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Introduction. The identification of biological markers that indicate an increased risk for the development or recurrence of
endometrial cancer (EC) in obese womenmight be useful for decreasing ECmortality andmorbidity. Glucose-regulated protein 78
(GRP78) is a major protein of the endoplasmic reticulum expressed in all normal cells. Overexpression of GRP78 has been reported
to be a tumoral biomarker. Increased detection of GRP78 is positively correlated with the tumoral stage and prognosis. This study
aimed to identify a correlation between intraperitoneal fat, plasma GRP78 levels, and EC. Materials and Methods. Two groups
of patients were included in the study: group I, 44 patients diagnosed with EC, and group II, 44 patients without gynecological
pathology or inflammatory disorders. Visceral fat was determined by ultrasound and plasma GRP78 levels were measured. Results.
Plasma GRP78 levels were significantly higher in patients with EC compared to the control group. Intraperitoneal fat was in a
positive linear correlation with the plasma GRP78 level (𝑝 < 0.0001). Conclusion.Themeasurement of the GRP78 level associated
with the determination of intraperitoneal fat can be a useful predictor for EC.

1. Introduction

EC is one of themalignant processes whose etiology begins to
be deciphered and understood.Themost accepted hypothesis
is that of a constant exposure to the action of endogenous
and/or exogenous estrogens, an action that is not balanced by
progesterone. Obesity is associated with both premenopausal
and postmenopausal changes in serum steroid hormone
levels.

Visceral adipose tissue increases estrogen concentration
through the conversion of androgens to estrogens by aro-
matase enzyme [1]. The adipocyte is the central element,
which integrates multiple metabolic and endocrine signals.
This cell is the source for a multitude of cytokines, which play
a key role in endometrial carcinogenesis [2]. The identifica-
tion of biological markers that indicate an increased risk for
the development or recurrence of EC in obese women might
be useful for decreasing EC mortality and morbidity.

GRP78 is a major protein of the endoplasmic reticulum
(ER), which is expressed in normal cells. In adipocytes,
GRP78 is amarker for ER stress [3]. GRP78 is a central regula-
tor of ER stress due to itsmajor antiapoptotic role, aswell as its
ability to control the activation of ER transmembrane stress
sensors (IRE1, Perk, and ATF6) [4, 5]. Recent studies have
demonstrated that GRP78 plays an important role in tumor
development, progression, and chemoresistance [6].

Some cytokines are involved in the pathogenesis of endo-
metrial cancer due to the development of ER stress with the
secondary release of GRP78 [7].

GRP78 also regulates intracellular calcium and supports
cell survival by an immediate response to insults, having
antiapoptotic properties [8]. The reduction of apoptosis
allows the affected cells to survive and accumulate additional
mutations.

Despite the strong association between obesity and endo-
metrial cancer, it is not clear whether ER stress occurs in the
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Figure 1: (a) Distance between the inner side of the right abdominal muscle and the splenic vein. (b) Distance between the inner side of the
right abdominal muscle and the posterior wall of the aorta. (c) Fat thickness in the posterior wall of the right kidney.

adipocytes of these patients, with this idea underlying the
latest studies regarding the elaboration of a new noninvasive
method for the diagnosis of EC. The results of these studies
have demonstrated that GRP78 levels in visceral adipocytes
are correlated with the stage of the disease and patient
survival and might be clinically useful as a predictor for EC
[9].

2. Materials and Methods

The type of the study is case-control and includes 2 groups of
patients: group I, 44 patients diagnosed with EC, and group
II, 44 patients without gynecological pathology or inflam-
matory disorders (control group). Patients were enrolled in
the study following endometrial biopsy that confirmed EC
diagnosis.

Subjects included in the study were assessed for anthro-
pometric data (body mass index (BMI) and abdominal
circumference (AC)) and ultrasound examination (US) was
also performed in order to determine intraperitoneal fat.

US exploration was performed relating to a method
that has been validated by Hirooka et al. [10]. Performed
measurements were all introduced in the following formula
by which visceral fat area was obtained: 9.008 + 1.191 ×
[distance between the inner side of the right abdominal
muscle and the splenic vein (mm)] + 0.987 × [distance
between the inner side of the right abdominal muscle and the
posterior wall of the aorta (mm)] + 3.644 × [fat thickness in
the posterior wall of the right kidney (mm)] ([10], Figure 1).

Plasmatic GRP78 levels for every subject included in the
study were determined on an empty stomach, by drawing
6mL of venous blood. After obtaining the samples, the serum
was centrifuged and stored in 600𝜇L tubes at a temperature
of −60∘C until working the probes. Plasmatic levels of GRP78
were determined by the sandwich ELISA technique using the
Human GRP78 Immunoassay MBS031039 kit, R&D Systems,
USA. The detection rate of this kit was 0.1𝜇g/mL. No
significant cross reactivity or interference between human
GRP78 and analogues was found.

