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P
renatal diagnosis became a reality
almost 40 years ago, when
advances in microscopy and cell

culture made it possible to examine chro-
mosomes in fetal cells drawn from amniot-
ic fluid—the familiar karyotype analysis.
Technical advances continue to sharpen
the resolution of routine karyotype analy-
sis on amniotic fluid or a specimen of
chorionic villus, and to raise the level of
detail obtained from such a study.

Yet examining chromosomes by light
microscopy remains time- and labor-
intensive. A cell culture typically requires
2 weeks before growth of cells is suffi-
cient to undertake a karyotype analysis—
after which the microscopic evaluation
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What is “molecular karyotyping”?
How is it performed?

So-called molecular karyotyping utilizes
the evolving technology of comparative

genomic hybridization by microarray (or,
simply, array CGH), which is a 
refinement of older CGH technology. Initial
work with whole-genome hybridization
involved applying fragmented and fluores-
cently labeled subject DNA to a normal
metaphase chromosome spread. Deletions
or duplications within the subject DNA

� Refinements to hybridization technology
yield new tools; a new term enters the
lexicon of prenatal diagnosis
Vermeesch JR, Melotte C, Froyen G, et al. Molecular 
karyotyping: array CGH quality criteria for constitutional
genetic diagnosis, J Histochem Cytochem. 2005;53:413–422.

Van den Veyver I, Beaudet A. Comparative genomic 
hybridization and prenatal diagnosis. Curr Opin Obstet
Gynecol. 2006;18:185–191.

requires further time and significant skill
to perform.

Change is coming to practice
Over the past 10 years, however, the human
genome project has produced technologies
that allow us to examine DNA at a level of
resolution unattainable when chromosomes
are evaluated under a light microscope. The
exciting news is that these research tech-
nologies are being transferred to the clinical
arena, where they will transform prenatal
diagnosis and counseling in your practice.

One such technology that will have
such a far-reaching effect, and that I focus
on in this “Update,” is known as molecular
karyotyping.

“Molecular karyotyping” opens a new avenue of 
prenatal diagnosis
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were then made evident by reduced, or
increased, fluorescence at complementary
sites along the metaphase chromosomes.
The resolution afforded by this approach
was comparable to that of light
microscopy—namely, alterations of at least
5 to 10 megabases (Mb) could be detected.

Array technology emerged in the late
1990s and increased the resolution of
genome hybridization by at least 10-fold.
How does it work?

• An array comprises DNA fragments of
known sequence that have been
attached or printed on a platform, such
as a glass slide.

• The array on the slide is analyzed by
adding both subject DNA and normal,
control DNA, with conditions opti-
mized for hybridization between com-
plementary strands. Subject and control
DNA are differentially labeled with flu-
orescent dye—often, Cy3 (green) for
subject and Cy5 (red) for control.

• As subject and control DNA compete
for hybridization to the array DNA,
imbalances in genomic content pro-
duce differential intensities of Cy3 and
Cy5 signals as read by a laser scanner.
Results are displayed relative to the
control DNA. Deletions are revealed
by a decrease in copy numbers; dupli-
cations, by an increase in copy num-
bers (FIGURES 1 AND 2).

Array CGH is still new 
but already being improved
The 1st generation of array CGH slides
covered the entire human genome with
DNA fragments spaced approximately 1
Mb apart. Refinements have produced
arrays of more than 30,000 overlapping
DNA fragments. Such resolution allows
detection of a gain or loss of segments as
small as 100 to 200 kilobases (Kb).
Compare this resolution with the best res-
olution of traditional microscopic cytoge-
netic analysis: approximately 5 Mb.

Into the clinical realm
Specialized “targeted” arrays can be applied
to clinical work in several ways, including:
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F IGURE 1

At left: Hybridization ratios of normal sex-matched control DNA (Cy5) to

sample DNA (Cy3) are plotted as a function of Cy5/Cy3 signal intensity.

(Note that ratios of deleted clones are greater than +3SD.) 

At right: Fluorescence in situ hybridization (FISH) analysis demonstrates

intact (arrows) and deleted (arrowheads) signals. 

Bottom: Clones are summarized schematically. 

Modified from Yamagata et al. Am J Med Genet. 2006;140A:205–211.

