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Distinction of hydatidiform moles from non-molar
(NM) specimens, as well as their subclassification as
complete (CHM) versus partial hydatidiform moles
(PHM), is important for clinical management and ac-
curate risk assessment for persistent gestational tro-
phoblastic disease. Because diagnosis of hydatidiform
moles based solely on morphology suffers from poor
interobserver reproducibility, a variety of ancillary
techniques have been developed to improve diagno-
sis. Immunohistochemical assessment of the pater-
nally imprinted, maternally expressed p57 gene can
identify CHMs (androgenetic diploidy) by their lack of
p57 expression, but cannot distinguish PHMs (dian-
dric monogynic triploidy) from NMs (biparental dip-
loidy). Short tandem repeat genotyping can identify
the parental source of polymorphic alleles and thus
discern androgenetic diploidy, diandric triploidy,
and biparental diploidy, which allows for specific
diagnosis of CHMs, PHMs, and NMs, respectively. In
this study, a retrospectively collected set of morpho-
logically typical CHMs (n � 8), PHMs (n � 10), and
NMs (n � 12) was subjected to an analytic validation
study of both short tandem repeat genotyping and
p57 immunohistochemistry. Several technical and bi-
ological problems resulted in data that were difficult to
interpret. To avoid these pitfalls, we have developed an
algorithm with quantitative guidelines for the interpre-
tation of short tandem repeat genotyping data. (J Mol
Diagn 2009, 11:598–605; DOI: 10.2353/jmoldx.2009.090039)

Distinction of hydatidiform moles (HM) from non-molar
(NM) specimens and the subclassification of HMs as
complete hydatidiform mole (CHM), partial hydatidiform
mole (PHM), or early CHM are important for both clinical
practice and investigational studies. The risk of persistent
gestational trophoblastic disease and hence, clinical
management of patients, differs for CHMs, PHMs, and
NMs.1–5 However, diagnosis of HMs based solely on
morphology suffers from poor interobserver reproducibil-

ity.6,7 Even among experienced pathologists, high inter-
observer and intraobserver variability exist.8

The unique genetic features of CHMs, PHMs, and NMs
can be exploited to improve diagnosis of HMs. CHMs are
most often diploid with both chromosomal complements
being paternal in origin (androgenetic diploidy), whereas
PHMs are triploid with one maternal chromosome com-
plement and two paternal chromosome complements (di-
andric triploidy). NMs are typically diploid with one maternal
and one paternal chromosome complement (biparental
diploidy); some NMs can be triploid due to two maternal
and one paternal chromosome complement (digynic trip-
loidy) but these specimens do not have the morphological
features of PHMs.9,10

A variety of ancillary techniques targeting these ge-
netic differences have been used to improve diagnosis of
HMs. These include formal cytogenetic analysis (karyo-
typing), determination of ploidy by flow cytometry,11–13

fluorescent in situ hybridization,14,15 PCR amplification of
short tandem repeat (STR) loci,16–19 and immunohisto-
chemistry for the paternally imprinted gene p57.18,20

Most of these techniques, including karyotyping and
ploidy analyses, have limitations beyond the known tech-
nical and interpretive difficulties in that they cannot spe-
cifically discern the maternal and paternal chromosomal
contributions in a specimen. Thus, while diploid and trip-
loid specimens can be identified to improve both recogni-
tion of PHMs and distinction of PHMs from CHMs, CHMs
(particularly the morphologically subtle early forms) cannot
be distinguished from NMs (both yield nonspecific diploid
results), and PHMs cannot be distinguished from digynic
triploid NMs (both yield nonspecific triploid results). CHMs
(including early forms) can be distinguished from PHMs
and NMs by immunohistochemical assessment of expres-
sion of the paternally imprinted p57 gene. CHMs are char-
acterized by lack of p57 expression in villous stromal cells
and cytotrophoblast due to the lack of maternal DNA. How-
ever, p57 immunohistochemistry cannot distinguish PHMs
from NMs since both retain expression of p57 due to the
presence of maternal DNA.

Molecular genetic analysis of the type provided by STR
genotyping offers greater diagnostic discriminatory ca-
pability than these other techniques in that CHMs, PHMs,

Accepted for publication May 26, 2009.