Informed consentwas obtained fromall subjects included
in the study. “Iuliu Hat,ieganu” University of Medicine and
Pharmacy ethics committee approved the study.

Normal distribution was tested with the Kolmogorov-
Smirnov test. Normally distributed variables are presented
as mean ± standard deviation; nonnormally distributed
variables are presented as median (interquartile range). For
comparison of two means, the 𝑡-test or Mann–Whitney
test was used. For analysis of the relationship between two
variables, the Pearson or Spearman correlation coefficient (𝑟)
was used. Statistical analysis was performed with SPSS 15.0.

3. Results

The characteristics of the patients included in the study are
described in Table 1.

According to Table 1, patients with ECwere older and had
an early menarche and late menopause. These patients also
had a statistically significantly higher abdominal circumfer-
ence and increased intraperitoneal fat (𝑝 < 0.0001).

Plasma GRP78 levels were found to be significantly
higher in patients with endometrial cancer compared with
nondiseased patients.

We further tested the correlations between GRP78 levels
and the main characteristics of the patients. GRP78 values
were inversely correlated with age at menarche and directly
correlatedwith the patients’ age, onset ofmenopause, AC, and
intraperitoneal fat. In order to avoid confounders, we per-
formed age-controlled correlations, which maintained a sim-
ilar trend. GRP78 was positively correlated with menopause
(𝑟 = 0.47, 𝑝 < 0.0001), abdominal circumference (𝑟 = 0.23,
𝑝 = 0.02), and intraperitoneal fat (𝑟 = 0.38, 𝑝 < 0.0001)
(Table 2).

The positive linear correlation between intraperitoneal fat
and plasma GRP78 levels can be seen in Figure 2.

In order to establish the influence of the other variables
on GRP78, stepwise multivariate linear regression analysis
was performed. The following variables were entered in
regression: age, menopause, abdominal circumference, and
intraperitoneal fat (Table 3).

According to Table 3, age, menopause, and intraperi-
toneal fat proved to be independent predictors of high
serum GRP78 levels, directly influencing their variability.
Considering the three parameters together, old age, age at
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Table 1: Characteristics of the patients included in the study.

Characteristic Group 𝑁 Mean 𝑝 value Standard deviation 95% confidence interval for the mean Minimum Maximum
Lower bound Upper bound

Age
0 44 55.11

<0.0001
8.47 52.54 57.69 39 70

1 44 71.84 5.69 70.11 73.57 39 83
Total 88 63.48 11.05 61.14 65.82 39 83

Menarche
0 44 13.02

0.002
1.09 12.69 13.35 11 15

1 44 12.25 1.16 11.90 12.60 10 15
Total 88 12.64 1.19 12.39 12.89 10 15

Menopause
0 44 46.00

Ns
3.03 45.08 46.92 40 54

1 44 51.95 3.38 50.93 52.98 40 59
Total 88 48.98 4.38 48.05 49.90 40 59

BMI
0 44 31.23

Ns
2.88 30.35 32.10 23 37

1 44 31.89 2.93 31.00 32.78 26 38
Total 88 31.56 2.91 30.94 32.17 23 38

AC (cm)
0 44 90.86

<0.0001
12.75 86.99 94.74 70 118

1 44 104.05 11.30 100.61 107.48 86 124
Total 88 97.45 13.69 94.55 100.36 70 124

Intraperitoneal fat (cm2)
0 44 176.14

<0.0001
4.18 167.70 184.57 122 247

1 44 222.25 3.59 215.01 229.49 156 264
Total 88 199.19 3.69 191.86 206.53 122 264

GRP78 (𝜇g/mL)
0 44 0.379

<0.0001
0.188 0.322 0.436 0.081 0.85

1 44 1.138 0.095 1.110 1.167 0.989 1.329
Total 88 0.759 0.410 0.672 0.846 0.081 1.329

Case: 1; Control: 0; AC: abdominal circumference.

Table 2: Correlations between GRP78 and patient characteristics.

GRP78 age
Uncontrolled
correlations

Controlled
correlations

Age
𝑟 0.73
𝑝 <0.0001

Menarche
𝑟 −0.30 −0.17
𝑝 0.005 0.11

Menopause
𝑟 0.63 0.47
𝑝 <0.0001 <0.0001

G (kg)
𝑟 0.07 0.01
𝑝 0.51 0.89

BMI
𝑟 0.10 −0.02
𝑝 0.33 0.84

AC (cm)
𝑟 0.42 0.23
𝑝 <0.0001 0.02

Intraperitoneal fat (cm2)
𝑟 0.63 0.38
𝑝 <0.0001 <0.0001
𝑟: Pearson correlation coefficient.
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Figure 2: Correlation between GRP78 and intraperitoneal fat.

menopause, and increased intraperitoneal fat influence 65%
(𝑅2-adjusted = 0.65) of GRP78 variance.