Sample display of array CGH 

and corresponding FISH analysis

F IGURE 2

At left: Analysis by array CGH demonstrates trisomy 16 and duplication of 

the Prader-Willi/Angelman syndrome region on chromosome 15q in this patient.

Each clone is spotted in triplicate on the array; clones with a gain in the speci-

men are represented in green; those with a loss, in red; and those with a normal

copy number, in gray. Green boxes mark chromosome 16 clones that demon-

strate trisomy. White boxes highlight clones from the Prader-Willi/Angelman 

syndrome region that are duplicated; corresponding ratios are shown next to

each target. Other red and green signals correspond to clones from, respectively,

the X and Y chromosomes.

At right: Interphase FISH analysis confirms the interstitial duplication of chro-

mosome 15q that was identified by array CGH. The small arrow in each cell

points to the normal signal for the SNRPN (Prader-Willi) gene; the large arrow

indicates duplicated chromosome 15q, which shows two hybridization signals

for SNRPN.

Modified from Schaffer. Am J Human Genet. 2004;74:1168.

Array CGH reveals 

a duplicated chromosome 15q
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� Submicroscopic
abnormalities 
will be detected
with increasing 
frequency

� The role of 
chromosomal
abnormalities 
in 1st-trimester
fetal loss will be
better defined

FAST TRACK
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Array CGH uncovers genomic
problems in the young

Mb coverage, appears in the article by
Miyake and co-workers. Among 30 chil-
dren with idiopathic mental retardation and
dysmorphic features, 17% (5 of 30) had
submicroscopic deletions or duplications by
array CGH. The imbalances ranged from
0.7 Mb to 1.0 Mb and spanned numerous
and various chromosomes. The investiga-
tors emphasized the need to:

• validate the chromosomal locations of
the array signals before clinical investi-
gation

• include specimens from parents in the
analysis to ensure that any identified
imbalance represents a new event.

Numerous “copy number poly-
morphisms” have been uncovered—
do they always matter?
Work with array CGH among the pediatric
population was expanded by Ming and
colleagues, who obtained greater resolution
and coverage of the genome by utilizing a
2nd-generation array of oligonucleotides
with >100,000 single-nucleotide poly-
morphisms. With this array, intermarker
distance is estimated at 25 Kb—a resolu-
tion at which very small genomic imbal-
ances can be identified. Of 10 children eval-
uated using this greater-density array, 2
(20%) had a previously unidentified
genomic imbalance—both deletions.

Ming also put forward concerns that
more non–disease-causing “copy number

� Causes of mental retardation,
developmental deficits, congenital
anomalies, and more are localized
Miyake N, Shimaokawa O, Harada N, et al. BAC array 
CGH genomic aberrations in idiopathic mental retardation.
Am J Med Genet. 2006;140A:205–211.

Ming J, Geiger E, James A, et al. Rapid detection of 
submicroscopic chromosomal rearrangements in children
with multiple congenital anomalies using high density
oligonucleotide arrays. Hum Mutat. 2006;27:467–473.

Early use of array CGH in the study of
solid tumors was followed closely by its

clinical application to children with mental
retardation or developmental deficits, with
or without birth defects. Historically, suspi-
cion of a duplication or deletion syndrome
despite a normal chromosome analysis in
these children could prompt specific testing
for that disorder. More often, however, it
was impossible to delineate a specific syn-
drome, and disorder-by-disorder testing was
not feasible.Today, estimates are that submi-
croscopic duplications and deletions on
chromosomes, detected primarily by array
CGH, occur in 1 of every 1, 000 births.

Initial work in the pediatric population
by Vissers, in 2003, and Shaw-Smith, in
2004, showed that, with array CGH at a res-
olution of 1 Mb, 14% to 20% of children
who were mentally retarded had duplica-
tions or deletions that could not be detected
by routine karyotype analysis. Further detail
on this approach, using an array with 1.4-

• to detect known syndromes of 
chromosome duplication and deletion

• to assess whole chromosome gain or loss
• to provide information about 

telomere regions.
And consider what is anticipated: high-

ly dense arrays that are capable of assessing
single nucleotide alterations, making it pos-

sible to detect single-gene mutations.
Because array-CGH technology uti-

lizes DNA and does not require cell cul-
ture, the time to results is significantly
shorter. Furthermore, many aspects of the
assessment are automated, providing
both high resolution and rapid processing
and reporting.
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Le Caignec C, Boceno M, Saugier-Veber P, et al. Detection 
of genomic imbalances by array based comparative genomic
hybridization in fetuses with multiple malformations. J Med
Genet. 2005;42:121–128.

