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A B S T R A C T   

Objectives: The current study aimed to investigate the potentiality of three lncRNAs “Plasmacytoma variant 
translocation 1(lnc-PVT1), Taurine upregulated gene type 1(lnc-TUG1) and Maternally expressed gene 3 (lnc- 
MEG-3)”, to predict Cisplatin resistance in ovarian cancer (OC), in addition, to access their prognostic sig
nificance. 
Methods: The expression level of lncRNAs were measured in 100 formalin-fixed paraffin-embedded tissue (FFET) 
samples of OC patients who were treated by Cisplatin-based chemotherapy using qPCR. 
Results: The results showed that lnc_PVT1 was significantly upregulated by 2.3 folds in Cisplatin resistant tissues, 
while, lnc-TUG1 and lnc-MEG3 were downregulated by 1.2 and 3 folds, respectively. In addition, the three 
lncRNAs exhibited high sensitivity and specificity in predicting chemo-resistance and they were negatively as
sociated with OS and progression-free survival (p  <  0.001). 
Conclusion: The lnc-PVT1, lnc-TUG1, and lnc-MEG3 transcriptome signatures could be used for predicting re
sistance to Cisplatin in OC patients.   

1. Introduction 

Cisplatin is the key cornerstone chemotherapeutic drug in ovarian 
cancer (OC) [1], however, chemo-resistance in cancers has contributed 
to the limitation of its efficacy as anti-cancer therapy [2]. It induces 
their anti-cancer effect by damaging DNA, which downstream affects 
cell apoptosis, cell cycle, and DNA synthesis and repair [3] by the 
formation of DNA adducts that cause cross-linking and steric changes in 
the DNA, making the cells incompatible with life [1,4]. However, there 
is an increase in the incidence of resistance to cisplatin, which is as
sociated with worse prognosis [5,6]. Multi molecular mechanisms have 
been involved in the resistance towards cisplatin [1,7]. It includes: 

secondary mutations especially in BRCA1/2 [8], NF1, RAD51B and 
PTEN [1,7]. Advances in sequencing technology emerge the implication 
of several species of non-coding RNAs such as lncRNAs, miRNAs and 
circular RNAs in the development of resistance [3,9]. Furthermore, they 
can cause invasiveness and resistance to chemotherapy [10]. 

LncRNA Taurine Upregulated Gene 1 (lnc-TUG1), located at chro
mosome 22q12 [11]. A study of the role of TUG1 in ovarian cancer 
revealed that it is upregulated and has an anti-apoptotic function 
[2,12]. Moreover, the knockdown of TUG1 resulted in apoptosis of the 
tumor cells, which is of therapeutic significance [2]. Another studied 
lncRNA is Plasmacytoma Variant Translocation 1 (PVT1). It is located in 
8q24 ‘gene desert’, which is a well-known region for the oncogenes 
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[11,13]. A study in ovarian cancer found that it causes cisplatin re
sistance via inhibition of apoptosis. It was found that it is upregulated in 
resistant cases and caused decreased expression of TGF-B1, which was 
found to decrease cell growth as well as caspase-3, thus, inhibiting 
apoptosis [14]. On the other hand, Maternally Expressed Gene 3 
(MEG3), which is present at 14q32 acts by a different mechanism than 
the previously mentioned lncRNAs [10]. MEG3 acts through multiple 
mechanisms, which enhance cisplatin sensitivity through targeting 
miRNA 214 that enhances cisplatin resistance through extracellular 
vesicles [10]. The role of lnc-PVT1, lnc-TUG1 and lnc-MEG3 in Cisplatin 
resistance in cancer ovary is illustrated in Fig. 1. 

Based on the aforementioned observations, it became mandatory to 
understand the gene expression of these markers and validate them in 
order to stand on the right treatment for each patient. Based on the 
previous findings, a recent study referred that lncRNAs can be used as 
therapeutic targets in ovarian cancer [15]. Therefore, we conducted the 
current study to investigate the potential value of three lnc_RNAs to 
predict Cisplatin resistance, based on their expression in tissues, in 
addition, to assess the prognostic value of these markers as regards the 
overall and progression-free survival in a set of ovarian cancer patients. 

