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Chronic stress has been proven to accelerate the development
and progression of ovarian cancer, but the underlying molecu-
lar mechanisms have not been fully elucidated. In a combina-
tion survey of ovarian cancer with chronic stress (OCCS)
mouse models and high-throughput sequencing, a key lncRNA
named LOC102724169 on chromosome 6q27 has been identi-
fied, which functions as a dominant tumor suppressor in
OCCS. Transcriptionally regulated by CCAAT enhancer bind-
ing protein (CEBP) beta (CEBPB), LOC102724169 shows low
expression and correlates with poor progression-free survival
(PFS) in OCCS patients. LOC102724169 is an instructive mo-
lecular inhibitor of malignancy of ovarian cancer cells, which
is necessary to improve the curative effect of cisplatin therapy
on ovarian cancer. This function stems from the inactivation
of molecules in phosphatidylinositol 3-kinase (PI3K)/AKT
signaling, repressing MYB expression and retaining the
responsiveness of cancer cells to cisplatin. These findings pro-
vide a mechanistic understanding of the synergistic anti-tumor
purpose of LOC102724169 as a bona fide tumor suppressor,
enhancing the therapeutic effect of cisplatin. The new regulato-
ry model of “lncRNA-MYB” provides new perspectives for
LOC102724169 as a chronic stress-related molecule and also
provides mechanistic insight into exploring the cancer-pro-
moting mechanism of MYB in OCCS, which may be a prom-
ising therapeutic strategy for ovarian cancer.

INTRODUCTION
Epithelial ovarian cancer (EOC) is one of the most lethal gynecolog-
ical cancers globally. The reason for the high mortality of ovarian can-
cer is mainly due to its high rate of resistance to cisplatin and the
advanced stage of disease at diagnosis.1,2 Animal studies and other
research have indicated that chronic stress leads to greater tumor
burden and enhances the invasive growth ability of EOC cells, thereby
resulting in a worse prognosis.3–5 Chronic stress has long been spec-
ulated to change the gene expression of diseases6 and even influence
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the progression of cancer.7 Laboratory animal models of chronic
stress have provided significant insights into changes in the neuroen-
docrine system that can modulate the functional activities and malig-
nant features of tumor cells.8 In mice models of ovarian carcinoma,
the stress-induced release of catecholamines can activate the neuroen-
docrine system, leading to increased expression of VEGF, interleukin
(IL)-6, and matrix metalloproteinase, which promote angiogenesis
processes and more aggressive growth of EOC cells.3,9 Based on above
the evidence, beta blockers are offered as clinical therapy in ovarian
cancer patients and prolong their overall survival10,11 as well as dis-
ease-specific survival.11 Better prognosis has also been observed in
breast cancer and malignant melanoma using them.12,13 However,
other studies show that taking beta blockers does not significantly
prolong survival in ovarian cancer patients.14–16 This suggests that
some other major underlying mechanisms are still unclear in ovarian
cancer with chronic stress (OCCS).

Long non-coding RNAs (lncRNAs) function in various biological
processes17 and are also crucial players in tumor development
through several not fully characterized mechanisms.18 Recent
studies have reported that lncRNAs can act as oncogenes or tumor
suppressors, and their aberrant expressions are closely linked with
cell migration, angiogenesis, and drug resistance in ovarian can-
cer.18,19 H19 is a metastatic lncRNA that is correlated with the
recurrence of high-grade serous ovarian cancer and is implicated
in acquired cisplatin resistance.20 MALAT1 is also available to pro-
mote cell proliferation and metastasis via the phosphatidylinositol
3-kinase (PI3)/AKT pathway in EOC.21 However, as a tumor
uthor(s).
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Figure 1. Chronic stress-related lncRNAs identified through integrated analysis in ovarian cancer

(A) Schematic diagram of stress nude mouse model. Blue open arrows indicate that mice were randomly divided into the stress group or the control group after adaptive

growth for 1 week. Blue filled arrows indicate the stressed group, in which mice receive 2 h of immobilization daily. Green arrows indicate that SKOV3 cells were injected

intraperitoneally in nude mice with/without periodic immobilization. Red arrows indicate mice were euthanized, and tumor tissues were collected for RNA sequencing. (B)

(legend continued on next page)
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suppressor, lncRNA GAS5 is shown to have low expression in
EOC tissues and inhibit tumor metastasis through the GAS5-
E2F4-PARP1-mitogen-activated protein kinase (MAPK) axis.22

HOXA11-AS is also lowly expressed in EOC tumor tissues and ex-
erts a tumor suppressor function, which can be improved by the T
allele.23 Clearly, lncRNAs have a prominent role in ovarian cancer,
which leads us to postulate whether lncRNAs can regulate the pro-
gression of OCCS.

In this study, we established a mouse model of chronic stress that
faithfully replicates the development and progression of ovarian
cancer suffering chronic stress and isolated deregulated lncRNAs
involved in OCCS. A new and dominant lncRNA tumor suppressor
named LOC102724169 was identified. We explored whether and
how LOC102724169 might negatively regulate the aggressiveness
of OCCS, and how such mechanisms might enhance the synergistic
anti-tumor effect to improve cisplatin response in the context of
OCCS. To our knowledge, this is the first time that any study has
illustrated the roles of lncRNAs in OCCS, thereby increasing knowl-
edge of lncRNA-related regulatory mechanisms of OCCS and
providing a new approach for the clinical treatment of ovarian
cancer.

RESULTS
Chronic stress-related lncRNAs identified through integrated

analysis in ovarian cancer

We stressed female nude mice with periodic immobilization3 for a
week before SKOV3 cells were injected intraperitoneally in all nude
mice. The stress effects on tumor growth and metastasis were exam-
ined first (Figures 1A and 1B). In mice receiving 2 h of immobilization
daily, the number of tumor nodules doubled compared to those in the
control group (Figure 1C), while the mean tumor volume increased
more than 2-fold (Figure 1C). As expected, restraint stress has signif-
icantly accelerated the progression of ovarian cancer. Given that
lncRNAs play vital roles during the process of ovarian cancer, we per-
formed transcriptome profiling on tumor tissues from stressed mice
and a matched control group using high-throughput sequencing to
more comprehensively survey whether lncRNAs are involved in
OCCS. We observed a total of 181 mRNAs and lncRNAs to be differ-
entially expressed, some of which are shown in Figure 1D. These
differentially expressed genes were enriched in Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathways such as apoptosis, ABC
transporters, the phosphatidylinositol 3-kinase (PI3K)/AKT pathway,
and the MAPK pathway, which are linked to either multi-drug resis-
tance or oncogenesis (Figure 1E). Of note, several differentially ex-
pressed genes related to drug resistance were identified, including
ABC transporters (ABCA13), P-type ATPase (ATP11B), and protein
Gross specimens of tumor tissue in stressed mice and control group. (C) Quantification o

