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Purpose: Exosomes are key mediators of cellular communication by transporting mole-

cules, including long noncoding RNAs (lncRNAs), and have been regarded as promising

non-invasive biomarkers. This study aimed to evaluate the expression pattern and clinical

significance of serum exosomal lncRNA antisense hypoxia inducible factor (aHIF) in

epithelial ovarian cancer (EOC).

Patients and methods: Sixty-two EOC patients in Obstetrics and Gynecology Hospital of

Fudan University were enrolled. The expression levels of aHIF in tissues and serum

exosomes were examined by RT-qPCR. The origin of serum exosomal aHIF was explored

in vitro and in vivo. Univariate and multivariate Cox regression analyses were used to

evaluate the prognostic factors of EOC. A prognostic predictive nomogram was formulated

in R software.

Results: We isolated exosomes, identified exosomal aHIF in the serum of EOC patients. The

expression of serum exosomal aHIF was higher in EOC patients and was correlated with the

aHIF level in EOC tissues. In vitro and in vivo, the results indicated that serum exosomal

aHIF was derived from tumor cells. Kaplan-Meier survival analysis demonstrated that EOC

patients with higher serum exosomal aHIF expression had poorer overall survival. Cox

multivariate regression model revealed that FIGO stage, residual tumor size, and serum

exosomal aHIF level were independent prognostic factors of EOC. Based on the prognostic

value of serum exosomal aHIF, we established a nomogram model that showed a good

predictive ability for EOC patients.

Conclusion: Serum exosomal aHIF is overexpressed in EOC and can serve as a noninvasive

predictive biomarker for unfavorable prognosis.

Keywords: epithelial ovarian cancer; EOC, exosome, antisense hypoxia inducible factor,

aHIF, nomogram, biomarker

Introduction
Ovarian cancer is the most deadly gynecological malignancies and the fifth leading

cause of cancer-related mortality in women.1 It is estimated that there will be

22,240 new cases of ovarian cancer and 14,070 ovarian cancer-related deaths in

the United States in 2018.2 Epithelial ovarian cancer (EOC) accounts for 80–90%

of ovarian cancer cases.3 Despite recent improvements in cancer treatments, the

survival rate of EOC patients remains poor. Therefore, it is urgent to identify more

reliable prognostic biomarkers for effectively evaluating the outcomes and improv-

ing the therapeutic strategy. Although several prognostic biomarkers have been

exploited for EOC, reliable prognostic factors are still relatively scanty. Previously,

many studies focused on the oncological characteristics of the tumor itself (such as
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tumor histology and gene mutations), but an increasing

number of studies have begun to investigate the tumor

microenvironment.4–6

Recently, emerging evidence has demonstrated that exo-

somes play important roles in the tumor microenvironment.

Exosomes are small (30–150 nm), membranous vesicles that

can be released by nearly all types of cells including different

cancers.7 Exosomes are key mediators of intercellular com-

munication by transmitting biomolecules such as proteins,

lipids, microRNAs and lncRNAs.8 The cargoes of exosomes

released by different cells vary and often reflect the source

and pathophysiological state of the donor cells to some

extent. In addition, exosomes can be detected in multiple

body fluids such as blood, urine and milk9,10 with a high

degree of stability, which means they can be stored for years

in a variety of refrigerated and thawed conditions.11 Hence,

exosomes and their specific biomolecules may be stable

noninvasive biomarkers in the screening, diagnosis and prog-

nostic prediction of cancers.12–14 An increasing number of

studies have suggested that circulating exosomes may repre-

sent valuable tumor markers, and exosomes have been

included in the novel concept of a “liquid biopsy”.10,15 The

potential for exosomes to detect cancer, assess the effective-

ness of therapy and predict prognosis has been exploited in

gastrointestinal stromal tumors, pancreatic cancer, melanoma

and colorectal cancer.10 Despite these findings, research on

biomarkers based on exosomes in EOC is lacking.

