
Introduction

Endometrial cancer is the most common gynecologic ma-

lignancy in the United States; adenocarcinoma of the en-

dometrium is the most prevalent type. While the incidence

of endometrial cancer has remained relatively constant over

the last several years, the death rate has increased [1].

Among endometrial carcinomas, there are two histologic cat-

egories, which differ in incidence, responsiveness to estro-

gens, and clinical behavior [2, 3]. Type I cancers are

commonly estrogen related and occur in young, obese, or

perimenopausal women. These tumorsare usually low grade

and arise in a background of hyperplasia.Type I disease rep-

resents the vast majority of endometrial cancers.Endometri-

oid is the most common histology. Type II disease generally

consists of high-grade tumors, is of serous or clear-cell his-

tology, occurs in an older cohort of women than type I, and

is more common in women of non-white populations. Type

II disease represents up to 10% of cases. The epidemiologic

profile of women with type II disease is not certain. In addi-

tion, evidencefrom a retrospective study suggested that com-

plex hyperplasia with atypia had a 29% likelihood of

progressing to endometrial cancer, whereas simple hyper-

plasia with or without atypia andcomplex hyperplasia with-

out atypia had a small incidence ofprogression to cancer [4].

New strategies to prevent and treat endometrial neoplasm

are needed. Comparing hyperplasia and cancer with benign

endometrium is one promising approach because 15-lipoxy-

genase-1 (15-LOX-1) is the rate-limiting-step enzyme for the

conversion of linoleic acid to 13-S-hydroxyoctadecadienoic

acid [5, 6], and it is also involved in the production of anti-in-

flammatory lipid signaling mediators from arachidonic acid

and docosahexaenoic acid. Overexpression of 15-LOX-1 in-

hibits inflammation in animal models [7, 8]. 15- LOX-1 is

downregulated in colon cancer [9–11], lung cancer [12],

esophageal cancer [13], breast cancer [14], pancreatic cancer

[15], and in 128 different human cancer cell lines represent-
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Summary

Purpose of Investigation: To investigate the presence of 15-lipoxygenase-1 (15-LOX-1) expression and its potential role in the patho-

genesis of endometrial hyperplasia and endometrial adenocarcinomas. Materials and Methods: The authors investigated the presence

of 15-LOX-1 expression in samples from patients diagnosed with normal endometrium (n = 12), endometrial hyperplasia (n = 12), and

endometrial cancer (n = 12). The immunohistochemical stainings were scored by three independent pathologists. A Western blot of 15-

LOX-1 determined the presence of protein expression in normal endometrium. A Kolmogorov–Smirnov test was used to evaluate the

data’s distribution pattern. For pairwise comparisons of the combined scores between groups, the Mann-Whitney U test was used. Re-
sults: Based on the combined scores for 15-LOX-1 expression, strong immunochemistry staining was observed in samples diagnosed

with normal endometrium. There was a significant difference in 15-LOX-1 expression between normal endometrium and endometrial

adenocarcinoma (p = 0.03). Comparing tissues from normal endometrium and endometrial hyperplasia, there was a decline in the ex-

pression from normal endometrium to endometrial hyperplasia. However, the difference was not statistically significant. Conclusion:
The present results show that a decrease of 15-LOX-1 expression in the endometrial tumorigenesis process, starting from normal en-

dometrium to hyperplasia and endometrial cancer, might be a trigger. Further studies are required to determine its potential use as a

marker in a larger randomized multicenter study.

Key words: 15-LOX-1, Endometrial hyperplasia; Endometrial adenocarcinomas.

The role of 15-lipoxygenase-1 expression and its potential

role in the pathogenesis of endometrial hyperplasia

and endometrial adenocarcinomas

M.E. Sak1, I. Alanbay2, A. Rodriguez3, T. Gokaslan4, M. Borahay3, I. Shureiqi5, G.S. Kilic3

1 Department of Obstetrics and Gynecology, Division of Reproductive Endocrinology and Infertility, School of Medicine,
Dicle University, Diyarbakır; 2 Department of Obstetrics and Gynecology, Division of Reproductive Endocrinology and Infertility,

Gulhane Military Medical Academy and Medical School, Ankara (Turkey)
3 Department of Obstetrics and Gynecology, Divısion of Minimally Invasive Gynecology and Research,

The University of Texas Medical Branch, Galveston, TX; 4 Department of Pathology, Parkland Hospital, Dallas, TX (USA)
5 Departments of Clinical Cancer Prevention, Gastrointestinal Medical Oncology, The University of Texas M.D. Anderson Cancer Center,

Houston, TX (USA)

