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Abstract. The aim of the present study was to analyze the 
expression profile of unfolded protein response (UPR) genes 
in endometrioid ovarian carcinoma and to evaluate its possible 
involvement in the neoplastic progression of endometriosis. 
An experimental retrospective pilot study was conducted on 
women with a diagnosis of endometrioid ovarian carcinoma at 
FIGO stage IA, ovarian endometriotic cysts or healthy subjects 
without a previous diagnosis of endometriosis. The expression 
profiles of UPR genes (ATF6, GRP78, CHOP and XBP1) were 
compared among ovaries with endometrioid ovarian cancer, 
endometriotic ovarian cysts, healthy contralateral ovaries and 
eutopic and healthy endometrial tissues. A significantly higher 
expression of ATF6 and GRP78 was detected in the affected 
ovaries in comparison with the healthy contralateral ovaries, 
while CHOP and XBP1 exhibited a significantly lower expres-
sion. XBP1 was overexpressed in endometrial tissues and its 
expression gradually decreased in endometriosis cysts and 
endometrioid ovarian carcinoma. These results support the 
hypothesis that alterations in the UPR genes CHOP and XBP1 
are involved in the neoplastic progression of endometrioid 
ovarian cancer and are acquired following ovarian localization 
of ectopic endometrial cells.

Introduction

Endometriosis is an estrogen-dependent chronic inflammatory 
disorder due to the presence of endometrial tissue outside the 
uterine cavity (1), and it affects 6-10% of women of childbearing 
age; however, this percentage increases to 17% among infertile 
women and 40-60% of women suffering from chronic pelvic 
pain (2-7). There is solid evidence that endometriosis-affected 
patients have a doubled risk of ovarian cancer, particularly of 
the endometrioid and clear-cell histology, and this association 
is also supported by molecular and histological evidence (5-12).

Although the hypothesis that ovarian cancers develop from 
‘neometaplasia’ of the ovarian surface mesothelium cannot 
be ruled out (13), there is currently compelling morphological 
and molecular evidence that any ovarian carcinoma subtype 
may originate from Müllerian epithelium present in the pelvis, 
which involves the ovary only at a later stage (12). According 
to this hypothesis, endometrioid carcinoma and clear-cell 
carcinoma may originate from ectopic endometrial tissue 
localized in the ovary (endometriotic cyst or endometrioma). 
To date, the exact mechanism by which this malignant trans-
formation occurs has not been clearly determined, and further 
studies are required to elucidate the mechanisms underlying 
this transformation.

The unfolded protein response (UPR) is a system by which 
the endoplasmic reticulum (ER) responds to endogenous or 
exogenous stress (14), and is activated by the accumulation 
of misfolded proteins in the ER lumen (14). Recent studies 
have revealed the role of UPR in neoplastic transformation, 
since it promotes cell survival in a hypoxic environment 
and plays a protective role against cell death caused by ER 
stress (15). Cell survival in a hypoxic environment is promoted 
by attenuation of pro-apoptotic signals, cellular metabolism 
changes and stimulation of neo-angiogenesis. The activation 
of UPR may promote cell survival or stimulate apoptosis, 
depending on the context. This response occurs via the activa-
tion of ER transmembrane receptors, namely protein kinase 
R (PKR)-like endoplasmic reticulum kinase (PERK), acti-
vating transcription factor 6 (ATF6α) and inositol-requiring 
enzyme 1-spliced X-box binding protein 1 (IRE1α-XBP1). 
Under acute stress conditions, the UPR system enhances the 
ability to fold in order to cope with an increase in protein 
synthesis, which helps cancerous cells survive (15). Under 
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conditions of chronic ER stress, if the normal function of the 
cell is not restored within a certain time span or the disruption 
is prolonged (15), normal cells undergo apoptosis-mediated 
cell death, while cancer cells activate strategies to neutralize 
the apoptotic stimulus; in normal cells, there is an attenuation 
of the ATF6α and IRE1α-XBP1 pathways, with an activation 
of an apoptotic stimulus mediated by CCAAT/enhancer-
binding protein homologous protein (CHOP) (15). Conversely, 
cancer cells exhibit a constitutive activation of IRE1α-XBP1, 
or glucose-regulated protein 78 (GRP78)/BIP overexpression, 
with anti-apoptotic effects. Although the UPR molecular 
pathway has been studied in several tumor models, its role in 
the pathogenesis of endometrioid ovarian carcinoma has not 
yet been fully elucidated.