As one of the molecules carried in exosomes, long

noncoding RNAs (lncRNAs) are defined as transcripts

with a minimum length of 200 nucleotides and limited

protein-coding potential.16 In the past several years,

numerous studies have proven that lncRNAs play signifi-

cant roles in tumor progression.17,18 Some exosomal

lncRNAs have been shown to be correlated with the clin-

icopathological characteristics of cancer and may serve as

novel biomarkers.19,20 Antisense hypoxia inducible factor

(aHIF), also known as HIF1A-AS2, has been found to be

widely expressed in many human tissues and to be over-

expressed in various tumors.21,22 Furthermore, the over-

expression of aHIF is associated with poor prognosis in

gastric cancer,23 breast cancer24 and paraganglioma.25 In

our previous study, we found that aHIF was upregulated in

EOC tissue and overexpression of aHIF can inhibit apop-

tosis and enhance proliferation.26 However, whether aHIF

can be found in circulating exosomes in EOC patients and

the relationship between serum exosomal aHIF and EOC

have not been previously elucidated.

In this study, we assessed the expression pattern of

serum exosomal aHIF in EOC patients and explored the

origin of serum exosomal aHIF for the first time. We also

investigated the correlation between the expression level

of serum exosomal aHIF and clinicopathological charac-

teristics and evaluated the prognostic value of serum exo-

somal aHIF in EOC patients. Based on the prognostic

value of serum exosomal aHIF, we established a predictive

model for EOC prognosis. We finally analyzed the feasi-

bility of using serum exosomal aHIF as a novel noninva-

sive biomarker for EOC.

Materials and methods
Patients
Written consent was obtained from each participant and

the study protocol was approved by the Medical Ethics

Committee of the Obstetrics and Gynecology Hospital of

Fudan University. EOC patients who were admitted to the

Obstetrics and Gynecology Hospital of Fudan University

from January 2012 to December 2014 and who met the

following criteria were included: 1) patients who under-

went standard surgeries and postoperative chemotherapy if

needed according to the National Comprehensive Cancer

Network (NCCN) guideline for ovarian cancer,27 and the

diagnosis of EOC was confirmed by their pathological

results; 2) patients did not receive preoperative radiother-

apy, chemotherapy or hormonal therapy; 3) patients did

not have borderline ovarian tumors or other different

malignancies; 4) patients had intact medical records,

including age, FIGO stage, histological type, histological

grade, residual tumor size and so on. EOC patients with

incomplete medical records or withdrew their consent

were excluded.

The study was divided into a discovery phase and a

validation phase. In the discovery phase, we collected

fresh tissue samples that had been surgically resected and

their matched serum samples from EOC patients. Samples

of normal ovarian epithelial tissues were obtained from

participants diagnosed with uterine fibroids during the

same period and who underwent a hysterectomy and

oophorectomy and did not have a history of ovarian

cysts or ovarian pathology.

In the validation phase, serum samples were collected

from a cohort of EOC patients (including the EOC patients

from the discovery phase). Healthy, age-matched women

who received routine physical examinations in the same
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hospital were enrolled to establish a control group. They

had no personal history of cancer or other serious illnesses.

Blood samples were collected by antecubital vein

puncture from all EOC patients before their surgeries.

The samples were processed within 1 h after collection

via centrifugation at 3000 g at 4 °C to separate the serum

from the peripheral blood cells. The cell-free serum sam-

ples were stored at −80 °C until exosome isolation.

Cell lines and culture
Five human EOC cell lines (SKOV3, SKOV3.ip, HO8910,

HO8910.PM, and ES2) and the nontumorous human ovar-

ian surface epithelial cell (HOSEPIC) line were purchased

from the Type Culture Collection of the Chinese Academy

of Sciences (Shanghai, China). All cell lines were cultured

in RPMI1640 medium (Gibco, USA) containing

100 IU/mL penicillin (Invitrogen, USA), 100 mg/mL

streptomycin (Invitrogen, USA) and 10% fetal bovine

serum (FBS, Gibco, USA) at 37 °C, in humid air contain-

ing 5% CO2. When the cells reached 80% confluence, the

medium was replaced with 10 mL of FBS-free RPMI1640

medium to rule out the effect of FBS on the exosomes.

The supernatant was collected after 24 hrs of culture and

stored at −80 °C until exosome isolation.

Exosome isolation
Exosomes were isolated and purified from the cell super-

natants by using the total exosome isolation reagent (from

cell culture media) kit (#44578259, Thermo Fisher

Scientific, USA) according to the manufacturer’s protocol.

To isolate exosomes from the human serum samples, an

ExoQuick Exosome Precipitation Solution kit (EXOQ5A-

1, System Biosciences, USA) was used. Exosome pellets

were resuspended in phosphate-buffered saline (PBS) and

stored at −80 °C until further use.

