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Allelic loss studies do not provide evidence for the
“endometriosis-as-tumor” theory
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Objective: To identify consistent genetic changes in endometriosis samples to determine whether endometriosis
lesions are true neoplasms.
Design: We analyzed ovarian endometriosis lesions for loss of heterozygosity (LOH) at 12 loci of potential
importance (D9S1870, D9S265, D9S270, D9S161, D11S29, D1S199, D8S261, APOA2, PTCH, TP53, D10S541,
and D10S1765), including some at which genetic changes were previously reported in endometriosis.
Setting: Molecular biology laboratory in a university hospital department.
Patient(s): Seventeen women with ovarian endometriosis.
Intervention(s): Laser capture microdissection to separate the endometriotic epithelium, the adjacent endometri-
otic stroma, and surrounding normal ovarian stromal tissue, followed by DNA extraction and polymerase chain
reaction amplification of polymorphic microsatellite markers.
Main Outcome Measure(s): Fluorescence-based quantitation for the LOH analysis.
Result(s): We identified LOH in only one lesion at one locus (D8S261).
Conclusion(s): Our data do not support the hypothesis that ovarian endometriosis is a true neoplasm. (Fertil
Steril� 2005;83(Suppl 1):1134–43. ©2005 by American Society for Reproductive Medicine.)

Key Words: Endometriosis, loss of heterozygosity, ovarian carcinoma, laser capture microdissection
c
p
o
i
n
a
m
c
a
o
i
i

c
M
b
e
d
t
s
a
o
c
o
p

ndometriosis, defined as the presence of endometrial glands
nd stroma outside the uterus, can cause debilitating pelvic
ain, painful periods, and subfertility and is believed to
ffect millions of women worldwide. The frequency of en-
ometriosis has been difficult to determine because the
ymptoms are variable and diagnosis requires visual inspec-
ion of the pelvis at surgery. However, it is known that
hronic pelvic pain, one of the main symptoms of endome-
riosis, is extremely common (1, 2).

Despite its clinical importance, little is known about the
olecular defects that cause the disease, although endome-

riosis is thought to be a complex trait, resulting from the
nteraction between multiple genetic loci and a variety of
nvironmental risk factors (3). Delineating the molecular
echanisms involved in the development of endometriosis
ay therefore lead to improved ways of managing the dis-

ase and would facilitate the rational design of novel drugs.

Although endometriosis is a “benign” disease, it has many
haracteristics of neoplasia (used in this context to mean
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lonal proliferation of cells arising from genetic changes that
rovide the clone with a replicative advantage). Endometri-
sis may show unrestrained growth and increased vascular-
zation and even features classically associated with malig-
ancy, such as tissue invasion and metastasis (4). There is
lso evidence that endometriosis is associated with, and
ight be a precursor to, endometrioid and clear cell ovarian

arcinoma (4). It is therefore believed that the genetic alter-
tions involved in both tumorigenesis and the development
f endometriosis could overlap and that identifying the genes
nvolved in endometriosis might give critical clues to the
nitiation of endometrioid and clear cell ovarian carcinomas.

Previous studies have analyzed ovarian endometriotic
ysts for clonal origins and for genetic alterations (5–8).
ost have shown ovarian lesions to be monoclonal in origin,

ut this is not necessarily indicative of neoplasia since an
ndometriotic cyst could simply be a malformation that has
eveloped within a single, stem cell “patch.” Conversely,
here are reports of polyclonality in endometriosis, which
uggest non-neoplastic origins (8–10). The methods used to
ssess clonality are often unreliable; separating endometri-
tic from normal tissue was technically difficult before laser
apture microdissection became available, and some meth-
ds, such as the human androgen receptor assay, tend to
roduce false negatives because of restriction endonuclease

ailure. Recently, Mayr et al. (8) used a phosphoglycerate

0015-0282/05/$30.00
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inase-1 polymorphism to analyze ovarian endometriotic
ysts for clonal origins by laser microdissection. From the 13
f 29 informative patients, 32 samples were studied and only
of 32 were consistent with monoclonal origin.

We believe that demonstrating consistent genetic changes
n endometriosis would be the best indication that these
esions are true neoplasms. Several workers have addressed
his issue, mostly by testing for allelic loss (loss of heterozy-
osity [LOH]), and we critically review these studies in our
iscussion below. Before doing so, we report our own

esults from screening 17 samples of ovarian endometriosis
or LOH at 12 loci of potential importance in the pathogen-
sis of endometriosis.

