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Application of long non-coding RNA RBAT1 in improving
diagnosis and prognosis of ovarian carcinoma

Jie Luo, Yuqging Zhang, Ting Zheng, Yongping Jing, Rongyu Cao,
Minmin Wu, Die Fan, Ying Tao and Mandan Zhao

Tumorigenesis of bladder cancer and retinoblastoma is
correlated with long non-coding RNA (IncRNA) RBAT1.
However, the role of RBAT1 in ovarian carcinoma (OC)
is unclear. Thus, the study explored the role of RBAT1
in OC. This research enrolled patients with OC (n=68),
irritable bowel disease (IBD, n=68, females), digestive
tract inflammation (DTI, n=68, females), urinary tract
infection (UTI, n=68, females), endometriosis (EM,
n=68, females), and healthy controls (HCs, n=68)

to collect plasma sampled. OC and paired non-tumor
tissues were collected from patients with OC. RBAT1
accumulation in all samples was analyzed using
RT-gPCR. The role of plasma RBAT1 in OC diagnosis
was examined using the ROC curves with OC patients
as the true positive cases and other patients and HCs as
the true negative cases. The role of RBAT1 in predicting
the survival of OC patients was analyzed using the
survival curve study. RBAT1 was overexpressed in both
OC plasma and tissues. Plasma RBAT1 levels were

Introduction

Opwarian carcinoma (OC) is a solid tumor formed by malig-
nant cells originating from the cells covering the ovary and
is the second most frequently detected gynecologic tumor
[1-3]. Due to the aggressive and fast-growth nature of OC,
delayed diagnosis usually leads to distant tumor metastasis,
which is related to a high mortality rate [4,5]. For instance,
about 1 in 78 women will be affected by OC, and more than
2 of 3 of these patients will die of OC during their lifetime
[5]. Without distant metastasis, 90% of OC patients survive
Syears, while once distant metastasis has occurred, the
5-year survival rate drops to below 30% [6]. Unfortunately,
the early detection of OC in most cases is difficult.

Although OC patients at early stages may present symp-
toms, such as abdominal and pelvic pain, indigestion, and
bloating [7,8], these symptoms can be easily recognized
as clinical signs of other clinical disorders, such as irri-
table bowel disease (IBD), digestive tract inflammation
(DTT), urinary tract infection (UTT), and endometriosis
(EM) [9,10]. Therefore, misdiagnosis of OC is common
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correlated with RBAT1 levels in OC tissues but not in
non-tumor tissues. Plasma RBAT1 could distinguish OC
patients from other patients and HCs. Patients with high
plasma RBAT1 levels had a shorter survival. RBAT1 is
overexpressed in OC and might be applied to improve
the diagnosis and prognosis of OC. Anti-Cancer Drugs
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in clinical practice. To this end, efforts have been made
to develop biomarkers for OC [11-13]. However, the
accuracy of currently available cancer biomarkers is not
satisfactory. Although no protein-coding information
was observed in the sequence of long non-coding RNAs
(IncRNAs), they indirectly affect protein accumulation
to regulate cancers [14]. To date, some IncRNAs have
been identified as potential biomarkers for OC [15].
Previous studies have shown that tumorigenesis of blad-
der cancer and retinoblastoma requires the involvement
of IncRNA RBAT'1 [16]. However, the role of RBAT'1 in
OC is unclear. Our preliminary sequencing analysis has
shown altered RBAT 1expression in OC but not in other
diseases that can mimic the symptoms of OC. Therefore,
RBAT1 may serve as a biomarker to avoid the misdiag-
nosis of OC. Therefore, this study explored the role of
RBAT1 in OC, with a focus on its clinical values.

