
Introduction

Endometriosis is a common gynecological disease in

which endometrial-like glandular epithelium and stroma

proliferate at sites outside the uterine cavity, most com-

monly in the ovaries and peritoneum. Endometriosis gen-

erally follows a benign course, however, it does exhibit

some characteristics reminiscent of malignancy, affecting

10−15% of all women of reproductive age [1, 2]. The ma-

lignant potential of endometriosis and its specific associa-

tion with ovarian cancer have long been suspected, based

on their frequent co-occurrence in surgical specimens. Sev-

eral large follow-up studies have indicated that women with

endometriosis have an increased risk of ovarian cancer [3–

6]. A series of pathologic studies reported that 5−10% of

women with ovarian endometriosis have ovarian cancers,

with clear cell and endometrioid cancers being the pre-

dominant endometriosis-associated ovarian cancers

(EAOCs) [4, 7–10]. In surgical specimens, a frequent co-

existence of endometrioid/clear cell ovarian cancers with

endometriosis has been observed. In approximately 60% of

EAOCs, cancer is adjacent to or arises directly from en-

dometriosis tissue, suggesting that malignant transforma-

tion of endometriosis occurs [9, 11]. 

The current data are insufficient to demonstrate a causative

relationship between endometriosis and ovarian cancer, al-

though the histological and epidemiological evidence sup-

ports the possibility that endometriosis is the precursor to

certain types of ovarian cancer. Because endometriosis and

ovarian cancer share some similar risk or protective factors as

well as antecedent mechanisms, it is difficult to control the

confounding factors when investigating the relationship be-

tween endometriosis and ovarian cancers. On the other hand,
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Summary

Objective: Despite studies have suggested that endometriosis has malignant potential, the molecular mechanism underlying the malignant

transformation of endometriosis is poorly understood so far. Endometriosis-associated ovarian cancer (EAOC) or ovarian cancer arising
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progression of the ovarian endometriosis malignancy. Materials and Methods: Each paraffin block was sliced into serial ten-µm-thick sec-

tions. Extracted DNA was amplified by nested PCR. Mutations of PTEN and p53 were examined by bidirectional DNA sequencing. Results:
It was acknowledged by experiments that the PTEN and p53 mutation frequency in EAOCs were significantly higher than that in aEMs and
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criteria in malignant transformation of endometriosis, which may be a specific entity distinct from non-endometriosis-associated ovarian can-

cer, the authors named them the OCEMs, occurred PTEN or p53 mutation, respectively. Conclusion: The present study suggested that the
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mutation is the pristine event, but p53 mutation is the late.
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the great difficulties involved in sample collection and the

cellular heterogeneity of specimens hamper the molecular

analysis of specific causative loci common to endometriosis

and cancer [12]. Based on studies, the frequency of the ma-

lignant transformation of ovarian endometriosis is estimated

at about 0.7–1.6% [4, 7, 13]. Sampson [14] and Scott [15] de-

scribed the malignant transformation of endometriosis with

the following criteria: (1) the coexistence of carcinoma and

endometriosis at the same site, which (2) bear a similar his-

tological relationship to each other, and (3) the exclusion of a

second malignant tumour elsewhere, moreover, (4) the mor-

phological demonstration of continuity between benign and

malignant endometrial epithelium. The specimens of ovarian

cancer arising from endometriosis (OCEMs) would be the

ideal subjects for molecular analysis of the malignant trans-

formation of endometriosis, but it is scare to date. Cancer

might have obliterated the tissue of origin and eliminated the

histological evidence of endometriosis in specimens. 

Just like the development of most malignant tumors, the

malignant transformation of endometriosis might arise

from the accumulation of mutations in oncogenes and tu-

mour suppressor genes. Mutations on exons 5-8 of the

PTEN and p53 genes were involved in the endometriosis

progression towards malignancy in previous studies. In the

present study, the authors plan to detect the mutations on

exons 2-8 of PTEN and exons 5-11 of p53, to understand

what role the mutations of the two genes play in the ma-

lignancy of endometriosis, meanwhile, to provide novel

theory guidance for the diagnosis and gene interference.

Materials and Methods 

Clinical cases
The authors examined 23 specimens of EAOCs and ten speci-

mens of atypical hyperplasia ovarian endometriosis, as well as 20

specimens of solitary ovarian endometriosis, which were obtained

at the time of surgery at Liaocheng People’s Hospital, Shandong,

China. Specimens were processed into formalin-fixed, paraffin-

embedded blocks. With 23 EAOCs, histopathological examination

revealed the coexistence of the endometriosis and cancer, four of

them (OCEMs) were detected with continuity. Most patients had a

history of endometriosis prior to the diagnosis of ovarian cancer.