Transmission electron microscopy (TEM)
The exosome suspension was added to an equal volume of

4% paraformaldehyde, spotted on a Formvar/carbon film-

coated transmission electron microscope grid and then

fixed with 1% glutaraldehyde. The grid was washed with

PBS, contrasted with 1% uranyl acetate, embedded in

epoxy resin, polymerized and subsequently examined

under TEM (Hitachi, Ltd., Tokyo, Japan).

Nanoparticle tracking analysis (NTA)
The size distribution of the isolated exosomes was ana-

lyzed with the Nanosight NS300 system with NTA

(Malvern Instruments, UK). Samples were diluted in

PBS until individual nanoparticles could be tracked and

measured at the standard conditions recommended by the

manufacturer’s instructions. Each sample analysis was

conducted for 60 seconds and repeated three times.

Western blot
Total exosomal protein was prepared with RIPA buffer

(Sigma-Aldrich, USA), and the protein concentration was

measured by the bicinchoninic acid assay (BCA, Thermo

Scientific, USA) method. Approximately 20 µg of protein

from each sample was separated by sodium dodecyl sul-

fate-polyacrylamide gel electrophoresis (SDS-PAGE),

transferred to a PVDF membrane (BioRad, USA), and

blotted with the following antibodies: anti-CD63 (1:2500,

ab134045, Abcam, UK), anti-TSG101 (1:200, ab125011,

Abcam), anti-Hsp70 (1:100, ab79852, Abcam) and anti-

Hsp90 (1:200, ab13495, Abcam). The membranes were

incubated with the primary antibodies at 4 °C overnight.

After the membrane was washed three times in TBST

(0.1% Tween-20), it was incubated with an HRP-conju-

gated secondary anti-rabbit antibody (1:1000, ab6721,

Abcam) for 1 h at 37 °C. The blots were then immersed

in ECL solution and digitally imaged on the Tanon 5200

Imaging System (Tanon, China, Shanghai).

RNA extraction
Total RNA was extracted from tissues utilizing TRIzol

reagent (Invitrogen, USA) following the manufacturer’s

protocol. Exosomal RNA was extracted from the exosome

pellets using the Exosome RNA Purification Column kit

(System Biosciences, USA). Briefly, the exosome solution

was mixed with 200 µL of 100% ethanol and sonicated for

10 seconds; the solution was then transferred to the spin

column, which was placed in the matched collection tube.

After centrifugation of the tubes at 13,000 rpm for 1 min,

the flow-through was discarded and 400 uL of wash buffer

was added to the column to wash off any nonspecifically

ound material. After another two cycles of centrifugation,

flow-through removal and washes, the total exosomal

RNA was recovered by adding 30 µL of elution buffer

directly to the membrane in the spin column and centrifu-

ging at 2000 rpm for 2 mins, followed by 13,000 rpm for

1 min. The quality and quantity of the recovered RNAwas

evaluated using a NanoDrop spectrophotometer (Thermo

Fisher Scientific, USA).
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Quantitative real-time PCR (qRT-PCR)
Reverse transcriptionwas conducted using the PrimeScript RT

reagent kit (TaKaRa, Japan). Then, to evaluate the expression

of aHIF, qRT-PCR was performed using SYBR Premix Ex

Taq (TaKaRa, Japan) and the ABI PRISM 7900 Sequence

Detector System (Applied Biosystems, CA, USA); GAPDH

was used as an internal control. All primers were purchased

from Sangon Biotech (Shanghai, China) and the sequences

were as follows: aHIF: forward: 5ʹ-CTACCACGTACTGCT

GGCAA-3ʹ, reverse: 5ʹ-CATCATGATCATAGGCAGTTG-

3ʹ; GAPDH: forward: 5ʹ-TGACTTCAACAGCGACACCC

A-3ʹ, reverse: 5ʹ-CACCCTGTTGCTGTAGCCAAA-3ʹ. The

reaction mixtures contained 2 µL of complementary DNA,

10 µL of SYBR Premix Ex Taq, 0.8 µL of gene-specific

primers, 0.4 µL of ROX reference dye II, and 6 µL of nucle-

ase-free water for a total reaction volume of 20 µL. All

experiments were performed in triplicates for each sample

with the following conditions: 94 °C for 30 s, 40 amplification

cycles of 95 °C for 5 s, and 60 °C for 34 s. Melting curve

analyses were performed to confirm the specificity of the PCR

products. The expression of aHIF was normalized (ΔCt) to the
recommended housekeeping gene GAPDH, where ΔCt = Ct

aHIF − Ct GAPDH. The relative expression of aHIF was

calculated as 2−ΔCt.

