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Abstract 

Background:  Circulating tumor cells represent an opportunity for the assessment of early recurrent disease or for 
real-time tracing of cancer. Glucose Regulated Protein 78 (GRP78) is known in the literature as a stress factor in endo-
metrial cancer. We aimed to investigate the importance of the gene by targeting tumor traces circulating in the cell 
fluids of patients with Type 1 endometrial cancer, examining cell-free RNAs in patients’ samples and performing ROC 
analysis.

Methodology:  In this study, 32 endometrial cancer patients and 20 controls were included. This in vitro study evalu-
ated, the GRP78 cell-free mRNA expression levels in endometrial cancer patients, by quantitative real-time polymerase 
chain reaction qRT–PCR Light Cycler. Receiver operating characteristic (ROC) analysis is a tool used to identify the pre-
cision of a diagnostic test or prediction model. In our study, we investigated whether the expression levels of cell-free 
GRP78 mRNA could be used as a diagnostic criterion.

Results:  The ROC curve results for endometrial cancer diagnostic criterion of cfRNA GRP78 mRNA indicated quite a 
significant value (p < 0.001).

Conclusion:  Current findings show that cell-free mRNA GRP78 is now a criterion that can be used together with 
smear mRNA GRP78 without the need for invasive methods in endometrial cancer studies.
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Background
Endometrial cancer (EC) is the fourth most common 
malignancy seen in females and its incidence is on the 
rise [1]. Around 320,000 females are recorded with EC 
every year. According to recent studies among these 
females, approximately 60.800 of them will severely suf-
fer from a lethal version of the disease or a cause related 
to the disease in the next 5 years [2]. The survival rate is 
95% if diagnosed in stage 1; but if the tumor has made a 
distant metastasis by the time of the diagnosis the num-
ber declines to 17% [3]. Cancer biopsies offer a lot of 

information on the planning of treatment. The benefits of 
biopsies include the ability to provide information about 
the type, aggressiveness, spreading path, immunologi-
cal and molecular characterization of the samples taken 
in addition to the official diagnosis of cancer. However, 
biopsies have limitations. Firstly, as a cancer cell grows, 
it can spread to different areas that can change over time. 
Tumor biopsies taken when the disease was first diag-
nosed, may not reflect the later status of cancer. Secondly, 
repeating a biopsy to monitor cancer development can 
cause possible complications such as pain, infection, and 
bleeding. Thirdly, cancer cells that spread to different 
parts of the body may be different from cancer in the area 
where they started. For this reason, it is not possible for a 
tumor biopsy taken from a part of the body to adequately 
represent cancer in the body [4]. Liquid biopsies may be 
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more suitable for observing cancer over time because 
the tumor shows heterogeneity, as well as biopsies taken 
from different parts, are likely to yield different results. 
In addition, chemotherapy and other radiological treat-
ments taken during treatment do not provide accurate 
results about the patient’s condition and the status of 
cancer. The disease recurs as a result of minimal residual 
tumor cells. On the other hand, liquid biopsies target dif-
ferent cancer cells that vary according to the changing 
characteristic structure of the tumor. The target thera-
peutic agent GRP78 can send targets of small circulating 
cfRNAs. Because GRP78 can target ever-changing cells, 
the information provided about cancer may be more 
informative [5]. There are cancer-related biomarkers in 
the blood. These include circulating tumor cells (CTCs) 
and tumor-derived cell-free DNA and RNA (cfDNA and 
cfRNA) that specifically target the tumor [6]. Extracellu-
lar circulating cell-free RNA (ccfRNA) are molecules that 
can be found in various liquids and can be measured. In 
studies conducted so far, it has been seen that ccfRNA is 
used in the investigation of disease causes such as dia-
betes, trauma, stroke, and myocardial infarction [7]. On 
the other hand, a relationship between the number of 
ccfRNA obtained from urine, blood, and other body flu-
ids and cancer cell-derived RNAs in the plasma of can-
cer patients has been detected. In our study, we aimed to 
investigate the expression differences by investigating the 
GRP78 gene, which is the ER stress gene, both in plasma 
and other fluids because it can give us more specific 
results for cancer detection.