ATERIALS AND METHODS
nonymized tissue blocks from 17 women with ovarian

ndometriosis were identified from the histopathology ar-
hives of the John Radcliffe Hospital, Oxford. Institutional
eview Board approval from our local ethics committee
ave us permission to access unlinked, anonymized samples.
ematoxylin and eosin (H&E)-stained slides were reviewed
y a single histopathologist (S.M.) to confirm the diagnosis.
en sections (10 �m) were cut from each lesion, and the

TABLE 1
Microsatellite markers.

Locus Chromosomal location

D9S1870 9p21.3

D9S265 9p21.3

D9S270 9p21.1

D9S161 9p21.2

D11S29 11q23.3

D1S199 1p36.13

D8S261 8p22

APOA2 1q23.3

PTCH 9q22.3

TP53 17p13.1

D10S541 10q23.31

D10S1765 10q23.31
Prowse. Allelic loss studies of endometriosis. Fertil Steril 2005.

ertility and Sterility�
ections were lightly stained with H&E. Each section was
icrodissected using a laser capture microscope (Arcturus
ngineering, Mountain View, CA) to separate the endo-
etriotic epithelium, the adjacent stroma, and surrounding

ormal tissue.

Extraction of DNA was performed by incubating the sam-
les in 20–250 �L 1 � polymerase chain reaction (PCR)
uffer (Promega UK, Southampton, UK), pH 8, with 200
g/mg proteinase K at 56°C overnight. Polymorphic micro-

atellite markers were chosen that map to chromosomal
egions containing potentially important genes involved in
umorigenesis (D9S1870, D9S265, D9S270, D9S161,
11S29, D1S199, D8S261, APOA2, PTCH, TP53,
10S541, and D10S1765 [http://genome.ucsc.edu/]) (Table
).

One oligonucleotide from each pair was fluorescently
abeled (with FAM, HEX, or NED (Applied Biosystems,
heshire, UK). PCR was performed in a 30-�L reaction
ontaining 1.5 mM Mg2�, 500 �M dNTPs, and 0.75–1.0
M concentrations of each primer pair, 0.75 unit Taq poly-
erase (Promega), and 1 �L of the extracted DNA (from

ndometriotic epithelium, adjacent endometriotic stroma, or
ormal ovarian stromal tissue). PCR amplification was per-

Primer sequence

TGGGTATGGTTTTCTGG
TTGAGGCAGGTCAAATAA
TGGTGAAGCCTATTCTTGGT
CATTGGCAAAGTGTGCG
AGGTGTAGTCCTTCTGGAATTT
GATGTGACTGCTGTTAAAACTAGAG
TGCTGCATAACAAATTACCAC
CATGCCTAGACTCCTGATCC
TCTAGCTCCACCATCCTGTG
ACAACACACTGCCACAAGAC
GGTGACAGAGTGAGACCCTG
CAAAGACCATGTGCTCCGTA
TGCCACTGTCTTGAAAATCC
TATGGCCCAGCAATGTGTAT
CTTGAGCTATTTCGTGGAACTTGG
CATTCAGCATTTATTGTAGCAAAGAG
CGCATAGCGTGTTTGAAAGTT
GTATTTGTGCATTGGGCTCC
AGGGATACTATTCAGCCCGAGGTG
ACTGCCACTCCTTGCCCCATTC
AAGCAAGTGAAGTCTTAGAACCACC
CCACAAGTAACAGAAAGCCTGTCTC
ACACTTACATAGTGCTTTCTGCG
CAGCCTCCCAAAGTTGC
1135
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ormed as follows: 96°C for 5 minutes, 40 cycles of 96°C for
0 seconds, an annealing step of between 50°C and 55°C for
0 seconds, 72°C for 30 seconds, followed by a final exten-
ion step of 72°C for 10 minutes in an Eppendorf PCR
achine. The PCR products were run on an ABI 3700
enetic Analyzer, and microsatellites were analyzed for

llelic imbalance using the Genotyper program (Applied
iosystems).

In informative (heterozygous) cases, allelic loss at each
arker was scored in the endometriotic epithelium or the

troma if the area under one allelic peak was reduced by
50% relative to the other allele, after correcting for the

elative peak areas in DNA from the normal tissue.

ESULTS
o determine whether endometriotic lesions are true neo-
lasms we sought to identify consistent genetic alterations
y performing LOH analysis on 17 archival ovarian endo-
etriosis samples (Table 2). Each sample was microdis-

ected using a laser capture microscope to separate the
ndometriotic epithelium, the adjacent stroma, and surround-
ng normal tissue before DNA extraction and LOH analysis.

