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Identification of a 3-mRNA signature as a novel potential
prognostic biomarker in patients with ovarian
serous cystadenocarcinoma in G2 and G3
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Abstract. The use of mRNAs as biomarkers serves to diagnose,
treat, as well as aid the prognosis of cancer. The present study
involved an analysis of mRNAs in the cell cycle at the G2 and
G3 tumor grades for the prognosis of ovarian serous cystadeno-
carcinoma (OSC) using 364 clinical samples (G2:G3=42:322).
Statistics aided the identification of NPFFR2, XPNPEP2 and
CELAZ3B; the 3-mRNA model that allows for classification of
patients into high- and low-risk groups using a median value
of 0.9580745. The rates of survival varied (P=0.00149) and the
independent detection of stratification of the risk of this disease
was validated with success using the 3-mRNA signature, which
was demonstrated to be more successful than the weight model.
This approach was revealed to provide the prognosis of grade
G2 and G3 in patients with OSC compared with factors used
traditionally. Compared with traditional factors, this 3-mRNA
model was demonstrated to be the only and independent prog-
nostic factor for patients with G2 and G3 stage OSC. A literature
survey was also performed in the present study in order to assess
the role of the 3 genes and indirectly prove their effectiveness.
The establishment of this new genetic model will enhance
prospective prognosis and treatment for patients with OSC.

Introduction

Ovarian cancer adversely affects female health worldwide and
is one of the major causes of mortality of women with severe
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gynecological issues (1). Ovarian cancer primarily presents
as tumors of the epithelial cells that grow from the surface
epithelial cells of the ovary, and are histologically classified
into four main subtypes: Mucinous, endometrioid, serous and
clear cells. The most common histologic subtype in epithelial
ovarian cancer is the OSC, representing 75-80% of all cases
worldwide (2,3). OSC is a common female genital cancer.
These types of cancer are either asymptomatic or have similar
symptoms to other benign gynecological diseases, until the
tumor has metastasized on the surface of the peritoneum and
then it will be diagnosed. Thus, the majority of patients are
diagnosed when the disease has reached an advanced stage.
Furthermore, due to the current absence of effective treat-
ment options, patients with the disease experience extremely
poor overall survival rate (OS), and only 45% 5-year relative
survival rate of all stages (4). Therefore, identification and
validation of prognostic biomarkers to predict OSC outcomes
are of high clinical value.

There is an urgent need to identify new, highly sensitive
and specific biomarkers for improved diagnosis and targeted
therapies (5). The biomarkers bestow early detection as well as
predict a poor prognosis (6,7). A number of studies have used
certain genes as cancer prognostic biomarkers with signifi-
cant success in patients with ovarian cancer. For instance,
Liu et al (8) reported overexpression of TRIM44 in ovarian
cancer, and revealed a close association with lower rates of
overall- and disease-free survival. TRIM44 can be used as
an independent marker to predict poor prognosis in ovarian
cancer. Lee et al (9) discovered that another protein, CENPK,
was overexpressed in ovarian cancer cells, and proved its
direct association with a poor prognosis in patients with
ovarian cancer. Furthermore, incorporating CENPK with the
tumor markers CA125 or HE4 can increase the sensitivity of
CA125 or HE4 for predicting ECO outcomes (9). In addition,
ASAPI1, MAGE-A9 and keratin 17 have been linked to poor
prognosis and, hence, their utility as a prognostic indicator
in human ovarian cancer (10-12). Thus, while the biomarkers
are of great clinical value for predicting outcomes for patients
with ovarian cancer, there is very limited prognostic value
to a single candidate biomarker. This could be attributed to
inconsistent sample collection, detection methods and small
sample sizes (11).
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Despite an increasing number of studies focusing on
malignant tumors, the exact underlying molecular mechanisms
remain unclear. For the majority of tumors, the treatment effect
and prognosis are not ideal. In clinical practice, the histological
grade provides an important prognosis for tumors, which aids in
assessing the tumor behavior (13) and is most commonly used
for the prognosis of hepatocellular carcinoma, breast cancer and
mucinous appendiceal adenocarcinoma (13-15). The aggres-
sive potential of the tumor is defined by histological grades as:
Gl, well-differentiated and the least aggressive (slow growing);
G2, moderately differentiated; G3, highly proliferative and
most aggressive but poorly differentiated; G4, undifferenti-
ated (16). A statistically significant difference was observed by
Overman et al (17) between the apparent diffusion coefficient
and pure diffusion coefficient among the different histological
grades. They also found that in the mucinous appendiceal adeno-
carcinoma with peritoneal metastasis, the G3 group values were
lower than those of the G2 group (17). While studying hepa-
tocellular carcinoma (HCC), Granata et al (18) demonstrated
that within the HCC groups, the perfusion fraction values of G1,
G2 and G3 histological grades were significantly different (18).
Similarly, Grotz et al (16) demonstrated that in mucinous
appendiceal adenocarcinoma (MAA), the G2 clinical behavior
is distinctly different from that in G1 and G3, with remarkably
different cancer-specific survival in stage IV G2 and G3 of
MAA. Although OSC is an extremely common form of ovarian
cancer, no article has reported the utility of multiple biomarkers
in determining the associated histological grade to the best of
our knowledge. With this aim, the current study investigated
the utility of multiple biomarkers to assess the OS rate of OSC
and determined the prognostic biomarkers for assessing poor
prognosis and disease progression.