Transfection
After SKOV3 cells were plated in 6-well plates (1×105 cells/

well) and incubated overnight, 1 mL of complete medium

containing 20 μL of the luciferase reporter lentiviral system

(Genechem, Shanghai, China) and 10 μg/mL polybrene-ENi.S

(Genechem, Shanghai, China) was added; the cells were incu-

bated for 12 h at 37 °C. The medium was removed and

replaced with fresh complete medium; the cells incubated

another 48 h. The transduced cells and the luciferase substrate

were added together in a microplate, and the luciferase activity

was examined with a luciferase assay (Caliper Life Sciences,

USA) to confirm that SKOV3-luc cells were successfully

established.

EOC xenograft model
Twenty 4-week-old female Balb/c nude mice were pur-

chased from the Department of Laboratory Animal

Science of Fudan University (license# SYXK 2014-0029,

Shanghai, China) and divided into an experimental group

(n=12) and a control group (n=8). The mice in the experi-

mental group were intraperitoneally injected with

2×107 cells in 200 µL, while mice in the control group

received intraperitoneal injections of an equivalent volume

of PBS. Tumor growth was monitored weekly with a

bioluminescence imaging system until 4 weeks after

tumor cell implantation. The mice were then anesthetized

by intraperitoneal injection of 1.5% pentobarbital sodium

(100 uL/15g, Sigma, USA), followed by intraperitoneal

injection with D-luciferin (10 µL/g, 15mg/mL, Sigma,

USA). After administration of D-luciferin, biolumines-

cence imaging was directly performed with a lumines-

cence imaging system for living animals (Caliper Life

Sciences, USA). Regions of interest (ROI) were placed

over the entire tumor and quantified as the luminescence

flux in photons/s by the luminescence imaging system.

Blood was collected from the mice in procoagulant tubes

by retro-orbital collection at week 1, 2, 3, and 4 (n=3,

respectively). Then, the mice were euthanized, and further

detection of serum exosomal aHIF was conducted. All

animal studies were approved by the Institutional Animal

Care and Use Committee of Fudan University.

Statistical analysis
All statistical analyses were conducted using SPSS 20.0

for Windows (SPSS, Chicago, IL). GraphPad Prism 6.0

(GraphPad Software Inc, CA) was used for plotting

graphs. The comparison of aHIF expression in EOC tis-

sues and serum exosomes between the two groups was

performed by Student’s t-test. The correlations between

aHIF expression in EOC tissues and serum exosomes,

serum exosomal aHIF and the flux photons from the

tumors were analyzed by Spearman’s correlation coeffi-

cient. Associations between serum exosomal aHIF levels

and clinicopathological variables were analyzed by the Chi

square test or Fisher’s exact probability test. Overall sur-

vival (OS) was defined as the time interval from the date

of surgery to the date of death or final contact. The survi-

val analysis was performed using the Kaplan-Meier

method and further compared with the log-rank test.

Univariate and multivariate Cox proportional hazards

regression analyses were carried out to estimate the impact

of clinicopathological factors and the levels of serum

exosomal aHIF on OS. A nomogram was formulated

based on the results of multivariate Cox analysis in R

version 3.4.3 (https://www.r-project.org/). The predictive

efficiency of the nomogram was assessed by the concor-

dance index (c-index). Generally, the larger the c-index is,

the more accurate the prognostic prediction.28 Calibration

curves of the nomogram for 1- and 3-year OS were

derived by comparing the predicted survival probability
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with the observed survival rate. P<0.05 was considered

statistically significant. All the related computerized pro-

grams used in R to create the nomogram are listed in the

supplementary materials.

Results
Exosomes were detected in the serum of

EOC patients
The vesicles isolated from the serum were examined through

TEM, NTA and Western blot (Figure 1). The vesicles were

round in shape with diameters ranging from 30 nm to 100 nm.

NTA was used to measure the size distribution of the exo-

somes, and the average size was 100 nm. Finally, Western blot

was performed to detect the protein markers on the vesicles.