The major sub-histological types were endometrioid carcinoma

(EEC, nine cases) and clear cell carcinoma (CC, 14 cases). Tumors

were staged and graded according to the criteria of the International

Federation of Gynaecology and Obstetrics and classified histolog-

ically according to the criteria of the World Health Organization.

In group 1 and 2 specimens, the age range was 38-66 years with a

mean ± SD of 52.5 years. Group 3 specimens ranged from 28-40

years with a mean ± SD of 34.2 years. All specimens were re-re-

viewed by two senior pathologists and confirmed by the following

pathological examination and all patients had not received any ra-

diotherapy, chemotherapy or hormone therapy prior to the surgery.

Experimental methods
DNA preparation: Genome DNA was extracted according to mod-

ified Frank methods [16]. Extraction procedures were as follows:

serial ten-µm-thick sections were dewaxed in xylene and were pre-

cipitated in dehydrated alcohol and then digested in proteinase K.

The detection of mutations on exons 2-8 of PTEN and exons 5-11
of p53

Nested-PCR and bidirectional DNA sequencing were adopted

in the present study. The design and synthesis of PCR primers

was accomplished by OligoArchitect Online (sigma.com/probe-

designonline). A previous study reported that mutations most fre-

quently occur on exons 5–8 for p53 gene, which affect the

DNA-binding properties of the protein [17]. However, alterations

may also occur throughout the whole coding sequence of the

gene, which may relate not only to exons but also to codons [18].

To obtain comprehensive information about possible mutations,

the present authors investigated exons 2–8 of PTEN and exons 5–

11 of p53. Due to the limited amount of available DNA, they per-

formed a nested polymerase chain reaction (PCR). There were

two round reactions be performed equal in a total volume of 50

µl. The first-round PCR was performed by adding 50 µl PCR

mixture to the microtube. The reaction mixture contained three µl

template DNA, one µl UNG, 25 µl Taq DNA polymerase pre-

mix, 19 µl double purified water, one µl outside stream primers

(up/down) at a concentration of ten µmol/L for exons 2, 3, 4, 5,

6, 7, and 8 of PTEN, respectively. UNG was added in the first-

round PCR to avoid producing artefacts during amplification

[19]. The cycling conditions for PCR consisted of activating

UNG at 52°C for three minutes, preheating at 94°C for five min-

utes, 35 cycles of denaturation for 30 seconds at 95°C, annealing

for 45 seconds at 51-54°C (depending on the exons), extension

for 45 seconds at 72°C, followed by a final extension for ten min-

utes at 72°C. The second round PCR was set up by adding 47 µl

of reaction mixture to three µl of the first-round PCR product.

Amplification was carried out for 35 cycles with denaturation at

94 °C, annealing at 50–52°C (depending on the exons) and ex-

tension at 72°C, each for 30 seconds, followed by a final exten-

sion for ten minutes at 72°C. Similar reactions were carried out

for the exons of p53, with some changes in cycling conditions

depending on the exons.

PCR products were administrated to agarose gel electrophore-

sis and glue recovery and were delivered to biotechnology serv-

ice corporation of Shanghai for bidirectional DNA sequencing,

the sequencing outcomes were compared with the published

NCBI gene sequences (serial-number: PTEN NC000010.9, p53

NC000017.9).

SPSS14.0 software package was used to conduct statistical

analysis of the experimental data. Group comparison adopted chi-

square test, p < 0.05 was considered to have statistical signifi-

cance, and p < 0.01 to have extreme statistical significance.

Results

PCR amplification of genome DNA of PTEN and p53 (Fig-

ures 1 and 2)

The mutations of PTEN and p53 in EMs, aEMs and EAOCs
and the relationship between which as well as the clinical
pathological characteristics of EAOCs

The authors did not detect mutations of PTEN and/or p53

in EMs and aEMs. The frequency of PTEN and p53 muta-

tion in EAOCs was significantly higher than that in EMs

and aEMs. It is investigated that there was extremely sta-

tistical significance of the frequency of PTEN mutation (p
< 0.01) compared to EAOCs to EMs, and statistical signif-

icance of p53 (p < 0.05). Conversely, there was no statisti-

cal significance of the frequency of PTEN and p53

mutation (p > 0.05) between EAOCs and aEMs. 
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In nine EEC, four cases underwent mutation for PTEN in