(D) Heatmap shows part of differentially expressed mRNAs and lncRNAs in high-throu

KEGG pathway and their enriched genes of high-throughput sequencing in stressed m

sequencing results. (G) Several mRNAs and lncRNAs from high-throughput sequencing

viability of LOC102724169 (LOC) and HOTAIRM1 (HO) compared to the negative contro

and HO8910 cells. *p < 0.05, **p < 0.01, ***p < 0.001. Statistical differences were calc

296 Molecular Therapy: Nucleic Acids Vol. 24 June 2021
phosphatase family genes. Additionally, a clustering algorithm was
used to calculate the correlation between genes (Figure 1F). We
randomly validated several genes such as IGSF10, TGFBR3, and
others (Table S1) from 181 mRNAs and lncRNAs mentioned above
in the other mouse tumor tissues (Figure 1G), and we found that
the result was consistent with what we observed in the high-
throughput sequencing (Figure 1D). These findings indicated that
the mouse model was built on meaningful data in the context of
OCCS. Since KEGG pathway analysis is mainly concentrated on
cell apoptosis and drug resistance, we tried to explore a key lncRNA
with clinical therapeutic significance by first detecting cell viability.
Half-maximal inhibitory concentration (IC50) was determined by a
Cell Counting Kit-8 (CCK-8) using a wide range of cisplatin concen-
trations. We tested all five different lncRNAs and found that only
LOC102724169 reduced the value of IC50 in ovarian cancer cells (Fig-
ure 1H), indicating that the inferred lncRNAmight have a vital role in
OCCS.

Identification of lncRNA LOC102724169 transcriptionally

regulated by CEBPB

We chose lncRNA LOC102724169, an uncharacterized new lncRNA,
for further study. LOC102724169 is a 10-kb gene located between
PRR18 (NCBI: NC_000006.12 [166,305,300–166,308,392]) and
LOC100289495 (NCBI: NC_000006.12 [166,342,631–124166,351,
469]) on human chromosome 6q27 (Figure 2A). It is composed of
two exons with a transcript length of 732 nt (Supplemental materials
and methods). Furthermore, lncLocator (http://www.csbio.sjtu.edu.
cn/bioinf/lncLocator/) suggested that LOC102724169 was mostly
located in the cell nucleus (Figure S1A), and RNA in situ hybridiza-
tion (ISH) was then conducted to validate the location of
LOC102724169 in SKOV3 cells (Figure 2B). As a non-coding RNA,
LOC102724169 has no open reading frames (ORFs) larger than
200 bp.24 A very low coding potential of LOC102724169 was pre-
dicted, and the CPC (coding potential calculator, http://cpc2.gao-
lab.org)25 computational algorithm predicted that LOC102724169
has a very low coding potential (Figure S1A), similar to GAS5, a
well-known lncRNA. However, there is no information about the
function of LOC102724169.

We sought to identify the molecular mechanism that resulted in the
low expression of LOC102724169 in tumor tissues of OCCS. JASPAR
(http://jaspar.genereg.net/) was used to predict potential transcrip-
tion factors that could bind to the promoter regions of
LOC102724169. Although there are many transcription factor bind-
ing sites in LOC102724169 promoters, we selected the highest score
and the highest relative score genes, TFAP2A and CCAAT enhancer
binding protein (CEBP) beta (CEBPB), for further verification
f tumor nodules and tumor volume in stressed mice and the matched control group.

ghput sequencing of stressed mice and the matched control group. (E) Part of the

ice and control group. (F) Correlation analysis of differentially expressed genes in

were validated in mice tumor tissue between the stress and control groups. (H) Cell

l (NC) detected by CCK-8. LOC102724169 reduced the value of IC50 in both SKOV3

ulated using a two-tailed Student’s t test. Data are represented as mean ± SEM.
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(Figure 2D). In the preliminary validation of qRT-PCR, only CEBPB’s
binding capacity improved the LOC102724169 expression (Figures
2E and S1B–S1D). There were several CEBPB binding sites in the pro-
moter of LOC102724169 predicted by JASPAR. We focused on three
CEBPB binding sites (BP1 [�1567 to �1557], 50-AGTTTCAACAC-
30; BP2 [�1233 to �1223], 50-TATTTTATAAT-30; BP3 [�662 to
�652], 50-TATTTCACCAC-30) with the highest scores (Figure 2C).
LOC102724169 expression increased in EOC cells after being trans-
fected with CEBPB plasmid as compared with the control cells (Fig-
ure 2E), while overexpressed LOC102724169 did not significantly
increase CEBPB expression (Figure S1E); this implied that CEBPB
regulated LOC102724169 in a unidirectional way. Next, to validate
the exact binding region of CEBPB, we constructed three luciferase
report plasmids that contained three regions respectively. These plas-
mids were transfected into SKOV3 cells separately, and the results
indicated that there was a marked CEBPB binding activity in the
BP3 site (50-TATTTCACCAC-30) of LOC102724169 (Figure 2F).
The specific association between LOC102724169 and CEBPB was
further validated by chromatin immunoprecipitation (ChIP) and
qRT-PCR in EOC cells (Figure 2G). To investigate whether CEBPB
was also aberrantly expressed in OCCS, CEBPB expression was
measured in tumor tissues of two groups by immunohistochemistry
(IHC) analysis (Figure 2H). The results indicated that CEBPB expres-
sion was significantly lower in stressed mice tumor tissues compared
with non-stressed mice tumor tissues (Figure 2I). These experiments
demonstrated that LOC102724169 expression was positively regu-
lated by CEBPB in OCCS.