Rickman L, Fiegler H, Shaw-Smith C, et al. Prenatal detection
of unbalanced chromosomal rearrangements by array CGH.
J Med Genet. 2006;43:353–361.

Sahoo T, Cheung S, Ward P, et al. Prenatal diagnosis of 
chromosomal abnormalities using array-based comparative
genomic hybridization. Genet Med. 2006;8:719–727.

Prenatal diagnosis can 
be enhanced by array CGH 
If ongoing research on array CGH can
accomplish any of the following goals, it is
likely that the technology will be propelled
into clinical use as part of prenatal coun-
seling within the next 5 years:

• detection of aneuploidies more quickly
(and, perhaps, more economically)

• expansion of  the number of disorders
routinely assessed from fetal cells

• genomic assessment of nonviable tis-
sues (such as from fetal loss).
Le Caignec and colleagues’ work on

applying array CGH to DNA specimens
from fetuses that had multiple malforma-
tions—but in whom cytogenetic study was
normal—have provided a foundation for
subsequent prenatal studies. Using an array
that targeted subtelomeres and specific

DNA loci that are important in cytogenet-
ic deletion–duplication syndromes, Le
Caignec found that 5 of 49 (10.2%) fetus-
es studied had clinically significant genom-
ic imbalances. These included:

• subtelomeric deletions
• interstitial deletions
• submicroscopic duplications
• multiplex genomic imbalance.
The fetuses studied by Le Caignec

had at least three malformations—vari-
ously in the cardiovascular, urogenital,
skeletal, digestive, and central nervous
systems. But when the list of identified
anomalies was assessed, most of those
fetuses, if examined by high-resolution
ultrasonography, would have had anom-
alies identified in only 2 systems; the 3rd
involved system would have been
detectable only on fetopsy.

Rickman and colleagues used a cus-
tom array that focused on prenatal and
pediatric abnormalities to examine the sen-
sitivity and specificity of array CGH for
detecting common aneuploidies in amniot-
ic fluid specimens. All but 1 of the 30 sub-
jects’ unbalanced chromosome rearrange-
ments could be detected by array
CGH—in some cases, from a specimen of
amniotic fluid as small as 1 cc.
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Five years from
now, look for array
CGH to provide:

� Faster detection 
of aneuploidy

� Routine assessment
of more disorders
from fetal cells

FAST TRACK
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Where is the potential of array CGH
in prenatal diagnosis?

polymorphisms” (CNPs) will be uncovered
as higher-density arrays increase the resolu-
tion of array CGH. These polymorphisms
are encountered in healthy persons and are
considered clinically insignificant.
Consequently, when a copy number imbal-
ance is detected by array, several actions are
warranted: comparison with normal con-
trols, evaluation of published CNP data-
bases, and—most important—array CGH
analysis of both parents’ DNA.

Such an approach adds to the labor-
intensity of array CGH, but is necessary to

ensure that imbalances that are clinically rel-
evant and causative are distinguished from
normal variants. With more than 250 dis-
crete CNPs reported in normal controls, the
use of denser arrays will uncover more CNPs
than arrays targeted to significant fetal and
pediatric disorders. Applying array CGH to
clinical practice will entail (1) ongoing assess-
ment of the technology and the results it pro-
vides and (2) perhaps, targeting of arrays to
particular populations—the goal being to
balance the yield of useful information
against the increase in reported CNPs.

C O N T I N U E D
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In Rickman’s hands, as well as in the
hands of others, triploidy could not be
detected, however—a problem that has
been addressed in newer array platforms.
In an additional 30 cases, no false posi-
tives were noted.

