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 endometriotic 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威 2005;83(Suppl 1):1134 – 43. ©2005 by American Society for Reproductive Medicine.)
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Endometriosis, defined as the presence of endometrial glands
and stroma outside the uterus, can cause debilitating pelvic
pain, painful periods, and subfertility and is believed to
affect millions of women worldwide. The frequency of endometriosis has been difficult to determine because the
symptoms are variable and diagnosis requires visual inspection of the pelvis at surgery. However, it is known that
chronic pelvic pain, one of the main symptoms of endometriosis, is extremely common (1, 2).
Despite its clinical importance, little is known about the
molecular defects that cause the disease, although endometriosis is thought to be a complex trait, resulting from the
interaction between multiple genetic loci and a variety of
environmental risk factors (3). Delineating the molecular
mechanisms involved in the development of endometriosis
may therefore lead to improved ways of managing the disease and would facilitate the rational design of novel drugs.
Although endometriosis is a “benign” disease, it has many
characteristics of neoplasia (used in this context to mean
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clonal proliferation of cells arising from genetic changes that
provide the clone with a replicative advantage). Endometriosis may show unrestrained growth and increased vascularization and even features classically associated with malignancy, such as tissue invasion and metastasis (4). There is
also evidence that endometriosis is associated with, and
might be a precursor to, endometrioid and clear cell ovarian
carcinoma (4). It is therefore believed that the genetic alterations involved in both tumorigenesis and the development
of endometriosis could overlap and that identifying the genes
involved in endometriosis might give critical clues to the
initiation of endometrioid and clear cell ovarian carcinomas.
Previous studies have analyzed ovarian endometriotic
cysts for clonal origins and for genetic alterations (5– 8).
Most have shown ovarian lesions to be monoclonal in origin,
but this is not necessarily indicative of neoplasia since an
endometriotic cyst could simply be a malformation that has
developed within a single, stem cell “patch.” Conversely,
there are reports of polyclonality in endometriosis, which
suggest non-neoplastic origins (8 –10). The methods used to
assess clonality are often unreliable; separating endometriotic from normal tissue was technically difficult before laser
capture microdissection became available, and some methods, such as the human androgen receptor assay, tend to
produce false negatives because of restriction endonuclease
failure. Recently, Mayr et al. (8) used a phosphoglycerate
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kinase-1 polymorphism to analyze ovarian endometriotic
cysts for clonal origins by laser microdissection. From the 13
of 29 informative patients, 32 samples were studied and only
2 of 32 were consistent with monoclonal origin.
We believe that demonstrating consistent genetic changes
in endometriosis would be the best indication that these
lesions are true neoplasms. Several workers have addressed
this issue, mostly by testing for allelic loss (loss of heterozygosity [LOH]), and we critically review these studies in our
Discussion below. Before doing so, we report our own
results from screening 17 samples of ovarian endometriosis
for LOH at 12 loci of potential importance in the pathogenesis of endometriosis.
MATERIALS AND METHODS
Anonymized tissue blocks from 17 women with ovarian
endometriosis were identified from the histopathology archives of the John Radcliffe Hospital, Oxford. Institutional
Review Board approval from our local ethics committee
gave us permission to access unlinked, anonymized samples.
Hematoxylin and eosin (H&E)-stained slides were reviewed
by a single histopathologist (S.M.) to confirm the diagnosis.
Ten sections (10 m) were cut from each lesion, and the

sections were lightly stained with H&E. Each section was
microdissected using a laser capture microscope (Arcturus
Engineering, Mountain View, CA) to separate the endometriotic epithelium, the adjacent stroma, and surrounding
normal tissue.
Extraction of DNA was performed by incubating the samples in 20 –250 L 1 ⫻ polymerase chain reaction (PCR)
buffer (Promega UK, Southampton, UK), pH 8, with 200
g/mg proteinase K at 56°C overnight. Polymorphic microsatellite markers were chosen that map to chromosomal
regions containing potentially important genes involved in
tumorigenesis (D9S1870, D9S265, D9S270, D9S161,
D11S29, D1S199, D8S261, APOA2, PTCH, TP53,
D10S541, and D10S1765 [http://genome.ucsc.edu/]) (Table
1).
One oligonucleotide from each pair was fluorescently
labeled (with FAM, HEX, or NED (Applied Biosystems,
Cheshire, UK). PCR was performed in a 30-L reaction
containing 1.5 mM Mg2⫹, 500 M dNTPs, and 0.75–1.0
M concentrations of each primer pair, 0.75 unit Taq polymerase (Promega), and 1 L of the extracted DNA (from
endometriotic epithelium, adjacent endometriotic stroma, or
normal ovarian stromal tissue). PCR amplification was per-