Chronic stress promoted tumor progression in EOC patients

We examined CEBPB and LOC102724169 expression among human
EOC tumor tissues and benign ovarian tumor (BOT) tissues and
found that both had lower expression in EOC patients (Figures 3A
and 3B). Consistent with our observations, LOC102724169 was posi-
tively correlated with CEBPB (Figure 3C). To note the difference in
OCCS patients, assessment of depressive symptoms caused by
chronic stress was conducted 1–7 days before tumor resection among
71 EOC patients. Using established threshold values of a nine-item
depression scale from the Patient Health Questionnaire (PHQ-9)
R5,26,27 we identified that 28 participants (39%) had high-risk factors
related to chronic stress. Because chronic stress can worsen ovarian
cancer,5,28 we reasoned that chronic stress would be associated with
clinical and pathological features of EOC patients. As shown in Table
1, high-risk patients have more invasive EOC characteristics, such as
International Federation of Gynecology and Obstetrics (FIGO) stage,
Figure 2. Identification of lncRNA LOC102724169 transcriptionally regulated b

(A) Gene map of LOC102724169, a lncRNA on human chromosome 6q27. (B) RNA ISH

cells. Original magnification, �200; scale bars, 5 mm). (C) JASPAR (http://jaspar.g

LOC102724169 promoter region. (D) Relative score and score of transcription factors p

HO8910 cells transfectedwith CEBPB or control plasmid. (F) Dual-luciferase reporter ass

activity in the BP3 site of LOC102724169. (G) ChIP assays of the enrichment of CEBPB

cells. (H) CEBPB expression levels measured in tumor tissues of stressed mice and no

scale bars, 5 mm). (I) Immunohistochemical score of CEBPB in stressedmice andmatche

Student’s t test. Data are represented as mean ± SEM. ISH, in situ hybridization; BP3,

298 Molecular Therapy: Nucleic Acids Vol. 24 June 2021
more residual disease, and cisplatin resistance (p < 0.05). Correlation
analysis revealed that chronic stress was positively associated with
cisplatin resistance (Figure 3E). To further investigate the clinical sig-
nificance of chronic-stress-related LOC102724169, we assessed
LOC102724169 expression in tumor tissues from EOC patients be-
tween those two groups and found significantly lower expression of
LOC102724169 in the high-risk group (Figure 3D). We also explored
the relationships of stress status, clinical-pathological parameters, and
postoperative residual disease with LOC102724169 expression in
EOC patients. Lower expression of LOC102724169 was seen in the
high-risk stress group and was associated with more residual disease
(p < 0.05) in Table 2. Additionally, we observed that a low
LOC102724169 level correlated significantly with poorer progres-
sion-free survival (PFS) of EOC patients through Kaplan-Meier anal-
ysis (Figure 3F). Univariate Cox regression analysis showed that poor
prognosis was observed in EOC patients with high-grade tumor,
FIGO stage III/IV, lymph node metastasis, residual disease, chronic
stress, cisplatin resistance, and low LOC102724169 expression. Addi-
tionally, a multivariate Cox regression analysis suggested that these
factors, especially FIGO stage III/IV, chronic stress, cisplatin resis-
tance, and low LOC102724169 expression, were independent risk
predictors of prognosis for EOC patients (Table 3). Collectively, these
data showed that LOC102724169 might exert a critical influence in
OCCS patients.

LOC102724169 was necessary for reducing cell viability and

inducing apoptosis of EOC cells

To determine whether LOC102724169 can play a pivotal functional
role in OCCS, we first detected the ontology expression of
LOC102724169 between ovarian cancer cell lines and normal ovarian
epithelial cells. LOC102724169 expression wasmuch lower in SKOV3
and HO8910 (Figure 4A). We then constructed an ectopic expression
vector containing the full-length LOC102724169 transcript in EOC
cells (Figure 4B) and examined the effect of LOC102724169 on
cellular biological functions.

Based on our sequencing results, the OCCS mice model displayed a
significantly dysregulated PI3K/AKT pathway, apoptosis, and ABC
transporter signaling (Figure 1E), which were linked to drug resis-
tance. We theorized that LOC102724169 might affect the sensitivity
of ovarian cancer cells to cisplatin in OCCS. Cell viability was de-
tected, and we observed that LOC102724169 improved the response
rates of ovarian cancer cells to cisplatin, exhibiting a prominent
decrease of IC50 compared with control cells (Figures 4C, 4D, S1F,
y CEBPB

assay suggested that LOC102724169 was mostly located in the nucleus of SKOV3

enereg.net/) was used to predict sites of putative CEBPB binding motif in the

redicted by JASPAR. (E) Relative expression of LOC102724169 in both SKOV3 and

ays examining the relative luciferase activities, which show amarked CEBPB binding

on the LOC102724169 promoter relative to control IgG in both SKOV3 and HO8910

n-stressed mice by immunohistochemistry analysis. Original magnification, �200;

d control group. **p < 0.01. Statistical differences were calculated using a two-tailed

binding position 3.
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Figure 3. Chronic stress promoted tumor progression in EOC patients

(A) Clinical sample validation of CEBPB expression in BOT and EOC. (B) Clinical sample validation of LOC102724169 expression in BOT and EOC. (C) Correlation analysis of

CEBPB and LOC102724169 expression levels by a Pearson correlation coefficient (r = 0.4, p = 0.0061). (D) Validation of LOC102724169 expression between high-risk stress

group and low-risk stress group. LOC102724169 showed low expression in the high-risk group. (E) Spearman rank regression was used to analyze the correlation between

chronic stress and cisplatin resistance. (F) Kaplan-Meier analysis and a log-rank test were used to show progression-free survival curves of EOC patients with different

expressions of LOC102724169. Data are represented as mean ± SEM. BOT, benign ovarian tumor; EOC, epithelial ovarian cancer.
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and S1G), which was consistent with clinical results (Figure 3D).
Meanwhile, we found that overexpressed LOC102724169 alone or
plus cisplatin affected the level of apoptosis markers (caspase-3)
compared to control groups using caspase-3 activity assay (Figures
4E and 4F) and western blot (Figure 5G). Taken in aggregate, the
dominant effect of LOC102724169 during the OCCS process was to
induce apoptosis and then reduce cancer cell viability, thus exerting
an extra anti-tumor effect in conjunction with cisplatin.

LOC102724169 regulated the expression of MYB and affected

the PI3K/AKT pathway in OCCS

To verify the key molecules that mediate the function of
LOC102724169 in OCCS, we used a strategy looking for the overlap
of three independent datasets, which included two expression profiles
of cisplatin resistance in ovarian cancer (Gene Expression Omnibus
[GEO]: GSE33482 and GSE58470),29 along with our high-throughput
sequencing. MYB was not only the remarkably upregulated gene in
the two GEO datasets but also the one overexpressed in the stressed
group of high-throughput sequencing. Moreover, correlation analysis
of our high-throughput sequencing showed that MYB was negatively
correlated with LOC102724169 (Figure 1F, r = �0.89, p < 0.05). We
thus hypothesized that MYB might be the target of LOC102724169
(Figure 5A). To confirm the relationship between LOC102724169
and MYB in OCCS, we first demonstrated that overexpression of
LOC102724169 markedly downregulated the expression of MYB in
EOC cells (Figures 5B and 5G), while overexpressed MYB had no sig-
nificant effect on LOC102724169 expression (Figure 5C). MYB was
consistently overexpressed in EOC patients with high-stress risk
(Figure 5E), while it was negatively correlated with LOC102724169
expression (Figure 5F).

