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Metaplasia of subcoelomic mesenchyme has been im-
plicated, but not proven, in the pathogenesis of com-
mon gynecological diseases such as endometriosis
and rarer entities such as leiomyomatosis peritonea-
lis disseminata and gliomatosis peritonei (GP). GP is
associated with ovarian teratomas and is character-
ized by numerous peritoneal and omental implants
composed of glial tissue. Two theories to explain the
origin of GP have been proposed. In one, glial im-
plants arise from the teratoma, whereas in the other,
pluripotent Miillerian stem cells in the peritoneum or
subjacent mesenchyme undergo glial metaplasia. To
address the origin of GP, we exploited a unique char-
acteristic of many ovarian teratomas: they often con-
tain a duplicated set of maternal chromosomes and
are thus homozygous at polymorphic microsatellite
(MS) loci. In contrast, DNA from matched normal or
metaplastic tissue (containing genetic material of
both maternal and paternal origin) is expected to
show heterozygosity at many of these same MS loci.
DNA samples extracted from paraffin-embedded nor-
mal tissue, ovarian teratoma and three individual la-
ser-dissected glial implants were studied in two cases
of GP. In one case, all three implants and normal
tissue showed heterozygosity at each of three MS loci
on different chromosomes, whereas the teratoma
showed homozygosity at the same MS loci. Similar
results were observed in the second case. Our find-
ings indicate that glial implants in GP often arise from
cells within the peritoneum, presumably pluripotent
Millerian stem cells, and not from the associated
ovarian teratoma. This finding has important impli-
cations for more common gynecological entities with
debatable pathogenesis, such as endometriosis, by
definitively demonstrating the metaplastic potential

of stem cells within the peritoneal cavity. (Am J
Patbol 2001, 159:51-55)

Gliomatosis peritonei (GP), characterized by numerous
peritoneal and omental implants composed of glial tis-
sue, is a rare benign condition associated with both
mature and immature teratomas of the ovary.'"8 GP has
also been reported in association with a gastric teratoma
in a male infant® and an immature endometrial terato-
ma.'® Two major theories regarding the pathogenesis of
GP have been proposed. The first suggests that glial foci
arise from the primary teratoma either through rupture of
the capsule with subsequent implantation of tissue within
the peritoneum, or via angiolymphatic spread as in car-
cinoma metastasis.” The second suggests that glial foci
arise independently from pluripotent Mullerian stem cells
in response to favorable intraperitoneal conditions, as a
so-called “field effect.”!’

To address whether glial implants are genetically re-
lated to the associated ovarian teratoma or whether they
arise independently, we exploited the unique genetic
make-up of many ovarian teratomas. Approximately 65%
of teratomas are derived from a single germ cell after the
first meiotic division with subsequent failure of meiosis 2
or endoreduplication of a haploid ovum.'? Teratomas
arising through these mechanisms show homozygosity at
most, if not all, polymorphic microsatellite (MS) loci.'® 14
In this study, we used MS loci demonstrating a heterozy-
gous pattern in normal tissue and a homozygous pattern
in the ovarian teratoma from the same patient to deter-
mine the origin of glial implants in GP. We presumed that
if the glial implants showed a homozygous pattern similar
to the teratoma, they were most likely related to the tera-
toma and arose via capsular rupture or angiolymphatic
dissemination. If they demonstrated a heterozygous pat-
tern, similar to normal tissue, they most likely arose via
metaplasia of normal cells within the peritoneum.
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Table 1. PCR Sequences and Annealing Temperatures

Annealing

Locus Sequence (5'-3") Fragment size (bp) Type of repeat temperature
D5S592 (F) AGACAGACAGAGAGATTAGA 145-205 Tetranucleotide 55°C
D5S592 (R) AGTAAAGTGAGTGGAGAGC
D16S2624 (F) TGAGGCAATTTGTTACAGAGC 143 Tetranucleotide 55°C
D16S2624 (R) TAATGTACCTGGTACCAAAAACA
D1751987 (F) AAGAGCTGGGGGAGCTTAAG 185-209 Tetranucleotide 57°C
D1751987 (R) AAGAACTTCTGCGGGTCAGA