TABLE 1
Microsatellite markers.
Locus

Chromosomal location

Primer sequence

D9S1870

9p21.3

D9S265

9p21.3

D9S270

9p21.1

D9S161

9p21.2

D11S29

11q23.3

TGGGTATGGTTTTCTGG
TTGAGGCAGGTCAAATAA
TGGTGAAGCCTATTCTTGGT
CATTGGCAAAGTGTGCG
AGGTGTAGTCCTTCTGGAATTT
GATGTGACTGCTGTTAAAACTAGAG
TGCTGCATAACAAATTACCAC
CATGCCTAGACTCCTGATCC
TCTAGCTCCACCATCCTGTG
ACAACACACTGCCACAAGAC
GGTGACAGAGTGAGACCCTG
CAAAGACCATGTGCTCCGTA
TGCCACTGTCTTGAAAATCC
TATGGCCCAGCAATGTGTAT
CTTGAGCTATTTCGTGGAACTTGG
CATTCAGCATTTATTGTAGCAAAGAG
CGCATAGCGTGTTTGAAAGTT
GTATTTGTGCATTGGGCTCC
AGGGATACTATTCAGCCCGAGGTG
ACTGCCACTCCTTGCCCCATTC
AAGCAAGTGAAGTCTTAGAACCACC
CCACAAGTAACAGAAAGCCTGTCTC
ACACTTACATAGTGCTTTCTGCG
CAGCCTCCCAAAGTTGC

D1S199

1p36.13

D8S261

8p22

APOA2

1q23.3

PTCH

9q22.3

TP53

17p13.1

D10S541

10q23.31

D10S1765

10q23.31
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formed as follows: 96°C for 5 minutes, 40 cycles of 96°C for
30 seconds, an annealing step of between 50°C and 55°C for
30 seconds, 72°C for 30 seconds, followed by a final extension step of 72°C for 10 minutes in an Eppendorf PCR
machine. The PCR products were run on an ABI 3700
Genetic Analyzer, and microsatellites were analyzed for
allelic imbalance using the Genotyper program (Applied
Biosystems).
In informative (heterozygous) cases, allelic loss at each
marker was scored in the endometriotic epithelium or the
stroma if the area under one allelic peak was reduced by
⬎50% relative to the other allele, after correcting for the
relative peak areas in DNA from the normal tissue.
RESULTS
To determine whether endometriotic lesions are true neoplasms we sought to identify consistent genetic alterations
by performing LOH analysis on 17 archival ovarian endometriosis samples (Table 2). Each sample was microdissected using a laser capture microscope to separate the
endometriotic epithelium, the adjacent stroma, and surrounding normal tissue before DNA extraction and LOH analysis.
For LOH analysis, 12 polymorphic microsatellite markers
were chosen that map to chromosomal regions containing
potentially important genes involved in tumorigenesis
(D9S1870, D9S265, D9S270, D9S161, D11S29, D1S199,
D8S261, APOA2, PTCH, TP53, D10S541, and D10S1765).
Markers around p16INK4a (D9S265, D9S1870, D9S270, and
D9S161) and TP53 were chosen because these tumor suppressors are commonly mutated in multiple cancer types (11,
12) and LOH has been detected at these loci in endometriosis
samples (10, 13, 14). In addition, a TP53 mutation was found
in 1/14 cases of endometriosis (14) and abnormal methylation of p16INK4a was detected in 1/46 endometriosis samples (15). PTCH is also a tumor suppressor that is mutated in
basal cell carcinomas, medulloblastomas, and other cancers
(16). D10S541 and D10S1765 map to the PTEN locus;
PTEN is a tumor suppressor gene that is mutated in a variety
of sporadic cancers and in two autosomal dominant hamartoma syndromes (17). In addition, inactivation of PTEN has
been reported as an early event in the development of ovarian endometrioid and endometrial carcinomas (18, 19).
D11S29, D1S199, and D8S261 map to regions that commonly show LOH in many tumor types, including ovarian
carcinomas (20 –24). APOA2 maps to 1q21-q23, and LOH
has previously been detected at this locus in an endometriosis sample (13).
We found that LOH at all the sites analyzed was very
uncommon in both endometriotic epithelium and stroma. In
the overwhelming majority of lesions, LOH was unequivocally absent (Table 3; examples are shown in Fig. 1), and the
allelic ratios in the endometriotic samples were generally
very similar to those in the normal tissue, providing no
evidence to suggest that allelic loss had been masked by
contaminating normal tissue. Just one lesion showed LOH,
1136
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TABLE 2
Clinical data of ovarian endometriosis
samples.
Case