Given that MYB participated in multiple processes of tumorigen-
esis,30 such as cell growth, angiogenesis, and resistance to
apoptosis,31,32 we asked whether LOC102724169 could exert its
collaboration effect on enhancing the sensitivity of cisplatin in EOC
cells by affecting the expression of MYB. The effects of MYB on the
sensitivity of EOC cells to cisplatin were detected. We noticed a con-
current decrease in cell viability when EOC cells were transfected with
siRNAs targeting MYB (Figures 5D and S1H). Furthermore, rein-
forced MYB expression in EOC cells with LOC102724169 overex-
pression enhanced their viability compared with controls (Figure 5D).
Altogether, our data demonstrated that MYB was a clear target of
LOC102724169 in increasing the response rates of EOC cells to
cisplatin.

To further understand the molecular mechanisms underlying the
anti-tumor effect of LOC102724169 in modulating MYB, we found
that the PI3K/AKT pathway was the most enriched pathway through
KEGG pathway enrichment analysis of high-throughput sequences;
MYBwas dysregulated in this pathway (Figure 1D).We then assumed
that LOC102724169 might inhibit MYB by inactivation of PI3K/AKT
signaling. As shown in Figure 5G, PI3K and the phosphorylation
AKT levels were diminished markedly by LOC102724169 overex-
pression compared to the control group. Moreover, treatment with
cisplatin further reduced their expressions in both NC-SKOV3 and
LOC-SKOV3 cells (Figure 5G). A similar pattern of their expression
Molecular Therapy: Nucleic Acids Vol. 24 June 2021 299
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Table 1. Relationship between the status of chronic stress and clinical-

pathological characteristics of EOC patients

Characteristics No. of cases

Status of chronic
stress

p value
Non-stress
(n = 43)

Stress
(n = 28)

Age (years)

<55 39 23 16
0.762

R55 32 20 12

FIGO stage

I–II 17 16 1
0.001**

III–IV 54 27 27

Grade

G1/G2 15 10 5
0.586

G3 56 33 23

Lymph node metastasis

Negative 33 22 11
0.327

Positive 38 21 17

Residual disease

R0 43 30 13
0.049*

Non-R0 28 13 15

Cisplatin effects

Sensitivity 51 42 9
0.000****

Resistance 20 4 16

Expression of LOC102724169

Low expression 41 20 21
0.018*

High expression 30 23 7

EOC, epithelial ovarian cancer; R0, residual disease <0 cm.*p < 0.05, **p < 0.01, ***p <
0.001, ****p < 0.0001.

Molecular Therapy: Nucleic Acids
was detected in those different groups of HO8910 cells. Additionally,
to further explore the involvement of the PI3K/AKT signaling, we
treated EOC cells with LY294002, a highly selective PI3K inhibitor.
LY294002 dramatically decreased the phosphorylation level of AKT
(Ser473) in EOC cells with or without LOC102724169 overexpres-
sion. MYB was also remarkably decreased by LY294002 treatment
(Figure 5G). These data collectively indicate that LOC102724169 in-
hibited MYB expression in OCCS by attenuating PI3K/AKT
signaling.

LOC102724169 overexpression enhanced the effect of cisplatin

on EOC in vivo

Finally, we returned to verify the roles of LOC102724169 in the OCCS
mouse model (Figure 6A). After stressing and injecting SKOV3 cells
intraperitoneally to induce tumor formation, we injected
LOC102724169-loaded vectors (LOC-virs) or empty vector viruses
(negative control [NC]-virs) through the tail vein in the OCCS
nude mouse model. It was found that LOC-virs significantly dimin-
ished the tumor burden compared to the negative control (Figures
6B and 6C). To study the synergistic anti-tumor effect of
300 Molecular Therapy: Nucleic Acids Vol. 24 June 2021
LOC102724169 combined with cisplatin in OCCS, we treated both
the LOC-virs group and the NC-virs group with cisplatin simulta-
neously. These mouse models revealed that the group with
LOC102724169 overexpression was strikingly more sensitive to
cisplatin therapy. Also, fewer numbers of tumor nodules and distant
metastases were noted in the LOC-virs plus cisplatin group compared
with the control group (Figure 6D). From the statistics, we found that
the average tumor volume in the LOC-virs group was 62% less than
that in the NC-virs group (Figure 6E), and it was reduced by 81%
in LOC-virs with cisplatin treatment group compared to the NC-
virs with the cisplatin treatment group (Figure 6E). Significant differ-
ences were also found in tumor weight among those groups
(Figure 6F). Concurrently, we detected a stark difference in MYB,
PI3K, and the phosphorylation AKT level among those groups
by western blot (Figure 6H). Additionally, the expression of
LOC102724169 was also repeated to confirm the effect in NC-virs,
LOC-virs, and those plus cisplatin groups (Figure 6B).

We also used ID8 cells overexpressed with LOC102724169 (LOC-
ID8) or empty vector (NC-ID8) and C57BL/6mice with complete im-
mune systems to validate the anti-tumor efficacy of LOC102724169.
As expected, similar situations in nude mice occurred in the NC-ID8
C57BL/6 mice with bloody ascites and extensive abdominal wall
metastasis, but less in either group treated with LOC102724169 or
cisplatin alone, and least in mice treated with LOC102724169
plus cisplatin (Figures 6I–6K and S1I). These indicated that
LOC102724169 did increase the response rate to cisplatin and exert
its synergic anti-tumor efficacy in vivo.