2. Materials & methods 

2.1. Study population 

This retrospective cohort study was conducted among patients with 
ovarian cancer (the main cohort) and another healthy ovarian tissue 
represents the control group. A total of 100 ovarian cancer specimens 
and 30 normal ovarian specimens were collected from the Department 
of Obstetrics and Gynecology, Ain Shams University Hospitals. The 
paraffin -embedded tissue for ovarian cancer patient who are eligible 
for the study, and the healthy ovarian tissue of age matched women was 
collected from patients who undergo adenexectomy due to uterine 
prolapse or myoma. Using G program, the sample size was adjusted 
after setting the alpha error at 5% and power at 80%, the effect size was 
assumed to 0.8 (Cohen ‘sf) between the two groups with taking in 
consideration 20% dropout rate. 

Patients with ovarian cancer, treated with platinum-based che
motherapy in our study setting, along with complete medical records 
and tissue samples were considered eligible for participation in our 

study. The enrolled patients were treated with intravenous platinum- 
based chemotherapy either in the form of “cisplatin or carboplatin” for 
three to four cycles. 

A total of a hundred formalin-fixed, paraffin-embedded (FFPE) 
ovarian tissue samples of the recruited patients were collected and re
viewed. As specimens were retrospectively collected, patients were 
categorized based on their response to the standard therapeutic re
gimen of cisplatin-based chemotherapy into two arms: the cisplatin- 
sensitive arm (n = 68) and the cisplatin-resistant arm (n = 32). 
Another thirty non-cancerous patients with benign ovarian lesions were 
included as the control group. Ovarian cancer specimens were cate
gorized according to the clinical and the histopathological features into 
standard and high-risk groups. 

Prior to recruiting the patients, the study protocol was approved by 
the Institutional Review Board (IRB) Ethics Committee of Ain shams 
University. Furthermore, this study was conducted in accordance with 
the World Medical Association Declaration of Helsinki [16]. Written 
informed consent was obtained from all participants prior; we assured 
all participants that their information along with their data and medical 
records remained confidential. A unique identification number was 
assigned to each patient at the time of enrolment. 

2.2. Bioinformatics 

We searched for lncRNAs that are highly linked to cisplatin-re
sistance in cancer. Accordingly, target gene modulation, and drug 
pharmacogenomics or chemo-resistance pathways were identified using 
different databases such as NRDT [17] and Pharmaco-miR [18]. With 
the intention to select three lncRNAs, which are related to cisplatin- 
resistance and interlink with each other at the same time, we collected 
all the available information regarding lncRNAs-target gene-drugs. The 
resultant data were huge and extremely difficult to interpret in a da
tabase. Therefore, we decided to study the RNA-drug interactions using 
a network-based approach. Basically, we searched PubMed/NCBI (Na
tional Centre for Biotechnology Information) for all of the recent studies 
(published from 2015 till the time of conduction of this study) that 
investigated the lncRNAs involved in drug chemo-resistance. 

Based on the aforementioned data, we then built a network of three 
long non-coding RNAs that are linked to platinum analogues-resistance 
while interlinking with each other by alternating pathways. We 

Fig. 1. The mechanism of Cisplatin resistance in ovarian cancer.  
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obtained a fully connected network of three drug/ncRNA interactions, 
named lnc-PVT1, lnc-TUG1, and lnc-MEG3. A graph theory measures 
were considered to define the interlink between non-coding RNAs and 
cisplatin therapeutics' resistance. The selected lncRNAs pathways in the 
network were based on closeness centrality and shortest path. 
Eventually, we performed a structural analysis using a cystoscope to 
identify different clusters of ncRNAs and drugs. 

2.3. Total RNA purification and reverse transcription from FFPE tissue 
sections 

Deparaffinization of FFPE tissues was performed using the depar
affinization solution (Cat no: 19093). Then, the total RNA was extracted 
using the RNeasy FFPE Kit (cat no: 73504). The procedure was con
ducted according to the manufacturer's protocol (Qiagen, Hilden, 
Germany). Extracted RNA purity was assessed by measuring the optic 
density at 260 and 280 nm using an Ultraviolet (UV) spectrophotometer 
(Eppendorf, Germany). The total RNA was reverse transcribed in a total 
volume of 20 μl using the QuantiTect RT kit according to the manu
facturer's instructions (Qiagen, Hilden, Germany). The reaction pro
tocol was adjusted at 37 °C for 60 min, then at 95 °C for 5 min. 