EJGO European Journal of
Gynaecological Oncology

7847050 Canada Inc.
www.irog.net

Eur. J. Gynaecol. Oncol. - ISSN: 0392-2936

XXXVII, n. 1, 2016

doi: 10.12892/ejgo3017.2016



M.E. Sak, I. Alanbay, A. Rodriguez, T. Gokaslan, M. Borahay, I. Shureiqi, G.S. Kilic 37

ing 20 different human cancers, including all common human

cancers [12]. 15-LOX-1 re-expression via pharmaceutical

agents (eg, non-steroidal anti-inflammatory drugs and histone

deacetylase inhibitors [HDACIs]) or transfection with plas-

mid or adenoviral vectors induces apoptosis and inhibits tu-

morigenesis in cancer cells [5-9]. Transgenic 15-LOX-1

expression inhibits tumorigenesis when expressed into

colonic epithelial cells [16] or endothelial cells. These data

provide the rationale for further development of therapeutic

strategies to target 15-LOX-1 molecularly for treating tu-

morigenesis.

Hereditary or genetic disease can havea familial association

or be part of the Lynch II syndrome,hereditary nonpolyposis

colorectal cancer. Similarities, such as the precancerous/can-

cerous relationship between colon and endometrial cancers,

directed the present authors’ focus to use the same model in

endometrial cancer [17]. Indeed, 15-LOX-1 expression is

markedly repressed in various endometrial cancer cell lines

(HEC-1-A, HEC-1-B, Ishk, Ishk-H, and AN3-CA) [16]. 

In this study the authors examined the presence of 15-LOX-

1 expression in the development of endometrial tumorogen-

esis in both endometrial hyperplasia and endometrial cancer,

compared to normal endometrium. The authors’ focus was to

determine the value of 15-LOX-1 expression on the molecu-

lar pathway of the endometrial neoplastic progression. 

Materials and Methods

Following institutional review board approval (IRB no: 08-158),

samples were obtained from patients from surgical or endometrial

sampling tissue specimens diagnosed with endometrial cancer, en-

dometrial hyperplasia, and endometrium with no pathologic diag-

nosis. The sample size of each of the three groups (endometrial

cancer, endometrial hyperplasia with complex and atypia, and en-

dometrıum with no pathologic diagnosis) was 12, 12, 12, respec-

tively. A 0.050 level Chi-square test with 80% power to detect a

difference in proportions was characterized by V=S(pi–p0)2/ G of

0.067222 and an average proportion of 0.567. The authors included

tissue diagnoses of endometrial hyperplasia and cancer patients

older than 35 years of age, and clinical diagnoses of uterine pro-

lapse cases with no pathologic diagnosis of uterine leiomyomata,

adenomyosis, uterine or cervix neoplastic changes, and women of

childbearing potential who were not pregnant or lactating (defined

as all women except those who were two or more years post-

menopausal or surgically sterile). The authors excluded intake of

anti-inflammatory medications (eg, NSAIDs, aspirin, and sul-

fasalazine) that could not be discontinued ten days before enroll-

ment, chemotherapy or radiation therapy fewer than three months

from the time of enrollment, warfarin anticoagulant therapy, intake

of an investigational chemopreventive agent during the month prior

to the biopsies, history of bleeding diathesis, and use of hormonal

treatment in the last ten days. After the patients were assigned to

the study, information regarding each subject’s pathologic diagno-

sis and medications was obtained from chart review.

Western blot of 15-LOX-1 protein
The tissue samples were processed at 4°C. Each sample was

placed in 500 µL of an antiprotease cocktail solution, homogenized

at a low speed for approximately one minute, sonicated for ten sec-

onds three times, and then centrifuged at 10,000 g for 15 minutes.

Total protein concentration was determined using the method of

Bradford [18]. An aliquot of 100 µg of crude protein from each

specimen was immunoprecipitated using 15-LOX-1 antibody

against rabbit reticulocyte 15-LOX-1. Equal amounts (50 µg of

crude protein) of each immunoprecipitate were subjected to elec-

trophoresis on a SDS–polyacrylamide gel (10%) under reducing

conditions using a miniprotein gel electrophoresis unit. Tumor and

normal samples from the same subject were separated on the same

gel. To verify the identification of 15-LOX-1 proteins, a recombi-

nant human 15-LOX-1 standard (50 ng) and molecular markers

were run on each gel, while one or two lanes were loaded with

sample buffer solution only, as a negative control. The separated

proteins were electroblotted onto nitrocellulose membrane using a

mini-transfer unit. The blots were incubated with 20% (w/v) non-

fat dry milk in PBS overnight. After three washes with tris-buffered

saline (TBS) containing 0.05% Tween 20, the membranes were in-

cubated in a 1:2000 dilution of 15-LOX-1 antibody at room tem-

perature for three hours with slow agitation. The blots were washed

with TBS/Tween (0.05%) three times and reincubated for one hour

at room temperature with anti-rabbit IgG–HRP conjugate. Blots

were washed in TBS/Tween (0.05%) three times, and the films

were developed by an enhanced chemiluminescence method. Re-

sulting bands were quantified using NIH Image (NIH freeware).