Address reprint requests to Kathleen M. Murphy, Department of Pathol-
ogy, Johns Hopkins Medical Institutions, Park Bldg Room SB202, 600
North Wolfe St, Baltimore, MD 21287. E-mail: Kmurphy4@jhmi.edu.

Journal of Molecular Diagnostics, Vol. 11, No. 6, November 2009

Copyright © American Society for Investigative Pathology

and the Association for Molecular Pathology

DOI: 10.2353/jmoldx.2009.090039

598



and NMs can be specifically distinguished from one an-
other based on identification of the parental source of
polymorphic alleles and their ratios. In particular, this
analysis can discern androgenetic diploidy, diandric trip-
loidy, and biparental diploidy to rigorously diagnose and
distinguish CHMs, PHMs, and NMs, respectively. Such
analysis is particularly important for the diagnosis of
PHMs, which continue to pose diagnostic difficulty and
cannot be distinguished from NMs, especially those ex-
hibiting abnormal villous morphology of the type associ-
ated with other (non-molar type) genetic abnormalities,
due to shared p57 expression patterns.21

Several studies have demonstrated the proof of con-
cept and utility of STR genotyping for distinction of CHMs,
PHMs, and NMs.16,17,19 However, none of these reports
provides a technical validation that includes specific de-
tails regarding how STR data were interpreted, criteria for
accepting or rejecting data, and sources of technical and
interpretive problems. In the current report we have used
a set of retrospective, morphologically typical cases of
HMs and NMs to develop an algorithm for the interpreta-
tion of STR genotyping data, including specific quantita-
tive criteria for interpretation of results. To fully validate
the utility of both STR genotyping and p57 immunohisto-
chemistry and to implement these ancillary tests into
routine clinical practice, this algorithm was then applied
prospectively to all cases encountered on the Johns Hop-
kins Gynecologic Pathology Service for which a diagno-
sis of hydatidiform mole was considered (overwhelmingly
morphologically challenging consultation cases); this
prospective analysis is described in a separate report.22

Materials and Methods

Case Selection

Thirty cases were selected from the routine Gynecologic
Pathology Service files of The Johns Hopkins Hospital,
Baltimore, MD. These included 8 CHMs, 10 PHMs, and
12 NMs. All cases were reviewed by two pathologists
(B.M.R., R.V.) at a multiheaded microscope to select only
those cases for which there was complete agreement
that the morphological features were fully diagnostic of
the assigned diagnostic category (CHM, PHM, NM). The
material from these cases was collected between the
years 1995 and 2006. This study is covered under In-
stitutional Review Board approval NA 00002948 for the
use of de-identified clinical samples to evaluate new
methods/technologies.

P57 Immunohistochemistry

Formalin-fixed, paraffin-embedded tissue sections (5-mi-
cron) were stained using a Ventana BenchMark XT auto-
mated immunostaining system (Tucson, AZ) with mouse
monoclonal antibodies against p57 protein (Neomarkers,
Fremont, CA) from a ready to use preparation without
dilution. The presence or absence of nuclear positivity
was assessed in villous stromal cells, cytotrophoblast,
intermediate trophoblast, and maternal decidua. Based

on the staining patterns reported in the literature indicat-
ing that virtually all CHMs entirely lack p57 expression in
villous stromal cells and cytotrophoblast whereas PHMs
and NMs diffusely express p57 in these cell types, the
quantity of these cells expressing p57 was estimated by
routine light microscopic assessment of all of the villi
present in the stained sections, without resorting to actual
cell counting. Staining was semiquantitatively assessed
as follows: negative (no staining in these cell types),
limited (staining in �10% of these cell types), focally
positive (staining in �10% but �50% of these cells
types), and diffusely positive (staining in �50% of these
cell types). The p57 immunostain result was then inter-
preted as “positive” when the extent of staining was
diffusely positive in these cell types. This pattern of ex-
pression is consistent with all forms of NMs as well as
PHMs and cannot distinguish among these entities. The
p57 immunostain was interpreted as “negative” and sat-
isfactory when maternal decidua and/or intermediate tro-
phoblastic cells exhibited nuclear expression of p57
(serving as internal positive control) but villous stromal
cells and cytotrophoblast were either entirely negative or
demonstrated only limited expression (�10%). This neg-
ative result was then interpreted as consistent with a
diagnosis of CHM. Nuclear expression in villous stromal
cells and cytotrophoblast in the focally positive range
(�10% but �50%) was considered an equivocal result,
encompassing the 30% value used in one study as a
cut-off for positive and negative results but allowing for a
wider range to enable use of quick visual estimation
rather than cell counting to determine a result.6 Of note,
we did not encounter any equivocal results in this valida-
tion study but have encountered a few examples in a
prospective study applying this immunohistochemical
assay to diagnostic cases in our laboratory.22 Thus, in our
overall experience, the vast majority of cases exhibited
either diffuse positivity for p57 or complete lack of ex-
pression of p57 in the cytotrophoblast and villous stromal
cells, so equivocally staining results were a minimal
problem.