Materials and methods

Enroliment of participants

This research enrolled patients with OC (2=68,
55.9+7.4years), IBD (#=68, females, 55.8+7.1years),
DTI(#=068,females,55.4+7.9years), UTT (7 =68, females,
55.8+7.0years), and EM (#=068, females, 55.7 £ 7.1 years)
and healthy controls (HCs, 7=68, 55.8 + 7.6 years) at the

DOI: 10.1097/CAD.0000000000001315

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


mailto:mandanzhaomedicine@163.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

10 Anti-Cancer Drugs 2023, Vol 34 No 1

First Affiliated Hospital, School of Clinical Medicine of
Guangdong Pharmaceutical University after the hospital
ethics committee approved this study and informed con-
sent was obtained. Our study was performed in compli-
ance with the Declaration of Helsinki. OC patients were
all diagnosed with transvaginal ultrasound and confirmed
by histopathological analysis of the tumor tissues. Other
patients were diagnosed through standard methods, and
those with malignancies were excluded. HCs showed
normal physiological functions during the systemic phys-
iological examination.

Preparation of samples

The present research included both plasma and tissue
samples. Briefly, OC and paired non-tumor tissues were
obtained from the resected tumors from OC patients (48
cases of stages 1-III and 6 cases of stage IV) and biopsies
(14 cases of stage IV) and confirmed by histopathologi-
cal analysis. Tissue samples were stored in liquid nitro-
gen before the subsequent experiments. Plasma samples
were collected from fastened blood samples extracted
from both patients and controls in EDTA tubes after
centrifugation at 12000g for 12min and stored in liquid
nitrogen before the subsequent experiments.

Survival analysis

After blood extraction, patients received standard treat-
ments and were released except OC patients. OC
patients’ death and survival were monitored for 5years to
summarize their survival conditions.

RNA samples and RT-qPCR

High-quality RNA samples were extracted from tissues
by mixing with TRIzol (Invitrogen, Carlsbad, CA, USA)
at a ratio of no more than 1:10 after being cleaned and
washed three times with PBS. To completely break the
cell membrane, the mixtures were incubated at room tem-
perature for 30 min. After that, cell debris was removed
by centrifugation at 12000g for 20 min. After removal of
the contaminated proteins by 10% chloroform, RNAs
were precipitated using 50% methanol, washed with 70%
ethanol three times, and dissolved in RNase-free water.

After examining RNA integrity and concentration using a
2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA,
USA), cDNA samples with high quality were prepared
using Takara Prime Script 1st Strand cDNA Synthesis Kit
('Takara, Kusatsu, Japan). The quality of cDNA samples
was analyzed by amplifying GAPDH. ¢cDNA samples
yielded no GAPDH DNA were trashed and prepared.
RBAT1 accumulation was then determined through
gPCRs with 18S rRNA as the internal control, and Ct
values were normalized using the 27**“* method.

Statistical analysis
All data were expressed as the average values of three

technical replicates and analyzed using GraphPad Prism
(v7; GraphPad Software Inc., San Diego, CA, USA).

Differences between two groups and among multiple
groups were examined using Student’s 7-test and ANOVA
Tukey’s test, respectively. To study the role of RBAT'1
in OC diagnosis, ROC curves were analyzed with OC
patients as the true positive cases and IBD patients, D'T1
patients, UTT patients, EM patients, or HCs as the true
negative cases. To explore the value of plasma RBAT1
level in predicting OC patients’ survival, the 68 patients
were grouped into high and low RBATT1 level groups
(7=34) with the median plasma RBAT'1 level as the cut-
off value, and their survival curves were plotted and com-
pared. Differences with a P value <0.05 were considered
statically significant.

Results

RBAT1 accumulation in patients and controls

This study included OC patients, IBD patients, DTI
patients, UTT patients, EM patients, and HCs, with 68
cases in each group. Plasma samples from all participants
and OC and paired non-tumor tissues were used to ana-
lyze RBAT1 accumulation using RT-qPCR. Ct values
from three technical replicates were normalized using the
274 method to the sample with the highest ACt value,
which was set to value ‘1. Our experimental data analysis
showed that RBAT'1 was overexpressed in both OC plasma
(Fig. 1a, P<0.01) and tissues (Fig. 1b, P<0.01). Therefore,
altered expression of OC is a contributor or consequence
of OC. Interestingly, no altered plasma RBAT'1 expression
was observed in other groups of patients.