The blots were digitized using a scanner linked to a computer. The

digitized blots were then uploaded into Image, and each sample

autograph was quantified by using the integrated density function.

This function automatically subtracts background density from the

blot density and provides a quantified gray scale for each pixel in

the outlined band. The ratio of areas under the curve of the un-

known to the standard on each membrane was used to estimate the

amount of the unknown. Separate experiments showed a linear re-

lationship between known amounts of 15-LOX-1 and areas under

the curve within the measured concentration range.

15-LOX-1 immunohistochemical staining
The immunostaining was carried out using the avidin biotin com-

plex (ABC) Method. Four micron sections were deparaffinized and

hydrated to distilled water. Antigen retrieval was then performed

by incubating the sections in preheated citrate buffer pH6.0 for 20

minutes at sub-boiling temperatures. Endogenous peroxidase ac-

tivity was eliminated by pretreating sections with 3% hydrogen per-

oxide, and non-specific background staining was prevented by

blocking with blocking serum for 20 minutes. The sections were

then incubated overnight at 4oC in Lox Cat# ab31238) at a concen-

tration of 1:1000. After washing, the sections were incubated with

biotinylated goat anti-rabbit (H+L)  for 30 minutes as a secondary

antibody. Then, the sections were labeled by ABC-peroxidase so-

lution. The bounded antibodies were visualized by using 3, 3’ di-

aminobenzidine (DAB). All sections were counterstained with

Harris hematoxylin and coverslipped using a resinous mounting

medium. Coded immunohistochemistry stained sections, were ex-

amined and scored without prior knowledge of the treatment con-

ditions. Epithelial cells were counted by examining the tissue

sections by light microscopy under ×4 magnification using an oc-

ular with a 10 ×10 grid. Three areas were randomly selected to

quantify immunohistochemistry staining. The results were reported

as a percent of positive-stained epithelial cells to the total number

of epithelial cells. The staining intensity was rated on a scale of 0

to 2 by three experienced pathologists.

Statistical method
The median score of the three pathologists’ assessments was

taken. A Kolmogorov–Smirnov test was used to evaluate the

data’s distribution pattern. For pairwise comparisons of the com-

bined scores between groups, the Mann-Whitney U test was used.
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An SPSS 15.0 statistical package was used to perform all calcu-

lations and p values less than 0.05 were considered statistically

significant.

Results

The immunohistochemistry study of 15-LOX-1 staining re-

sults was numerically scored from 0 to 3 by 3 independent

pathologists. The average (mean) value was calculated again

for each case based on the staining scores by the same scor-

ing system (Table 1). For samples diagnosed with normal en-

dometrium, the score of 15-LOX-1 staining was greater than

the endometrial hyperplasia and endometrial adenocarcinoma

samples’ (Figure 1). In terms of staining intensity, weak stain-

ing was observed in endometrium adenocarcinoma samples. 

Based on the combined scores of 15-LOX-1 expression,

strong immunochemistry staining was observed in samples

diagnosed with normal endometrium. There was a signifi-

cant difference in 15-LOX-1 expression between normal en-

dometrium and endometrial adenocancer (p = 0.03; Figure

1). Comparing both tissues with normal endometrium-en-

dometrial hyperplasia and endometrial hyperplasia-endome-

trial adenocarcinoma, the authors found no significant

difference (p = 0.15, p = 0.42, respectively). However, the

trend revealed decreasing expression among the three groups

from normal endometrium to endometrial hyperplasia and

Figure 1. — (a) Histomorphological appearance of the normal endometrium (×400); strong expression of 15-LOX-1 in endometrial tis-

sue (×400). (b) Histomorphological appearance of the endometrial hyperplasia (×400); moderate immune reaction of 15-LOX-1 in en-

dometrial tissue. (c) Histomorphological appearance of the endometrium adenocancer with weak expression of 15-LOX-1. (d)

Histomorphological appearance of the tumor cells with large nucleus, evident pleomorphism, and weak immune reaction of 15-LOX-

1 in endometrial tissue (×400).

Table 1. — The mean values of normal endometrium, en-
dometrial hyperplasia, and endometrial cancer for 15-
LOX-1 immunohistochemical staining scores.
Group mean St. deviation

Normal endometrium 1.86 ± 0.76

Endometrial hyperplasia 1.16 ± 076

Endometrial cancer 0.96 ± 0.55
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endometrial adenocarcinoma (Figures 1, 2). A Western blot

analysis confirmed the 15-LOX-1 expression in the protein

level of normal endometrial tissue (Figure 3).