Therefore, this pilot study was conducted with the aim of 
analyzing the expression profile of UPR genes in endometrioid 
ovarian carcinoma and to evaluate its possible involvement in 
the neoplastic progression of endometriosis.

Materials and methods

The present study was conducted on women of childbearing 
age with a histopathological diagnosis of International 
Federation of Gynecology and Obstetrics (FIGO) stage IA (16) 
endometrioid ovarian carcinoma, who underwent complete 
surgical staging (peritoneal washing, bilateral salpingo-
oophorectomy, hysterectomy, multiple peritoneal biopsies of 
all abdominal fields, infracolic omentectomy, and pelvic and 
para-aortic lymph node dissection up to the renal veins) (17) 
between January 2010 and December 2015 at the Woman's 
Health Sciences Department, Gynecologic Section-Università 
Politecnica delle Marche (Ancona, Italy), retrospectively 
recruited from our database.

Patient studies. In order to evaluate the possible involvement of 
the UPR pathway in the oncogenesis of ovarian endometrioid 
carcinoma, we compared the expression of ATF6, GRP78, 
CHOP (also referred to as DNA damage-inducible transcript 3, 
DDIT3) and XBP1 from a sample of ovary affected by endo-
metrioid ovarian carcinoma and from a sample of the healthy 
contralateral ovary of the same patient. Subsequently, we 
compared the UPR gene expression between endometriotic 
cysts and eutopic healthy endometrial tissues, with the healthy 
ovary as reference.

Samples of endometriotic ovarian cysts and eutopic endo-
metrium were obtained from patients undergoing laparoscopic 
surgery for endometrial cyst removal following diagnosis of 
moderate/severe endometriosis. None of the women were 
pregnant at the time of surgery. In this subgroup of women, we 
collected two types of tissue: a portion of the cyst following 
laparoscopic removal, and a sample of endometrial tissue 
following hysteroscopic biopsy. All the tissues were stored 
at -80˚C.

The samples of healthy endometrial tissue were collected 
from women of childbearing age, without previous diagnosis 
of endometriosis, undergoing hysteroscopy for in  vitro 
fertilization due to male infertility. All the women under-
went diagnostic laparoscopy that ruled out endometriosis. A 
sample of endometrial tissue was obtained by hysteroscopic 
biopsy.

Healthy women and endometriosis patients were consecu-
tively enrolled from January 2016 onwards and, in order to 
avoid the influence of confounding factors, patients with 
previous diagnosis of hypertension, diabetes mellitus, renal 
disease, proteinuria, cardiovascular, hepatic, endocrine 
(thyroid abnormalities, prolactin imbalance, polycystic ovary 
syndrome) and metabolic disorders, smokers, and individuals 
prone to alcohol abuse were excluded from both groups. None 
of the included subjects had taken any medications or hormone 
therapy during the 3 months preceding surgery (progestin, oral 
contraceptives, danazol or gonadotropin-releasing hormone 
agonists).

The present study was conducted in accordance with The 
Code of Ethics of the World Medical Association (Declaration 
of Helsinki). All participants signed an informed consent, 
granting their permission to tissue sampling and data collec-
tion. The study protocol was approved by the local Ethics 
Committee (Marche Regional Ethics Committee, Riuniti di 
Ancona Hospital, Italy).