Molecular Genotyping

The AmpFlSTR Profiler kit (Applied Biosystems, Foster
City, CA) was used for this analysis. An H&E-stained
5-micron section of formalin-fixed paraffin-embedded tis-
sue was used to identify well-separated areas of maternal
decidua and villous tissue. A serial, unstained 10-micron
slide was superimposed on top of the marked H&E slide
and Pinpoint solution (Zymo Research, Orange CA) was
applied to the areas of interest. The tissue was removed
from the slide and digested per the manufacturer’s pro-
tocol. DNA was further purified using QIAamp DNA spin
columns (Qiagen, Valencia, CA). PCR amplification of
nine microsatellite loci and the amelogenin locus was
performed in duplicate. Thermal cycling conditions and
capillary electrophoresis performed according to the
manufacturer’s instructions. In brief, the PCR conditions
were 95°C for 11 minutes followed by 28 cycles of 94°C
for 1 minute, 59°C for 1 minute, and 72°C for 1 minute,
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followed by a final extension at 60°C for 45 minutes. After
amplification, 1 microliter of multiplex PCR product was
mixed with 9 �L of deionized formamide/GeneScan 500
[ROX] size standard (Applied Biosystems). Samples
were denatured at 95°C for 2 minutes and placed on ice
for at least 1 minute before analysis on the ABI3100
Genetic Analyzer (Applied Biosystems). Capillary elec-
trophoresis data from both the maternal and villous tis-
sues were analyzed to identify alleles at each locus. The
paternal genetic pattern was not known. For each locus
with two alleles identified, the allelic ratio was calculated by
dividing the peak height of the longer allele by the peak
height of the shorter allele. Allelic ratios between 0.61 and
1.17 were considered to be consistent with diploidy. Allelic
ratios between 0.33 and 0.60 or 1.5 and 2.0 were consid-
ered to be consistent with triploidy. Loci with three alleles
identified were also considered consistent with triploidy.
The origin of triploidy was determined when possible based
on combined evaluation of allele ratios and source for those
alleles with sufficient polymorphism.

Results

STR Analysis and Expected Patterns

Thirty cases with typical morphological features of
CHM, PHM, or NM were selected from our archives for
analysis. DNA isolated from villous and decidual tissue

was subjected to amplification of nine STR loci and the
amelogenin locus in the Profiler assay. When possible,
alleles in the villous tissue were identified as paternal
(non-maternal) or likely maternal (also possibly pater-
nal due to shared alleles). Figure 1 demonstrates the
typical, straightforward patterns for biparental diploidy
(NM) (Figure 1A), diandric triploidy (PHM) (Figure 1B),
and androgenetic diploidy (CHM) (Figure 1C). For
each locus with two alleles identified, the allelic ratio
was calculated by dividing the peak height of the
longer allele by the peak height of the shorter allele.
For diploid cases, an allele ratio of 1.0 is expected,
while for triploid cases with two alleles, ratios of either
0.5 or 2.0 are expected. Because of the tendency for the
longer allele (allele to the right) to be shorter in height
than the shorter allele (allele to the left), ratios are gener-
ally slightly lower, particularly when the alleles differ
significantly in size. Each locus was scored as being
consistent with diploidy or triploidy or not informative.
The interpretation of all loci had to be concordant for
final interpretation. On first analysis, several cases
demonstrated patterns that were not consistent with
the patterns expected for NM, PHM, or CHM. We iden-
tified several problems that result in patterns that are
difficult to interpret. These problems were caused by
both technical as well as biological reasons. The prob-
lems we encountered and the solutions we developed
are outlined below.