CD63, TSG101, Hsp70 and Hsp90, which are known typical

surface markers on exosomes,29 were present on the isolated

vesicles. This evidence suggested that the vesicles we isolated

from the serum were exosomes and were consistent with the

morphology, size and markers reported previously.30

LncRNA aHIF was upregulated in the

serum exosomes of EOC patients in the

discovery phase
In the discovery phase, we measured the expression of

aHIF in the serum exosomes and paired tissues of 20

EOC patients and 10 controls. The results showed that

the relative expression levels of aHIF in both the EOC

tissues and the serum exosomes were significantly higher

in EOC patients than in the controls (Figure 2A and 2B).

Next, we analyzed the correlation of aHIF expression level

in EOC tissues and that in serum exosomes. As shown in

Figure 2C, a moderately significant correlation was found

between the aHIF level in EOC tissues and the level in

matched serum exosomes (r=0.6922, P<0.01).

Exosomal aHIF can be released into

circulation by tumor cells
Based on the above results, we hypothesized that serum

exosomal aHIF is primarily released from tumor cells. To

test this hypothesis, we measured the expression of exosomal

aHIF in five EOC cell lines (SKOV3, SKOV3.ip, HO8910,

HO8910.PM, and ES2) and the nontumorous HOSEPIC line.

The results showed that exosomal aHIF was detected in the

cell culture medium. Moreover, the levels of exosomal aHIF

released from the five EOC cell lines were higher than those

released from HOSEPIC cell line (Figure 3A). Next, we

observed that the expression level of serum exosomal aHIF

in EOC xenograft mice was significantly higher than that in

the control group (Figure 3B). In addition, with the prolonga-

tion of tumor cell implantation, the expression level of serum

exosomal aHIF accordingly elevated (Figure 3C), and the

tumor volume was gradually increased (Figure 3D). We used

a luminescence imaging system to quantitatively analyze the

correlation between tumor size and the expression level of

serum exosomal aHIF by calculating the photon flux from the

tumor, which has been reported to be positively linearly

correlated with tumor volume.31–33 As shown in Figure 3E,

there was a strong positive correlation (r=0.8476, P<0.01)

between the photon flux from the tumor and the expression

level of serum exosomal aHIF, which demonstrated that the

increase in serum exosomal aHIF was due to tumor growth.

Therefore, serum exosomal aHIF originates from ovarian

cancer cells and is released into circulation.

Figure 1 Characterization of exosomes derived from serum. TEM showed exosomes derived from serum had round-shaped morphology ranged from 30 nm to 100 nm (A,

scale bar =200 nm). Size distribution of exosomes through NTA revealed that average size of exosomes was 100 nm (B). Western blotting for CD63, TSG101, Hsp-70, Hsp-

90 as exosomal markers (C).

Abbreviations: TEM, transmission electron microscopy; NTA, nanoparticle tracking analysis.
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Figure 2 Quantitative analyses of exosomal aHIF in discovery phase. Relative expression levels of aHIF in EOC tissues (n=20) and controls (n=10) (A). Relative expression

levels of serum exosomal aHIF in EOC patients (n=20) and controls (n=10) (B). Spearman’s correlation analysis between expression levels of exosomal aHIF in tumor tissues

and paired serum samples of EOC (C).

Figure 3 Exosomal aHIF is released from the tumor cells and can enter into serum. The relative expression levels of exosomal aHIF in five EOC cell lines and a normal

ovarian epithelial cell HOSEPIC culture medium (A). The relative expression levels of serum exosomal aHIF in EOC xenograft mice and controls (B). The dynamic changes

of the relative expression levels of serum exosomal aHIF in EOC xenograft mice (C). The growth of tumor metastases as monitored using bioluminescence imaging (D).

Spearman’s correlation analysis between expression levels of exosomal aHIF and photon flux of tumor (E).
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Overexpression of serum exosomal aHIF

in EOC patients was validated
Another 42 EOC patients in combination with 20 EOC

patients in discovery phase were enrolled to form a larger

cohort. The baseline characteristics of the EOC patients are

shown in Table 1. The expression level of serum exosomal

aHIF in EOC patients and 20 healthy women were analyzed.

As shown in Figure 4A, the expression levels of serum exo-

somal aHIF of all 62 EOC patients were significantly higher

when compared with those in healthy women (P<0.05).