For LOH analysis, 12 polymorphic microsatellite markers
ere chosen that map to chromosomal regions containing
otentially important genes involved in tumorigenesis
D9S1870, D9S265, D9S270, D9S161, D11S29, D1S199,
8S261, APOA2, PTCH, TP53, D10S541, and D10S1765).
arkers around p16INK4a (D9S265, D9S1870, D9S270, and
9S161) and TP53 were chosen because these tumor sup-
ressors are commonly mutated in multiple cancer types (11,
2) and LOH has been detected at these loci in endometriosis
amples (10, 13, 14). In addition, a TP53 mutation was found
n 1/14 cases of endometriosis (14) and abnormal methyl-
tion of p16INK4a was detected in 1/46 endometriosis sam-
les (15). PTCH is also a tumor suppressor that is mutated in
asal cell carcinomas, medulloblastomas, and other cancers
16). D10S541 and D10S1765 map to the PTEN locus;
TEN is a tumor suppressor gene that is mutated in a variety
f sporadic cancers and in two autosomal dominant hamar-
oma syndromes (17). In addition, inactivation of PTEN has
een reported as an early event in the development of ovar-
an endometrioid and endometrial carcinomas (18, 19).
11S29, D1S199, and D8S261 map to regions that com-
only show LOH in many tumor types, including ovarian

arcinomas (20–24). APOA2 maps to 1q21-q23, and LOH
as previously been detected at this locus in an endometri-
sis sample (13).

We found that LOH at all the sites analyzed was very
ncommon in both endometriotic epithelium and stroma. In
he overwhelming majority of lesions, LOH was unequivo-
ally absent (Table 3; examples are shown in Fig. 1), and the
llelic ratios in the endometriotic samples were generally
ery similar to those in the normal tissue, providing no
vidence to suggest that allelic loss had been masked by

ontaminating normal tissue. Just one lesion showed LOH, f

1136 Prowse et al. Allelic loss studies of endometriosis
nd this was at just one microsatellite marker (D8S261) (Fig.
). Interestingly, both the epithelial and stromal parts of this
esion showed the change, suggesting that they may be
erived from the same clone. Our data have provided no
vidence to suggest that ovarian endometriosis is a true
eoplasm.

ISCUSSION
ur analyses using fine-scale laser microdissection and flu-
rescence-based quantitation of allele dosage showed that
OH at all the sites analyzed was very uncommon in both
ndometriotic epithelium and stroma. Just one lesion showed
OH, and this was at just one microsatellite marker

D8S261). Interestingly, both the epithelial and stromal parts
f this lesion showed the change, which suggests that they
ay be derived from the same clone. In general, however,

ur data provided no evidence to suggest that ovarian endo-
etriosis is a true neoplasm.

Some of our microsatellite markers were chosen because
ther workers had shown them to undergo allelic loss in endo-
etriosis (summarized in Table 4). Our data therefore differ

TABLE 2
Clinical data of ovarian endometriosis
samples.

Case
Age

(years) Diagnosis

1 44 Endometriotic foci (stage 4; no
atypia)

2 44 Endometriotic cyst and foci
(no atypia)

3 33 Endometriotic cyst and foci
(no atypia)

4 40 Endometriotic foci (no atypia)
5 28 Endometriotic cyst (no atypia)
6 21 Endometriotic cysts (no atypia)
7 43 Endometriotic cyst (no atypia)
8 31 Endometriotic cyst (no atypia)
9 31 Endometriotic cyst and foci

(no atypia)
10 46 Endometriotic cyst (no atypia)
11 46 Endometriotic cyst and foci

(no atypia)
12 51 Endometriotic foci (no atypia)
13 27 Endometriotic cyst and foci

(no atypia)
14 27 Endometriotic foci (no atypia)
15 48 Endometriotic foci (no atypia)
16 33 Endometriotic cyst (no atypia)
17 33 Endometriotic cyst (no atypia)

Prowse. Allelic loss studies of endometriosis. Fertil Steril 2005.
rom those derived by many other investigators. In addition to

Vol. 83, Suppl 1, April 2005



TABLE 3
Loss of heterozygosity (LOH) analysis of 17 cases of endometriosis at 12 loci.