Age
(years)

1

44

2

44

3

33

4
5
6
7
8
9

40
28
21
43
31
31

10
11

46
46

12
13

51
27

14
15
16
17

27
48
33
33

Diagnosis
Endometriotic
atypia)
Endometriotic
(no atypia)
Endometriotic
(no atypia)
Endometriotic
Endometriotic
Endometriotic
Endometriotic
Endometriotic
Endometriotic
(no atypia)
Endometriotic
Endometriotic
(no atypia)
Endometriotic
Endometriotic
(no atypia)
Endometriotic
Endometriotic
Endometriotic
Endometriotic

foci (stage 4; no
cyst and foci
cyst and foci
foci (no atypia)
cyst (no atypia)
cysts (no atypia)
cyst (no atypia)
cyst (no atypia)
cyst and foci
cyst (no atypia)
cyst and foci
foci (no atypia)
cyst and foci
foci (no atypia)
foci (no atypia)
cyst (no atypia)
cyst (no atypia)
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and this was at just one microsatellite marker (D8S261) (Fig.
2). Interestingly, both the epithelial and stromal parts of this
lesion showed the change, suggesting that they may be
derived from the same clone. Our data have provided no
evidence to suggest that ovarian endometriosis is a true
neoplasm.
DISCUSSION
Our analyses using fine-scale laser microdissection and fluorescence-based quantitation of allele dosage showed that
LOH at all the sites analyzed was very uncommon in both
endometriotic epithelium and stroma. Just one lesion showed
LOH, and this was at just one microsatellite marker
(D8S261). Interestingly, both the epithelial and stromal parts
of this lesion showed the change, which suggests that they
may be derived from the same clone. In general, however,
our data provided no evidence to suggest that ovarian endometriosis is a true neoplasm.
Some of our microsatellite markers were chosen because
other workers had shown them to undergo allelic loss in endometriosis (summarized in Table 4). Our data therefore differ
from those derived by many other investigators. In addition to
Vol. 83, Suppl 1, April 2005
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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
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
LOH(%)

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
NI
0/16

⫺
H
NI
NI
⫺
NI
⫺
⫺
⫺
H
H
H
NI
NI
⫺
⫺
NI
0/4

H
H
H
H
H
⫺
H
H
H
LOH
H
H
H
H
H
NI
H
1/14 (7)

NI
NI
H
H
⫺
NI
NI
H
H
H
H
H
⫺
H
H
H
⫺
0/10

H
H
H
H
⫺
H
H
H
H
NI
H
H
⫺
H
H
H
⫺
0/13

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
0/17

NI
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
0/16

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
0/17

H
H
H
H
NI
H
H
H
H
⫺
H
H
⫺
H
H
⫺
⫺
0/12

H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
⫺
0/16

NI
H
NI
H
⫺
H
H
H
NI
H
H
H
NI
H
H
H
H
0/12

H
⫺
H
H
⫺
H
H
NI
H
⫺
H
H
NI
⫺
NI
NI
⫺
0/8

Note: H ⫽ retention of heterozygosity; NI ⫽ noninformative; ⫺ ⫽ failed.
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FIGURE 1
Retention of heterozygosity at markers D9S265, D17S928, D11S29, and D10S541 in ovarian endometriotic
lesions from samples 11, 1, 8, and 12, respectively. Representative electropherograms from the analysis of
DNA extracted from endometriotic epithelium, endometriotic stroma, and adjacent normal ovarian stroma
from samples 11, 1, 8, and 12, respectively, are shown. Sizes of the alleles, in base pairs, are indicated
under the allele peak.
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a natural bias in reporting “positive” data, there are several
methodological factors that might explain the differences. Other
studies have used a variety of methods to score LOH, but only
one other study has used fluorescence-based technology: Nakayama et al. detected LOH, at the PTCH locus, in only one of
1138
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four samples analyzed at seven markers (25). Very few investigators have scored LOH using a quantitative method, and
most relied on visual inspection of allelic dosage on autoradiographs or stained agarose gels. Studies might also have suffered
from allelic dropout, a phenomenon resulting from random or
Vol. 83, Suppl 1, April 2005