which the mutational points were on exon 6/7/8, respec-

tively. One of the nine cases which fulfilled the histologi-

cal criteria in malignant transformation of endometriosis

had p53 mutation on exon 10. Meanwhile, in four of the 14

CC, the mutations of PTEN were detected on exon 6/8, re-

spectively. One of the four cases fulfilled the histological

criteria in malignant transformation of endometriosis and

just one case underwent mutations on exon 6 and 8 for

PTEN simultaneously. In addition, 13 of the 14 CC under-

went mutation for p53, in which mutational points were on

exon 5/6. PTEN mutations were detected in eight of the 23

EAOCs, five of which were diagnosed at Stage I and lim-

ited to unilateral or bilateral ovary and without metastasis;

three of which were diagnosed at Stage III and with ab-

dominopelvic cavity implantation metastasis, including a

specimen with extra-abdominal cavity lymphatic metasta-

sis simultaneously. Five of the eight mutant specimens were

diagnosed at G1, G2 by pathology and the other three were

Table 1. — The mutational points and sequence analysis
of PTEN in EAOCs.
Case Exon Gene Mutation Coding variation and

locus mutation type

1 6 488 A deletion Frameshift mutation

2 6 490 CAG→AAG Glutaminate→Lysine 

Missense mutation

3 6 490 CAG→AAG Glutaminate→Lysine 

Missense mutation

3 8 938 ATC→ACC Isoleucine→Threonine 

Missense mutation

4 6 577 CTG→TTG Equal encode leucine

Synonymous mutation

5 7 773 TTC→TCC Phenylalanine→serine 

Missense mutation

6 8 937 ATC→CCC Base replacement

mutation

7 8 937 ATC→CCC Base replacement

mutation

8 8 938 ATC→ACC Isoleucine→Threonine 

Missense mutation 

Figure 1. — The agarose gel electrophotogram of the amplifica-

tion products of PTEN exons 2-8. M: Marker, 1-7 tracks are exons

2-8 in turn, amplification fragments are 245bp, 272bp, 165bp,

380bp, 252bp, 305bp, 438bp, respectively.

Figure 2. — The agarose gel electrophotogram of the amplifica-

tion products of p53 exons 5-11. M: Marker, 1-7 tracks are exons

5-11 in turn, amplication fragments are 285bp, 171bp, 200bp,

220bp, 190bp, 210bp, 180bp, respectively.

Table 2. — The relation of mutation for PTEN and p53 with clinical pathological characteristics of EAOCs.
PTEN p53

N Mutation X2 p Mutation X2 p
n Percentage (%) n Percentage (%)

Age

< 50 years 8 3 37.50
0.000 >0.05

1 12.50
0.153 >0.05

≥ 50 years 15 5 33.33 3 20.00

Histological type

EEC 9 4 44.44
0.286 >0.05

1 11.11
0.306 >0.05

CC 14 4 28.57 3 21.43

Clinical Stage

I/II 15 5 33.33
0.000 >0.05

2 13.33
0.329 >0.05

III 8 3 37.50 2 25.00

Pathological grade

G1/G2 15 5 33.33
0.000 >0.05

2 13.33
0.329 >0.05

G3 8 3 37.50 2 25.00

With or without metastasis

With metastasis 10 3 30.00
0.088 >0.05

3 30.00
1.402 >0.05

Without metastasis 13 5 38.46 1 7.69
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G3. Distinctly, four of the 23 EAOCs underwent p53 mu-

tations, two of which were diagnosed at Stage I, II, respec-

tively, and the latter with parauterine infiltration; two of

which were Stage III and with abdominopelvic cavity im-

plantation metastasis, as well as extra-abdominal cavity

lymphatic metastasis; two of the four mutant specimens

were diagnosed at G1, G2 by pathology and the other two

were G3 (Tables 1–3, Figure 3)

The relation of mutation for PTEN and p53 with the devel-
opment of EAOCs

Among the 23 EAOCs, the authors only detected one

specimen that underwent mutations for PTEN and p53,

moreover simultaneously, the specimen was diagnosed at

Stage III, G3 by pathology and with abdominopelvic cavity

implantation metastasis, as well as extra-abdominal cavity

lymphatic metastasis, which indicated hypso-malignancy.

Two specimens which fulfilled the histological criteria in

malignant transformation of endometriosis underwent mu-

tation on exon 6 and exon 10 of PTEN and p53, respectively,

but without simultaneous mutation. It is indicated that the

specimens which were diagnosed at an earlier clinical stage,

with hypso-histodifferentiation and without metastasis usu-

ally undergo PTEN mutation. Inversely, the mutation of p53

usually occurs on specimens which were diagnosed at later

clinical stage with hypo-histodifferentiation and with metas-

tasis.