Figure 1. Examples of H&E, p57 immunohisto-
chemistry, and molecular genotyping for typical
cases of NM, PHM, and CHM. A: NM. Immature
villi are small and have a polarized trophoblast.
P57 is expressed in the nuclei of villous stromal
cells and the cytotrophoblast. Molecular geno-
typing demonstrates bi-parental diploidy. B:
PHM. Variably sized villi have highly irregularly
shapes (“scalloping”) and trophoblastic inclu-
sions but minimal trophoblastic hyperplasia. P57
is expressed in the nuclei of villous stromal cells
and the cytotrophoblast. Molecular genotyping
demonstrates diandric triploidy. C: CHM. En-
larged hydropic villus exhibits circumferential
trophoblastic hyperplasia. Villous stromal cells
and cytotrophoblast lack nuclear expression of
p57 (intermediate trophoblastic cells are positive
and serve as an internal positive control). Mo-
lecular genotyping demonstrates androgenetic
diploidy. D � decidua, V � villous. Paternal (P)
and likely maternal (M) alleles are identified in
the villous tissue. The allele ratio (R) in the
villous tissue is shown when two alleles are
present.
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Problem: Poor Amplification

Poor PCR amplification occurred occasionally, most likely
because the quantity and/or quality of the DNA used for
analysis was suboptimal. This was not particularly sur-
prising since DNA isolated from formalin-fixed paraffin-
embedded tissues can be significantly damaged/de-
graded, resulting in poor PCR amplification, especially
with older specimens, and particularly of longer ampli-
cons.23 Of note, some of the specimens we analyzed
were over 10 years old. In our sample cohort, six samples
yielded minimal amplification, generating PCR products
from just one or two loci with the shortest amplicons.
These cases were considered PCR failures and could not
be analyzed. In approximately half of the cases that
yielded interpretable data, one or two loci with the longest
amplicons amplified poorly; these loci were excluded
from the analysis. Poor PCR amplification can result in
inaccurate/biased allele ratios, which can confound inter-
pretation. Figure 2 demonstrates results from two differ-
ent PCR reactions of a diploid sample, which yielded
either poor amplification (Figure 2A) or robust amplifica-
tion (Figure 2B). The allelic ratio was skewed when the
amplification was poor and could be misinterpreted as
consistent with triploidy. For this reason, we instituted a
requirement of peak heights of at least 300 relative fluo-
rescent units at a 30 second injection in order for the
technologist to interpret the locus. We recognize that this
requirement is somewhat arbitrary, and that peak heights
can vary for reasons other than amplification efficiency
(eg, age of capillary, laser, buffer). However, we feel that
this criterion will allow the technologist to avoid calculat-
ing ratios from loci that may yield erroneous results and to
identify specimens that require additional amplification (if
all/most of the loci yield low amplification). Inclusion or
exclusion of loci from the final interpretation of the case is
decided by the individual responsible for reviewing and
interpreting the data, and signing the report.

Problem: Contamination of Villous Tissue with
Maternal Tissue

After reviewing the initial data, we determined that the
largest, most significant problem was due to the speci-
mens not being pure populations (mixtures of decidual

and villous tissue). These cases often gave conflicting
interpretations from different STR loci. Contamination with
decidual tissue is particularly problematic for loci at
which the decidua is homozygous. For example, if the
true allelic ratio of a heterozygous locus in the villous is
1:1, the presence of just 20% decidual cells that are ho-
mozygous for an allele shared with the villous would yield a
ratio of (0.4 � 0.1 � 0.1): 0.4, or 1.5:1. This could be
erroneously interpreted as trisomy/triploidy. Figure 3 dem-
onstrates examples of problems we have encountered due
to decidual contamination of the villous tissue. Case 1 rep-
resents a NM specimen for which, on first analysis, the allele
ratio at one locus was consistent with triploidy (2.0). After
more careful microdissection, the ratio of the alleles in the
villous tissue was 1.1, which is consistent with diploidy.
Case 2 represents a PHM specimen for which, on first
analysis, the ratio of the alleles in the villous tissue appeared
to be consistent with diploidy (0.73). After more careful
microdissection, the ratio of the alleles in the villous tissue
was 0.55, which is consistent with triploidy. Also shown is a
hypothetical case demonstrating how contamination with
maternal tissue can result in allele ratios that appear to be
consistent with triploidy, when in fact the case is androge-
netic diploid. Thus, it is very important to identify when

Figure 2. Capillary electrophoresis data from one STR locus demonstrating
the effect of poor amplification (A) on allele ratios (R) compared with robust
amplification (B).