Discussion

Controversies are still seen in the histological differential

diagnosis of hyperplasia and well-differentiated endometrial

carcinoma. With the available markers, prediction of en-

dometrial cancer in patients with hyperplasia with atypia has

not been reliable; hence these patients require more clinical

attention. Endometrial hyperplasia is the proliferation of en-

dometrial glands, resulting in a higher gland:stroma ratio. Cy-

tological atypia, which may progress to or coexist with

endometrial cancer and other pathological changes, results

from estrogen stimulation unopposed by progesterone [19].

The mutation of phosphatase and tensin homolog (PTEN) is

present in 83% of endometrial adenocarcinoma cases, making

it the most frequent early molecular genetic alteration in type

1 endometrial tumors, which are generally associated with hy-

perplasia. The p53 gene mutation is not found in endometrial

hyperplasia, but researchers have detected this mutation in

20% of cases of endometrial carcinoma and 90% of cases of

serous endometrial tumors [19]. Cyclooxygenase-2 is impor-

tant in the tumorogenic transformation of hyperplasia. Ex-

pression of cyclooxygenase-2 decreases apoptosis, increases

angiogenesis, is related to invasiveness, and increases signif-

icantly in cases of well-differentiated endometrial adenocar-

cinoma [20]. Prostaglandin E2 is known to regulate aromatase

gene expression and is the product of cyclooxygenase-2.

However, the other branch of the prostaglandins involving

lipoxygenase pathway contains limited data on endometrial

neoplasms. Our goal is to gain better molecular knowledge

targeting the crucial events that make endometrial neoplasms

progress from hyperplasia to cancer.

The Sheriqe et al. study [21] revealed that specific molecu-

lar targeting of 15-LOX-1 was sufficient to inhibit colonic tu-

morigenesis in vivo. The expression of 15-LOX-1 via the

adenoviral delivery system in human colon cancer xenografts

significantly inhibited tumor growth in vivo. In these studies,

15-LOX-1 expression via an Ad-5/3-15-LOX-1 vector was as-

sociated with no significant toxicity. This information is en-

couraging to establish clinical studies in the near future.

Endometrial hyperplasia would be the initial introduction of

this approach as a supplemental therapeutic modality. Sheriqe

et al.’s study [13] was the first to show ubiquitous loss of 15-

LOX-1 expression in a very large collection of cancer cell lines

(128 cell lines from more than 20 types of human cancer, in-

cluding all of the more common types—lung, breast, colorec-

tal, prostate, esophageal, gastric, pancreas, liver, head and

neck, cervical, ovarian, and endometrial). Present studies have

shown less expression of 15-LOX-1 in endometrial carcino-

mas with 15-LOX-1 with immunohistochemistry staining.

Restoration of apoptosis is thought to be an important ther-

apeutic mechanism for the chemoprevention of colorectal

cancers because, as it has been shown before, loss of the

propensity to undergo apoptosis is critical in the development

of human colorectal cancers. Linoleic acid’s main oxidative

product, 13-S-hydroxyoctadecadienoic acid (13-S-HODE),

restores apoptosis in transformed colonic cells. 13-S-HODE

and the crucial enzyme that produces it, 15-LOX-1, are down-

regulated in human colon cancers [13]. Previous studies in-

dicated that NSAIDs downregulate GATA-6 to restore

Figure 3. — Western blot analysis

of the 15-LOX-1 expression in

protein level in normal endome-

trial tissue and in endometrial can-

cer. (F1, F2 = normal endometrial

tissue; M1, M2 = endometrial can-

cer).

Figure 2. — 15-LOX-1 expression scores and median values of

each group were shown with box plot.
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15-LOX-1 expression and induce apoptosis [22]. Their pre-

liminary data indicate that (a) blocking celecoxib from in-

ducing 15-LOX-1 expression in colorectal cancer cells by a

15-LOX-1 antisense approach suppresses celecoxib from in-

ducing apoptosis and (b) GATA-6 is overexpressed in col-

orectal cancer cells, compared with normal colorectal

epithelial cells [22, 23]. Based on the results of these preclin-

ical studies, the present authors propose the following theo-

retical model: due to a histopathologic similarity in the way

that precancerous lesions lead to cancer in colon and en-

dometrial adenocarcinomas, they will investigate the role of

the 15-LOX-1 expression in endometrial carcinomas for the

first time in the literature. These clinical data are supported by

previously published findings from endometrial cancer cell

lines showing loss of 15-LOX-1 expression [12]. 

In conclusion, the present authors have shown significant

differences between benign endometrium and adenocarci-

noma. Their results imply that 15-LOX-1 expression de-

creases during the neoplastic changes in the development of

endometrial cancerogenesis. This may enlighten us in the

progression of normal endometrium to endometrial cancer

pathogenesis. However, these results need to be confirmed

by different molecular modalities to identify the level of ex-

pression with a sufficiently large sample size.
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