Materials and methods

Dataset for patients with OSC. Patient clinical and cognate data
for pre-processed transcript mRNA (as of September 2018)
were sourced from The Cancer Genome Atlas (TCGA) data-
base (https://portal.gdc.cancer.gov/). The information includes
intact data on mRNA expression and clinical characteristics
(including age, ethnicity, sex, tumor type and histological
grade, and status and time of survival).

Screening of differentially expressed mRNAs between G2 and
G3 of OSC. Data from a total of 364 patients with OSC were
downloaded from TCGA, as per screening criteria, transcript
data and basic clinical data (Table I), including 42 in G2 and
322 in G3. The differentially expressed mRNAs in G2 and
G3 grades were distinguished using edgeR version 3.22.5
(bioinf.wehi.edu.au/edgeR) in R (19), and the threshold values
were llog 2-fold change =2 and false discovery rate <0.05. The
edgeR package automatically deletes outliers when analyzing
differences, thus reducing the impact of sample differences
and making the analytical data more reliable.

Analysis of survival and the prognostic model based on
mRNA status. The association between patient OS rate
and differentially expressed genes was assessed using the
univariate Cox package for univariate Cox proportional
hazard regression analysis, and those with P<0.01 were used
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Table I. Summary of clinical characteristics of the patients
with ovarian serous cystadenocarcinoma included in the
present study.

Patients (n=364)

Characteristic n %
Age, years

30-59 191 52.47

60-87 173 4753
Sex

Female 364 100
Ethnicity

Caucasian 316 86.81

Black or African American 23 6.32

Asian 11 3.02

Unknown 14 3.85
Tumor grade

G2 42 11.54

G3 322 88.46
Patient status

Alive 166 45.60

Succumbed 198 54.40

Table II. 3-mRNA risk score signature.

Univariate Multivariate
Gene symbol Coefficient P-value P-value
NPFFR2 0.0817 0.009221 0.011
XPNPEP2 0.0976 0.007264 0.010
CELA3B -0.1304 0.009284 0.013

as candidate variables. A multi-gene prediction model was
then established simultaneously, and appropriate prognostic
information for validation comparisons was downloaded from
Kaplan-Meier plotter (kmplot.com/analysis/). Based on the
mean of expression, the cases were divided into a high and low
expression groups. Furthermore, the multivariate Cox regres-
sion model was performed to assess the prognostic value of
the differentially expressed mRNAs (DEMs). Based on the
mean expression levels of the gene, the cases were classified
into high and low expression groups. A score for prognosis
risk was established to predict OS based on a linear combina-
tion of the expression level multiplied by the multivariate Cox
regression model (f) derived regression coefficient, applying
the formula: Risk score=exp DEM1 x § DEM1 + exp DEM2 x
p DEM2 + ... exp DEMn x § DEMn).