Preparation of paraffin-embedded ovarian tissue samples. 
Total RNA was isolated from paraffin-embedded ovarian 
tissues using the PureLink™ FFPE Total RNA Isolation kit 
(cat. no. K156002; Life Technologies; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) that specifically purifies RNA from 
paraffin-embedded tissues without the use of chemical solvents 
for deparaffinization. Total RNA was quantified, and the purity 
of the preparation was tested using NanoDrop (Thermo Fisher 
Scientific, Inc.): Briefly, 1 µl of purified RNA was placed on 
the instrument, 260 and 260/230 nm ratio wavelength was 
measured and the instrument software then calculated the 
amount of purified RNA. Reverse transcription to cDNA 
was performed using Advanced iScript cDNA synthesis kit 
for RT-qPCR (cat. no. 1725038; Bio-Rad Laboratories, Inc., 
Hercules, CA, USA). The reverse transcription was performed 
by preparing a reaction mixture containing ~1 µg RNA and 
random primers provided by the kit. As the RNA obtained 
from paraffin-embedded samples is typically very frag-
mented, the efficacy of the amplification reaction by qPCR is 
generally low; to avoid that, cDNA was pre-amplified using 
SsoAdvanced™ PreAmp Supermix (cat. no. 1725160; Bio-Rad 
Laboratories, Inc.) in conjunction with a pool of primers of 
target genes.

Preparation of frozen endometrial tissue samples. The purifi-
cation of total RNA collected from ~30 mg of frozen (-80˚C) 
endometrial tissues was performed using SV  Total RNA 
Isolation System kit (Z3101; Promega Corporation, Madison, 
WI, USA), using diethyl pyrocarbonate-treated equipment. 
Total RNA was quantified, and the purity of the preparation 
was tested using NanoDrop. Reverse transcription to cDNA 
was performed with the ImProm-II™ Reverse Transcription 
System kit (cat. no. A3800) using 2 µg RNA and random 
primers (cat. no. C1181) (both from Promega Corporation.

Gene expression analysis by qPCR. qPCR was performed using 
SsoAdvanced™ SYBR®-Green SuperMix (cat. no. 1725271; 
Bio-Rad Laboratories, Inc.), in a CFX96 thermocycler (Bio-
Rad). The reaction conditions are summarized as follows: 
95˚C for 30 sec, and 40 cycles at 95˚C for 30 sec, and at 60˚C 
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for 30 sec. Melting curves were analyzed after the reaction 
to assess the specificity of the amplification products; the 
curves obtained showed no evidence of dimers or non-specific 
signals. The primers used for the study were designed using 
Primer 3 software. The primer sequences are listed in Table I.

Gene expression was reported as fold-change of expres-
sion in the pathological ovarian tissues compared with control 
(healthy contralateral ovary), setting 1 as the control reference 
value. Relative gene expression was calculated using the ΔΔCq 
method  (18), converted for statistical purposes to relative 
expression ratio using the 2-ΔΔCq formula. All gene expression 
data were normalized to the expression of the endogenous 
reference gene, glyceraldehyde-3-phosphate dehydrogenase.

Statistical analysis. Statistical software SPSS v.20.0 (SPSS, 
Inc., Chicago, IL, USA) was used for data analysis. Fold-
change expression of UPR genes was presented as the 
mean ± standard error of the mean. The one-sample signed-
rank sum test was used for comparison with reference tissues 
(healthy ovary, reference value = 1). The Mann-Whitney test 
for independent samples was used for comparison of UPR 
genes fold-change expression between endometriotic cysts and 
endometrioid carcinoma of the ovary. The Kruskal-Wallis test 
with the Conover-Iman post hoc test was used for the compari-
sons among endometriotic cysts, eutopic endometrium and 
healthy endometrium. A P-value of <0.05 was considered to 
indicate statistically significant differences.

Results

The UPR gene expression was examined in tissue samples 
derived from a total of i) 6 patients diagnosed with FIGO 
stage IA endometrioid ovarian carcinoma who met the inclu-
sion criteria; ii) the first 6 patients consecutively diagnosed 
with ovarian endometriotic cysts; and iii) 6 healthy patients 
without previous diagnosis of endometriosis.