FIGURE 2
Lesion 10: lost of heterozygosity at D8S261, but retention of heterozygosity at D10S541, TP53, and
D9S270. Representative electropherograms from the analysis of DNA extracted from endometriotic
epithelium, endometriotic stroma, and adjacent normal ovarian stroma from sample 10 are shown. Sizes of
the alleles, in base pairs, are indicated under the allele peak.
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systematic differences in PCR amplification of different microsatellite alleles. Fluorescence in situ hybridization– based studies that showed gain and loss of genetic material in endometriosis rarely used normal control tissues, and it is possible that
some apparent changes resulted from differential probe activity
in tissue sections.
Fertility and Sterility姞

Our failure to find allelic loss at the PTEN locus in
endometriosis is particularly surprising since in one study
LOH at PTEN was detected at high frequency (50%) in
endometriotic lesions synchronous with clear cell or endometrioid carcinomas (19). In addition, LOH and missense
PTEN mutations were identified in solitary endometrial cysts
1139
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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).

Allelic loss studies of endometriosis

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 (13)

1p, 1q, 2p, 2q, 3p, 9p, 9q,
17p, 17q

22 endometriosis

Manual

By eye; silver staining

LOH (19)

10q23.3 (PTEN)

LCM

By eye; autoradiography

LOH (25)

8 markers located around
p16, PTCH, WT1, RB1,
D14S267, NM23, DPC4,
DCC
17p13.1, 17q22-24,
17q11.2-q12

23 solitary endometrial
cysts, 5
endometriosis with
endometrioid
carcinoma, 7
endometriosis with
clear cell ovarian
carcinoma
3 ovarian
endometriotic cysts,
1 peritoneal implant

Manual

Florescence based
using automated
sequencer

LOH detected at PTCH in one
sample

No

By eye; autoradiography
or ethidium bromide
staining
–

LOH detected in 1/13 at
17q11.2-q12 and 3/13 at
17q22-q24
Monosomy of chromosome 17
centromere and TP53
detected in some cells in all
14 samples. Some cells had
TP53 loss only

LOH (30)
Vol. 83, Suppl 1, April 2005

FISH (30)

Chromosome 17
centromere and p53
locus

15 endometriosis
samples
14 endometriosis
samples

–

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 detected in 8/22 (36.4%)
samples in at least one locus,
including 9p21 (27.3%), 1q21
(4.5%), 17p13.1 (4.5%)
LOH detected in 13/23 cysts,
3/5 endometriosis with
endometrioid carcinoma, 3/7
endometriosis with clear cell
ovarian carcinoma

Fertility and Sterility姞

TABLE 4
Continued.
Analysis/
reference

Chromosomes analyzed

No. of samples

Dissection

Scoring of LOH

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

FISH (31)

Chromosomes 7, 8, 11,
12, 16, 17, and 18.

4 endometriosis
samples

–

–

FISH (32)

Chromosome 17

8 endometriosis
samples

–

–

CGH (33)

–

18 endometriosis
samples

Manual

–

CGH (34)

–

1 cell line and original
endometriosis
sample

Manual

–
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of the ovary. Immunohistochemistry analysis has shown
reduced PTEN expression in 7 of 46 (15.21%) endometriosis
samples, all of which were removed from women with
severe disease (15). However, absent expression was not
detected and the PTEN gene was not analyzed for genetic
alterations.
It is possible that the endometriotic cysts in our series were
earlier-stage lesions than those studied by other groups. Latestage lesions might gain a neoplastic component and/or tend to
acquire more background genetic changes. We suspect that our
finding of LOH at D8S261 in one lesion to be such a background change. In keeping with this suggestion, it is notable
that studies of endometriosis have shown few consistent patterns of LOH and no changes at high frequencies.
It is interesting that several cancer registries have shown
that patients with endometriosis have an increased risk of
ovarian cancer (26 –29). From our study, we cannot exclude
the possibility that endometriosis is a precursor to endometrioid and clear cell ovarian cancer since we may have
overlooked LOH at other loci or genetic alterations other
than LOH may be involved. In addition, some endometriotic
lesions may gain a neoplastic component at a later stage;
many of our samples were from young women (mean age, 37
years), and no atypia was identified in any of the lesions and
none were associated with ovarian cancer. Similar risk factors appear to be involved in both endometriosis and ovarian
cancer, and there may be an indirect link between the two
diseases where environmental, immunological, hormonal,
and genetic factors coincidentally predispose women to both
endometriosis and ovarian cancer.
In summary, our data do not provide good evidence for the
“endometriosis-as-tumor” hypothesis. We failed to replicate
previous findings of LOH in ovarian endometriosis. Evidently, we cannot exclude the possibility that endometriosis
is neoplastic because we may have overlooked LOH at other
loci or genetic lesions other than LOH may be involved.
Other genetic methods, such as linkage analysis in familial
cases and profiling of gene expression, may yield more
useful information about the origins of endometriosis. Finally, direct analysis of somatic genetic changes in endometriosis might be better focused on late-stage lesions or lesions associated with contiguous carcinoma.
Acknowledgment: The authors thank the Equipment Park, Cancer Research
UK.