Case D11S29 D1S199 D8S261 D9S187 D9S265 D9S270 D9S161 PTCH APOA2 TP53 D10S541 D10S1765

1 H � H NI H H NI H H H NI H
2 H H H NI H H H H H H H �
3 H NI H H H H H H H H NI H
4 H NI H H H H H H H H H H
5 H � H � � H H H NI H � �
6 H NI � NI H H H H H H H H
7 H � H NI H H H H H H H H
8 H � H H H H H H H H H NI
9 H � H H H H H H H H NI H

10 H H LOH H NI H H H � H H �
11 H H H H H H H H H H H H
12 H H H H H H H H H H H H
13 H NI H � � H H H � H NI NI
14 H NI H H H H H H H H H �
15 H � H H H H H H H H H NI
16 H � NI H H H H H � H H NI
17 NI NI H � � H H H � � H �

LOH(%) 0/16 0/4 1/14 (7) 0/10 0/13 0/17 0/16 0/17 0/12 0/16 0/12 0/8
Note: H � retention of heterozygosity; NI � noninformative; � � failed.

Prowse. Allelic loss studies of endometriosis. Fertil Steril 2005.

1137
Fertility

and
Sterility�



a
m
s
o
k

f
t
m
g

natural bias in reporting “positive” data, there are several
ethodological factors that might explain the differences. Other

tudies have used a variety of methods to score LOH, but only
ne other study has used fluorescence-based technology: Na-

FIGURE 1

Retention of heterozygosity at markers D9S265, D17
lesions from samples 11, 1, 8, and 12, respectively. R
DNA extracted from endometriotic epithelium, endom
from samples 11, 1, 8, and 12, respectively, are show
under the allele peak.

Prowse. Allelic loss studies of endometriosis. Fertil Steril 2005.
ayama et al. detected LOH, at the PTCH locus, in only one of f

1138 Prowse et al. Allelic loss studies of endometriosis
our samples analyzed at seven markers (25). Very few inves-
igators have scored LOH using a quantitative method, and
ost relied on visual inspection of allelic dosage on autoradio-

raphs or stained agarose gels. Studies might also have suffered

8, D11S29, and D10S541 in ovarian endometriotic
esentative electropherograms from the analysis of
otic stroma, and adjacent normal ovarian stroma
izes of the alleles, in base pairs, are indicated
S92
epr
etri
n. S
rom allelic dropout, a phenomenon resulting from random or

Vol. 83, Suppl 1, April 2005
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ystematic differences in PCR amplification of different micro-
atellite alleles. Fluorescence in situ hybridization–based stud-
es that showed gain and loss of genetic material in endometri-
sis rarely used normal control tissues, and it is possible that
ome apparent changes resulted from differential probe activity

FIGURE 2

Lesion 10: lost of heterozygosity at D8S261, but rete
D9S270. Representative electropherograms from the
epithelium, endometriotic stroma, and adjacent norm
the alleles, in base pairs, are indicated under the alle

Prowse. Allelic loss studies of endometriosis. Fertil Steril 2005.
n tissue sections. P

ertility and Sterility�
Our failure to find allelic loss at the PTEN locus in
ndometriosis is particularly surprising since in one study
OH at PTEN was detected at high frequency (50%) in
ndometriotic lesions synchronous with clear cell or endo-
etrioid carcinomas (19). In addition, LOH and missense

n of heterozygosity at D10S541, TP53, and
lysis of DNA extracted from endometriotic
varian stroma from sample 10 are shown. Sizes of
eak.
ntio
ana
al o
le p
TEN mutations were identified in solitary endometrial cysts
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TABLE 4
Summary of previous studies analyzing the genetics of endometriosis by loss of heterozygosity (LOH) analysis, fluorescence in situ
hybridization (FISH), or CGH (comparative genomic hybridization).

Analysis/
reference Chromosomes analyzed No. of samples Dissection Scoring of LOH Results

LOH (10, 14) 2q, 4q, 5p, 6q, 7p, 9p,
11q, 17p, 17q, 22q, Xq

54 endometriosis Manual By eye; autoradiograph LOH detected in 23/54 samples
at one or more loci, including
4q (2%), 5q (10%), 6q (7%),
9p (21%), 11q (19%), 22q
(19%)

LOH (13) 1p, 1q, 2p, 2q, 3p, 9p, 9q,
17p, 17q

22 endometriosis Manual By eye; silver staining LOH detected in 8/22 (36.4%)
samples in at least one locus,
including 9p21 (27.3%), 1q21
(4.5%), 17p13.1 (4.5%)

LOH (19) 10q23.3 (PTEN) 23 solitary endometrial
cysts, 5
endometriosis with
endometrioid
carcinoma, 7
endometriosis with
clear cell ovarian
carcinoma