Similar results were obtained by Sahoo
and co-workers: In 98 prenatal specimens
(obtained by CVS or amniocentesis), there
was complete concordance between the
results of karyotype analysis and array
CGH studies. In most cases, specimens
were obtained because of advanced mater-
nal age; only 19% represented concern
over a sonographic abnormality. This study
population included 4 cases of trisomy 21
and 1 case of an unbalanced translocation.

Notably, among the 98 specimens, 30
were thought to be characterized by gain
or loss of copy number of 1 or more
clones. Because these copy number repeats
are recognized as normal variants (based
on analyses of normal populations), they
were considered copy number poly-
morphisms (CNPs) and without clinical
significance to the fetus.

In addition, 12 cases contained a copy
number imbalance that had not been rec-

ognized among normal controls. In 9 of
those cases, the same loss or gain was
demonstrated in 1 parent. In 1 other case,
the parents elected not to be studied and,
in the 2 others, the array finding was not
confirmed on further testing (although
low-level mosaicism could not be exclud-
ed). Sahoo’s team emphasizes both the tar-
geted specificity of their custom array for
well-characterized disorders, the reference
to normal population databases being
constructed for CNPs, the use of at least 3
clones for each disease locus, and the
necessity for parental specimens to appro-
priately counsel the family about the pres-
ence of CNPs.

The work of Rickman and Sahoo
reveals the potential for applying array
CGH to a small volume of amniotic fluid
or a specimen from direct CVS—a process
that begins with whole-genome amplifica-
tion. As this approach is refined to
decrease the sample size and shorten the
time to results even more, we can expect to
see array CGH applied to areas where
analysis has been constrained by the fact of
small specimen size—such as preimplanta-
tion genetic screening.
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So-called 
copy number 
polymorphisms 
are common in 
molecular 
karyotyping but
often of no clinical
significance
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Fritz B, Hallerman C, Olert J, et al. Cytogenetic analyses of 
culture failures by comparative genomic hybridization (CGH)
—re-evaluation of chromosome aberration rates in early
spontaneous abortions. Eur J Hum Genet. 2001;9:539–547.

Schaeffer A, Chung J, Heretis K, et al. Comparative genomic
hybridization-array analysis enhances the detection of 
aneuploidy and submicroscopic imbalances in spontaneous
miscarriages. Am J Hum Genet. 2004;74:1168–1174.

Approximately 50% of 1st-trimester
pregnancy losses are considered to be

the results of chromosomal abnormalities.
Often, however, it isn’t productive to analyze
the products of conception because fetal
cells fail to grow in culture or are overgrown

by maternal cells. And, although chromoso-
mal abnormalities play less of a role in 2nd-
trimester fetal loss or in stillbirth, the rate of
nondiagnostic results from classical cytoge-
netic study in such cases is high.

Sampling of the placenta or amniocen-
tesis at the time fetal loss/stillbirth is recog-
nized can lower the no-growth rate, but
these methods have not been incorporated
into practice universally. With array CGH,
however, results can be obtained from
uncultured cells, and that capability offers
the opportunity to assess a demised fetus
for common aneuplodies.

Analysis of fetal loss will mean 
better counseling about recurrence

C O N T I N U E D
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75 years of age. In women greater than 75, the increased risk of non-fatal stroke and
invasive breast cancer observed in the estrogen-plus-progestin combination group
compared to the placebo group was 75 vs. 24 per 10,000 women-years and 52 vs.
12 per 10,000 women years, respectively.
In the estrogen-plus-progestin WHIMS substudy, a population of 4,532 postmenopausal
women, aged 65 to 79 years, was randomized to CE/MPA (0.625 mg/2.5 mg daily) or
placebo. In the estrogen-plus-progestin group, after an average follow-up of four years,
the relative risk (CE/MPA vs. placebo) of probable dementia was 2.05 (95% CI 1.21-
3.48). The absolute risk of developing probable dementia with CE/MPA was 45 vs. 22
cases per 10,000 women-years with placebo.
Seventy-nine percent of the cases of probable dementia occurred in women that were
older than 70 for the CE group,and 82 percent of the cases of probable dementia occurred
in women who were older than 70 in the CE/MPA group.The most common classification
of probable dementia in both the treatment groups was Alzheimer’s disease.
When data from the two populations were pooled as planned in the WHIMS protocol,
the reported overall relative risk for probable dementia was 1.76 (95% CI 1.19-2.60).
Since both substudies were conducted in women aged 65 to 79 years, it is unknown
whether these findings apply to younger postmenopausal women. (See BOXED
WARNINGS and WARNINGS, Dementia.)
With respect to efficacy in the approved indications, there have not been sufficient
numbers of geriatric patients involved in studies utilizing Premarin to determine whether
those over 65 years of age differ from younger subjects in their response to Premarin.
ADVERSE REACTIONS
See BOXED WARNINGS, WARNINGS, and PRECAUTIONS.
Because clinical trials are conducted under widely varying conditions, adverse reaction
rates observed in the clinical trials of a drug cannot be directly compared to rates in the
clinical trials of another drug and may not reflect the rates observed in practice.The adverse
reaction information from clinical trials does, however, provide a basis for identifying the
adverse events that appear to be related to drug use and for approximating rates.
During the first year of a 2-year clinical trial with 2,333 postmenopausal women
between 40 and 65 years of age (88% Caucasian), 1,012 women were treated with
conjugated estrogens and 332 were treated with placebo. Table 6 summarizes
adverse events that occurred at a rate of ≥ 5%.