REFERENCES
1. Zondervan KT, Yudkin PL, Vessey MP, Dawes MG, Barlow DH,
Kennedy SH. Patterns of diagnosis and referral in women consulting for
chronic pelvic pain in UK primary care. Br J Obstet Gynaecol 1999;
106:1156 – 61.
2. Zondervan K, Barlow DH. Epidemiology of chronic pelvic pain. Baillieres Best Pract Res Clin Obstet Gynaecol 2000;14:403–14.
3. Zondervan KT, Cardon LR, Kennedy SH. The genetic basis of endometriosis. Curr Opin Obstet Gynecol 2001;13:309 –14.
4. Thomas EJ, Campbell IG. Evidence that endometriosis behaves in a
malignant manner. Gynecol Obstet Invest 2000;50(Suppl 1):2–10.

1142

Prowse et al.

Allelic loss studies of endometriosis

5. Jimbo H, Hitomi Y, Yoshikawa H, Yano T, Momoeda M, Sakamoto A,
et al. Evidence for monoclonal expansion of epithelial cells in ovarian
endometrial cysts. Am J Pathol 1997;150:1173– 8.
6. Tamura M, Fukaya T, Murakami T, Uehara S, Yajima A. Analysis of
clonality in human endometriotic cysts based on evaluation of X
chromosome inactivation in archival formalin-fixed, paraffin-embedded
tissue. Lab Invest 1998;78:213– 8.
7. Wu Y, Basir Z, Kajdacsy-Balla A, Strawn E, Macias V, Montgomery
K, et al. Resolution of clonal origins for endometriotic lesions using
laser capture microdissection and the human androgen receptor
(HUMARA) assay. Fertil Steril 2003;79(3 Suppl 1):710 –7.
8. Mayr D, Amann G, Siefert C, Diebold J, Anderegg B. Does endometriosis really have premalignant potential? A clonal analysis of lasermicrodissected tissue. Faseb J 2003;17:693–5.
9. Nilbert M, Pejovic T, Mandahl N, Iosif S, Willen H, Mitelman F.
Monoclonal origin of endometriotic cysts. Int J Gynecol Cancer 1995;
5:61–3.
10. Jiang X, Hitchcock A, Bryan EJ, Watson RH, Englefield P, Thomas EJ,
et al. Microsatellite analysis of endometriosis reveals loss of heterozygosity at candidate ovarian tumor suppressor gene loci. Cancer Res
1996;56:3534 –9.
11. Ruas M, Peters G. The p16INK4a/CDKN2A tumor suppressor and its
relatives. Biochim Biophys Acta 1998;1378:F115–77.
12. Soussi T. The p53 tumor suppressor gene: from molecular biology to
clinical investigation. Ann NY Acad Sci 2000;910:121–37; discussion
137–9.
13. Goumenou AG, Arvanitis DA, Matalliotakis IM, Koumantakis EE,
Spandidos DA. Microsatellite DNA assays reveal an allelic imbalance
in p16(Ink4), GALT, p53, and APOA2 loci in patients with endometriosis. Fertil Steril 2001;75:160 –5.
14. Jiang X, Morland SJ, Hitchcock A, Thomas EJ, Campbell IG. Allelotyping of endometriosis with adjacent ovarian carcinoma reveals evidence of a common lineage. Cancer Res 1998;58:1707–12.
15. Martini M, Ciccarone M, Garganese G, Maggiore C, Evangelista A,
Rahimi S, et al. Possible involvement of hMLH1, p16(INK4a) and
PTEN in the malignant transformation of endometriosis. Int J Cancer
2002;102:398 – 406.
16. Ingham PW. The patched gene in development and cancer. Curr Opin
Genet Dev 1998;8:88 –94.
17. Simpson L, Parsons R. PTEN: life as a tumor suppressor. Exp Cell Res
2001;264:29 – 41.
18. Mutter GL, Lin MC, Fitzgerald JT, Kum JB, Baak JP, Lees JA, et al.
Altered PTEN expression as a diagnostic marker for the earliest endometrial precancers. J Natl Cancer Inst 2000;92:924 –30.
19. Sato N, Tsunoda H, Nishida M, Morishita Y, Takimoto Y, Kubo T, et
al. Loss of heterozygosity on 10q23.3 and mutation of the tumor
suppressor gene PTEN in benign endometrial cyst of the ovary: possible sequence progression from benign endometrial cyst to endometrioid
carcinoma and clear cell carcinoma of the ovary. Cancer Res 2000;60:
7052– 6.
20. Davis M, Hitchcock A, Foulkes WD, Campbell IG. Refinement of two
chromosome 11q regions of loss of heterozygosity in ovarian cancer.
Cancer Res 1996;56:741– 4.
21. Gabra H, Taylor L, Cohen BB, Lessels A, Eccles DM, Leonard RC, et
al. Chromosome 11 allele imbalance and clinicopathological correlates
in ovarian tumours. Br J Cancer 1995;72:367–75.
22. Imyanitov EN, Birrell GW, Filippovich I, Sorokina N, Arnold J, Mould
MA, et al. Frequent loss of heterozygosity at 1p36 in ovarian adenocarcinomas but the gene encoding p73 is unlikely to be the target.
Oncogene 1999;18:4640 –2.
23. Pribill I, Speiser P, Leary J, Leodolter S, Hacker NF, Friedlander ML,
et al. High frequency of allelic imbalance at regions of chromosome
arm 8p in ovarian carcinoma. Cancer Genet Cytogenet 2001;129:23–9.
24. Wright K, Wilson PJ, Kerr J, Do K, Hurst T, Khoo SK, et al. Frequent loss
of heterozygosity and three critical regions on the short arm of chromosome 8 in ovarian adenocarcinomas. Oncogene 1998;17:1185– 8.
25. Nakayama K, Toki T, Nikaido T, Zhai YL, Konishi I. Genetic alter-