2.4. LncRNAs expression analysis by real-time PCR 

The cDNA was amplified using specific primers sequences for the 
PVT1, TUG1, and MEG3. The used primer sequences are [Hs_PVT1; ID: 
LPH17013A, Hs_TUG1 ID: LPH18394A, and Hs_MEG3; ID: LPH02974A] 
RT2 primer assays cat no: 330701; (Qiagen, Hilden, Germany). The 
Hs_GAPDH_1_SG QuantiTect primer assay (GAPDH) cat no: 249900, ID: 
QT00079247 was used as a housekeeper gene. The reaction mix and 
cycling protocols were adjusted according to the manufacturer's in
struction using the 5 Plex Rotor-Gene PCR Analyzer (Qiagen, Hilden, 
Germany). The average expression level of all markers was also used to 
perform data normalization. The relative gene expression (RQ) was 
determined using the comparative 2-ΔΔCt method. 

2.5. Statistical analysis 

The data were presented as mean  ±  standard deviation for nor
mally-distributed continuous variables, and as the median and inter
quartile range (IQR) for not normally-distributed variables. Categorical 
variables were presented as frequencies and percentages. We used the 
Mann Whitney U test for non-parametric comparisons between the two 
groups. We used the Kaplan Meier Survival analysis for comparison of 
survival between the analyzed groups. The cut-off values were de
termined using the median level of long non-coding RNAs. Receiver 
operator curves were used to evaluate the prognostic accuracy. The 
survival between different groups was compared using the log-rank test. 
All of the statistical analyses were performed using the Statistical 
Package for Social Science (SPSS-IBM, Version 23). A p-value of < 0.05 
was considered the cut-off point for statistical significance. All the 
presented graphs are plotted by GraphPad Prism version 8.0. 

3. Results 

3.1. Patients' characteristics 

In this study, we have included a total of hundred ovarian cancer 
cases with a mean age of 47.7  ±  9.1), range: 27–59 years. Baseline 
patients' characteristics are presented in Table 1. Ovarian cancer pa
tients were then divided into two groups based on their response to 
cisplatin: cisplatin-sensitive group (n = 68) and cisplatin-resistant 
group (n = 32). Endometrioid carcinoma was detected only among 
sensitive groups (44%). Meanwhile, approximately 50% of cases in both 
groups were of high grade tumors (III-IV). Surprisingly, the majority of 
Cisplatin resistant patients (41%) developed local relapse, and 100% of 

patients who relapsed at distant sites belong to the Cisplatin resistant 
group (Table 1). 

3.2. Tissue expression levels of lnc-PVT1, lnc-TUG1 and lnc-MEG3 in 
ovarian cancer 

We noted a significant increase in the expression levels of lnc-PVT1 
(Fig. 2a), meanwhile, the lnc-TUG1 (Fig. 2b), and lnc-MEG3 (Fig. 2c) 
were downregulated in cases of OC compared to healthy controls 
(p  <  0.01) (Table 2). Upon comparing the levels of lnc-PVT1, lnc-TUG1 
and lnc-MEG3 between the cisplatin-sensitive and cisplatin-resistant 
arms, we noted a significant increase in the log level of lnc-PVT1 by 2.3 
folds in resistant cases compared to sensitive cases (Median = 49 vs 21; 
p = 0.001) (Fig. 2e).On the other hand, a lower median expression 
levels of the lnc-TUG1(Fig. 2f) and lnc-MEG3 (Fig. 2g) were significantly 
associated with Cisplatin resistant ovarian tissues (p  <  0.05). 

3.3. Determinants of lncRNAs (PVT1, TUG1, and MEG3) levels in ovarian 
cancer tissue 

Our analysis revealed that the expression level of lncRNAs differed 
based on a certain set of variables (Table 3). The lnc-PVT1, lnc-TUG1 
and lnc-MEG3 expression in OC tissues were significantly varied based 
on histopathological grade and metastatic tumors, in this regard, the 
median expression level of lnc-PVT1 was significantly higher in higher 
grade tumors (III-IV) (median = 38) and metastatic tumors 
(median = 48), p  <  0.001. Meanwhile, lower expression levels of the 
lnc-TUG1 and lnc-MEG3 were significantly detected in these groups. In 
addition, no significant determinants of the three lncRNAs expression 
were significantly associated with tumor histopathological type, serum 
CEA and CA125 levels subgroups (p  >  0.05) (Table 3). 

