell quanities of Chromosome 13 
ranged from two to five. Cells with three visible copies of Chromosome 13 were the 
most prevalent.
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Number o Signals/Cell
1 2 3 4

Number of interphase 
nuclei

1 6 192 1

Number of metaphase 
spreads

0 0 6 0

Total Cells Counted: 206

Table 2. The trisomy 13 sample was analyzed with the WCP 13 probe. Cells 
contained between one and four visible copies of Chromosome 13. The majority of 
the cells indicated the presence of three copies of Chromosome 13.
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Figure 1. A metaphase spread indicates three copies of Chromosome 13, as 
signaled by the probe WCP 13. The image was captured with a digital imaging 
system (PSI).
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Figure 2. An interphase nucleus indicates three copies of Chromosome 13, as 
signaled by the probe WCP 13. The image was captured with a digital imaging 
system (PSI).
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Triploidy

Cells, isolated from a tissue sample previously identified as triploid, were 

analyzed by FISH to determine the prevalence of triploid cells among the tissue 

sample. In the analysis of the triploid case, four different probes were utilized: CEP 

7, CEP 17, LSI 21, and CEP X. Probes for Chromosomes 7 and 17 and probes for 

Chromosomes 21 and X were paired.

In previous FISH studies performed by another lab technologist, it had been 

shown that while some of the cells were triploid, others were diploid. This analysis 

shows a prevalence of triploid cells ranging from 28.5% of all cells counted (Table 3) 

to 41.8% (Table 4). Examples of diploid cells with probe combination 7/17 (Fig. 3) 

and 21/X (Fig. 4) were found, as well as triploid cells with probes to 7/17 (Fig. 5) and 

21/X (Fig. 6). Of note, only 134 cells were visualized for the 21/X probe 

combination. The limited number of cells (less than 200) may affect the statistical 

accuracy of this information.
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Number of Signals/Cell
2 (Diploid) 3(Triploid)

Number of interphase nuclei 143 57
Total Cells Counted: 200

Table 3. Examination of a tissue sample for evidence of triploid cells. Probes used 
were CEP 7 (green) and CEP 17 (orange). The presence of diploid cells was 
indicated by the presence of two signals from each type of probe. Triploid cells 
showed three signals from each of the probes.
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Number of Signals/Cell
X-2
21-2

X-3
21-3

X-4
21-4

X-5
21-5

X-6
21-3

X-2
21-4

X-2
21-3

Number of interphase 
nuclei

70 56 3 2 1 1 1

Total Cells Counted: 134

Table 4. Examination of a tissue sample for evidence of triploid cells. Probes used 
were CEP X (green) and LSI 21 (red). The presence of diploid cells was indicated 
by the presence of two signals from each type of probe. Triploid cells showed three 
signals from each of the probes. Other combinations of visible signals were also 
seen.

35



Figure 3. Diploid cell shows two copies of Chromosomes 7 and 17. Chromosome 7 
is enumerated with the green probe CEP 7 and Chromosome 17 with the orange 
CEP 17.
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Figure 4. Diploid cell shows two copies of Chromosomes 21 and X. Chromosome 
21 is enumerated with the red probe LSI 21 and Chromosome X with the green CEP 
X.
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Figure 5. Triploid cell shows three copies of Chromosomes 7 and 17. Chromosome 
7 is enumerated with the green probe CEP 7 and Chromosome 17 with the orange 
CEP 17.
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Figure 6. Triploid cell shows three copies of Chromosomes 21 and X. Chromosome 
21 is enumerated with the red probe LSI 21 and Chromosome X with the green CEP 
X. A piece of cellular garbage was digitally removed from the lower right hand 
corner, distorting the color in that area.

ft
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DNA Results

From frozen tissue samples archived during fetal and placental autopsies,
ft

DNA was extracted with a Puregene DNA Isolation Kit (Gentra Systems). Notation 

was made of the amount of tissue, the concentration of DNA isolated, and the 

volume of DNA Hydration Solution (Gentra Systems) in which the DNA was 

dissolved (Table 5). From this information, the amount of DNA solution needed for 

use in PCR was calculated. Following this, Linda Beischel of the Shodair Molecular 

Genetics laboratory analyzed the DNA by Quantitative Fluorescence-PCR.

Fluorescent primers for STR loci on chromosomes 13, 18, 21, X, and Y were 

hybridized to samples of fetal, maternal, and paternal DNA. The STRs were 

amplified by PCR, and the products were analyzed by the ABI Genetic Analyzer.