Vol. 83, Suppl 1, April 2005

26.

27.
28.

29.

30.

ations in microsatellite marker sites among tumor suppressor genes in
endometriosis. Gynecol Obstet Invest 2001;51:240 –2.
Borgfeldt C, Andolf E. Cancer risk after hospital discharge diagnosis of
benign ovarian cysts and endometriosis. Acta Obstet Gynecol Scand
2004;83:395– 400.
Erzen M, Kovacic J. Relationship between endometriosis and ovarian
cancer. Eur J Gynaecol Oncol 1998;19:553–5.
Brinton LA, Gridley G, Persson I, Baron J, Bergqvist A. Cancer risk
after a hospital discharge diagnosis of endometriosis. Am J Obstet
Gynecol 1997;176:572–9.
Sainz de la Cuesta R, Eichhorn JH, Rice LW, Fuller AF Jr, Nikrui N,
Goff BA. Histologic transformation of benign endometriosis to early
epithelial ovarian cancer. Gynecol Oncol 1996;60:238 – 44.
Bischoff FZ, Heard M, Simpson JL. Somatic DNA alterations in
endometriosis: high frequency of chromosome 17 and p53 loss in
late-stage endometriosis. J Reprod Immunol 2002;55:49 – 64.

Fertility and Sterility姞

31. Shin JC, Ross HL, Elias S, Nguyen DD, Mitchell-Leef D, Simpson
JL, et al. Detection of chromosomal aneuploidy in endometriosis by
multi-color fluorescence in situ hybridization (FISH). Hum Genet
1997;100:401– 6.
32. Kosugi Y, Elias S, Malinak LR, Nagata J, Isaka K, Takayama M, et al.
Increased heterogeneity of chromosome 17 aneuploidy in endometriosis. Am J Obstet Gynecol 1999;180:792–7.
33. Gogusev J, Bouquet de Joliniere J, Telvi L, Doussau M, du Manoir S,
Stojkoski A, et al. Genetic abnormalities detected by comparative
genomic hybridization in a human endometriosis-derived cell line. Mol
Hum Reprod 2000;6:821–7.
34. Gogusev J, Bouquet de Joliniere J, Telvi L, Doussau M, du Manoir S,
Stojkoski A, et al. Detection of DNA copy number changes in human
endometriosis by comparative genomic hybridization. Hum Genet 1999;
105:444 –51.

1143