3.4. Relationship between cisplatin-resistance and lncRNAs (PVT1, TUG1, 
and MEG3) in ovarian cancer 

Based on our analysis, we found that lnc-PVT1, lnc-TUG1, and lnc- 
MEG3 had accurately predicted the resistance to cisplatin (Fig. 2h). The 

Table 1 
Demographic characteristics of the ovarian cancer patients.      

Variable Cisplatin sensitive n  
= 68 

Cisplatin Resistant  
n = 32 

Statistics  

Age (years) mean ± SD:  
50.0  ±  11.5 

mean ±  
SD:46  ±  5.0 

�2:0.5  

range: 17 _ 66 range: 38 _ 59 p = 0.477 
CEA subgroups 
≤100 (U/ml) 42(62) 13(41) �2 : 3.9 

26(38) 19(59) p = 0.05  > 100 (U/ml) 
CA125 subgroups 
≤280 (U/ml) 9(13) 0 �2: 4.7  
> 280 (U/ml) 59(89) 32(100) p = 0.477 
Pathological type 
Adenocarcinoma 16(24) 8(25) �2: 26.3 
Serous 14(21) 9(28) p = 0.001 
Endometroid 30(44) 0  
Others[Papillary, 

Mucinous] 
8(12) 15(47)  

Grade 
I-II 28(41) 27(84) �2: 16.4 
III-IV 40(59) 5(16) p = 0.001 
Local Metastases    
No 59(87) 19(59) �2: 9.5 
Yes 9(13) 13(41) p = 0.002 
Distant Metastases 
No 68(100) 8(25) �2: 67.0 
Yes 0 24(75) p = 0.001 

SD = standard deviation; n (%) = number (percentage), 
CEA = carcinoembryonic antigen; CA-125 = Cancer antigen 125  
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accurate cut-off value was determined based on ROC, which was > 40 
for lnc-PVT1, < 2.8 for lnc-TUG1, and  <  0.2 for lnc-MEG3 (Supple
mentary Table S2). The calculated biomarkers sensitivities and speci
ficities were [(lnc-PVT1: 94% and 96%, p  <  0.001), (lnc-TUG1: 53% 
and 74%, p  <  0.003) and (lnc-MEG3: 72% and 84%, p  <  0.002)]; 
respectively. Furthermore, a ROC analysis revealed significant diag
nostic potential for the three lncRNAs to discriminate cancer ovary from 
healthy tissue (p  <  0.001) Fig. 2d and Supplementary Table S1. 

3.5. Lnc-PVT1, lnc-TUG1 and lnc-MEG3 tissue expression values predict 
survival outcome ovarian cancer patients treated by cisplatin-based 
chemotherapy 

We conduct a survival analysis, and the Kaplan Meier graph was 
plotted. The OC patients were grouped according to a calculated cut-off 
value which represents the median values of the lncRNA expression in 
ovarian cancer tissues. The expression levels of lncRNAs in ovarian 
cancer tissue above and below the median value represent the 

Fig. 2. Boxplot graphs demonstrating a significant difference for the expression of lnc-PVT1, lnc-TUG1 and lnc-MEG3 (p  <  0.001), (a): higher expression levels of lnc- 
PVT1 was detected in ovarian cancer tissue, whereas; the lnc-TUG1 (b) and lnc-MEG3 (c) were downregulated, when compared with healthy lesions. (d): a ROC curve 
analysis illustrated the diagnostic potential of lnc-PVT1, lnc-TUG1 and lnc-MEG3 in discriminating ovarian cancer from healthy tissue, at a calculated cut-off 
value > 16, the calculated sensitivities and specificities for lnc-PVT1 are 100% and 80%, respectively, for lnc-TUG1, the biomarker sensitivity was 80% and 92% 
specificity at a cut-off value < 3.4. A biomarker sensitivity and specificity of 80% and 90% were detected for the lnc-MEG3 expression at cut-off value < 1.3. The 
AUC and 95% CI for each lncRNA is presented on the figure. Similarly, significant association was detected for the expression of lnc-PVT1 (e), lnc-TUG1 (f) and lnc- 
MEG3 (g) between Cisplatin sensitive and resistant ovarian cancer tissue (p  <  0.01). (***): p  <  0.001, (**): p  <  0.01, (*): p  <  0.05. Furthermore, the predictive 
potential of the three lncRNAs to predict resistance to Cisplatin in ovarian cancer are presented in Fig. 2h, the calculated cut-off values at which the biomarker could 
predict Cisplatin resistance is > 40 for lnc-PVT1, < 2.8 for lnc-TUG1 and  <  0.2 for lnc-MEG3, the AUC and 95% CI for each biomarker is presented on the figure. 
Lnc-PVT1: long noncoding RNA Plasmacytoma variant translocation 1, lnc-TUG1: long noncoding RNA Taurine upregulated gene type 1, lnc-MEG-3: long noncoding 
RNA Maternally expressed gene 3, AUC: area under the curve, CI: confidence interval, ROC: Receiving operating characteristics. 