Expression of serum exosomal aHIF was

correlated with FIGO stage and

histological grade in EOC patients
To determine the clinical relevance of serum exosomal aHIF

in EOC, we examined the correlations between the expres-

sion levels of serum exosomal aHIF and clinicopathological

characteristics such as age, FIGO stage, histological type,

histological grade, residual tumor size, ascites volume and

preoperative CA125 value by the Chi square test or Fisher’s

exact probability test. The median value of serum exosomal

aHIF expression was used as a cutoff value to divide patients

into high expression (n=31) and low expression (n=31)

groups. As shown in Table 2, the expression of serum exo-

somal aHIF was significantly correlated with FIGO stage and

histological grade (P<0.05) but not correlated with age,

histological type, residual tumor size, ascites volume or pre-

operative CA125 value (P>0.05). The results suggested that

the overexpression of serum exosomal aHIF may be indica-

tive of malignant behavior and may predict the clinical out-

come of EOC.

Expression of serum exosomal aHIF is an

important independent prognostic factor

for the survival of EOC patients
To evaluate the correlation between the expression of

serum exosomal aHIF and overall survival (OS), we first

performed univariate analysis of clinicopathological vari-

ables for prognosis. The median follow-up time was

49 months (range: 9–79 months). The results demonstrated

that FIGO stage (P<0.001), histological grade (P=0.008),

residual tumor size (P=0.002), and the expression level of

serum exosomal aHIF (P<0.001) were significantly corre-

lated with the OS of EOC patients (Table 3). Furthermore,

the Kaplan-Meier survival curves revealed that EOC

patients with high expression levels of serum exosomal

aHIF had significantly shorter OS than those with low

expression levels of serum exosomal aHIF (Figure 4B).

FIGO stage, residual tumor size and expression of serum

exosomal aHIF were also independent prognostic factors

in EOC patients (Table 4). Taken together, the evidence

suggests that serum exosomal aHIF may be a potential

biomarker for EOC prognosis.

A prognostic predictive nomogram for

EOC patients was established based on

the expression level of serum exosomal

aHIF
A nomogram was established that incorporated the signif-

icant prognostic factors identified by the multivariate Cox

hazards regression analysis including FIGO stage, residual

tumor size and the expression level of serum exosomal

aHIF (Figure 5). Each level within these factors was

Table 1 Demographics and clinicopathologic characteristics of

EOC patients

Variable Number (%)

Age, y (mean ± SD) 51.6±8.94

<50 24 (38.7%)

≥50 38 (61.29)

Stage

I 13 (21.0%)

II 9 (14.5%)

III 36 (58.1%)

IV 4 (6.4%)

Histological Type

Serous 49 (79.0%)

Endometrioid 6 (9.7%)

Mucinous 7 (11.3%)

Histological Grade

G1 (Well differentiated) 9 (14.5%)

G2 (Moderately differentiated) 17 (27.4%)

G3 (Poorly differentiated) 36 (58.1%)

Residual tumor diameter (cm)

≤1 45 (72.6%)

>1 17 (27.4%)

Ascites (mL)

<100 19 (30.6%)

≥100 43 (69.4%)

CA125 (U/mL)

<600 35 (56.5%)

≥600 27 (43.5%)

Abbreviation: EOC, epithelial ovarian cancer.
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assigned a score on the top scale. By summing the scores

and identifying that value on the total point scale, we can

predict the probability of survival at each time point.

Harrell’s c-index for the established nomogram to predict

OS was 0.759 (95% CI, 0.690 to 0.828). The calibration

Figure 4 Relative expression levels of exosomal aHIF in EOC patients and their clinical significance. Relative expression levels of serum exosomal aHIF in EOC patients

(n=62) and controls (n=20) (A) Kaplan–Meier survival curves of EOC patients according to expression levels of serum exosomal aHIF (B).