Correlations between RBAT1 in plasma and tissue
samples

"To analyze the source of plasma RBAT'1, the correlation
of RBAT1 in plasma to RBAT1 in OC or non-tumor tis-
sue samples was analyzed by performing Pearson’s cor-
relation coefficient. Plasma RBAT'1 was only correlated
with RBAT1 in OC tissues (Fig. 2a) but not in non-tu-
mor tissues (Fig. 2a). Therefore, plasma RBAT'1 is mainly
from OC tissues rather than non-tumor tissues.

The role of RBAT1 in diagnosing ovarian carcinoma

To study the value of plasma RBAT1 in diagnosing
OC, ROC curves were compared using OC patients as
the true positive cases and IBD patients (Fig. 3a), D'TI
patients (Fig. 3b), UTT patients (Fig. 3c), EM patients
(Fig. 3d), or HCs (Fig. 3e) as the true negative cases. The
area under the curve greater than 0.65 indicates a poten-
tial diagnostic value. As shown in Fig. 3, plasma RBAT'1
distinguished OC patients from other patients and HCs
(all areas >0.8 and P<0.0001).

The role of plasma RBAT1 in predicting ovarian
carcinoma patients’ survival

"To explore the value of plasma RBAT'1 in predicting OC
patients’ survival, the 68 patients were grouped into high
and low RBAT'1 level groups (7=34). Their survival curves
were plotted and compared using by log-rank test. It was
observed that high levels of RBAT'1 in plasma were closely
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Fig. 1
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RBAT1 accumulation in patients and controls. This study included OC patients, IBD patients, DT patients, UTI patients, EM patients, and HCs,
with 68 cases in each group. Plasma from all participants (a) and OC and paired non-tumor tissues (b) were used to analyze RBAT1 accumu-
lation. **P<0.01. DTI, digestive tract inflammation; EM, endometriosis; IBD, irritable bowel disease; OC, ovarian carcinoma; UTI, urinary tract

infection.
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Correlations between RBAT1 in plasma and tissue samples. To analyze the source of plasma RBAT1, the correlation of RBAT1 in plasma to
RBAT1 in OC (a) and non-tumor (b) tissue samples were analyzed. OC, ovarian carcinoma.

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



12 Anti-Cancer Drugs 2023, Vol 34 No 1

Fig. 3
@ —~ Sensitivity% — Identity% () - Sensitivity% — Identity
......................... o7 dentity%; . Sensitivity% —-_Identity%;
100- 100+ : s s
>80 & > 80-
R T 2
‘w 60+ ‘s 60
c c
404 % o 404 iy
'§ : iArea = 0.8540 : ‘é‘o‘ 1Area = 0.8276 |
o s Std Error = 0.03194 ; o <3 'Std Error = 0.03517 :
- 20+ 95% ClI: 0.7914 to 0.9166 - 20% 95% Cl: 0.7587 to 0.8966 |
P value < 0.0001 ; g P value < 0.0001 i
0+ 0
0 20 40 60 80 100 0 20 40 60 80 100
100% - Specificity% 100% - Specificity%
(c) (d)
_______ - Sensitivity% —-_ldentity%; |-+ _Sensitivity% ——_Identity%;
100+ 100
2 80- 2> 80
2 2
‘n 60 ‘w 60
b= =
> 2 ; _
= 407 ‘Areacogess = 407 ‘Areazosos0 ]
o 1Std. Error = 0.03101 o 1 Std. Error = 0.02466
< 207 195% Cl: 0.8027 to 0.9243 < 204 195% CI: 0.8577 to 0.9543
P iP value <0.0001 iP value <0.0001 !
0 § 1 T 1 0 1 T T L] 1
0 20 40 60 80 100 0 20 40 60 80 100
100% - Specificity% 100% - Specificity%

() :