Table 2 
Comparative analysis between different studied groups for the lnc-PVT1, lnc-TUG1 and lnc-MEG3 in different studied groups.           

Variable Studied groups (cancer ovary vs control) Cisplatin sensitivity (sensitive vs resistant) 

Median (range) Statistics Median (range) Statistics 

Ovarian cancer n = 100 Heathy control n = 30 Cisplatin sensitive n = 68 Cisplatin resistant n= 32   

lnc-PVT1(log10) 32.0(11 _ 57) 13.0(11 _ 16) U: 402, p=0.001* 21(11 _ 42) 49(35 _ 56) U:24, p=0.001* 
lnc-TUG1log10) 2.6(1.7 _4.0) 4.0(3.0 _ 6.0) U; 124, p=0.001* 2.5(1.7 _ 3.4) 2.9(2.0 _ 4.0) U:688, p=0.005* 
lnc-MEG3 (log10) 0.2(0.1 _ 2.2) 2.3(0.9 _ 2.6) U:183, p=0.001* 0.2(0.1 _ 1.0) 0.6(0.13 _ 1.33) U:99, p=0.002* 

U = Mann-Whitney test value;* = test is significant at level  <  0.01;, lnc-PVT1: long noncoding RNA plasmacytoma variant translocation 1, lnc-TUG1: long 
noncoding RNA Taurine upregulated gene type 1, lnc-MEG-3: long noncoding RNA Maternally expressed gene 3.  
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comparing factor. Higher expression levels than the aforementioned 
cut-off values resulted in significantly poorer overall survival as regards 
lnc-PVT1 (24 vs 31 months, p = 0.001) (Fig. 3a). Meanwhile, lower 
expression values for lnc-TUG1 (MST: 22 vs 31, p = 0.02) and lnc-MEG3 
in ovarian cancer tissues (MST: 21 vs 30, p = 0.004) are significantly 
associated with poor survival in cisplatin-treated cases. (Table 4), the 
optimum cut-off value was > 32, < 2.6 and  <  0.3 for lnc-PVT1(Figure 
3a), lnc-TUG1 (Fig. 3b) and lnc-MEG3 (Fig. 3c), respectively. 

As regards progression-free survival (PFS), the lnc-TUG1 showed the 
highest prognostic potential and prediction to disease outcome in 
ovarian cancer tissues (Fig. 3d-3f), the median PFS was 11 vs 28 months 
in patients who express lnc-TUG1 below the cut-off value of 2.6 

compared with those > 2.6, p = 0.001 (Table 4, Fig. 3e). Similar 
finding was detected for lnc-MEG3 expression < 0.3 (median PFS: 21 vs 
28, p = 0.03) (Table 4, Fig. 3f). On the other hand, higher expression 
levels of lnc-PVT1 than the reported cut-off (32) values resulted in 
significantly poorer PFS (20 vs 29) months; p = 0.01) (Table 4, Fig. 3d). 

4. Discussion 

We conducted the current study design to investigate the potential 
of three lncRNAs “PVT1, TUG1, and MEG3” in prediction for Cisplatin 
resistance in OC patients. Although, all the conducted studies were 
concerned to the mechanistic pathway and conducted experimentally 

Table 3 
Comparative analysis between different Ovarian Cancer risk groups for the tissue expression levels of lnc-PVT1, lnc-TUG1and lnc_MEG3 genes.         