4. Discussions

EC is a very frequent pathological entity that has an ascending
incidence particularly in the high living standard countries
[1].

Regarding epidemiological evidence, lifestyle character-
ized by low physical activity and obesity is a factor that plays
a well-established role in EC etiology.
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Table 3: Multiple linear regression analysis of parameters associated with GRP78 levels (dependent variable: GRP78).

Independent variables Coefficient Standard error 𝑡 𝑝 value
(Constant) −2.29
Age 0.01 0.002 5.593 <0.0001
Menopause 0.02 0.007 4.060 0.0001
AC (cm) 0.000003 0.002 0.00166 0.9987
Intraperitoneal fat (cm2) 0.002 0.0009 2.908 0.0047
Coefficient of determination 𝑅2 0.67
𝑅2 - adjusted 0.65
𝑝 < 0.0001.

In individuals with morbid obesity, adipose tissue is an
important trigger that induces adipokine synthesis. Among
most frequent secretion products of the adipocyte, PGE2, IL8,
and IL6 presented a higher plasmatic level [11].There also was
a positive correlation between BMI and IL8 levels [12].

Even though increased visceral fat represents a well-
defined risk factor for cardiac and metabolic diseases, its role
in the etiopathogeny of EC is insufficient quantified [13]. It
is not clearly defined why disposition of the adipose tissue
particularly in abdominal region generates increased risk of
the abovementioned pathologies. Standardized increase in
BMI is directly proportional with rising of EC risk [14, 15].

Visceral fat as a prognosticmarker of EC progression is an
unexplored area. During cellular perturbations, such as those
encountered by adipocytes in obesity [16], the protein load in
the ER exceeds its folding capacity, resulting in the retention
of misfolded proteins within the ER and, consequently, in
ER stress. Activation of the unfolded protein response (UPR)
alleviates ER stress by decreasing general protein translation
and increasing the protein folding capacity of the ER [17].

Recent studies described contradictory results regarding
estradiol influence on stress ER. Plasmatic level of GRP78
secreted from stress ER remains unmodified after estradiol
addition to Ishikawa cells [18]. On the other hand, GRP78
levels in murine uteri have been shown to be upregulated
by estrogen and estrogen-like compounds. However, these
effects seen in mice appear to be independent of canonical
estrogen-receptor mediated pathways [19].

This study supports a correlation between visceral fat,
plasmatic GRP78 levels, and EC, with the central element of
this association being the adipocyte whose implication in the
EC pathogenesis is generally accepted [20, 21].

There were described mechanisms through which the
adipocyte influences the metastatic capacity of ovarian
tumoral cells, consequently to lipolytic modifications [22].
Overweight induces GRP78 activation in subcutaneous
adipocytes in oncogenic and nononcogenic human models
[23].

The association between visceral obesity and EC can
be due to ER stress in adipocytes. ER stress is an adaptive
reaction that normally occurs in any cell required to process
more molecules than usual in a time unit. In this situation,
there is the risk that some incompletely processed molecules
may generate an adaptive reaction in the ER, consisting of
conformational defects in molecules, which might prevent
traffic through this structure [24].

Given the critical role that GRP78 plays in tumor devel-
opment and progression, it can be speculated that ER stress
and GRP78 in adipocytes may elicit increased adipokine
production that acts on adjacent tumor cells and/or the local
microenvironment and enhances progression. Conversely,
EC cells experiencing ER stress may undergo changes in
expression of factors that impacts their local environment,
giving rise to ER stress in neighboring cells including visceral
adipocytes.

GRP78 is involved in cell survival having antiapoptotic
properties [25] generating mutations. Plasma estrogen levels,
which are directly correlated with plasma GRP78 levels,
suggest the implication of GRP78 in the pathogenesis of EC
[26].

This study supports the idea that intraabdominal fat is
directly correlated with plasma GRP78 levels, as well as with
EC, suggesting the implication of GRP78 in the pathogenesis
of EC.

By quantifying the role of the secretion products of the
adipocyte in the EC pathogenesis, new predictive factors
could be proposed for this pathological entity. Given that a
reliable screening test for EC was not yet described, in obese
patients, assessment of visceral fat in correlation with GRP78
could narrow the group of patients with EC risk.
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