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Abstract 

Objective: In this study, we aimed to evaluate the levels of plasma exosomal caveolin-1(CAV1) and determine 
its prognostic value in ovarian cancer patients. 
Patients and Methods: Exosome-rich fractions were isolated from the plasma of 155 patients with ovarian 
cancer. TEM, NTA and western blot analysis were used to confirm the exosome integrity and purification. 
Results: Compared with healthy controls, plasma exosomal CAV1 levels in ovarian cancer patient were 
significantly down-regulated (P < 0.001). The low plasma levels of exosomal CAV1 in ovarian cancer patient 
plasma were related to FIGO stages, grades and lymph node metastasis (all P < 0.01). Among all ovarian cancer 
patients, DFS was worse in patients who had low plasma exosomal CAV1 levels compared with that in patients 
with high plasma exosomal CAV1 levels (P < 0.001). The OS of patients with low plasma exosomal CAV1 levels 
was shorter than that in patients with high plasma exosomal CAV1 levels (P < 0.001). The AUROC of plasma 
exosomal CAV1 was 0.76 (95% CI: 0.68-0.82) for DFS prediction in ovarian cancer patients, with a sensitivity 
52.9 (95% CI: 42.8-62.9) and a specificity 88.7 (95% CI: 77.0-95.7). For OS prediction in ovarian cancer patients, 
the AUROC of plasma exosomal CAV1 was 0.78 (95% CI: 0.70-0.84), with a sensitivity 65.1 (95% CI: 49.1-79.0) 
and a specificity 81.2 (95% CI: 72.8-88.0). 
Conclusions: Low exosomal CAV1 levels were closely related to the FIGO stages I/II, low grade, lymph node 
metastasis and prognosis of ovarian cancer patients. Plasma exosomal CAV1 may be a potential biomarker for 
the prognosis in ovarian cancer patients. 
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Introduction 
Ovarian cancer has the worst prognosis among 

the three major malignant tumors of the female 
reproductive system [1,2]. Its incidence ranks third 
among gynecological tumors in China, and its case 
fatality rate ranks first, which pose a serious threat to 
the lives of female patients [3]. There are 240,000 new 
cases of ovarian cancer and 150,000 deaths each year 
globally, making it the most malignant tumor among 
gynecological malignancies [4]. The symptoms of 
ovarian cancer are insidious at the early stage. About 
75% of ovarian cancer patients have developed to the 
late stage of the disease and are accompanied by 
extensive metastasis when they are explicitly 
diagnosed [5]. And the cancer often cannot be 

completely removed by surgery. At present, the main 
treatment for ovarian cancer is still chemotherapy or 
radiotherapy. Following the development of 
biotechnology and genetic engineering, the study of 
differential gene expression during tumor 
pathogenesis can promote individualized treatment 
and drug delivery, making it possible to become the 
effective key target genes to diagnose and treat cancer 
[6,7]. However, so far, there is still a lack of effective 
tumor markers for early diagnosis and prognosis 
evaluation of ovarian cancer patients. 

Caveolae is a kind of invagination structure with 
flask-shaped cell membrane, which participates in 
many life activities of cells [8,9]. Caveolae is the most 
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important type of lipid rafts, composed of cholesterol, 
sphingolipids and protein, which is also the marker 
protein [10]. As a key structural protein of caveolin, 
caveolin-1 (CAV1) is considered as a candidate tumor 
suppressor gene [11,12]. In recent years, the role of 
CAV1 in tumors has attracted more and more 
attention. Sanna et al. [13] found that CAV1 exerts a 
functional activity mediated, by directly binding to 
sequences of genes involved in proliferation in 
ovarian carcinoma cells. Zeng [14] and other studies 
found the correlation between the expression of CAV1 
and clinicopathological parameters of ovarian cancer 
and its relationship with the prognosis. 