LCM By eye; autoradiography LOH detected in 13/23 cysts,
3/5 endometriosis with
endometrioid carcinoma, 3/7
endometriosis with clear cell
ovarian carcinoma

LOH (25) 8 markers located around
p16, PTCH, WT1, RB1,
D14S267, NM23, DPC4,
DCC

3 ovarian
endometriotic cysts,
1 peritoneal implant

Manual Florescence based
using automated
sequencer

LOH detected at PTCH in one
sample

LOH (30) 17p13.1, 17q22-24,
17q11.2-q12

15 endometriosis
samples

No By eye; autoradiography
or ethidium bromide
staining

LOH detected in 1/13 at
17q11.2-q12 and 3/13 at
17q22-q24

FISH (30) Chromosome 17
centromere and p53
locus

14 endometriosis
samples

– – Monosomy of chromosome 17
centromere and TP53
detected in some cells in all
14 samples. Some cells had
TP53 loss only

1140
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TABLE 4
Continued.

Analysis/
reference Chromosomes analyzed No. of samples Dissection Scoring of LOH Results

FISH (31) Chromosomes 7, 8, 11,
12, 16, 17, and 18.

4 endometriosis
samples

– – Increased number of cells with
[1] monosomy 17 and 16
detected in 1/4; [2]
monosomy 16 alone detected
in 1/4; and [3] trisomy 11
detected in 1/4

FISH (32) Chromosome 17 8 endometriosis
samples

– – Increase in number of cells with
chromosome 17 aneuploidy in
all samples

CGH (33) – 18 endometriosis
samples

Manual – Losses detected in 15/18
samples, including at
chromosomes 1p (50%), 22q
(50%), 5p (33%), 6q (27%),
7p (22%), 9q (22%), and 16
(22%). Gain detected at 6q,
7q, and 17q in 3 cases

CGH (34) – 1 cell line and original
endometriosis
sample

Manual – In cell line; gain of
chromosomes 1, 2, 3, 5, 6p,
7, 16, 17q, 20, 21q, and 22q;
loss of chromosomes 6p, 9,
11p, 12, 13q, 18, and X.
Original; gain of 1p, 22q, and
X.; loss of 1p, 22q, and
chromosome X

Prowse. Allelic loss studies of endometriosis. Fertil Steril 2005.
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f the ovary. Immunohistochemistry analysis has shown
educed PTEN expression in 7 of 46 (15.21%) endometriosis
amples, all of which were removed from women with
evere disease (15). However, absent expression was not
etected and the PTEN gene was not analyzed for genetic
lterations.

It is possible that the endometriotic cysts in our series were
arlier-stage lesions than those studied by other groups. Late-
tage lesions might gain a neoplastic component and/or tend to
cquire more background genetic changes. We suspect that our
nding of LOH at D8S261 in one lesion to be such a back-
round change. In keeping with this suggestion, it is notable
hat studies of endometriosis have shown few consistent pat-
erns of LOH and no changes at high frequencies.

It is interesting that several cancer registries have shown
hat patients with endometriosis have an increased risk of
varian cancer (26–29). From our study, we cannot exclude
he possibility that endometriosis is a precursor to endo-
etrioid and clear cell ovarian cancer since we may have

verlooked LOH at other loci or genetic alterations other
han LOH may be involved. In addition, some endometriotic
esions may gain a neoplastic component at a later stage;
any of our samples were from young women (mean age, 37

ears), and no atypia was identified in any of the lesions and
one were associated with ovarian cancer. Similar risk fac-
ors appear to be involved in both endometriosis and ovarian
ancer, and there may be an indirect link between the two
iseases where environmental, immunological, hormonal,
nd genetic factors coincidentally predispose women to both
ndometriosis and ovarian cancer.

In summary, our data do not provide good evidence for the
endometriosis-as-tumor” hypothesis. We failed to replicate
revious findings of LOH in ovarian endometriosis. Evi-
ently, we cannot exclude the possibility that endometriosis
s neoplastic because we may have overlooked LOH at other
oci or genetic lesions other than LOH may be involved.
ther genetic methods, such as linkage analysis in familial

ases and profiling of gene expression, may yield more
seful information about the origins of endometriosis. Fi-
ally, direct analysis of somatic genetic changes in endome-
riosis might be better focused on late-stage lesions or le-
ions associated with contiguous carcinoma.

cknowledgment: The authors thank the Equipment Park, Cancer Research
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