DISCUSSION
Chronic stress has been known to promote the development and pro-
gression of multiple cancers, such as ovarian,3–5 breast,33 hepatocellu-
lar,34 and even oral cancer.35 Most of these studies have demonstrated
its promotive effects on tumor growth, angiogenesis, and metastasis
through the immune and neuroendocrine systems.3,8,33–37 Although
previous research on chronic stress worsening ovarian cancer has
been shown in various species, including mice and humans,3–5 the
involved mechanistic understandings are not completely illustrated
within clinical parameters; for instance, suboptimal cytoreductive
surgery and chemotherapy resistance. So far, despite the exploration
of the hypothalamic-pituitary-adrenal (HPA) axis, there are few
studies about the functional role and mechanism of chemotherapy
resistance linked to OCCS. In clinical observations, we were surprised
to find that ovarian cancer patients at high risk of chronic stress are
more likely to relapse with cisplatin (CDDP) resistance (rs = 0.54,
p < 0.0001, Figure 3E). Meanwhile, we established a classical restraint
stress mouse model to mimic human OCCS and used tumor tissue for
high-throughput sequencing. Through KEGG pathway analysis, a se-
ries of genes were screened to be enriched in apoptosis and drug resis-
tance-related signaling pathways. Taking these interesting findings
into consideration, we postulated that chronic stress might aggravate
the process of ovarian cancer by reducing its response to cisplatin.
Next, we used both nude mice and C57BL/6 mice to construct re-
straint stress mouse models treated with cisplatin for initial testing.



Table 2. Relationship between LOC102724169 expression and clinical-

pathological characteristics of EOC patients

Characteristics No. of cases

Expression of LOC102724169

p valueLow (n = 41) High (n = 30)

Age (years)

<55 39 23 16
0.817

R55 32 18 14

FIGO stage

I–II 17 8 9
0.306

III–IV 54 33 21

Grade

G1/G2 15 6 9
0.117

G3 56 35 21

Status of chronic stress

Non-stress 43 20 23
0.018*

Stress 28 21 7

Lymph node metastasis

Negative 33 20 13
0.649

Positive 38 21 17

Residual disease

R0 43 20 23
0.018*

Non-R0 28 21 7

*p < 0.05.
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Similar tumor status was observed in both the NC-SKOV3/NC-
SKOV3+cisplatin and NC-ID8/NC-ID8+cisplatin groups of our
stressed mice models, in which the therapeutic efficacy of cisplatin
was nearly negligible (Figures 6B and S1G). To our knowledge, this
is the first time we observed that chronic stress might induce cisplatin
resistance in ovarian cancer patients. At present, researchers mainly
use secondary drug-resistant models through transplanting drug-
resistant cell lines into animals. Furthermore, there is a lack of animal
models that can better reflect the primary drug resistance for ovarian
cancer. At present, we are collecting and establishing types of chronic
stress mouse models, such as chronic variable stress, social isolation,
and behavioral despair, to verify the clinical phenomenon we have
observed above.

lncRNAs can act as tumor suppressors or oncogenes.38,39 However,
how lncRNAsmay relate to the connection between stress, ovarian can-
cer, and chemotherapy is unknown. The present study identified how
lncRNA LOC102724169 is mediated in OCCS, which expanded our
understanding of the mechanisms by which chronic stress could regu-
late cancer pathogenesis. In our study, we showed that stress response
lncRNAs could also affect the apoptosis and drug resistance of ovarian
cancer. Furthermore, the dominant lncRNA LOC102724169 on chro-
mosome 6q27, with tumor suppressor characteristics in OCCS, was
identified from its location; it had no protein-coding ability, which
was predicted by theCPCas another lncRNAdiscovery.24,25Moreover,
we screened CEBPB as a regulator of LOC102724169 expression.
JASPARmarked a very high score in CEBPB among the potential tran-
scription factors, which suggested the high possibility of CEBPB’s
involvement in the regulation of LOC102724169 expression. A dual-
luciferase reporter assay and ChIP further confirmed this prediction
(Figures 2F and 2G). CEBPB is a member of the CEBP family of tran-
scription factors, which has been reported to regulate cell proliferation,
metastasis, and apoptosis in various types of cancer.40–42 Epigeneti-
cally, CEBPB expression is significantly lower in stressed tumor tissues
compared with the control group (Figure 2H), and overexpressing
CEBPB caused increases in LOC102724169 expression in EOC cells
(Figure 2D). These data suggest that CEBPB can exert a promoting ef-
fect on LOC102724169 expression in EOC cells. Overall, our results
pointed to the applicability of LOC102724169 as a tumor suppressor
in OCCS, where CEBPB is a transcription factor during ontogeny,
and which may result in the low expression of LOC102724169.

In recent years, bevacizumab has been shown to effectively block the
interaction of VEGF with its receptor, with response rates ranging
from 16% to 18% in both platinum-sensitive and platinum-refractory
EOC patients.43 However, it was found that the efficacy rate of EOC
patients was still no more than 30% even when bevacizumab and
cisplatin were combined.44 Researchers have studied the role of
lncRNAs in the chemoresistance of various cancers.45,46 Our study
explored the role of LOC102724169 combined with cisplatin in
OCCS. Based on the bioinformatics analysis, we found that MYB
might be involved in the response to cisplatin treatment of EOC cells.

MYB functions as a proto-oncogene inmultiple types of cancers.30 For
example, c-Myb is important for the continued proliferation of leuke-
mia cells, and c-Myb activation is able to promote the growth of liver
cancer.31,32 However, the mechanisms of tumor resistance induced by
MYB are still incompletely elucidated. Particularly, the role of MYB in
cisplatin resistance of OCCS has never been demonstrated. In the pre-
sent study, we showed a relationship between LOC102724169 and
MYB on improving the therapeutic efficacy of cisplatin in OCCS. In
terms of function, our data revealed that LOC102724169 could
improve the cisplatin response rate in ovarian cancer cells (Figures
4C and 4D), even in cisplatin-resistant ovarian cancer cells (Figures
S1F and S1G), but this needed more experiments for further explora-
tion. Additionally, MYB was found to be an authenticated target of
LOC102724169. Mechanistically, combined with KEGG pathways
analysis, our data showed that overexpressed LOC102724169 could
decrease MYB by attenuating the PI3K/AKT pathway to enhance
cisplatin chemosensitivity and exert an anti-tumor effect in OCCS
(Figure 5G). Also, this situation occurred in two types of EOC cell
lines: similar results were observed in both nude mice and C57BL/6
mice models. No matter if compared with the NC-ID8/stressed group
in C57BL/6 mice or the NC-SKOV3/stressed group in nude mice, the
combination of LOC102724169 and cisplatin showed an excellent
synergistic anti-tumor effect of more than 80%; this indicates that
LOC102724169 could enhance the therapeutic efficacy of cisplatin
both in vivo and in vitro. Overall, our study allowed us to speculate
that LOC102724169 might serve as a novel therapeutic target in
OCCS complementary to cisplatin. Our findings further documented
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Table 3. Univariate and multivariate analysis of clinical-pathological parameters in association with progression-free survival