Tumor cells and GRP78
The binding immunoglobulin protein, known as GRP78, 
is a human protein that is encoded by the HSPA5 gene 
[8]. It is located in the lumen of the ER and binds to 
newly synthesized proteins as they are translocated to 
the ER keeping them ready for folding and oligomeri-
zation. Under normal circumstances, GRP78 is bound 
to three transducers, which are activating transcrip-
tion factor 6 (ATF6), protein kinase RNA-like endoplas-
mic reticulum kinase (PERK), and Inositol-requiring 
enzyme 1 (IRE1) [9] keeping them inactive. When there 
is an imbalance between the ER’s capacity to fold pro-
teins and the demand for protein folding, it causes ER 
stress, caused by physiological or pathological imbal-
ances. As a response to ER stress, most eukaryotic cells 
have evolved as a group of signal transduction pathways, 
called the unfolded protein response (UPR) [10]. When 
UPR is activated, GRP78 separates itself from the other 
ATF-6, IRE-1 and PERK chaperons. Activation of these 
chaperons results in upregulation of proteins involved 
in chaperoning misfolding proteins, protein folding, and 
ER-Associated Degradation (ERAD), including further 

production of GRP78. As a result, ER’s capacity to fold 
proteins increase. Meanwhile, the same response can lead 
a cell to apoptosis if intracellular hemostasis cannot be 
achieved [11]. The stress response is how a cell protects 
itself in  situations when its protein production cannot 
keep up with the demand. This response allows the cell to 
survive through otherwise not survivable situations, such 
as glucose deprivation, hypoxia, and changes in calcium 
homeostasis [12]. Tumor cells are rapidly dividing much 
faster than normal cells, causing a higher need for energy 
to function, resulting in the consumption of enormous 
amounts of glucose. Solid tumors outgrow their blood 
supplies’ ability to provide for them, thus creating situ-
ations that cause constant ER stress due to tumor cells 
being nearly always hypoxic and /or glucose deprived 
[13]. On the other hand, ER stress contributes to cyto-
toxic effects, inducing apoptosis while observing the mol-
ecule’s potential usage as a biomarker only, there will be 
no consequence if the cell undergoes apoptosis or man-
ages to proliferate, and the stress is equilibrated in both 
scenarios. In addition to the overexpression of GRP78, a 
positive association between GRP78 and malignancy can 
be observed in the presence of cancer cells [14].

Methods
Study design and subjects
This in vitro study was carried out to evaluate the GRP78 
cell-free mRNA expression levels in endometrial can-
cer identified in female patients. It was a collaboration 
between Erciyes University, Department of Medical 
Genetics, and Erciyes University Department of Gyne-
cology and Oncology conducted between January and 
December 2019.

Patient group
Volunteers aged 40–75; EC patients were included in 
the study. In total, according to power analysis, 32 EC 
patients were included in the study. These were selected 
from the patients who applied to the Erciyes University 
Department of Gynecology and were diagnosed with 
Type-1 EC according to Figo criteria. Patients with a his-
tory of other diseases and drug use were excluded. In 
addition, peripheral blood samples were taken from the 
patients to obtain leukocytes and cfRNA. GRP78 mRNA 
expression was examined from all samples.

Control group
For this study, the control group consisting of 20 females 
aged between (40 and 65) years have been enrolled. All 
females were examined by the gynecologist and recruited 
based on not taking any drugs, and smoking so as not 
to affect their medical situation for at least 3  months 
before the study, as well as not being pregnant or having 
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a history of endometrial or any other cancer. This group 
was used to compare cell-free RNA, smear, and leukocyte 
parameters.

Cell‑free RNA isolation from plasma
Equal amounts of blood (8 ml) were collected from both 
the patient and control groups. After centrifugation, 
(Zymo Research kit, USA) for cfRNA isolation blood 
and plasma was separated by centrifugation at 2000 rpm 
for 15 min and stored locally at a − 80 °C within 10 min 
after collection. Circulating cfRNA was extracted from 
plasma using Zymo’s Quick-cfRNA Serum and Plasma 
Kit according to the manufacturer’s protocol. Briefly, 
about 3 ml of plasma was mixed with 5 × digestion buffer 
and assimilated by incubating with proteinase K solu-
tion at 55 °C over 30 min. After digestion, the RNA lysate 
was added with two volumes of DNA Binding Buffer 
and then transferred to a Zymo-Spin column. After cen-
trifuging at 1000 g for 3 min, the flow-through was dis-
carded. The column was washed with RNA Prep Buffer 
twice and followed with RNA Wash Buffer twice. The 
cfRNA was eluted with RNA Elution Buffer. 25 mg of tis-
sue was digested by proteinase K at 56 °C overnight and 
then lysed at 70 °C for 10 min. After washing in the col-
umn and RNA was eluted. The quality of genomic RNA 
from tissue samples was evaluated by Nano Drop 2000 
Thermo Scientific. cfRNA obtained from patients, 200 ng 
of cfDNA was used for all analyses.

RNA isolation from smear, leukocytes, blood
RNA extracted from samples (smear, leukocytes, blood) 
by using TRIZOL and Red Cell Lysis Reagent (Thermo 
Fisher Scientific, USA). Trizol ensures RNA integrity 
while lysing cells and dissolving cell components during 
homogenization or lysis. RNA concentration was deter-
mined by Nanodrop 2000 Thermo Scientific.

cDNA synthesis and gene expressions
By using the kit of EvoScript Universal cDNA Master 
System for general laboratory use from (Roche), com-
plementary DNA (cDNA) was synthesized using reverse 
transcriptase (RT). The expression level of the GRP78 
gene was examined by a quantitative real-time RT-PCR 
Light Cycler 480 kit from (Roche) using the cycling 
conditions recommended and a specific primer GRP78 
(Assay ID:110,805).