Figure 3. Capillary electrophoresis data (Case 1 and 2) and hypothetical
data demonstrating problems due to decidual tissue (D) admixed into the
villous specimen. In all cases the decidua is homozygous. On first analysis of
Case 1, the ratio of the alleles in the villous tissue (V1) appeared to be
consistent with triploidy (2.0). After more careful microdissection (V2), the
ratio of the alleles in the villous tissue was 1.2, which is consistent with
diploidy. On first analysis of Case 2, the ratio of the alleles in the villous tissue
(V1) appeared to be consistent with diploidy (0.73). After more careful
microdissection (V2), the ratio of the alleles in the villous tissue was 0.55,
which is consistent with triploidy. The hypothetical data demonstrate that
androgenetically diploid villous tissue with decidual contamination (V1) can
have allele ratios that appear to be consistent with triploidy (0.33).
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contamination is present to avoid misinterpretation. Villous
specimens with decidual contamination can be identified
by the presence of loci that yield discordant interpretations
and/or the presence of loci that yield allelic patterns and
ratios that are not consistent with diploidy or triploidy (see
below).

Education of both pathologists and technologists is the
key to avoiding the problem of decidual contamination of
the villous specimen. In our initial analysis, when larger
areas of villous and decidual tissue were marked, eight
cases yielded mixed genetic patterns. Each of these
cases was re-dotted by a pathologist, with marking of
smaller areas of tissue and careful attention to avoid
inclusion of even minute fragments of decidual tissue
within areas designated as villous tissue. DNA extracted
from these more rigorously selected areas yielded inter-
pretable data. Pathologists must be educated to very
carefully identify areas of decidual and villous tissue that
are essentially pure, since the presence of just 20%
maternal material can confound interpretation. In partic-
ular, pathologists should be aware that the purity of the
tissue chosen is much more important than the amount of
tissue analyzed. In addition, the technologists must be
educated to perform careful, accurate microdissection,
and to be aware of the possibility of contamination when
interpreting the data. Training and education has signif-
icantly reduced this problem in our laboratory. Mixed
genetic patterns were encountered in none (0/28) of the
cases analyzed as part of our prospective validation,22

and are only rarely a problem in clinical cases. An alter-
native solution would be the use of laser capture micro-
dissection to obtain a pure population of cells for analy-
sis. For clinical use, this was not a practical option for us.

Problem: Number of Informative Loci

Although the Profiler assay evaluates nine STR loci, often
many of the loci are not informative. This occurs for
several reasons. First, as noted above, poor DNA quality
may result in a lack of amplification, or inferior amplifica-
tion, particularly of longer amplicons, which may not be
sufficient for interpretation. Second, shared alleles and
an unknown paternal pattern can make interpretation
difficult. By definition, PHMs and NMs share at least one
allele at each locus with maternal DNA. If the villous
tissue is homozygous for an allele shared with maternal
tissue, the locus is completely noninformative. If the vil-
lous tissue shares both alleles with the maternal tissue
with approximately equal height, one can determine dip-
loidy but cannot be certain of the source (maternal versus
paternal) of the alleles. Several scenarios result in pat-
terns that are consistent with triploidy but for which the
source (maternal versus paternal) cannot be determined.
This occurs when the allele(s) in double dosage in the
villous tissue is shared with maternal allele(s).

In our experience, the average number of informative
and interpretable STR loci for CHM specimens was 5
(range, 2 to 8). Amelogenin was not informative for any of
the CHMs because all arose from monospermy and were
XX. For PHMs, the average number of loci that demon-

strated triploidy was 6 (range, 6 to 7), while the average
number of loci that demonstrated that the triploidy was
diandric, monogynic was 3 (range 2 to 5). For NMs, the
average number of fully informative loci was 4 (range, 2 to
6). Amelogenin was informative (XY) in approximately half
of the NM cases (6/13) as would be expected.