Variable

Univariate analysis Multivariate analysisa

HR 95% CI p value HR 95% CI p value

Age 0.997 0.971–1.024 0.820 0.997 0.964–1.031 0.864

Grade 9.331 2.677–32.516 0.000**** 7.353 1.916–28.571 0.004**

FIGO stage 6.579 2.272–19.049 0.001** 3.584 1.185–10.836 0.024*

Lymph node metastasis 3.1 1.543–6.228 0.001** 2.272 1.069–4.829 0.033*

Residual disease 1.963 1.034–3.727 0.039* 2.795 1.135–6.878 0.025*

Cisplatin resistance 4.145 2.132–8.059 0.000**** 5.326 1.83–15.15 0.002**

Chronic stress 3.213 1.653–6.242 0.001** 2.659 1.345–5.257 0.005**

Expression of LOC102724169 0.308 0.153–0.621 0.001** 0.309 0.130–0.732 0.008**

HR, hazard ratio; CI, confidence interval. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
aCox hazard model.
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that stress could enhance the pathogenesis of ovarian carcinoma.
Furthermore, we characterized the stress-related lncRNA
LOC102724169 as a tumor suppressor, which significantly reduced
stress-mediated cancer growth of EOC in vivo and in vitro. Specifically,
in proof-of-concept studies, we demonstrated that reintroduction of
LOC102724169 expression blocked the PI3K/AKT pathway and ther-
apeutically inhibited MYB. More importantly, there is a strong corre-
lation between LOC102724169 expression and clinical pathology,
including residual disease and risks of stress, indicating that
LOC102724169 could serve as an effective target for an ovarian cancer
theranostic, especially for OCCS. In conclusion, we provide the first
evidence that LOC102724169 was able to block the stimulatory effects
of chronic stress on cancer growth in the context of primary human
ovarian cancer combined with the mouse model, which suggests a
promising new curative treatment for ovarian cancer.

MATERIALS AND METHODS
Patients and EOC tissue samples

Patients were recruited from the Department of Gynecologic
Oncology, Hunan Cancer Hospital, The Affiliated Cancer Hospital
of Xiangya School of Medicine, Central South University (Changsha,
P.R. China). Specimens included BOT tissues and EOC tumor tissues.
All psycho-social data, as well as tumor tissues, were collected from 86
patients undergoing primary surgical resection of ovarian carcinoma.
Benign tumor tissues were obtained from 15 patients with BOTs, and
71 specimens of ovarian cancer were from surgically resected tissues of
those ovarian cancer patients. All participants signed informed con-
sent and were reviewed by the Hunan Cancer Hospital Institutional
Review Board (no. KYJJ-2018-035). All patients were treated with
standard protocols according to the NCCN (National Comprehensive
Cancer Network) clinical practice guidelines between 2017 and 2018.
The surgical evaluation was used to determine the presence of metas-
tases in accordance with the 2014 FIGO classification.47 Depressive
symptoms were assessed by the depression module of PHQ-9.26,27

Cell culture

The human EOC cell lines SKOV3, HO8910, SKOV3/cisplatin, the
normal ovarian cell line IOSE80, and the mouse EOC cell line ID8
302 Molecular Therapy: Nucleic Acids Vol. 24 June 2021
were purchased from the Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, P.R. China). Cell line identification
was validated by short tandem repeat profiling and an interspecies
contamination test. SKOV3, as well as HO8910, was cultured in Dul-
becco’s modified Eagle’s medium (DMEM, HyClone, USA), while
SKOV3/cisplatin, IOSE80, and ID8 cells were cultured in RPMI
1640 (HyClone, USA) added with 1% penicillin-streptomycin solu-
tion (HyClone, USA) and 10% fetal bovine serum (FBS, BI, Israel)
in a 37�C incubator with 5% CO2.

48

Transduction

For lentivirus transduction, SKOV3, HO8910, or ID8 cells were incu-
bated in a 24-well plate with 500 mL of medium containing 20 mL
(107 U) LOC102724169 or negative control lentivirus particles and
5 mg/mL Polybrene for 24 h. The liquid was then changed, and puro-
mycin was screened for 21 days to construct stable cell lines (NC-
SKOV3/LOC-SKOV3, NC-HO8910/LOC-HO8910, and NC-ID8/
LOC-ID8). Plasmid transfections were performed according to the
manufacturer’s instructions for Lipofectamine 3000 (Invitrogen,
USA).

Transcriptome sequencing and analysis

Tumor tissues were removed from an OCCS mouse model and the
quality of the RNA was checked by the Agilent 2200 TapeStation
system (Agilent Technologies, Santa Clara, CA, USA) and stored
at �80�C. RNA sequencing was conducted by Shanghai Novelbio.
We applied the DESeq algorithm, using the criteria fold change
(FC) >2 or <0.5 and false discovery rate (FDR) <0.05, to screen
the differentially expressed mRNAs and lncRNAs. We use a Fisher’s
exact test for Gene Ontology (GO) analysis based on the genes an-
notated in the comprehensive GO database. The KEGG pathway
enrichment of differential genes was performed by Fisher’s exact
test.

RNA extraction, reverse transcription, and quantitative real-time

PCR

The mRNA level of those differentially expressed genes was accessed
by qRT-PCR. Briefly, RNA was isolated with a total RNA TRIzol kit



Figure 4. LOC102724169 was necessary for reducing cell viability and inducing apoptosis of EOC cells

(A) Relative expression of LOC102724169 was tested in EOC cell lines (A2780, SKOV3, HO8910, OVCAR5) and the normal ovarian cell line (IOSE80) using qRT-PCR assays.

(B) Relative LOC102724169 expression was tested in SKOV3 and HO8910 cells transfected with LOC102724169 transcript or negative control using qRT-PCR assays. (C

and D) IC50 of SKOV3 and HO8910 cells transfected with LOC102724169 transcript was determined by CCK-8 assays using a wide range of cisplatin concentrations. (E and

F) Caspase-3 activity assays indicated the expression of caspase-3 among different groups in both SKOV3 and HO8910 cells. *p < 0.05, **p < 0.01, ***p < 0.001, ****p <

0.0001. Data are represented as mean ± SEM.
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(Life Technologies, USA). A RevertAid first-strand cDNA synthesis
kit (Thermo Fisher Scientific, USA) was used to synthesize cDNA.
qRT-PCR was then carried out using ChamQ SYBR color qPCRmas-
ter mix (Vazyme, P.R. China) normalized to GAPDH levels, and the
data were analyzed using the DDCt method.49 The primer sequences
used in qRT-PCR are presented in Table S1.