Variable lnc-PVT1[log10] lnc-TUG1 [log10] lnc-MEG3 [log10] 

Median range P value Median range P value Median range P value  

CEA subgroups 
≤100(U/ml) 32(10 _ 56) 0.229 2.6(1.7_ 4.0) 0.221 0.3(0.1 _ 2.2) 0.411  
> 100(U/ml) 37(11_56)  2.4(1.7_3.4)  0.2(0.09 _2.2)  
CA_125 subgroups 
≤280 (U/ml) 32(11 _ 36) 0.430 2.6(1.8_ 3.0) 0.217 0.3(0.1 _ 2.2) 0.369  
> 280 (U/ml) 33(10 _ 56)  2.4(1.7 _ 2.8)  0.2(0.09 _ 2.2)  
Pathological type 
Adenocarcinoma 36 (11 _ 52) 0.821 2.2(1.7 _ 4.0) 0.852 0.4 (0.1 _ 2.4) 0.715 
Serous 38 (10–56)  2.4 (1.8–4.0)  0.3 (0.1–2.6)  
Endometroid 33 (10–42)  2.6 (1.7–3.2)  0.2 (0.1–2.3)  
Others 37 (12–52)  2.2 (2.0–3.5)  0.2 (0.2–2.4)  
Histopathological Grade 
I - II 22 (10 _ 46) 0.001 2.6 (1.8 _ 4.0) 0.032 0.3 (0.2 _ 2.2) 0.042 
III - IV 38 (10 _ 49)  2.0 (1.7 _ 3.0)  0.2(0.09 _ 2.0)  
Distant metastases 
No 22(10 _ 52) 0.001 2.7 (1.8 _ 4.0) 0.002 0.3 (0.2 _ 2.2) 0.036 
Yes 48(35 _ 56)  1.6 (1.2 _ 2.8)  0.1 (0.1 _ 2.0)  

PVT1: Plasmacytoma Variant Transcription1gene; TUG: Taurine upregulated gene 1; MEG3: Maternity expressed gene 3, CEA: Carcinoembryonic antigen; CA-125: 
Cancer antigen 125  

Fig. 3. A Kaplan Meier survival curves for OS and PFS in the validation cohort based on the level of expression of lncRNAs in ovarian cancer tissue, higher expression 
levels of lnc-PVT1  >  32 is significantly associated with short OS, p = 0.001 (Fig. 3a) and PFS, p = 0.01 (Fig. 3d). For lnc-TUG1 (Fig. 3b and Fig. 3e) and lnc-MEG3 
(Fig. 3c and Fig. 3f), a tissue expression levels < 2.6 and  <  0.3, respectively are associated with poor OS and PFS probability scores. OS: overall survival, PFS: 
progression free survival, (***): p  <  0.001, (**): p  <  0.01, (*): p  <  0.05. 
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by in vitro and in vivo studies, up to date, no litreatures have demon
strated the prediction potential of these lncRNAs on clinical samples. 
Based on the current analysis, the overexpression of lnc-PVT1 and 
downregulation of lnc-TUG1 and lnc-MEG3, in ovarian cancer tissues, 
are significantly associated with Cisplatin resistance and advanced 
histopathological grade. Furthermore, In terms of overall survival, we 
noted that higher expression levels (above the cut-off points) of lnc- 
PVT1 were correlated with poorer OS and PFS. In contrast, the lower 
expression levels below the calculated cut-off value of lnc-TUG1 and lnc- 
MEG3 expression levels are significantly associated with the worse 
patient's survival. 

In the previous literatures, there were no reports regarding the 
prevalence of cisplatin-resistant ovarian tumors. However, the worse 
prognosis and high rate of tumor recurrence in these cases caught the 
attention of several researchers to comprehend the causes of this pro
blem [11,19]. The overexpression of lnc-PVT1 in the tumor cells was 
evident in many tumors not only in ovarian cancer [13], as it is con
sidered as an oncogene [20]. A study in ovarian cell tumors found that 
this lncRNA enhanced tumor progression and invasion [20,21]. More
over, it caused cisplatin resistance through inhibition of apoptosis 
[22,23]. In agreement with our results, previous studies have reported 
that the level of lnc-PVT is correlated with tumor staging and invasion 
[23], and thus, it can be used as a prognostic biomarker in human 
cancers [21,24]. Moreover, it was found to be associated with shorter 
overall survival and progression-free survival in epithelial ovarian 
carcinoma, which is inconsistent with our results [20]. This goes in line 
with the findings of other studies [25]. Furthermore, it was noted that 
lnc-PVT1 could predict the relapse in ovarian cancer, where patients 
could be categorized into three risk groups: high, mixed, and low risk 
[20]. 