Analysis of multiple loci is essential for an accurate
interpretation of the data. Individual trisomies and other
genetic alterations could lead to misinterpretation of the
data. For example, if only one locus was informative and
showed a pattern consistent with three alleles, one could
not determine whether the specimen had an isolated
trisomy or was triploid. Thus, a NM specimen with an
isolated trisomy could be misinterpreted as PHM (trip-
loid). This is especially important since specimens with
trisomies can have some morphological features that
overlap with PHMs, making them diagnostically challeng-
ing and in need of ancillary molecular analysis. In addi-
tion, rare examples of CHMs that demonstrate androge-
netic diploidy at most loci but retain one or a few maternal
chromosomes (trisomy for these chromosomes) have
been reported.24,25 Analysis of only these loci would lead
to misinterpretation as a triploid rather than a diploid
specimen. This would result in misclassification as PHM
rather than CHM, with the potential for insufficient clinical
follow-up to monitor for persistent gestational trophoblas-
tic disease. For these reasons, we have instituted the
criterion that at least two loci on separate chromosomes
must be used to make a final interpretation. The pattern
for all loci must be concordant, even if not fully informa-
tive (eg, demonstrate triploidy even if the origin is not
determinable). If the patterns for all loci are not concor-
dant, further investigation is required.

Development of an Interpretation Algorithm for
STR Data

We have developed an algorithm for interpretation of STR
data (Figure 4). At each locus, the observed pattern falls
into 1 of 4 categories: one allele, two alleles, three alleles,
or greater than three alleles. A single allele in the villous
tissue is interpreted as evidence of androgenicity if not
shared with the decidua and is not informative if it is
shared with the decidua. When two alleles are present,
the allelic ratio must be calculated to correctly interpret
the pattern. Our analysis of samples in duplicate showed
good reproducibility of allelic ratios between different am-
plifications and between multiple capillary injections of the
same amplification. Specifically, the ratios for replicate am-
plifications always fell within the same interpretation cate-
gory, as long as the amplification was sufficient. Only when
different areas of tissue were analyzed were different ratios
obtained, which was due to the relative mixture of decidual
and villous tissue (see Problem: Contamination of villous tis-
sue with maternal tissue). For clinical practice, we amplify
each sample just once, not in replicates.

Review of our data from the NM cases identified 42 loci
that were informative and fulfilled our amplification crite-
ria. From these 42 loci, we determine an average allelic
ratio to be 0.89 with a SD of 0.14. Thus when the allelic
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ratio is determined to be between 0.61 and 1.17 (2 SD
range), this is interpreted as consistent with diploidy.
Diploidy can be biparental (consistent with NM) or andro-
genetic (consistent with CHM). Review of our data from
the PHM cases identified 26 loci that were informative
and fulfilled our amplification criteria. From these loci, we
determined allelic ratios consistent with triploidy to be
1.50 to 2.0 and 0.33 to 0.6. Loci that are consistent with

triploidy must be further reviewed to determine whether
they can be categorized as diandric. Loci with three
alleles that are approximately equivalent are also inter-
preted as consistent with triploidy and the source should
be determined if possible. If the source of the triploidy
cannot be defined as diandric from any of the loci ana-
lyzed, this should be reflected in the report, and the data
should be interpreted carefully in the context of the mor-

Figure 4. STR interpretation algorithm. NI � not informative; * � diandric, not digynic, triploidy is consistent with PHM. If the source of the triploidy cannot be
determined from any of the loci, the data should be interpreted carefully in the context of the morphology.
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phology. Loci with two or three alleles that have allele
ratios outside of the expected ranges for diploidy or
triploidy require further investigation. When more than
three alleles are present, this usually indicates that there
is decidual tissue admixed with the villous tissue. This
pattern can arise when decidual tissue is admixed in a
villous specimen that is a PHM or a dispermic CHM.

Validation

Using the interpretation criteria and algorithm we devel-
oped, 24 cases yielded satisfactory and informative re-
sults for both p57 immunostaining and molecular geno-
typing. Six cases failed to yield adequate amplification for
molecular genotyping interpretation, the majority of which
were greater than 5 years old. Although we had a signif-
icant number of PCR failures in our validation study, in our
experience using this assay for clinical testing, less than
5% of cases have failed to sufficiently amplify, suggest-
ing that the amplification problems may have been due to
the older age of the validation specimens.