Statistical analyses
Histogram and q–q plots were used to examine and 
assess the data normality. A Mann–Whitney U test was 
conducted to compare the differences between continu-
ous variables. A Wilcoxon Signed Rank test was used 
to compare two repeated measure variables. Receiver 

operating characteristic (ROC) curves were used to iden-
tify the discriminative effect of cfRNA on endometrial 
cancer. The area under the ROC curves was calculated 
with 95% confidence intervals. The index was applied to 
determine the optimal cut-off value. Sensitivity, speci-
ficity, positive and negative predictive values were cal-
culated with 95% confidence intervals  (Fig.  1). Analyses 
were conducted using R 3.2.0 (http://​www.r-​proje​ct.​
org), MVN [15], easy ROC [16] software and TURCOSA 
(Turcosa Analytics Ltd. Co., Turkey) statistical software. 
(https://​turco​sa.​com.​tr/).

Results
GRP78 mRNA expression results of endometrial cancer 
patients compared to control are given in Table 1. When 
we compared the GRP78 mRNA expression results in 
smear samples taken from endometrial cancer patients 
with the control, a highly significant result was obtained 
(p < 0.001). The median value of the smear control group is 
0.55 and the 25p–75p values are as follows (0.41–0.77) The 
median value in the patient group is 2.09 and the 25p–75p 
values are as follows (0.97–4.37), respectively Table 1.

We looked at the preoperative cell-free GRP78 mRNA 
expression results of the same person on a time basis in 
preoperative and postoperative patients. It was observed 
that there was no significant change in the individu-
als whose tumor was removed after the operation when 
compared to the individuals before the operation 
(p = 0.534). The median values in the patient and control 
groups are; 2.19 and 1.54. The values at 25 and 75p in the 
patient and control groups are given in Table  2. When 
we look at the GRP78 mRNA expression values from the 
leukocyte values obtained from the patients before and 
after operation, significant difference could not observed 
(p = 0.718). The median values of mRNA GRP78 expres-
sion results acquired from leukocytes obtained from 
patients before and after surgery are as follows. Post-
operation leukocyte GRP78 mRNA median is 1.15 and 
pre-operation leukocyte GRP78 mRNA median is 0.88. 
The values at 25 and 75p in the patient and control 
groups are given in Table 2.

The level of effectiveness of cell-free GRP78 mRNAs in 
diagnosis was determined to be above. Considering our 
results, a high significance was found (p < 0.001). While 
the sensitivity value of cell-free RNAs in the diagnosis 

Table 1  Clinical and Laboratory characteristics of population 
according to Control and Patients

Variable Control Patients p
Median (25p–75p) Median (25p–75p)

Smear GRP78 mRNA 
(ng/ul)

0.55 (0.41–0.77) 2.09 (0.97–4.37) < 0.001

http://www.r-project.org
http://www.r-project.org
https://turcosa.com.tr/
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of the disease is 0.806, the specificity value is 0.700. The 
positive and negative predictive values are 0.806 and 
0.700 respectively Table 3.

Discussion
The first cfRNA discovered was found in the plasma of 
nasopharyngeal carcinoma patients in 1999 [17]. This 
discovery was followed by identifying it in serum cells of 
melanoma patients [17, 18]. cfRNAs are also very unsta-
ble due to their susceptibility to degradation by RNAs 
present in the blood and therefore difficult to detect [17, 
19, 20]. cfRNA presents important signatures that char-
acterize oncological patients with high levels in plasma, 
suggesting an essential role in the diagnosis and moni-
toring cancer [21]. Circulating RNAs are increasingly 
important for determining both tumor characterization 
as well as in monitoring personalized treatments in liquid 
biopsies of cancer patients. Analysis of cfRNAs acts as a 
biomarker that can provide complementary information 
regarding gene expression profiles or epigenetic changes 
compared to tumor tissue [22]. Although cfRNAs have a 
long history, they have not been translated into clinical 
practice today [23]. While cfDNA can be released in body 
fluids via apoptosis and/or necrosis, the specific mecha-
nism of cfRNAs release is still unknown [17, 22, 24]. 
The altered balance between circRNAs and their linear 

mRNAs results in aberrant expression of oncogenes and 
tumor suppressor genes [17, 25]. The first study to ana-
lyze circulating RNAs in liquid biopsy of endometrial 
cancer was described by Torres et  al. where they inves-
tigated RT-qPCR showing high expression levels of 
miR-99a, miR-100 and miR-199b in plasma samples [26, 
27]. Most of the miRNA identified in these studies were 
reported to interact with numerous genes involved in the 
PTEN-PI3K-AKT-mTOR pathway, which is known to 
play an important role in the development of EC [28, 29].