Table 2 Correlation between expression levels of serum exo-

somal aHIF and clinicopathological characteristics

Variable Low

expression of

exosomal

aHIF (n=31)

High

expression of

exosomal

aHIF (n=31)

P

Age (years)

<50 11 (35.5%) 13 (41.9%) 0.153

≥50 20 (64.5%) 18 (58.1%)

Stage <0.01

I–II 19 (61.3%) 3 (9.7%)

III–IV 12 (38.7%) 28 (90.3%)

Histological type 0.106

Serous 22 (71.0%) 27 (87.1%)

Others 9 (29.0%) 4 (12.9%)

Histological grade <0.01

G1–G2 19 (61.3%) 7 (22.6%)

G3 12 (38.7%) 24 (77.4%)

Residual tumor

diameter (cm)

0.127

≤1 25 (80.6%) 20 (64.5%)

>1 6 (19.4%) 11 (35.5%)

Ascites (mL) 0.500

<100 10 (32.2%) 9 (29.0%)

≥100 21 (67.7%) 22 (71.0%)

CA125 (U/mL) 0.153

<600 15 (48.4%) 20 (64.5%)

≥600 16 (51.6%) 11 (35.5%)

Abbreviations: EOC, epithelial ovarian cancer; aHIF, antisense hypoxia inducible factor.

Table 3 The correlation between clinicopathological character-

istics and the overall survival in 62 EOC patients

Variable Overall Survival
(months) Mean ± SE

P

Age, y

<50 46.42±19.17 0.355

≥50 44.71±23.66

Stage

I–II 63.45±16.56 <0.01

III–IV 35.43±17.75

Histological Type

Serous 44.98±21.16 0.961

Others 46.85±25.28

Histological Grade

G1–G2 55.96±20.45 <0.01

G3 37.72±19.81

Residual tumor diameter (cm)

≤1 50.87±21.35 <0.01

>1 30.82±16.19

Ascites (mL)

<100 41.79±22.14 0.328

≥100 46.95±21.84

CA125 (U/mL)

<600 47.74±19.77 0.297

≥600 42.30±24.39

Expression of serum exosomal

aHIF

Low 58.17±16.89 <0.01

High 31.90±17.71

Abbreviations: EOC, epithelial ovarian cancer; aHIF, antisense hypoxia inducible factor.
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plot for the probability of 1- and 3-year OS showed an

optimal agreement between the nomogram prediction and

actual observation (Figure 6). These results suggest that

the nomogram is a useful tool for predicting the survival of

EOC patients.

Discussion
It is well known that, as an important part of the tumor

microenvironment, exosomes are involved in tumor pro-

gression, metastasis and drug resistance. Exosomes carry a

large number of biomolecules that are shed from tumor

cells and that are cancer-specific. LncRNAs are one of the

molecules carried by exosomes, and could play important

roles in the progression of various cancers. Therefore,

considerable focus has shifted to studying and identifying

exosomal lncRNAs as novel biomarkers for the diagnosis

and prognosis of tumors. For example, overexpression of

exosomal HOTTIP was correlated with poor prognosis and

was an independent prognostic factor in gastric cancer.34

Tong Liu et al reported that exosomal CRNDE-h can be a

noninvasive serum-based tumor marker for the diagnosis

and prognosis of CRC.19 We investigated whether exoso-

mal lncRNAs could be utilized in predicting the prognosis

of EOC.

In the current study, we identified exosomal aHIF in

the serum of EOC patients and controls. Furthermore, we

found that the expression of serum exosomal aHIF was

markedly upregulated in EOC patients compared with the

controls and that the expression of serum exosomal aHIF

was correlated with the expression level of aHIF in paired

Table 4 Univariate and multivariate analysis for overall survival in EOC patients

Variable Univariate Multivariate

HR 95% CI P HR 95% CI P

Age 1.379 0.691–2.751 0.362

FIGO stage 6.351 2.504–16.107 <0.001 4.164 1.417–11.787 0.007

Histological type 1.020 0.465–2.236 0.961

Histological grade 2.644 1.291–5.416 0.008 1.016 0.443–2.327 0.971

Residual tumor size 3.050 1.511–6.157 0.002 2.121 1.012–4.444 0.046

Ascites 0.717 0.365–1.410 0.335

CA125 1.405 0.735–2.685 0.304

Exosomal aHIF 3.699 1.825–7.499 <0.001 2.331 1.081–5.027 0.031

Abbreviations: EOC, epithelial ovarian cancer; FIGO, International Federation of Gynecology and Obstetrics; aHIF, antisense hypoxia inducible factor.

Figure 5 Nomogram for predicting overall survival (OS) in EOC patients. For each predictor, a straight upward line is drawn to determine the points. The cumulative points

are plotted on the “Total Points” axis, and a straight downward line shows the 1- and 3-year estimated postoperative survival rates.
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EOC tissues. Subsequently, the measurable exosomal aHIF

in the cell culture medium and the EOC xenograft experi-

ment further indicated that exosomal aHIF is released from

tumor cells and can enter into the blood. These results

supported the feasibility of utilizing serum exosomal aHIF

as a biomarker for EOC.