Endometrioid carcinoma of the ovary vs. contralateral healty 
ovary. We first compared the UPR gene expression between 
endometrioid carcinoma of the ovary and the contralateral 
healthy ovary of the same patient. A significantly higher 
expression of ATF6 (fold-change: 4.4±0.7, P=0.01) and GRP78 
(fold-change: 1.9±0.2, P=0.02) was observed in the affected 
ovary compared with the healthy contralateral ovary, while 
CHOP and XBP1 exhibited significantly lower expression 
(fold-change: 0.3±0.1, P<0.001 and 0.5±0.02, P<0.001, respec-
tively) (Fig. 1).

Endometriotic cysts vs. healthy ovary vs. endometrioid 
carcinoma of the ovary. We subsequently evaluated the 
UPR gene expression in endometriotic cysts compared with 
healthy ovary and endometrioid carcinoma of the ovary. The 
expression of ATF6 and GRP78 was significantly higher in the 
endometriotic cysts compared with that in the healthy ovary 
(fold-change: 5.2±0.5, P<0.001 and 14.6±2.2, P=0.002, respec-
tively). CHOP expression in endometriotic cysts was similar to 
that in the healthy ovary (fold-change: 0.8±0.1, P=0.06), while 
XBP1 was overexpressed  (fold-change: 4.2±0.2, P<0.001). 
The comparison between endometriotic cysts and endome-
trioid carcinoma of the ovary is presented in Table II: ATF6 
expression was similar between the two tissues, while GRP78, 
CHOP and XBP1 were more highly expressed in endometri-
otic cysts (Table II).

Endometriotic cysts vs. eutopic endometrium vs. healthy 
endometrium vs. healthy ovary. The fold-change in the expres-
sion of ATF6 was significantly higher in endometriotic cysts, 
eutopic endometrium and healthy endometrium compared 
with that in healthy ovarian tissue (5.0±0.5, P=0.03; 7.5±1.5, 
P=0.03; and 5.8±1.5, P=0.03, respectively), without significant 

Table I. Primer sequences of the analyzed genes.

Gene	 Forward	 Reverse

ATF6	 TTCCTCCACCTCCTTGTCAG	 ACCCATCCTCGAAGTTCATGA
CHOP	 TGTTAAAGATGAGCGGGTGG	 TGCTTTCAGGTGTGGTGATG
GRP78	 TGCCTACCAAGAAGTCTCAGA	  ACGAGGAGCAGGAGGAATTC
XBP-1	 CTGAGTCCGCAGCAGGTG	 CCAAGTTGTCCAGAATGCCC
GAPDH	 TCCACTGGCGTCTTCACC	 GGCAGAGATGATGACCCTTTT

Figure 1. Gene expression analysis of UPR genes in endometrioid carcinoma 
of the ovary and contralateral healthy ovary. Six patients with FIGO IA endo-
metrioid carcinoma of the ovary (carcinoma and healthy ovary). Solid error 
bars express the mean ± standard error of the mean. The dotted error bars 
indicate the median, the 25 and 75th percentiles and the lowest and highest 
values. One-sample signed-rank sum test; *P<0.05. UPR, unfolded protein 
response; FIGO, International Federation of Gynecology and Obstetrics; 
SEM, standard error of the mean.
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differences between them (P=0.51). GRP78 was more highly 
expressed in endometrial-derived tissues (14.6±2.2, P=0.03; 
20.3±0.9, P=0.03; and 22.8±0.9, P=0.03, respectively), 
with a significantly higher expression in endometrial tissue 
compared with endometriotic cysts  (P=0.01). XBP1 s was 
also overexpressed (4.2±0.2, P=0.03; 9.8±0.3, P=0.03; and 
8.0±0.3, P=0.03, respectively), with a higher level of expres-
sion in endometrial tissue compared with endometriotic 
cysts  (P<0.001). CHOP expression was similar among all 
examined tissues  (0.8±0.1, P=0.06; 1.4±0.1, P=0.13; and 
1.1±0.4, P=0.84, respectively) (Fig. 2).