100-

2 801
S| e
=
w 601
c
S| e

40- ooy
§ ! Area = 0.8344
o Std Error = 0.03426
- 20 195% CI: 0.7672 to 0. 9015

P value < 0.0001

20 40 60 80 100
100% - Specificity%

The role of RBAT1 in diagnosing OC. To study the value of plasma RBAT1 in diagnosing OC, ROC curves were plotted and compared with OC
patients as the true positive cases and IBD patients (a), DTl patients (b), UTI patients (c), EM patients (d), or HCs (e) as the true negative cases. DTI,
digestive tract inflammation; EM, endometriosis; HCs, healthy controls; IBD, irritable bowel disease; OC, ovarian carcinoma; UTI, urinary tract infection.
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The role of RBAT1 in predicting OC patients’ survival. To explore the value of RBAT1 in predicting OC patients’ survival, including PFS (a) and OS
(b), the 68 patients were grouped into two high and low RBAT1 level groups (n=384). Survival curves were plotted and compared. OC, ovarian

carcinoma

Table 1 Associations between plasma RBAT1 and patients’
clinical features

Features Cases High Low P
Age (years) 0.81
<55 31 16 15
>55 37 18 19
Tumor size (cm) 0.46
<8 41 22 19
>8 27 12 15
Ascites 0.33
<100 30 17 13
>100 38 17 21
Federation International 0.004
of Gynecology and
Obstetrics stage
I+l 36 12 24
1+ v 32 22 10
Distant metastasis 0.02
Yes 14 11 3
No 54 23 31

correlated with poor PFS (Fig. 4a) and OS (Fig. 4b).
Therefore, increased accumulation of plasma RBAT1 may
serve as an indicator of poor survival of patients with OC.

Associations between plasma RBAT1 and patients’
clinical features

Associations between plasma RBAT'1 and patients’ clin-
ical features were studied using Chi-squared test and
Student’s 7test. Our data revealed a close association
between plasma RBAT1 and patients’ distance tumor
metastasis and clinical stages, but not age, tumor size, and
ascites (Table 1). Therefore, RBAT1 may mainly partici-
pate in the metastasis of OC.

Discussion

The present study explored the participation of RBAT'1
in OC and analyzed the value of its expression in pre-
dicting OC and patients’ survival. The results revealed an
altered RBAT'1 accumulation in OC and its potential role
in improving the diagnosis and prognosis of OC.

RBATT1 is highly expressed to promote both bladder
cancer and retinoblastoma progression by activating
E2F3 and interacting with HNRNPL [16]. At present,
the involvement of RBAT'1 in OC has not been reported.
The present research revealed increased RBAT1 accu-
mulation in both tumor tissues and plasma samples from
OC patients, but not from patients with IBD, D'TT, UTT,
and EM. Therefore, increased RBAT'1 accumulation is
likely specific to OC. Moreover, RBAT1 is only closely
correlated with RBAT1 in OC tissues but not in non-tu-
mor tissues. Therefore, plasma circulating RBATT is
mainly from OC tissues. We also observed the close asso-
ciation between plasma RBAT1 and tumor metastasis,
but not tumor size. Our data indicated the potential role
of RBAT1 in OC tumor metastasis, but this speculation
should be verified by function assays.

Symptom-based diagnosis of OC is not accurate.
Although certain biomarkers, such as mesothelin and
lactate dehydrogenase, have been developed to pre-
dict OC, these biomarkers usually show low sensitivity
or specificity [15,17]. For instance, lactate dehydroge-
nase level is also altered in EM, which is frequently
misdiagnosed as OC [18]. This study showed that
plasma RBAT1 could be applied to effectively separate
OC patients from IBD, DTI, UTI, and EM patients.
Therefore, plasma RBAT1 may be applied to improve
the diagnostic accuracy of OC. Moreover, patients with
high plasma RBAT1 levels usually had shorter survival
periods, suggesting plasma RBAT'1 as a prognostic bio-
marker for OC. Although previous studies have charac-
terized many IncRNAs as potential biomarkers for the
diagnosis of OC, most of these studies only included
HCs as the true negative cases in ROC curve analysis.
In contrast, our study included patients with IBD, DT,
UTT, or EM as the true negative cases and showed that
plasma RBATT itself is sufficient to avoid the misdiag-
nosis of OC.
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Conclusion

RBAT1 accumulation was increased in OC and could be
applied in clinical practice to improve the diagnosis and
prognosis of OC.

Acknowledgements

All patients signed informed consent. This study was
approved by the ethics committee of The First Affiliated
Hospital, School of Clinical Medicine of Guangdong
Pharmaceutical University and carried out in accordance
with the World Medical Association Declaration of Helsinki.