Cell viability assay

Cells were seeded in a 96-well plate at a density of 5 � 103 cells/well
(100 mL). After treating these cancer cells with different concentra-
tions of cisplatin for 24 h, cell viability was evaluated using a CCK-
8 (Vazyme, P.R. China). The absorbance was measured by a plate
reader (Bio-Rad, Hercules, CA, USA) at 450 nm.

Migration and invasion assay

Transwell systems (Corning Life Sciences, USA) were used to eval-
uate the metastatic ability of cancer cells. Briefly, for the invasion
assay, Matrigel (BD Biosciences, USA) was added to the upper sur-
face of a polycarbonate membrane (pore size 8 mm) to form a thin
gel layer to serve as the extracellular matrix (ECM). The upper
compartment of the filter contained the treated cells at a density
of 5 � 105 cells/well in 200 mL of DMEM. The bottom filter was
filled with 600 mL of conditioned medium. After incubation at
37�C with 5% CO2 for 48 h, the polycarbonate membrane was
then fixed with 4% paraformaldehyde for 10 min and stained with
0.2% crystal violet solution. Then, the cells on the upper surface of
the filter were erased by wiping with a cotton swab. Cells that pene-
trated to the lower surface were counted under an Olympus micro-
scope in three randomized fields at a magnification of �100/�200.
A cell migration assay was carried out in a transwell filter on mem-
brane filters without Matrigel.

Dual-luciferase reporter assay system

Luciferase reporter assays were performed to detect the direct binding
of CEBPB to the promoter region of LOC102724169. The +2,000-bp
region upstream of LOC102724169 is considered as its promoter re-
gion. The entire promoter region of LOC102724169 was cloned into
the pGL3-basic vector (Tsingke, Shanghai, P.R. China). To test the
binding specificity, the sequences of CEBPB that bound with the
LOC102724169 promoter region were created (BP1, 50-AGTTTCAA-
CAC-30; BP2, 50-TATTTTATAAT-30; BP3, 50-TATTTCACCAC-30),
and they were also inserted into a pENTER-CEBPB plasmid and EV-
pENTER plasmids. Briefly, SKOV3 cells, as well as HO8910 cells,
were seeded in a 24-well plate containing antibiotic-free media. Cells
were co-transfected with the LOC102724169 promoter construct with
either pENTER-CEBPB or EV-pENTER (NC) plasmid using Lipo-
fectamine 3000. PRL-TK plasmid (Tsingke, Shanghai, P.R. China)
was also transfected into each group and served as an internal control
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reporter. After transfection for 48 h, cells were collected and analyzed
using the Dual-Glo luciferase assay system (Promega, USA). Lucif-
erase activity was measured with an M200 microplate fluorescence
reader (Tecan, Beijing, P.R. China) and the results were normalized
to Renilla luciferase activity. Transfection experiments were dupli-
cated and repeated in at least three independent experiments.

Western blot

After lysing in radioimmunoprecipitation assay (RIPA) buffer (Va-
zyme, P.R. China), which contained protease inhibitors (Roche, Ger-
many), cells were washed with D-Hanks solution. Proteins were
quantified with the bicinchoninic acid (BCA) protein assay kit (Va-
zyme, P.R. China). Samples containing 30 mg of total proteins were
electrophoresed on SDS-polyacrylamide gels and then transferred
onto a polyvinylidene fluoride (PVDF) membrane (Millipore, USA)
by electroblotting using a Bio-Rad Bis-Tris gel system (Bio-Rad,
USA). The membranes that were covered with the primary antibody
were blocked by 5% nonfat milk and incubated overnight at 4�C, then
washed with Tris-buffered saline with Tween 20 (TBST), and subse-
quently incubated with a secondary antibody for 1 h at 37�C. Finally,
an enhanced chemiluminescence (ECL) solution (Millipore, USA)
was added to cover the blotting surface. The signals were captured,
and the intensity of the bands was quantified by using the Bio-Rad
ChemiDoc XRS+ system (Bio-Rad, USA). Proteins isolated from tis-
sues and cells were incubated with a primary antibody that included
MYB (Abcam, USA), GAPDH (SAB, USA), caspase-3, AKT, phos-
phorylated (p-)AKT (Ser473), PI3K (Cell Signaling Technology,
MA, USA).

ChIP assay

Briefly, SKOV3 and HO8910 cells were crosslinked in 1% formalde-
hyde for 10 min at 37�C. DNA from fixed chromatin cells was then
subjected to immunoprecipitation using a ChIP assay kit (Millipore,
Billerica, MA, USA) and the antibodies against CEBPB (Thermo
Fisher Scientific, USA) or anti-rabbit immunoglobulin G (IgG) (Santa
Cruz Biotechnology, Santa Cruz, CA, USA) according to the manu-
facturers’ protocol. The precipitated DNA fragments were purified
and measured by qPCR under the conditions described above.
Primers specific to each segment of interest are listed as follows:
LOC102724169-pro (BP1), forward, 50-TATTTTTAAGTGGATGT
GGTAG-30 and reverse, 50-CGTTCTAAGCTCTTTCAGTCC-30;
LOC102724169-pro (BP2), forward, 50-GAGGTGGCGTGTGGAA
GGC-30 and reverse, 50-GGTCTGGGTAGCAGATGATGC-30; LOC
102724169-pro (BP3), forward, 50-TTCTTGAATGACACTGTGA
TA-30 and reverse, 50-AAGGACATTAGTTTTTGGTAC-30.
Figure 5. LOC102724169 regulated the expression of MYB and affected the PI3

(A) Schematic overview of the workflow used to investigate the target gene of LOC1027

transfected with LOC102724169 or control plasmid. (C) Relative expression of LOC102

(Da and Db) Knockdown of MYB decreased the IC50 values of cisplatin in SKOV3 and

increased the IC50 values of cisplatin. (E) Validation of MYB expression between the hi

LOC102724169 expression levels by a Pearson correlation coefficient (r =�0.45, p = 0.

both SKOV3 and HO8910 cells. (Gc and Gd) Western blot analysis of MYB, caspase-

SKOV3 and HO8910 cells. *p < 0.05, **p < 0.01, ***p < 0.001. Data are represented a
Caspase-3 activity assay

A caspase-3 activity kit (Solarbio, Beijing, P.R.China) was used for the
determination of caspase-3 activity in cell lysates following the man-
ufacturer’s protocol.