Discussion

In the present pilot study, we observed a difference in UPR 
gene expression between endometrioid ovarian carcinoma 
and healthy ovarian tissue. More specifically, ATF6 and 
GRP78 were more highly expressed in endometrioid ovarian 
carcinoma, while the expression of CHOP and XBP1 was 
lower. The simultaneous increase of ATF6 and GRP78 in 

cancer samples is in line with the current literature (15,19-21). 
Indeed, several studies indicated that, among the different 
overexpressed proteins following UPR activation, GRP78 
plays a crucial role in tumor proliferation, survival, metastasis 
and resistance to a wide variety of treatments (19,22-24). The 
reduction of CHOP expression also reflects an important fact: 
Although its function in oncogenesis has not yet been clearly 
determined, a number of studies demonstrated that CHOP 
induction in response to prolonged ER stress causes apoptosis 
of pre-malignant cells, thus preventing tumor progression (25). 
Therefore, reduced CHOP expression, observed in endome-
trioid ovarian carcinoma, would be expected, as the reduction 
of apoptosis is a prerequisite for malignant transformation and 
tumor progression.

The role of XBP1 in neoplastic transformation has not 
yet been fully elucidated, although its oncosuppressive role 
appears to be predominant. While some studies highlighted the 
importance of the IRE1/XBP1 axis for cell survival in hypoxic 
environment and tumor growth (26,27), others reported that 
several tumor types harbored mutations of IRE1α, leading 
to loss of kinase and/or endo-ribonuclease activity, splicing 
inhibition and reduction of XBP1, and promoting tumorigen-
esis (28-30). Thus, the decreased expression of XBP1 detected 
in endometrioid cancer is in line with a consistent part of the 
literature.

In summary, the alterations in the expression of UPR genes 
observed in endometrioid carcinoma (increased expression 
of ATF6 and GRP78, and reduced expression of CHOP and 
XBP1) appear to promote cell survival pathways and tumor 
progression.

Considering the association of endometrioid cancer 
with endometriosis, supported by years of epidemiological 
research (4,5) and by accumulating evidence supporting that 
this histotype of ovarian cancer arises from endometriosis cells 
localized in the ovary rather than ovarian cells, it is possible 
to hypothesize that even endometriotic cysts may harbor 
UPR gene alterations that may be involved in the neoplastic 
progression to endometrioid ovarian cancer. In order to test 
this hypothesis, we compared the UPR gene expression pattern 
between endometriotic cysts and endometrioid carcinoma, 
using healthy ovarian tissue as reference.

The endometriotic cysts exhibited a simultaneous increase 
in ATF6 and GRP78, no difference in CHOP expression and 
overexpression of XBP1 in comparison with the healthy ovary; 
this UPR gene expression pattern was partly different from 
that of endometrioid cancer. More specifically, while ATF6 
expression was similar between the two tissues, GRP78 was 
more highly expressed in endometriosis compared with endo-
metrioid carcinoma. Conversely, CHOP expression tended 
to decrease in ovarian cancer compared with that in both 
endometriotic cysts and healthy ovarian tissue, which was in 
line with the role of CHOP demonstrated in different tumor 
models and discussed above. Finally, the expression of XBP1 
was notably higher in endometriotic cysts compared with 
endometrioid ovarian carcinoma. The latter two differences 
in the expression of CHOP and XBP1 are compatible with 
neoplastic transformation of endometriotic cysts and may be 
acquired following ovarian localization of ectopic endometrial 
cells. However, the first two differences appear to indicate 
increased anti-apoptotic activity in endometriotic cysts, which 

Figure 2. Gene expression analysis of UPR genes in endometriosic cysts, 
eutopic endometrium and healthy endometrium. Six patients with endome-
triosis cysts (cysts and eutopic endometrium) and six healthy patients. The 
solid error bars express the mean ± standard error of the mean. The dotted 
error bars indicate the median, the 25 and 75th percentiles and the lowest 
and highest values. Kruskal-Wallis test; *P<0.05. UPR, unfolded protein 
response; SEM, standard error of the mean.