Materials and Methods

Case Selection

Five cases of GP associated with ovarian teratomas were
retrieved from the pathology archives of The Johns Hop-
kins Hospital, Baltimore, MD (two cases), The University
of Michigan Hospital, Ann Arbor, Ml (one case), and the
Kumamoto University Hospital, Kumamoto, Japan (two
cases). Hematoxylin and eosin (H&E)-stained tissue sec-
tions were reviewed for confirmation of diagnosis. Three
cases were excluded from further analysis, one because
DNA from the teratoma and matched normal tissue dem-
onstrated identical alleles at all polymorphic MS loci
tested, and two because amplifiable DNA could not be
extracted from the available tissues. The two cases from
Baltimore proved suitable for additional study. In one
case GP was associated with a mature teratoma and in
the second case, GP was associated with an immature
teratoma (grade 2). This neoplasm contained a minor
component of immature neuroepithelial tissue (2 of 19
slides). Four paraffin blocks were selected from each of
these two cases: one containing ovarian teratoma, one
containing nonneoplastic tissue (cervix or fallopian tube),
and two containing either omentum or peritoneal surface
with numerous (>50) glial implants.

DNA Extraction

Neoplastic (teratoma) and nonneoplastic (cervix or fallo-
pian tube) tissue was isolated with a razor blade using an
H&E-stained section as a dissection guide. DNA was
extracted as previously described with slight modifica-
tions. ' Briefly, 4-um-thick wax sections were incubated
in 300 ul of lysis buffer (200 pg/ml proteinase K, 50
mmol/L Tris, pH 8.3, 0.5% Tween-20, 100 pg/ml glyco-
gen) for 48 hours at 60°C with the addition of 200 ug/ml
proteinase K after the first 24 hours. The lysate was then
extracted twice with phenol/chloroform (1:1) and allowed
to incubate for 2 minutes after the addition of 36 ul of
ethidium bromide (5 mg/ml). Phenol/chloroform (X1) and
chloroform (X1) extractions were performed after the ad-
dition of one-half volume of 7.5 mol/L ammonium acetate;
followed by the addition of one drop of Chelex-100 (Bio-
Rad, Bethesda, MD) bead slurry. After a 5-minute incu-
bation, DNA was ethanol-precipitated, washed with 70%
ethanol, and resuspended in 10 to 50 ul of water. The
same technique was used to extract DNA from glial im-
plants stained and microdissected per the manufactur-

ers’ protocol using an Arcturus laser-capture microscope
(Mountain View, CA).

Genetic Analysis

DNA samples were subjected to polymerase chain reac-
tion (PCR) amplification of multiple MS markers including
D5S592 (5pter-bgter), D16S2624 (16q), and D1751987
(17g). Primer pairs and annealing temperatures are
shown in Table 1. Each 10-ul PCR reaction contained 1X
PCR buffer (10 mmol/L Tris-HCI, pH 9.2, 1.5 mmol/L
MgCl,, 75 mmol/L KCI), 200 umol/L dATP, 200 wmol/L
dGTP, 200 wmol/L dTTP, 25 umol/L dCTP, 2 uCi (3000
Ci/mmol) dCTP-32P, 0.1 uwmol/L of each primer, and 1.0 U
Taq polymerase. Input DNA varied from 1 to 4.8 ul as
DNA obtained from the laser-captured glial implants re-
quired a higher input volume than DNA obtained from
normal tissue and teratoma. After an initial denaturation
step of 95°C for 5 minutes, DNA templates were amplified
using 40 cycles of 95°C for 30 seconds, 55°C (D5S592,
D16S2624), or 57°C (D1751987) for 1 minute and 72°C
for 1 minute, followed by a final extension step at 72°C for
7 minutes. PCR reactions were diluted with 5to 10 ul stop
buffer (20 mmol/L Tris-HCI, 10 mmol/L ethylenediami-
netetraacetic acid, 0.1 mmol/L dCTP) and PCR products
were resolved by electrophoresis on a 6% acrylamide-8
mol/L urea gel that was dried and subjected to autora-
diography.