Discussion

Endometriosis is a common gynecological disease, al-

though it generally follows a benign course, it does exhibit

some characteristics reminiscent of definitive malignancy,

including monoclonal growth, infiltration, adhesion, local in-

vasion, and metastasis [20]. Histological and epidemiologi-

cal observations have consistently demonstrated an

association between endometriosis and ovarian cancer, on

the basis of which, the frequency of malignant transforma-

tion of ovarian endometriosis is about 0.7%~1.6%, but the

actual frequency is probably significantly higher because of

the difficulty to collect specimens. aEMs play an important

role in the malignant transformation from benign en-

dometriosis to cancer. EAOCs (60%~80%) originated from

aEMs, including clear cell cancers (40%~55%), endometri-

oid cancers (20%~40%), serous, and mucous cancers

(<10%). Twenty-five percent of EAOCs were confirmed as

endometriosis contiguous to cancers by microscope [21]. It

Table 3. — The mutational points and sequence analysis
of p53 in EAOCs.
Case Exon Gene Mutation Coding variation and

locus mutation type

1 5 404 TGC→TAC Cysteine→Tyrosine

Missense mutation

1 6 636 C insertion Frameshift mutation

1 6 638 T insertion Frameshift mutation

2 6 643 C insertion Frameshift mutation

3 6 642 C insertion Frameshift mutation

3 6 644 C insertion Frameshift mutation

3 6 658 TAT→CAT Tyrosine→Histidine

Missense mutation

4 10 1050 CTC→CTA Equal encode leucine

Synonymous mutation

Figure 3. — DNA sequencing spectrum of a graph of the amplification products of PTEN and p53; A: The 490 codon of PTEN exon

6, base C→A; B: The 577 codon of PTEN exon 6, base C→T; C: The 404 codon of p53 exon 5, base G→A; D: The 1050 codon of p53

exon 10, base C→A.
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is suggested that endometriosis scarcely transforms to ma-

lignancy until experienced aEMs. Comparison of the LOH

frequencies revealed a striking trend of increasing LOH on

chromosome 5q, 6q, 9p, 11q, and 22q in solitary en-

dometriosis, endometriosis-associated carcinoma, and en-

dometrioid ovarian carcinoma, which also indicated the

malignant transformation from endometriosis to carcinoma

[22]. The elegant study of engineering genic mice to ap-

proach the mechanism of genetic mutation represents one of

the most convincing pieces of evidence supporting a contin-

uum between endometriosis and cancer [23]. In the Xu et al.
[24] study, high LOH frequencies on chromosomes 9p, 10q,

and 13p were demonstrated in OCEMs. Because of the lim-

itation of the present laboratory, the authors still cannot take

advantage of the empirical methods above-mentioned. 

On account of the relative frequency of ovarian en-

dometriosis malignant transformation, the authors collected

23 endometriosis-associated ovarian cancers, which all had

endometriosis history before ovarian cancer was estab-

lished, and four of them were consistent with malignancy

standards [14, 15] as follows: the coexistence of carcinoma

and endometriosis at the same site, which bear a similar

histological relationship to each other, and the exclusion of

a second malignant tumour elsewhere, moreover, the mor-

phological demonstration of continuity between benign and

malignant endometrial epithelium. The hot mutation sites

of PTEN and p53 genes were exons 5-8 in previous stud-

ies. The present authors detected a new site on exon 10 of

p53 and diverse mutation type, including synonymous mu-

tation, base replacement mutation, missense mutation, and

frameshift mutation caused by gene deletion or insertion.

By virtue of its double specific phosphatase activity, PTEN,

located on chromosome arm 10q (10q23.3), is a major nega-

tive regulator of the PI-3 kinase pathway and has been iso-

lated as a tumour suppressor in a variety of malignancies,

whose rate of mutation is next to p53 and the carboxyl ter-

minal is target region to detect mutation. The inactivation of

PTEN via various mechanisms, including gene deletion of al-

leles, genetic mutation, methylation, protein expression of

mRNA decrease or deletion, and genetic mutation are the

most frequent manners. The mutation of PTEN is major dis-

tributed to the core motif of phosphatese on exon 5 and the

phosphorylase region on exon 7-8. Jiang et al. set up a study

aimed to evaluate in solitary endometriosis, endometriosis-

associated carcinoma, and ovarian endometrioid carcinoma

any LOH on chromosome regions to find a trend of increas-

ing LOH frequencies on chromosome 9p, 11q, 22q, which

suggested the inactivation of some tumour suppressor genes

had participated in the malignant transformation of en-

dometriosis [22]. Sato et al. [25] used a laser-assisted mi-

crodissection system to separate the cancer cells, atypical

hyperplasia cells, and endometriotic cells to detect mutations

in PTEN gene to find missense mutations and deletions in

seven of 34 (20.6%) solitary ovarian endometriotic cysts and

five of these seven cases were accompanied by LOH at

10q23.3. Somatic mutations in PTEN gene were also detected

in 20% ovarian endometrioid carcinomas and in 8.3% clear

cell carcinomas. On the whole, the inactivation of PTEN sup-

ported the possibility of a common genetic lineage in the de-

velopment of EEC, CC, and the malignancy of aEMs and

may be the mechanism of malignant transformation of en-

dometriosis.