Here, we looked at the expression levels of GRP78 
mRNA in plasma, smear and leukocytes from patients 
before and after operation. Smear was the gold standard 
for us. Because it would determine our path in cfRNAs by 
giving information about the patient and the control. We 
looked at the smear GRP78 mRNA expression level and 
found highly significant results were found (p < 0.001).

We performed ROC analysis to look at the importance 
of cell-free GRP78 mRNA expression level in clinical 
diagnosis. We found it highly significant (p < 0.001). The 
fact that our cell-free GRP78 mRNA expression levels 
were ≥ 1 indicated that it helps us to detect the disease 
with a minimally invasive diagnostic method. The region 
under the ROC curve results in 0.749. The limit here is 
0.70 and exceeding this limit means that we are now able 
to easily distinguish these cells. The sensitivity of this 
study was 0.806 and was within the confidence interval 
(0.637–0.908). The specificity of this study results in 0.700 
and falls within the confidence interval (0.481–0.854). The 
positive predictive value is 0.806 and confidence interval 
values are given in Table 3. The negative confidence inter-
val is 0.700 and is in the confidence interval (0.481–0.854). 
ROC curves were used to identify the discriminative effect 
of cfRNA on endometrial cancer. The area under the ROC 
curves was calculated with 95% confidence intervals.

Fig. 1  ROC curves were used to identify the discriminative effect 
of cfRNA on endometrial cancer. Sensitivity, specificity, positive and 
negative predictive values were calculated with 95% confidence 
intervals [16]

Table 2  Comparison results acording to patient and control 
groups pre and post operation

Comparison of the preoperative and postoperative cfRNA GRP78 mRNA 
expression results of the patients

Variable Pre-operation 
median(25p–
75p)

Post-operation 
median 
(25p–75p)

p

cfRNA GRP78 mRNA (ng/
µl)

1.54 (0.67–4.68) 2.19 (0.37–6.07) 0.534

Leukocyte GRP78 mRNA 
(ng/µl)

0.88 (0.47–8.73) 1.15 (0.69–5.26) 0.718

Table 3  ROC curve results and statistical diagnostic measures for 
cfRNA ≥ 1 for determining Endometrial Cancer

Statistics Estimate Confidence 
interval (95%)

ROC curve statistics

Area under curve 0.749 0.608–0.860

p value < 0.001

Diagnostic measures

Sensitivity 0.806 0.637–0.908

Specificity 0.700 0.481–0.854

Positive predictive value 0.806 0.637–0.908

Negative predictive value 0.700 0.481–0.854



Page 5 of 6Aynekin et al. Egyptian Journal of Medical Human Genetics          (2022) 23:143 	

Cell-free GRP78 mRNA levels were compared in preop-
erative and postoperative patients and could not observe 
any significant results were found. As mentioned above, 
since cfRNAs are sensitive and difficult to obtain as bio-
logical materials and the GRP78 which investigating is 
a stress factor, it is possible that the real result could not 
be reached with implicating factors, such as surgery, can 
increase the stress factor. In addition, it was concluded that 
it was appropriate to start the research after expanding the 
patient group and making sure that the stress factors in the 
patient’s body were completely eliminated after operation.

We investigated cfRNA GRP78 mRNA expression in 
patients with endometrial cancer. Extracellular circu-
lar RNAs (cf-RNA) are molecules that can be found and 
measured in a variety of human-derived fluids. In stud-
ies carried out so far, it was clear that cf-RNA had been 
used to investigate the causes of diseases such as diabe-
tes, trauma, stroke, and myocardial infarction [30, 31]. In 
addition, relationship was determined between the num-
ber of cfRNA obtained from urine, blood, and other body 
fluids, and the presence of cancer cell-derived RNAs in 
the plasma of cancer patients was determined [32].

The role and function of GRP78 and cancer have 
become more and more clear, and it has been further 
linked to several other types of cancers [33–36]. Of inter-
est, some other studies have even shown a link between 
EC and GRP78, when a biopsy was acquired from differ-
ent tissues in the body, such as adipose tissues [33].

Conclusions
The significant increase of cell-free mRNA GRP78 expres-
sion obtained from endometrial cancer patients is prom-
ising as it can be used as a diagnostic criterion with smear 
mRNA GRP78 without the need for invasive methods.

Limitations of the study

•	 Biomarker studies should be carried out by consid-
ering the larger patient group, and the larger patient 
group of this current study should be considered.

•	 It should be determined whether the GRP78 gene is a 
biomarker in different cancer groups.

•	 It is not enough to obtain a meaningful result as 
expression. Protein studies need to be done.
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