Risk classification and receiver operating characteristic
(ROC) curve. The risk scores of 364 patients were deter-
mined as per the multi-gene model, and then grouped into
high- and low-risk groups based on the median value. The
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Figure 1. Comparison of expression levels of the three genes in G2 group with those in G3 group.

survival status and risk scores of high- and low-risk patients
were compared using the Survival_Graph and Point_Graph
ggplot version 2.3.0.0 (ggplot2.tidyverse.org). The areas
under the curve (AUC) of the predictive model were evalu-
ated computationally to estimate the sensitivity and specificity
of mRNA prognosis, and plotted using the Survival_ROC
package version 1.0.3 (cran.r-project.org/web/packages/surviv-
alROC/index.html).

Prediction of independent survival time based on the 3-mRNA
signature prognosis from other clinical variables. Multivariate
Cox analyses were performed to determine the independence
of the 3-mRNA signature from other clinical factors (age, race
and grade) of patients with OSC, using OS as the dependent
variable. Furthermore, stratification analysis was carried out
on clinical features mentioned in Cox regression analysis, to
assess if there is any prognostic value of the 3-mRNA signa-
ture within the same clinical factor.

Statistical analysis. The data were derived from TCGA,
processed by edgeR package to obtain differentially expressed
genes, and the integration of differential genes with clinical
data was performed in the command prompt of Windows 10
(Microsoft Corporation). The multivariate Cox package was
used to establish a multi-gene survival model and generate the
model's survival curve and the ROC package was utilized to
predict the survival rate of patients with G2 and G3 grade OSC.
Following the construction of the 3-gene model, the 3-gene data
(selected from the differentially expressed genes) were entered
into GraphPad Prism software (version 5.0; GraphPad Software,
Inc.) to determine whether the three mRNAs were prognostically
significant for the G2 and G3 grades of OSC and a Mann-Whitney
U test was used to assess the data. The univariate Cox package
Survival version 2.43-3 (github.com/therneau/survival) was
used to obtain the survival curve of each gene. The heat map
was generated using the pheatmap package version 1.0.10
(cran.r-project.org/web/packages/pheatmap/), and the Survival_
Graph package was used to draw the survival scatter plot and
the Point_Graph package to plot the survival score curve. The
relevant gene survival curves were downloaded from the KM
plotter website. The editing and splicing of images in the text
was performed using Photoshop CS6 (Adobe Systems Europe,
Ltd.), and the data processing and data packet applications were

based on R. Language. P<0.05 was considered to indicate a
statistically significant result.

Results

OSC in G2 and G3 exhibit differentially expressed mRNAs. As
per the selection criteria, a total of 144 differentially expressed
genes (104 upregulated and 40 downregulated) were analyzed
in order to identify the OSC G2 and G3 grades.

Association between the 3-mRNA signature with compre-
hensive survival of patients with OSC. To shortlist
prognosis-associated mRNA from differential genes, the
association between the expression of each differentially
expressed gene and overall patient survival was analyzed
via univariate Cox regression analysis, and 3 mRNAs were
identified (P<0.01; Table II). Then, through multivariate Cox
regression analysis, these 3 mRNAs (Table II) were used as
a predictive model (P<0.015), which is linearly associated
with the level of corresponding mRNA expression. For the
gene predictive model in the multivariate Cox regression
analysis, the risk score was calculated as 0.0817 x NPFFR2
+ 0.0976 x XPNPEP2-0.1304 x CELA3B. The risk scores
were positively associated with NPFFR2 and XPNPEP2,
indicating that enhanced expression of these two mRNAs in
patients with OSC have shorter OS. In addition, CELA3B was
inversely associated with risk scores, suggesting that it may
be a potential protective gene for patients with OSC, and its
high expression indicates longer OS.