TABLE 6. NUMBER (%) OF PATIENTS REPORTING ≥ 5% 
TREATMENT EMERGENT ADVERSE EVENTS
— Conjugated Estrogens Treatment Group —

Body System 0.625 mg 0.45 mg 0.3mg Placebo

Adverse event (n = 348) (n = 338) (n = 326) (n = 332)

Any adverse event 323 (93%) 305 (90%) 292 (90%) 281 (85%)
Body as a Whole
Abdominal pain 56 (16%) 50 (15%) 54 (17%) 37 (11%)
Accidental injury 21 (6%) 41 (12%) 20 (6%) 29 (9%)
Asthenia 25 (7%) 23 (7%) 25 (8%) 16 (5%)
Back pain 49 (14%) 43 (13%) 43 (13%) 39 (12%)
Flu syndrome 37 (11%) 38 (11%) 33 (10%) 35 (11%)
Headache 90 (26%) 109 (32%) 96 (29%) 93 (28%)
Infection 61 (18%) 75 (22%) 74 (23%) 74 (22%)
Pain 58 (17%) 61 (18%) 66 (20%) 61 (18%)
Digestive System
Diarrhea 21 (6%) 25 (7%) 19 (6%) 21 (6%)
Dyspepsia 33 (9%) 32 (9%) 36 (11%) 46 (14%)
Flatulence 24 (7%) 23 (7%) 18 (6%) 9 (3%)
Nausea 32 (9%) 21 (6%) 21 (6%) 30 (9%)
Musculoskeletal System
Arthralgia 47 (14%) 42 (12%) 22 (7%) 39 (12%)
Leg cramps 19 (5%) 23 (7%) 11 (3%) 7 (2%)
Myalgia 18 (5%) 18 (5%) 29 (9%) 25 (8%)
Nervous System
Depression 25 (7%) 27 (8%) 17 (5%) 22 (7%)
Dizziness 19 (5%) 20 (6%) 12 (4%) 17 (5%)
Insomnia 21 (6%) 25 (7%) 24 (7%) 33 (10%)
Nervousness 12 (3%) 17 (5%) 6 (2%) 7 (2%)
Respiratory System
Cough increased 13 (4%) 22 (7%) 14 (4%) 14 (4%)
Pharyngitis 35 (10%) 35 (10%) 40 (12%) 38 (11%)
Rhinitis 21 (6%) 30 (9%) 31 (10%) 42 (13%)
Sinusitis 22 (6%) 36 (11%) 24 (7%) 24 (7%)
Upper respiratory infection 42 (12%) 34 (10%) 28 (9%) 35 (11%)
Skin and Appendages
Pruritus 14 (4%) 17 (5%) 16 (5%) 7 (2%)
Urogenital System
Breast pain 38 (11%) 41 (12%) 24 (7%) 29 (9%)
Leukorrhea 18 (5%) 22 (7%) 13 (4%) 9 (3%)
Vaginal hemorrhage 47 (14%) 14 (4%) 7 (2%) 0
Vaginal moniliasis 20 (6%) 18 (5%) 17 (5%) 6 (2%)
Vaginitis 24 (7%) 20 (6%) 16 (5%) 4 (1%)