IHC

The specimens were paraffin-embedded, after which the tissue sec-
tions (3 mm) were dewaxed, rehydrated, and blocked with 3% BSA
and subjected to antigen retrieval. After being washed, the sections
were incubated against CEBPB antibodies (Cell Signaling Technol-
ogy, St. Louis, MO, USA) at 4�C overnight. Mouse IgG was then
used as the negative control. After being washed again, the bound an-
tibodies were detected using horseradish peroxidase (HRP)-conju-
gated goat anti-rabbit IgG and goat anti-mouse IgG and visualized
by diaminobenzidine (DAB). The results were graded according to
both the intensity and the percentage of positive cells under a micro-
scope by two pathologists in a blinded manner.

ISH

ISH was performed to detect the location of LOC102724169. The
probe LOC102724169 was designed by Boster (Wuhan, P.R. China).
RNA ISHwas performed with an ISH detection kit (Boster) according
to the manufacturer’s instructions.

Animal model

The female nude mice and C57BL/6 mice, 5–7 weeks old, were pur-
chased from Hunan SJA Laboratory Animal Co. (SJA, P.R. China).
Mice were subjected to a restraint-stress procedure based on the
previous study.3 The physical restraint systems were transparent
perforated 50-mL centrifuge tubes. Sterilization of the experimental
equipment was conducted daily.

For a single OCCS mouse model, nude mice were housed and
randomly divided into two groups: control and daily stress. We in-
jected 5 � 106 SKOV3 cells/200 mL/mouse into the peritoneal cavity
of nude mice after a week of chronic stress. All mice were euthanized
after restraint stress for 35 days. The tumor was removed for high-
throughput sequencing and the blood was also collected and centri-
fuged for further study.

For the LOC102724169-treated OCCS mouse model, after tumori-
genesis of the single CSOC model constructed in the SKOV3 cell
line, we injected overexpression of LOC102724169 or empty vector
viruses into the peritoneal cavity (5 � 108 plaque-forming unit
[PFU] viruses per nude mice). Alternatively, 1 � 107 NC-ID8 or
K/AKT pathway in OCCS

24169 in OCCS. (B) Relative expression of MYB in both SKOV3 and HO8910 cells

724169 in both SKOV3 and HO8910 cells transfected with MYB or control plasmid.

HO8910 cells. (Dc and Dd) Overexpression of MYB in LOC-SKOV3/HO8910 cells

gh-risk stress group and low-risk stress group. (F) Correlation analysis of MYB and

0461). (Ga and Gb) Histograms represent the quantification of western blot bands in

3, and PI3K/AKT signaling-related molecule expression in different groups in both

s mean ± SEM.
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LOC-ID8 cells/200 mL/mouse were injected into the peritoneal cavity
of C57BL/6 mice. In the cisplatin treatment groups, 4 mg/kg cisplatin
was injected through the tail vein every week. The experimental pro-
tocol was approved by the Experimental Animal Ethics Review Com-
mittee of Hunan Cancer Hospital.

Bioinformatics analysis

We have uploaded our RNA sequencing (RNA-seq) results into GEO:
GSE143237. We also downloaded gene expression profiles of the
cisplatin resistance dataset from GEO: GSE33482 and GSE58470.29

All and subsequent analyses were conducted on the above datasets af-
ter regression calculation of the datasets by the affyPLM package in R
language. The relative logarithmic expression, normalized unscaled
standard errors, and RNA degradation were detected. The robust
multi-array average (RMA) algorithm was used for background cor-
recting, normalizing, and calculating the expression of the datasets.
The probe ID was converted to gene symbol, and k-nearest neighbor
complemented the missing value. The limma package calculated the
differentially expressed gene (logFC >1 or logFC less than �1,
adjusted p value [adj.p.val.] <0.05).50 Based on gene expression, cor-
relations between genes were calculated using the cor.test() function
involved in the psychology package.

Statistical analysis

All quantitative data are expressed as mean ± SEM of three indepen-
dent experiments unless otherwise indicated. Data from the two
groups were compared using the Student’s t test. The correlation
was analyzed using Spearman rank regression and Pearson correla-
tion. Cumulative survival was calculated by Kaplan-Meier analysis,
and the significance of the difference in survival was analyzed by
the Gehan-Breslow-Wilcoxon test. Results were considered statisti-
cally significant if p <0.05. All data were statistically analyzed with
GraphPad Prism8 (GraphPad, La Jolla, CA, USA).

Ethics approval and consent to participate

This study was approved by the Institutional Ethics Committee of
Hunan Cancer Hospital/The Affiliated Tumor Hospital of Xiangya
School of Medicine, Central South University (no. KYJJ-2018-035).
Informed consent was obtained from all patients prior to analysis.
All animal experimental methods involved in this study are in line
Figure 6. LOC102724169 overexpression increased response rate to cisplatin (

(A) Schematic overview of different treatment regimens on stressedmice. Blue arrow indi

Green arrow indicates that SKOV3/ID8 cells were injected intraperitoneally in nude m

injection of EOC cells intraperitoneally, all stressed mice were randomly divided into fo

SKOV3), (2) empty vector viruses plus CDDP (NC-virs/NC-SKOV3+CDDP), (3) overex

LOC102724169 viruses plus CDDP (LOC-virs/LOC-SKOV3+CDDP). (B) Macroscopic t

circles mark tumor tissues; red arrows indicate liver metastasis. (C) The tumor tissu

SKOV3+CDDP, LOC-SKOV3, and LOC-SKOV3+CDDP. (D) Histogram showed differen

(F) Quantification of tumor weight in four groups. (G) Expression of LOC102724169 was

and other related molecule expressions in different groups were validated. (Hb) Histog

peritoneally injected into C57BL/6 mice. The tumor tissues of NC/LOC-ID8 and those tr

lesions of four groups in C57BL/6 mice. (K) Quantification of tumor volume in four groups

using a two-tailed Student’s t test. Data are represented as mean ± SEM.
with the Declaration of Helsinki and approved by the Institutional
Animal Care and Use Committee of the Affiliated Tumor Hospital
of Xiangya School of Medicine, Central South University.

Availability of data and material

Data of high-throughput sequencing are deposited publically in GEO:
GSE143237. The additional datasets used were previously published
under GEO: GSE33482 and GSE58470.29

SUPPLEMENTAL INFORMATION
Supplemental information can be found online at https://doi.org/10.
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