p53 gene mutations or overexpression of non-functional

p53 protein are the most common genetic alterations detected

thus far in ovarian cancer with mutations being present, es-

pecially in serous tumours but also in about 30% and 10% of

endometrioid and clear cell carcinomas, respectively. No mu-

tation in p53 gene was found in endometriosis lesions by sin-

gle strand conformational polymorphism (SSCP) analysis.

Nakayama et al. [26] failed to detect any mutation in p53

gene in both ectopic and eutopic endometrium but found that

20% of endometriotic lesions were positive for the protein in

the nuclei of epithelial cells. Among the 13 positive lesions,

two were associated with ovarian carcinomas. The expres-

sion of p53 in endometriotic lesions next to carcinomas as a

potential sign of a continuum from endometriosis to cancer

is much more debated. Prefumo et al. [27] studied the oc-

currence of ovarian endometrioid carcinomas by different

molecular pathways, one of which would imply the malig-

nant transformation of endometriosis involving p53. A clear

increase in p53 overexpression from typical endometriosis

to atypical endometriosis to cancer has been observed by

Saintz de la Cuesta et al. [28].

It is reported that PTEN mutation usually occurred at an

early clinical stage, with hypso-histodifferentiation and

hypo-malignancy samples with better biological behaviour,

while the converse occurred with p53. The present authors

detected PTEN and p53 mutations in EAOCs on exons 6-8

and exons 5-6, 10, respectively, adversely, they were nega-

tive in EMs and aEMs groups. There was significant rele-

vance to compare EAOCs with EMs, however, it was

converse to compare with aEMs, which suggested that aEMs

may play a transitional role and may be the precursor of en-

dometriosis malignancy. In the present study, the rate of

PTEN and p53 mutations had nothing to do with age differ-

ence, clinical stage, pathological grade, and whether or not

accompanied by metastasis, but there was a decreasing trend

with decreased clinical stage, pathological grade, and ac-

companied by metastasis for PTEN; the opposite occurred

with p53. Furthermore, the new mutational site of exon 10 of

p53 gene the present authors found is promising to provide

novel theory guidance for further study and gene interfer-

ence of malignant transformation of endometriosis.

It was demonstrated that the percentage of LOH of PTEN

was significantly higher in patients that p53 mutational

(46.2%) than normal (11.1%) with respect to the research of

gastric carcinoma, which indicated that there was functional

interaction between PTEN and p53. Chen et al. [29] set up

the development model of prostatic cancer of mice to find

there was complementation of PTEN and p53 on inhibiting
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the progression of malignant tumours and they formed a bal-

anced feedback mechanism on protein level.

In this study, PTEN and p53 mutations were detected si-

multaneously in just one of the 23 EAOCs, which was di-

agnosed at late clinical stage with hypo-histodifferentiation,

accompanied by extensive metastasis and was highly ma-

lignancy. Two cases of OCEMs underwent PTEN or p53

gene mutation, respectively, but not concurrently. It can be

seen that concurrent mutations of PTEN and p53 are rare. 

Pathological physicians should examine the atypical hy-

perplasia leisons in endometriosis which may be a transi-

tional region between ectopic endometrium and cancer,

thus, aEMs cannot be denied as precursors of EAOCs de-

spite of failing to detect PTEN and p53 mutations. False

negative findings may be caused by the limits of simple se-

quencing, selective alleles’ amplification, typical malig-

nancy sites omitted, and DNA extraction subsensitivity,

hence mutation cannot be excluded on the other exons be-

sides exons 6-8 of PTEN and exons 5-6, 10 of p53. In a fur-

ther study, the present authors have decided to increase

specimens and improve experiment methods to continue

the intriguing but interesting topic. It can be concluded that

PTEN and p53 genes can be used as the biomarkers whose

mutations are relevant to the intimate malignant transfor-

mation of endometriosis. It is a contribute to the monitor-

ing, diagnosis, and prognostic evaluation of the malignant

transformation of endometriosis to detect the PTEN and

p53 mutations synchronously.
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