Table  II. Fold-change gene expression analysis of unfolded 
protein response genes in endometriosic cysts and endome-
trioid carcinoma of the ovary. 

	 Endometriosic	 Endometrioid
Gene	 cysts	 carcinoma	 P-value

ATF6	 5.2±0.5	 4.4±0.7	 0.42
GRP78	 14.6±2.2	 1.9±0.4	 <0.01
CHOP	 0.8±0.1	 0.3±0.1	 <0.01
XBP1s	 4.2±0.2	 0.5±0.3	 <0.01

Data are presented as the mean ± standard error of the mean. A Mann-
Whitney test was used for independent samples.
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may be partly maintained in endometrioid carcinoma, but may 
also be present in eutopic endometrial cells and be implicated 
in their migration to the ovary (5,31).

In order to investigate when the alterations of UPR genes 
are acquired in the pathogenetic process from eutopic endo-
metrium to endometriotic cysts and endometrioid ovarian 
carcinoma, and whether they result from migration outside the 
uterus or are physiologically expressed in the analyzed tissues, 
we compared their expression pattern within endometriotic 
cysts, eutopic endometrium and healthy endometrium using 
healthy ovarian tissue as reference.

We noted a greater basal UPR activation in endometrial 
tissue (except for CHOP) compared with ovarian tissue, which 
may be due to an innate diversity of the analyzed tissues. It 
is well known that UPR is constitutively active in cells with 
secretory functions and subjected to hormonal stimulation, 
such as endometrial cells (32-35).

No difference in CHOP expression was observed between 
endometriotic cysts, eutopic endometrium, healthy endo-
metrium and healthy ovary, while it was reduced only in 
endometrioid ovarian cancer, confirming the oncosuppressive 
role of CHOP, as previously described; therefore, alterations 
of this gene appear to be acquired at a late stage of neoplastic 
progression, after the ovarian localization of ectopic endome-
trial cells.

XBP1 exhibited a significantly higher expression in eutopic 
and healthy endometrial tissue in comparison to endometriotic 
cysts. Conclusively, XBP1 has a high baseline expression in 
healthy endometrium, being a secretory tissue, it then gradu-
ally decreases in endometriosis and, to a higher degree, in 
ovarian carcinoma. Since the exact role of XBP1 is not clearly 
defined in the literature, it is important to further investigate 
its potential oncosuppressive role, considering that its reduc-
tion has been previously demonstrated in other tumor models.

In conclusion, our results support the hypothesis that altera-
tions in the UPR genes CHOP and XBP1 are involved in the 
neoplastic progression of endometrioid ovarian cancer and are 
acquired following ovarian localization of ectopic endometrial 
cells. The evidence indicating that ATF6 and GRP78 are not 
increased in ovarian carcinoma compared with endometriosis 
does not allow considering these two genes as being directly 
involved in neoplastic transformation from endometriosis to 
endometrioid ovarian carcinoma. However, the reduction of 
CHOP in ovarian carcinoma, characterized by reduction of 
apoptosis, confirms its pro-apoptotic role. Conversely, XBP1 
is overexpressed in endometrial tissues, which are secretory 
tissues, and is gradually reduced in endometriosis and, even 
more considerably, in endometrioid ovarian carcinoma, further 
supporting the concept of XBP1 as a marker of neoplastic 
transformation. Elucidating these mechanisms may represent 
an important step for a better understanding of cancer patho-
genesis and for the development of customized therapies in 
the future.

The results of this pilot study are encouraging and may 
lay the foundation for the design of future studies with larger 
samples, a wider spectrum of UPR genes, and using additional 
methodologies such as western blotting and immunohisto-
chemistry, in order to confirm the obtained results and achieve 
a better understanding of the pathogenesis of endometriosis 
cysts and endometrioid ovarian carcinoma.
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