Thus, according to the Cox regression analysis, the three
mRNAs were prognostically significant for the G2 and G3 grades
of OSC (Fig. 1). The enhanced expression of NPFFR2 in G2
phase and a reduced expression of XPNPEP2 and CELA3B
in the sample were statistically significant (P<0.001). NPFFR2
and CELA3B determined to be independent prognostic factors,
whereas XPNPEP2 was not. Furthermore, the Kaplan-Meier
curves demonstrate statistically significant differences in OS
(P<0.05) of NPFFR2 and CELA3B (Fig. 2). High expression of
NPFFR2 (Fig. 2A, D and G), and XPNPEP2 (Fig. 2B, E and H)
was associated with a lower overall survival rate, and similarly,
lower CELA3B expression was associated with a lower overall
survival rate (Fig. 2F and I), in agreement with the results of
univariate analysis.
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Figure 2. Kaplan-Meier survival curves presenting the association between overall survival and the three genes. Based on the mean gene expression level, the
cases were classified into high and low expression group. (A) NPFFR2 in G2. (B) XPNPEP2 in G2. (C) CELA3B in G2. (D) NPFFR2 in G3. (E) XPNPEP2 in
G3. (F) CELA3B in G3. (G) NPFFR2 in G2 and G3. (H) XPNPEP2 in G2 and G3. (I) CELA3B in G2 and G3.
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Figure 3. Analysis of the risk score of the differentially expressed 3-mRNA
signature of G2 and G3 grade of OSC. (A) Curve representing the risk score of
the 3-gene signature. (B) Risk score distribution representing status and survival
time of the patients. Green circles represent patients who were alive, and red
circles represent patients that succumbed. (C) Heatmap of the three genes from all
patients. Color transition from green to red indicates increasing expression from
low to high, respectively. The color bar indicates the risk score curve individual
inflection point, for classifying the patients with OSC into the low-risk (light red),
or high-risk group (blue). (The abscissa of Part A and Part B is the case sequence
of the color bars according to Part C). OSC, ovarian serous cystadenocarcinoma.

The risk scores of these patients with OSC could be
divided into low- and high-risk groups according to the
median value of the risk score which was 0.9580745 (Fig. 3C).
This group visualizes the survival score and survival status of
patients with OSC (Fig. 3A and B). Patients with higher risk
scores were observed to have higher NPFFR2 and XPNPEP2
and lower CELA3B expressions. The majority of the risk
scores were <2.5, and their survival time was <7.5 months
(Fig. 3A and B); however, as the risk score increased, the
survival time and the survival rate decreased (Fig. 3A and B).

Based on the 5-year ROC AUC of 0.628 (Fig. 4A), the risk
score was used to predict the survival rate of G2 and G3 grade
patients with OSC. Furthermore, the Kaplan-Meier curve of
the 3-mRNA signature further validated that the high-risk
group had notably shorter survival times compared with the
low-risk group (P=0.00149, Fig. 4B).

The Kaplan-Meier curve for NPFFR2 indicated that there
was no significant difference when the OS rate of the patients
with G2 grade were compared with others (P>0.05; Fig. 5).
In addition, the Kaplan-Meier curve of the 3-mRNA signa-
ture further validated that patients in the high-risk group had
significantly shorter survival times compared with the low-risk
group (P=0.025; Fig. 5J). The role of NPFFR2 appears to
change from being a protective factor in G2 to a risk factor in
G3, making it a risk factor overall (Fig. 5A, D and G); although
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Figure 4. Representation of the differentially expressed 3-mRNA signature of G2 and G3 grade of OSC in terms of prognostic performance. (A) The risk-score
prognostic performance presented as the time-dependent ROC curve for the prediction of 5-year survival. (B) The risk score for the overall survival in terms
of the Kaplan-Meier survival analysis. OSC, ovarian serous cystadenocarcinoma; ROC, receiver operating characteristic.

Table III. Patient overall survival in terms of multivariate Cox
regression analysis.

Variables HR 95% CI P-value
Age, years 1.251 0.944-1.658 0.119
(=60 vs. >60)

Ethnicity 0.669 0.436-1.026 0.066
(Caucasian vs. others)

Grade (G2 vs. G3) 1.386 0911-2.108 0.128
RS (Low vs. high) 1.442 1.081-1.924 0.013

HR, hazard ratio; CI, confidence interval; RS, 3-mRNA risk score.

the other two biomarkers, XPNPEP2 and CELA3B, were risk
factors in both G2 and G3 (Fig. 5B, E and H, and C, F and I),
thus confirming the 3-mRNA model.