The following additional adverse reactions have been reported with estrogen and/or
progestin therapy:
1. Genitourinary system
Changes in vaginal bleeding pattern and abnormal withdrawal bleeding or flow;
breakthrough bleeding,spotting,dysmenorrhea; increase in size of uterine leiomyomata;
vaginitis, including vaginal candidiasis; change in amount of cervical secretion; change in
cervical ectropion; ovarian cancer; endometrial hyperplasia; endometrial cancer.
2. Breasts
Tenderness, enlargement, pain, discharge, galactorrhea, fibrocystic breast changes;
breast cancer.
3. Cardiovascular
Deep and superficial venous thrombosis, pulmonary embolism, thrombophlebitis,
myocardial infarction, stroke, increase in blood pressure
4. Gastrointestinal
Nausea, vomiting; abdominal cramps, bloating; cholestatic jaundice; increased
incidence of gallbladder disease; pancreatitis; enlargement of hepatic hemangiomas.
5. Skin
Chloasma or melasma that may persist when drug is discontinued; erythema multiforme;
erythema nodosum; hemorrhagic eruption; loss of scalp hair; hirsutism; pruritus, rash.
6. Eyes
Retinal vascular thrombosis, intolerance to contact lenses
7. Central Nervous System
Headache, migraine, dizziness, mental depression, chorea, nervousness, mood
disturbances, irritability, exacerbation of epilepsy, dementia.
8. Miscellaneous
Increase or decrease in weight; reduced carbohydrate tolerance; aggravation of
porphyria; edema; arthralgias; leg cramps; changes in libido; urticaria, angioedema,
anaphylactoid/anaphylactic reactions; hypocalcemia; exacerbation of asthma;
increased triglycerides.
OVERDOSAGE
Serious ill effects have not been reported following acute ingestion of large doses of
estrogen-containing drug products by young children. Overdosage of estrogen may
cause nausea and vomiting, and withdrawal bleeding may occur in females.
This brief summary is based on PREMARIN® (conjugated estrogens tablets, USP) 
Prescribing Information W10405C017 ET01, revised April 2006.

© 2006,Wyeth Pharmaceuticals Inc., Philadelphia, PA 19101 119964-01
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Array CGH will also provide an
assessment of genomic imbalances that
aren’t otherwise detectable at the 
resolution of metaphase chromosomes.
Identification of a genomic imbalance—
during a 1st- or 2nd-trimester loss—would
facilitate an appropriate workup and lead
to more accurate counseling about the risk
of recurrence.

Assessment of nondividing cells
reveals an unexpectedly high rate of
chromosomal abnormality
Fritz and co-workers used array CGH to
assess 60 cases of 1st-trimester spontaneous
loss in which culture did not yield a 
karyotype result. Utilizing the older
methodology of genomic CGH (ie, resolu-
tion is comparable to that of karyotype
analysis), 72% of fetuses were found to have
an underlying chromosome abnormality.

The work of this team supports what
is increasingly reported:

• Genomic imbalance may play a larger
role in 1st-trimester loss than the rate
of 50% that is often cited.

• The rate of no-growth in particular tri-
somies (eg, chromosome 7) and triploi-
dies may be higher than is now
believed.
These data warrant expanding array

CGH to the evaluation of loss in 2nd and
3rd trimesters.

Schaffer and colleagues assessed a
population of 41 products of conception
using conventional cytogenetic analysis
and array CGH. The conventional kary-
otype study and the array CGH were
concordant in 37 of 41 cases—with
100% concordance for normal kary-
otypes, 10 cases of trisomy, 2 cases of sex
chromosome aneuploidy, and 2 cases of
deletion. More important, 4 cases (9.8%)
that had been interpreted as normal on a
conventional karyotype study were found
by array CGH to have submicroscopic
genomic imbalances, including trisomic
mosaicism, interstitial deletion, and sub-
telomeric deletion. �

The author reports no financial relationships relevant to this article.
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An imbalance in 
the genome of 
the fetus may play
a larger role than
we’ve thought in 
1st-trimester loss 
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