The machine distinguishes between STRs with varying numbers of repeats, 

polymorphic alleles found throughout the human population. The fetus received two

STR contributions from the mother and one STR contribution from the father. This is

indicated because two of the fetus’s STRs have the same number of repeats as the 

mother’s two STRs. The fetus’s third STR is compatible with one of the father’s 

STRs. Five informative loci on chromosomes 13, 21, and X indicated the presence 

of two maternally derived alleles and one paternally contributed allele. Other loci 

sampled were not informative.

ft
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Tissue
Sample

Amount of 
Tissue (mg)

DNA
concentration
(pg/ml)

Volume of
DNA Hydration 
Solution
Added (ml)

Volume of DNA 
solution used in 
PCR
(p.l/125 ng 
solution)

442A 0.016 156 0.1 0.801
442B 0.021 23 0.1 5.435
442C 0.022 51 0.2 2.451
442D 0.015 212 0.1 0.590
442E 0.01 47 0.1 2.660
442F 0.015 49 0.1 2.551
442G 0.013 39 0.2 3.205
442H 0.02 90 0.1 1.389
442i 0.014 14 0.1 8.929
729 0.015 127 0.1 0.984
683A 0.012 21 0.05 5.952
683B 0.009 28 0.05 4.464
683C 0.013 41 0.05 3.049
882A 0.012 143 0.1 0.874
882B 0.019 634 0.05 0.197
882C 0.008 433 0.05 0.289
882D 0.011 508 0.05 0.246
882E 0.025 411 0.1 0.304
458 0.005 421 0.05 0.297
492 0.018 293 0.1 0.427
554A 0.007 53 0.05 2.358
554B 0.01 70 0.05 1.786
554C 0.002 200 0.05 0.625
603A 0.007 69 0.05 1.811
603B 0.002 458 0.05 0.273
603C 0.003 621 0.05 0.201

Table 5. Mass of tissue sample from which DNA was isolated, concentration of DNA 
as estimated by Hoefer fluorometer, volume of DNA Hydration Solution (Gentra 
Systems) added to DNA, and volume of DNA solution (in which 125 ng of DNA was 
contained) used for PCR.
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DISCUSSION

The FISH results obtained in the triploidy case showed that both diploid and
ft

triploid cells were found. There can be two different explanations for these findings. 

First of all, this case may show mosaicism, where all the cells sampled were fetal inI

origin. Initially, the embryo may have been either diploid or triploid. Then, as the 

embryonic cells divided, some of the diploid cells retained a haploid set of 

chromosomes or the triploid cells lost a set, respectively. The chance that a cell 

would retain or lose a haploid set of chromosomes is highly unlikely, though. A more 

plausible explanation for the presence of both diploid and triploid cells is that the 

triploid cells were fetal in origin, while the diploid cells where maternal cells that 

contaminated the abortus tissue. Maternal cell contamination (MCC) can occur 

because the placenta is derived from both maternal and fetal tissues. If placental 

tissues are sampled, they may be composed of either maternal or fetal-derived cells. 

The question of MCC may be answered by DNA analysis. The diploid and triploid 

cells can be compared to see whether they have the same or different STR alleles. 

The mother can also be analyzed to see if the diploid cell haplotypes match her own.

Each of the diagnostic methods considered has its advantages and 

disadvantages. An autopsy of the fetus or placenta, though not an accurate 

diagnostic method, acts as a checkpoint in the laboratory examination of a sample. 

Many physical dysmorphologies, especially those associated with syndromes such 

as trisomy 13 and triploidy, will be obvious in an autopsy. These will signal the need 

for more detailed study. However, if no abnormalities exist, or if another cause— 

such as a blood clot in the placenta—is obvious, chromosome analysis may not be
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indicated. A complete autopsy can be performed in less than two hours, with a 

maximum cost of about $300, far less than G banding and karyotype. A 

disadvantage of an autopsy is that, in itself, an autopsy may not be diagnostic, and 

more subtle abnormalities, such as those encountered with low-level mosaicism, can 

be missed. Thus, an autopsy may best be used to determine which abortuses 

should be further analyzed. In addition, autopsies are not suitable in all cases and 

may be more advantageous for abortuses from second and third trimester fetal

losses.

G banded chromosome analysis for the diagnosis of chromosomal 

abnormalities has both advantages and limitations. The analysis of Giemsa-stained, 

banded chromosomes is accurate and well tested. In addition, other abnormalities 

that adversely affect the well being of the fetus, such as translocations and marker 

chromosomes, can be detected. Disadvantages of analyzing banded

chromosomes, though, include the lengthy culture time and the high cost involved. 