3-mRNA signature is prognostically independent of other
clinical factors. The 3-mRNA risk scoring model exhibited
predictive power independent of other clinical factors [hazard
ratio (HR), 1.442; 95% confidence interval [CI] 1.081-1.924;
P=0.013; Table III]. Age (P=0.119) and histological grade
(P=0.128) were not considered significant factors. It was
observed that in terms of age, ethnicity, histological grade
and risk score HR, values for age, histological grade and risk
scores corresponded with greater susceptibility to cancer (HR
can help determine if the factor is protective or detrimental;
Table IIT). Among different races, Caucasian individuals may
have been less susceptible, as the P-value was close to 0.05,
and the HR value is 0.669. Therefore, race may be a protec-
tive factor. The histological grades and the corresponding age
were considered risk factors (HR>1), which authenticates this
scoring model. Although, whether ethnicity serves as a protec-
tive factor requires further investigation. P<0.05 for each of
the 3 mRNAs in the signature, suggested that this model was
highly specific. Thus, according to these results, the 3-mRNA
signature used in the present study may serve as a predictor of
other clinical factors.

Discussion

Nearly 90% of all ovarian cancers present as OSC, making it
the most common type of epithelial ovarian cancer (20). OSC
results in greater mortality rates than any other type of cancer
of the female reproductive system (21). According to the Global
Cancer Statistics, in 2016 there were ~230,000 cases of female
ovarian cancer diagnosed, and 150,000 women succumbed to
the disease (21). While studying ovarian cancer, focus should
be paid to the differences in gene expression between normal
and tumor tissues (22), characterizing differences between
histological subtypes (23,24) and marking differences between
tumors with invasive and low malignant potential (25,26). The
present study focuses on the moderate differentiation of G2
tumors while transitioning from G2 to G3, which are the most
invasive and poorly differentiated tumor grades. To achieve
good curative effect, the most important prerequisite is
accurate tumor staging in the patients with ovarian cancer. A
number of studies have used gene expression for the prognosis
of OSC, which exhibit high sensitivity and specificity, and
may be clinically significant (27,28). The G2 and G3 grades
are crucial indicators for prognosis in OSC as the metastatic
rate of ovarian cancer is closely associated with histological
grade. A cancer tissue with a lower degree of differentiation is
more likely to metastasize, leading to worse prognosis. Hence,
the differentiation between G2 and G3 is helpful in evaluating
patient prognosis. Owing to similarly hypothesized prognoses,
the majority of studies combine G2 and G3, whereas others
do not support this amalgamation, suggesting that the differ-
entiated G2 have distinct clinical behavior and outcome from
that of G1 and G3. The data from the present study demon-
strate differential clinical manifestations of G2 and G3, with
different prognoses and different treatment options, including
the scope of surgery and the course of chemotherapy.

In the present study, three different genes (NPFFR2,
XPNPEP2 and CELA3B) were obtained that distinguished G2
and G3 grades of patients with OSC, and established a 3-mRNA
signature. The OS rate of patients with G2 and G3 grade OSC
was predicted based on the high-differential low-risk group.
To the best of our knowledge, this is the first genetic predic-
tion model based on the histological grading of patients with
OSC. The differentially expressed mRNAs were obtained from
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Figure 5. Association between the three genes and overall survival as demonstrated via Kaplan-Meier plotter curves. Based on the mean of expression, the
cases were divided into a high and low expression groups. (A) NPFFR2 in G2. (B) XPNPEP2 in G2. (C) CELA3B in G2. (D) NPFFR2 in G3. (E) XPNPEP2 in
G3. (F) CELA3B in G3. (G) NPFFR2 in G2 and G3. (H) XPNPEP2 in G2 and G3. (I) CELA3B in G2 and G3. (J) the 3-mRNA signature in G2 and G3 (gene

weight model).

364 patients with OSC whose clinical information was avail-
able on TCGA (42 cases in G2 stage and 322 cases in G3 stage).
These differentially expressed mRNAs were assessed through
single factor and stepwise multivariate Cox analyses and a linear
prediction model was built. It was observed that the high- and
low-risk patient groups were significantly different, in addition
to high sensitivity and specificity as determined through the
ROC curve (AUC, 0.628; Fig. 4A). The multivariate Cox regres-
sion analysis indicated that the 3-mRNA signature can aid in
prognosis, independent of the traditional clinical factors such
as age, ethnicity and histological grade. Furthermore, the KM