The datasets generated during or analyzed during the
current study are not publicly available but are available
from the corresponding author upon reasonable request.

Conflicts of interest
There are no conflicts of interest.

References

1 Stewart C, Ralyea C, Lockwood S. Ovarian cancer: an integrated review.
Semin Oncol Nurs 2019; 35:151-156.

2 Torre LA, Trabert B, DeSantis CE, Miller KD, Samimi G, Runowicz CD, et al.
Ovarian cancer statistics, 2018. CA Cancer J Clin 2018; 68:284-296.

3 Lheureux S, Gourley C, Vergote I, Oza AM. Epithelial ovarian cancer. Lancet
2019; 393:1240-1253.

4 Yin M, Shen J, Yu S, Fei J, Zhu X, Zhao J, et al. Tumor-associated
macrophages (TAMs): a critical activator in ovarian cancer metastasis.
Onco Targets Ther 2019; 12:8687-8699.

5 Lowe KA, Chia VM, Taylor A, O'Malley C, Kelsh M, Mohamed M, et al. An
international assessment of ovarian cancer incidence and mortality. Gynecol
Oncol 2013; 130:107-114.

10

11

12

13

14

15

16

17

18

Momenimovahed Z, Tiznobaik A, Taheri S, Salehiniya H. Ovarian cancer

in the world: epidemiology and risk factors. Int J Womens Health 2019;
11:287-299.

Doubeni CA, Doubeni AR, Myers AE. Diagnosis and management of
ovarian cancer. Am Fam Physician 2016; 93:937-944.

Lutz AM, Willmann JK, Drescher CW, Ray P, Cochran FV, Urban N,
Gambhir SS. Early diagnosis of ovarian carcinoma: is a solution in sight?
Radiology 2011; 259:329-345.

Tafe LJ, Garg K, Chew |, Tornos C, Soslow RA. Endometrial and ovarian
carcinomas with undifferentiated components: clinically aggressive and
frequently underrecognized neoplasms. Mod Pathol 2010; 23:781-789.
Zafrakas M, Grimbizis G, Timologou A, Tarlatzis BC. Endometriosis and
ovarian cancer risk: a systematic review of epidemiological studies. Front
Surg 2014; 1:14.

Abdel-Azeez HA, Labib HA, Sharaf SM, Refai AN. HE4 and mesothelin:
novel biomarkers of ovarian carcinoma in patients with pelvic masses. Asian
Pac J Cancer Prev 2010; 11:111-116.

Matias-Guiu X, Davidson B. Prognostic biomarkers in endometrial and
ovarian carcinoma. Virchows Arch 2014; 464:315-331.

Madeira K, Dondossola ER, Farias BF, Simon CS, Alexandre MC, Silva BR,
Rosa MI. Mesothelin as a biomarker for ovarian carcinoma: a meta-analysis.
An Acad Bras Cienc 2016; 88:923-932.

Huarte M. The emerging role of IncRNAs in cancer. Nat Med 2015;
21:1253-1261.

Tripathi MK, Doxtater K, Keramatnia F, Zacheaus C, Yallapu MM, Jaggi M,
Chauhan SC. Role of IncRNAs in ovarian cancer: defining new biomarkers
for therapeutic purposes. Drug Discov Today 2018; 23:1635-1643.

He X, Chai P, Li F, Zhang L, Zhou C, Yuan X, et al. A novel LncRNA
transcript, RBAT1, accelerates tumorigenesis through interacting with
HNRNPL and cis-activating E2F3. Mo/ Cancer 2020; 19:115.

Bastani A, Asghary A, Heidari MH, Karimi-Busheri F. Evaluation of the
sensitivity and specificity of serum level of prostasin, CA125, LDH, AFP,
and hCG+f in epithelial ovarian cancer patients. Eur J Gynaecol Oncol
2017, 38:418-424.

Marianna S, Alessia P, Susan C, Francesca C, Angela S, Francesca C, et
al. Metabolomic profiling and biochemical evaluation of the follicular fluid of
endometriosis patients. Mol Biosyst 2017; 13:1213-1222.

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