Results

In case 1, the teratoma was classified as a benign cystic
teratoma that contained mature tissue derived from all
three germ layers (Figure 1A). The teratoma from case 2
displayed a similar histological picture but also included
a minor component of immature neural tissue, leading to
its classification as a grade 2 immature teratoma per the
criteria of Thurlbeck and Scully.'® All glial implants from
both cases were composed of mature glial tissue (Figure
1B). DNA was extracted from the teratoma, nonteratoma-
tous normal tissue and three individual laser-captured
microdissected glial implants for each of the two cases. A
representative histological section stained with a modi-
fied H&E stain demonstrates a glial implant before micro-
dissection (Figure 1C), the same implant after microdis-
section (Figure 1D) and the cap onto which the tissue
was captured (Figure 1E).
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Figure 1. A: H&E-stained section of a mature teratoma containing keratinizing squamous epithelium and hair follicle (bottom left), mature glial tissue (center),
and cerebellar tissue (top right) (original magnification, X40). B: H&E-stained tissue section of omentum. Five individual foci of mature glial tissue are pink and
round to ovoid in shape (original magnification, X100). C: Modified H&E-stained section showing a glial implant (left) and adjacent blood vessels (right) before
laser-capture microdissection (original magnification, X200). D: Same section as shown in C after laser-capture microdissection (original magnification, X200).
E: Captured glial implant. The dark bubbles overlying the implant are an artifact of the capture membrane (original magnification, X200).

Polymorphic MS loci on three chromosomes (D5S592,
D16S2624, and D1751987) were amplified using these
DNA samples as PCR templates. In both cases, DNA
from normal tissue and individually microdissected glial
implants demonstrated a heterozygous pattern at the poly-
morphic loci evaluated, whereas DNA from the matched
teratoma showed a homozygous pattern at the same loci.
Representative data from both cases are shown in Figure 2.

Notably, although some of the PCR reaction products
from implant DNA favor the allele present in the teratoma
DNA, others show either allele amplification similar to that
seen in the matched normal tissue, or even slight bias
toward the allele absent in the teratoma DNA. Preferential
amplification of one MS allele over the other is a well-
recognized problem when amplifying very small quanti-
ties of template DNA, as would be expected from DNA
extracted from small glial implants in GP.7~'9 In some
cases preferential allele amplification can be so severe
as to cause total allele drop out. The problem is further
compounded by the availability for this study of only
formalin-fixed, paraffin-embedded tissue, which is known
to yield DNA more prone to PCR artifacts than DNA from
frozen tissue.?® Recognizing that preferential allele am-
plification might be encountered in PCR reactions using
very small quantities of template DNA, we tailored our
experimental approach to minimize the likelihood of be-
ing misled by PCR artifacts. First, we used meticulous
laser capture microdissection rather than manual micro-
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Figure 2. Representative data from analysis of polymorphic MS loci D58592,
D16S2624, and D1751987 in two cases of GP. At all loci, nonteratomatous
normal tissue (N) demonstrates a heterozygous pattern; teratoma (T) dem-
onstrates a homozygous pattern and three individual glial implants (I-1, I-2,
and I-3) demonstrate a heterozygous pattern, similar to normal.
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dissection to minimize contamination of the implant sam-
ples by nonglial cells. We estimate that nonglial cells
comprised <5% of the cells harvested for DNA extrac-
tion. Second, for several implants yielding sufficient
quantities of DNA, results were verified with at least one
and often two additional independent PCR reactions at a
given locus. Third, we analyzed multiple implants from
each case with as many markers as the small quantities
of DNA extracted from individual implants would allow.
Our findings strongly support the interpretation that the
glial implants are derived from cells in the peritoneum
and not from teratoma tissue contaminated by nonneo-
plastic cells.