plotter confirmed that OS based on NPFFR2 and CELA3B
were significant in all patients (G2+G3) and that the 3-mRNA
signature was therefore greatly different from the gene weight
model. The expression of NPFFR?2 is inversely proportional to
cancer malignancy. A similar pattern is observed in the patho-
logical grading and staging of head and neck squamous cell
carcinoma; the degree of malignancy was directly proportional
to that of NPFFR2 methylation (29). NPFFR?2 is also associated
with the activity of hypothalamic-pituitary-adrenal axis (30). In
terms of stress-associated hormones and released neurotrans-
mitters, quality has an adverse effect on stress-induced tumor
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progression and cancer treatment (31), which indirectly indicate
that the progression of cancer (increased histological grade,
etc.) is indirectly affected by NPFFR2. As a proline hydrolase,
XPNPEP2, also known as aminopeptidase P or APP2, hydro-
lyzes numerous biologically active peptides, such as XPNPEP2,
which inactivates bradykinin (32). XPNPEP2 serves a vital role
in the ovarian breakdown and follicular dysplasia induced by
hexavalent chromium in rat germ cells (33). XPNPEP2 over-
expression is also observed in cervical cancer tissues, and is
associated with pathological staging, lymph node metastasis and
poor OS (34), which coincides with the results from the present
study findings in the XPNPEP?2 study in OSC, in renal clear cell
carcinoma (CCRCC) (35) and in advanced gastric cancer (36).
Human CELA3B is a product of gene duplication. In
CELA3B, the 241st residue is polymorphic (p.A241 G), and
the differences may lead to the risk of chronic pancreatitis (37)
and capsular fibrosis islets (38). While capsular fibrosis also
conforms to histological changes in OSC, in type 2 diabetes,
CELA3B has been revealed to be associated with microvascular
ischemia (39), which may explain the cause of OSC rupture.
Therefore, NPFFR2, XPNPEP2 and CELA3B can be associ-
ated with the occurrence of OSC and the associated prognosis.
There were also some limitations to the present study.
The number of patients in G2 and G3 were not equal. The
pathological grades of OSC are G1, G2, G3 and G4. However,
limited data were available on TCGA for the G1 and G4 stages
of OSC (<5 cases each) and no data for adjacent tissues. If the
sample size is too small, errors occur in the statistical analyses,
and thus should not be included within the study. Updates to
the OSC data on TCGA will be assessed in future studies once
they become available. The clinical data of OSC are incom-
plete, and the Tumor-Node-Metastasis (TNM) stages were
unknown. While TNM is the standardized staging method
for malignant tumor progression (4), it also plays an important
role in guiding the prognosis and treatment of tumors. In the
multi-factor analysis, if the influence of TNM staging on OS
is also assessed then, through database verification, testing
the feasibility of the gene model can be improved. Another
high-risk factor for ovarian cancer is age, and it should be
assessed in greater detail; the small amount of age groups in the
present study may be one of the most important shortcomings
of the present study. Due to the small number of age groups,
the results may have demonstrated larger errors, therefore age
should be divided into additional groups for more accurate
comparisons. Furthermore, there are large inconsistencies
between the case survival and the database survival analyses.
More than 3,000 patients with ovarian cancer are usually
included in the KM plotter database, but the number of cases
in the present study, obtained from TCGA, was much lower,
causing inconsistencies in the results. The fact that some of
the data in Figs. 2 and 5 do not match may have been due
these restrictions. While the model is feasible according to the
moderate area of the AUC curve, it is not highly sensitive and
specific, and so may only be suitable for the initial screening
of disease. Whilst the sensitivity was high compared to other
factors (age, histological grade and ethnicity), when the data
was compared independently (amongst itself), the absolute
sensitivity was not high. To the best of our knowledge, the
genetic model involving the three genes (NPFFR2, XPNPEP2
and CELA3B) signature has not been studied in other tumors,
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making it difficult to prove that they have roles in OSC. Thus, a
combination of clinical experience and other auxiliary exami-
nations is required in order to make a correct diagnosis.

The present study established a genetic model using three
genes, NPFFR2, XPNPEP2 and CELA3B, for identifying G2
and G3 grades of OSC through statistical analysis. The model
is different from traditional prognosis and clinical identi-
fication methods. The role of these three genes was further
analyzed and compared against the published literature. This
newly established genetic model has the potential for prognosis
of patients with OSC.
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