Seven specimens diagnosed as CHM demonstrated a
negative p57 result and androgenetic diploidy. All of
these (7/7) were homozygous at each locus indicating
that the CHM arose from a single sperm that had dupli-
cated its genome. Although this homozygous pattern
does not definitively demonstrate diploidy, it does dem-
onstrate complete androgenicity, which is probably the
most important information needed. A minority of CHMs
are tetraploid, and possibly aneupolid; however these
entities appear to have the same risk of gestational tro-
phoblastic disease as diploid CHMs.26,27 In addition to
the seven CHMs analyzed here, we have analyzed 10
more CHMs as part of our prospective study,22 and an
additional five CHMs to date in our subsequent ongoing
clinical application of this technique. Of these 22 CHMs
analyzed thus far, we have found only one case of an-
drogenetic diploidy arising from dispermy. Thus, at our
institution, this appears to be less common than ex-
pected from the literature, which suggest that 10% to
20% of CHMs arise from dispermy.5,28

Eight specimens diagnosed as PHMs demonstrated a
positive p57 result and diandric monogynic triploidy. For
all of these cases (8/8) there was at least one locus that
demonstrated two unique paternal alleles indicating that
the PHM arose from dispermy. Nine specimens diag-
nosed as NMs demonstrated a positive p57 result and
biparental diploidy.

Discussion

The value of STR analysis, in contrast to the other meth-
ods of ploidy determination, is that the exact maternal
and paternal chromosomal contributions can be deter-
mined specifically to distinguish androgenetic diploid
CHMs from biparental diploid NMs and to distinguish
diandric triploid PHMs from digynic triploid NMs. Here we
have established quantitative criteria for interpreting al-
lelic ratios and have demonstrated that robust amplifica-
tion, purity of the tissues analyzed, and use of data from

two or more loci on separate chromosomes are essential
for obtaining accurate results. The criteria developed in
this validation study have been applied in a separate pro-
spective analysis of challenging cases, derived largely from
a gynecologic pathology consultation practice. Those re-
sults and our algorithm for ancillary testing of HMs are
reported elsewhere.22

In addition to the interpretive pitfalls described above,
one potential limitation of this analysis that should be
noted concerns the rare cases of biparental CHM. This
disorder, which appears to result from inheritance of an
autosomal recessive pattern mapped to 19q13.4, pre-
sents clinically, morphologically, and immunohistochemi-
cally (negative p57 result) as multiple CHMs, which ap-
pear to have a risk of persistent gestational trophoblastic
disease similar to that of conventional CHM (uniparental
androgenetic diploidy).29–31 Molecular genotypic analy-
sis in such a case would result in biparental diploidy that
could be misinterpreted as a non-molar gestation in the
absence of correlation with morphological features and
p57 results. Furthermore, infrequent yet well-documented
cases of mosaicism and chimerism found in HMs might
lead to results that are difficult to interpret.20

Our experience in this validation study indicates that
Profiler STR analysis is an accurate and practical ancil-
lary molecular technique applicable to routine practice
for classifying molar specimens. This assay is one of
several commercially available STR assays that analyze
multiple (approximately 4 to 15) STR loci in single multi-
plex PCR reactions. Many of these assays have been
created for forensic and paternity applications and thus
are highly robust and informative. In our experience,
known STR PCR artifacts including stutter and null alleles
created no interpretation difficulties. We chose to use the
Profiler assay because it is used in our laboratory for
bone marrow engraftment analysis and therefore was
easily implemented. When determining which reagents to
choose, considerations include the number and informativ-
ity of the loci, and the length of the amplicons. Although it
seems logical that more loci would be preferred, in general,
increasing the number of loci requires that larger amplicons
(�300 bases) are produced for some loci, which may not
yield sufficient amplification for interpretation. Regardless of
which STR loci are used, rigorous validation of the assay is
required if the results are to be reported for clinical use.
Communication between the pathologist choosing tissue for
analysis and the laboratory performing the assay is also
essential for quality results.
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