Recently, emerging evidence has indicated that aHIF is

upregulated in various tumor tissues, such as chronic mye-

loid leukemia and bladder cancer.35,36 The overexpression of

aHIF is associated with more aggressive tumor behavior and

increased metastatic potential. The upregulation of aHIF in

EOC was also confirmed in our previous study. aHIF can

Figure 6 The calibration curves of nomogram for predicting overall survival (OS) at (A) one year and (B) three years. Nomogram-predicted probability of OS is plotted on

the X-axis; actual OS is plotted on the Y-axis.
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activate mitochondrial apoptosis pathway and aHIF-induced

dysregulation of Bcl-2, Bax, Caspase-7, and Caspase-9 may

mediate EOC apoptosis and proliferation.26 However,

whether aHIF can be carried by exosomes and utilized as a

biomarker in EOC are uncertain. In this study, we first

identified the presence of aHIF in serum exosomes in EOC

patients. To explore the clinical significance of serum exoso-

mal aHIF in EOC, we further evaluated the associations

between the expression of serum exosomal aHIF and the

clinicopathological characteristics and prognosis of EOC.

Notably, overexpression of serum exosomal aHIF was sig-

nificantly correlated with FIGO stage and histological grade.

Moreover, EOC patients with higher expression levels of

serum exosomal aHIF had poorer prognoses than those

with lower exosomal aHIF expression levels. This analysis

revealed that serum exosomal aHIF is an independent prog-

nostic predictor for EOC.

Finally, we established a predictive nomogram model

for EOC. Recently, nomograms have been widely used as

models for risk prediction in malignant tumors because

they can predict the outcome of interest for specific indi-

vidual based on multiple relevant clinical predictors.37–39

Also, the nomogram is simple, easy to understand and can

be readily applied in clinical practice. In consideration of

these advantages, we established a nomogram model that

integrated not only clinicopathological factors but also the

expression of serum exosomal aHIF; all included factors

were proven to be independent prognostic factors via Cox

multivariate analysis. The calibration plots verified a good

predictive accuracy and reliability of the nomogram model

in predicting the probability of survival of EOC patients.

Through this nomogram model, we believe that serum

exosomal aHIF has the potential to be a useful prognostic

predictor for EOC patients.

Several limitations of our study must be addressed. First,

selection biases are inevitable because of the retrospective

design and small sample size. The data about medical treat-

ments, such as chemotherapy and maintenance treatments,

were not elucidated in this study because of the bias. Also,

the association between exosomal aHIF and progression-free

survival of EOC was not investigated. Second, our study was

single-center analysis, and the experience may not be general-

izable to the broader community. Hence, further experimental

research is needed with a larger number of EOC patients from

multiple centers. Finally, although the clinical significance of

serum exosomal aHIF as a prognostic biomarker was exam-

ined, whether this factor contribute to the diagnosis for EOC

was not explored in detail and needs further investigation. In

the future, we will include patients with benign ovarian neo-

plasms to evaluate their diagnostic value in EOC and enlarge

the sample size to further explore the role of the exosomal

aHIF in medical treatments and PFS of EOC.

Conclusion
In summary, our study demonstrated for the first time that the

lncRNA aHIF is present in serum exosomes and that serum

exosomal aHIF originated from tumor cells. Furthermore,

serum exosomal aHIF is significantly overexpressed in

EOC patients compared with controls, and the expression

of serum exosomal aHIF is correlated with FIGO stage and

histological grade. EOC patients with higher expression

levels of serum exosomal aHIF are associated with poorer

prognoses. Our data indicated that serum exosomal aHIF

may be a crucial noninvasive predictor of EOC prognosis

and also shed light on the potential for using serum exosomal

lncRNA as a tumor biomarker for the diagnosis and prog-

nostic prediction of EOC.

Abbreviations
aHIF, antisense hypoxia inducible factor; EOC, epithelial

ovarian cancer; FIGO, International Federation of

Gynecology and Obstetrics; LncRNA, long noncoding

RNA; OS, overall survival; qRT-PCR, Quantitative real-

time PCR.
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