Discussion

The differentiation capability of pluripotent Mullerian stem
cells and their role in the pathogenesis of various gyne-
cological diseases has been debated for decades.
These cells have been implicated in the development of
endometriotic foci, noninvasive implants of papillary se-
rous tumors of low malignant potential, neoplastic foci in
women with multifocal primary peritoneal carcinoma,
smooth muscle foci in disseminated peritoneal leiomyo-
matosis, and glial implants in GP."" The unusual chromo-
somal composition of ovarian teratomas allowed us to
use molecular tools to definitively evaluate the differenti-
ation potential of normal cells within the peritoneum and
subjacent mesenchyme in GP.

The origin of glial implants in GP and the factors re-
sponsible for the development of GP in association with
selected teratomas has been the subject of much de-
bate. One theory regarding the origin of glial tissue sug-
gests that it is genetically related to the associated tera-
toma, being either extruded from the primary neoplasm
through capsular defects or disseminated via angiolym-
phatic channels. Capsular defects have been described
in resected teratomas and in some instances, teratoma-
tous material has been observed protruding through
these defects.®>” In addition, capsular rupture at the time
of primary surgery has been described in cases where
GP was only apparent at the time of second-look lapa-
rotomy." In support of lymphatic dissemination, mature
glial tissue has been found in mesenteric, para-aortic,
and retroperitoneal lymph nodes in association with im-
mature teratomas in the presence or absence of
GP.37:821.22 Moreover, cystic peritoneal masses com-
posed of tissue from all three germ layers (including
immature neural elements) have been described in ad-
dition to small glial foci in some cases of GP, suggesting
that the former are true metastases.?*%7 It remains un-
clear whether these metastases arise through the same
or different mechanism as the foci of mature glial tissue
observed in typical GP.

An alternate theory, supported by our study, suggests
that glial foci are genetically unrelated to the associated
teratoma and arise from normal cells in response to fa-
vorable environmental conditions. The most likely candi-
date normal cells are pluripotent Mllerian stem cells on
the peritoneal surface or in the subcoelomic mesen-

chyme. This hypothesis is based on the observation that
many gynecological diseases seem to have a multifocal
intraperitoneal origin and is further supported by reports
of glial implants admixed with endometrial tissue.?3423
Endometrial tissue is Mullerian in origin and is uncommon
in teratomas. Given that we analyzed only two cases of
GP and a limited number of implants, it is possible that
some glial foci result from true implantation, whereas
others arise via metaplasia of normal stem cells within the
peritoneum.

Why some intraperitoneal stem cells (or tissues) differ-
entiate along a glial pathway whereas others do not re-
quires some speculation. The remarkable ability of stem
cells derived from various organs to differentiate along
divergent pathways has been the subject of multiple
recent articles, including reports of studies demonstrat-
ing that bone marrow-derived stem cells can undergo
glial differentiation.?*2® It has been suggested that a
stem cell’s microenvironment can induce a specific dif-
ferentiation pathway or pathways, and it is possible that
some teratomas with an abundant glial component se-
crete factors that induce glial differentiation in the perito-
neum. Protein secretion by teratomas is a well-recog-
nized phenomenon. For example, teratomas with a
prominent thyroid component, such as struma ovarii and
struma-carcinoid, have been shown to secrete thyroid
hormone and calcitonin, respectively.?®?” Notably, mu-
rine astrocyte cells and teratocarcinoma cell lines have
been shown to secrete B-nerve growth factor in vitro.?8-°
Moreover, GP has been described in children without
teratomas who have had ventriculoperitoneal shunts
placed early in infancy.®" Neural growth factors normally
present in cerebrospinal fluid may enter the peritoneum
through the shunt and induce glial differentiation in the
same manner.

The results presented in this study demonstrate the
ability of intraperitoneal cells, presumably pluripotent
Mullerian stem cells, to undergo glial differentiation. This
finding provides important insight into the pathogenesis
of gynecological diseases characterized by intraperito-
neal multifocality. Identifying the factors responsible for
the intraperitoneal field effect in GP will be an important
area of future investigation and may further advance our
understanding of more common gynecological diseases
such as endometriosis.
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