Because dividing cells must be used, any tissue removed from the fetus must be 

prompted to divide in cell culture. Sometimes, chromosomally-abnormal cells do not 

proliferate because they cannot survive or divide. In cases of mosaicism, normal 

cells may be more likely to divide than abnormal cells, and the analysis may be 

skewed. If the sample is contaminated with maternal cells, as in MCC, the maternal 

cells may be more likely to proliferate than abnormal fetal cells. Whenever the fetal 

karyotype involves the normal female 46,XX karyotype, MCC must be considered 

and tested for. The amount of culture time involved, often up to two weeks, presents 

the parents of the fetus with an agonizing wait to learn the cause of death. In
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addition, the procedure is very expensive, which can cause some parents and third- 

party medical coverage providers to question the importance of diagnosis. Despite 

the disadvantages, G banding and karyotyping is still the most popular and accepted 

method of diagnosis. I

As a relatively new diagnostic method, interphase FISH analysis has several 

advantages, as well as many limitations. Because interphase cells are analyzed, 

rather than actively dividing metaphase cells, FISH can be performed in less than 24 

hours, decreasing the tormenting wait. In addition, preserved tissue can be used. 

Unfortunately, FISH probes are expensive, ranging from $70-$100 per sample, and 

the probes available on the market are designed to recognize relatively few DNA 

targets. In addition, it is difficult to detect low level mosaicism because relatively few 

cells are available for analysis. Another limitation is that FISH only recognizes the 

target region for the probe used, so structural abnormalities in other regions of the 

genome, such as translocations or deletions, may be missed. While FISH often 

provides quick, valuable information, diagnosis by FISH must be secondary to that 

by banded chromosomes because with the limited number of probes on the market, 

an overall analysis of the entire genome cannot be achieved. Instead, FISH is 

useful only as a screening method for the common aneuploidies for which probes 

exist or as confirmation of a previous diagnosis.

DNA analysis has also recently arrived in the diagnostic world. A number of 

scientists are advocating the replacement of banded chromosomes with DNA 

analysis by QF-PCR. This newer method is advantageous because of its speed and 

low cost, when compared with G band and karyotype analysis. In addition, only a
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small number of cells are necessary to provide results. Another advantage of DNA 

analysis is that maternal cell contamination can be recognized. In addition, the 

parent of origin of the additional chromosome(s) can be determined with STR 

analysis. Disadvantages include missing low-level mosaicism of the computer’s 

sensitivity. A small population of cells (less than 5%) that are genetically different 

from the majority of the other cells will be masked by the greater quantity of PCR 

product from the more numerous population. Diagnosis of the common aneuploidies 

and polyploidies, for which primers are available, by QF-PCR is a strongly growing

area of research.

Often, control probes or primers are used in FISH and QF-PCR analysis. 

Because aneuploidies involving chromosomes other than 13, 18, 21, X and Y are 

rarely seen among later fetal losses, probes and primers that anneal to other 

chromosome can be used as controls. Thus, in a trisomy 13 sample, a probe or 

primer to 13 would show three signals, while a probe or primer for chromosome 7 

would indicate only two signals. On the other hand, these probes and primers for 

chromosomes rarely involved in aneuploidy have significance in the diagnosis of 

polyploidy. This is why probes for chromosomes 7 and 17 were included in the 

analysis of the triploid sample. Because the presence of trisomy 7 and trisomy 17 in 

the same cell population would be incredibly unlikely, it provides evidence leaning 

toward triploidy.

When DNA markers on the triploid sample were analyzed, 12 loci on 

chromosomes 13, 18, 21, X, and Y were analyzed. Only five of the loci, however, 

were informative, indicating the mother as the contributor of the extra set of

45



chromosomes. The other loci sampled were not informative if the parents had 

homozygous alleles or if a crossing-over event occurred.
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CONCLUSION

My experiences of learning, observing, and practicing at Shodair have
i

broadened my horizons as a biology student. These experiences have opened up 

for me the world of medical genetics. In addition, I now have a greater 

comprehension of the magnitude of genetic study. My gained understanding of the 

genetics of fetal loss will be important to me in my future practice as a family 

physician. Undoubtedly, I will have patients who experience fetal loss. My work in 

this area will enable me to better help my patients. I understand the importance of 

diagnosing aneuploidy and polyploidy, offering genetic counseling by a 

knowledgeable professional, and making the parents aware of the risk of 

reoccurrence. Knowing both the benefits and limitations of diagnostic techniques 

will help me to make wise decisions in the prescription of these techniques. In 

addition, I can apply the understanding I have gained through this experience to 

other areas of genetics. Most importantly, I have a stronger understanding of the 

importance of using medical genetics to answer some of the questions of fetal loss.

♦
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