As regards the lnc-TUG1, it was also noted that it promotes cell 
proliferation and invasion in ovarian cancer by affecting the epithelial- 
mesenchymal transition, and it promotes proliferation and inhibits cells 
apoptosis through regulating AURKA in epithelial ovarian cancer cells 
[12,26]. Moreover, it was found that it mediated the resistance to cis
platin [27], in non-small cell lung cancer [28] and in oesophageal 
squamous cell carcinoma [29], which is consistent with our study. 
However, research on the correlation between the expression of this 
lncRNA and ovarian cancer survival in the literature is very limited. 
Based on its mechanism in inducing cell proliferation and resistance, 
our results seem consistent with the reported mechanisms as the high 
lnc-TUG1 levels were associated with better survival. In other tumors, 
the downregulation of lnc-TUG1 was associated with shorter survival 
and cisplatin resistance through its effect on EZH2 and apoptotic 
pathways [26,29–31]. 

In the present study, the downregulation of lnc-MEG3 in ovarian 
cancer tissue was associated with poor survival in our study which is 
consistent with the reported mechanisms in literature [32,33]. The lnc- 
MEG3 was used as a target in ovarian cancer for decreasing cisplatin 

resistance, it contributes to cisplatin-induced apoptosis via inhibition of 
autophagy in human glioma cells [32]. In lung cancer cells, it was found 
that downregulation of lnc-MEG3 enhances cisplatin resistance through 
activation of the WNT/β-catenin signalling pathway [34], moreover, it 
was found to be significantly correlated with chemo-sensitive response 
This goes in line with our findings as we found significantly lower ex
pression levels of lnc-MEG3 in cisplatin-resistant cases compared to 
sensitive ones. In contrast, the expression level of lnc-MEG3 was upre
gulated in another study, it upregulated p53, β-catenin, and survivin, 
causing apoptosis of tumor cells, and thus, enhancing survival [35], and 
it inhibits cell migration and invasion and enhances cisplatin chemo
sensitivity in bladder cancer cells [36]. The conflict and contradiction 
of the expression and behave of lnc-MEG3 in cancers, supports the fact 
that it not being established at the present as a tumor marker in ovarian 
carcinoma [34], however, further researches are needed to confirm its 
prognostic value in ovarian cancer. 

5. Conclusion 

Based on our results and proposed mechanisms in the literature, the 
tissue expression levels of lnc-PVT1, lnc-TUG1 and lnc-MEG3 can be 
used as biomarkers to predict cisplatin-resistance in ovarian cancer. 
Their accuracy as predictors for resistance and survival is significant. 
However, the limitation of this study was linked to small sample size, 
therefore, more studies are warranted to thoroughly investigate the 
clinical value of the three lncRNAs on a large scale of ovarian cancer 
samples with attention to baseline patients' characteristics and tumor 
status. 
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Table 4 
Predictive and prognostic value of “lnc_PVT1, lnc_TUG1 and lnc_MEG3” for disease outcome in Ovarian Cancer patients treated by Cisplatin based therapy (Log Mantel 
test).         

Parameter Overall survival (months) Progression Free Survival (PFS) (months) 

MST Χ2 (95% CI) P value MST Χ2 (95% CI) P value  

lnc_PVT1(log10) 

Low(≤32) 31.0 6.0(0.2 _ 0.9) 0.001 29.0 6.6(0.3 _ 0.9) 0.01 
High (> 32) 24.0   20.0   
lnc_TUG1(log10) 
High (> 2.6) 31.0 5.0(0.3 _ 1.0) 0.02 28.0 11(0.2 _ 0.7) 0.001 
Low (< 2.6) 22.0 11.0 
lnc_MEG3(log10) 
High (> 0.3) 30.0 12.5(0.2 _ 0.7) 0.004 28 4.7(0.3 _ 1.0) 0.03 
High (≤ 0.3) 21.0 21 

MST: median survival time, Χ2: Chi-square, CI: confidence interval.  
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