In recent years, more and more studies have 
found that exosomes can play an important role in the 
occurrence and development of ovarian cancer by 
regulating the biological behavior of ovarian cancer 
[15,16]. Studies have shown that exosomes can be 
detected in the ascites of about 85.4% ovarian cancer 
patients [17]. These exosomes can induce dendritic 
cell (DC) precursor cells, DC and DC under the 
condition of coexistence of dendritic cells. The 
apoptosis of peripheral blood mononuclear cells 
ultimately inhibits the killing function of peripheral 
blood mononuclear cells. Skryabin et al. [18] have 
confirmed that caveolin-1 involved in the organizing 
of lipid rafts can be found in exosomes. However, 
there are few reports on the diagnostic and prognostic 
value of exosomes in patients with ovarian cancer. 
Therefore, our goal in this study is to evaluate the 
levels of plasma exosomal CAV1 and determine its 
prognostic value in patients with ovarian cancer. 

Materials and Methods 
Patients & clinical samples 

We collected blood samples of 155 patients with 
ovarian cancer from the First People’s Hospital of 
Yancheng, and the Second People’s Hospital of 
Yancheng from February 2016 to March 2019. All the 
enrolled 155 patients underwent surgical resection. 
The inclusion criteria for patients with ovarian cancer 
were as follows: (1) all cases were initial; (2) ovarian 
cancer was diagnosed clinically and pathologically; (3) 
no other systemic diseases such as hypertension, 
diabetes and other endocrine diseases, hepatitis and 
other infectious diseases or other tumors; (4) patients 
had no preoperative hormone therapy, radiotherapy 
or chemotherapy and complete clinical data were 
available. The exclusion criteria were as follows: (1) 
Patients who received preoperative hormone therapy 
and radiation and chemotherapy; (2) incomplete 
clinical data; and, (3) lost to follow up. 

The baseline clinical data of 155 patients with 
ovarian cancer were collected from medical records 

including demographic features, tumor size, lymph 
node metastasis, Federation International of 
Gynecology and Obstetrics (FIGO) stages, and 
pathological differentiation. Patients were followed 
up through April, 2020, with a median follow-up 
duration of 39.5 months (range: 12.0-50.0 months). 
The survival data were collected from follow-up 
records, and disease-free survival (DFS) and overall 
survival (OS) were calculated. DFS was defined as the 
duration from resection to disease recurrence, disease 
progression, or death. OS was defined as the time 
interval from resection to death. The follow-up results 
of the 155 patients enrolled in this study were 
obtained through medical records or telephone 
interviews. 

Blood samples were collected from 50 healthy 
controls in the First People’s Hospital of Yancheng, 
during the same period, aged 53-77 years, with a 
median age of 68 years. All specimens were collected 
after obtaining informed consent from the patients. 
The study was approved by the Ethics Committees of 
the First People’s Hospital of Yancheng (identification 
nos. HMU [Ethics] 2020-K047). 

Plasma exosome isolation 
Remove the cells 1- 2ml human plasma (1×PBS 

should be diluted 5 times) with centrifuged at 500×g 
at 4 °C for 5 min. The supernatant, 2000×g, 
centrifuged at 4 °C for 10 min to remove cell debris. 
Large vesicles after centrifuged at 10 000×g at 4 °C for 
30 min were removed. The large particles which may 
be mixed in the operation process was removed by 
filtering the supernatant with a 0.45 μm filter. The 
filtered supernatant was taken to the 
ultracentrifugation tube and 1 × PBS buffer solution 
was added to fill up the remaining volume to weigh 
and balance accurately. Put the tube on the rotor of 
the ultracentrifuge, centrifuge at 100000×g, 4 °C for 2 
hours. The supernatant was discarded after 
centrifugation and at the bottom of the tube 
translucent sediment could be seen. The sediment was 
resuspended in 1×PBS buffer and centrifuged at 100 
000×g at 4 °C for 80 min. 100-200 μl 1×PBS buffer was 
used to resuspend the exosomes which was 
transferred to 1.5 ml EP tube. Downstream 
experiments can be carried out directly and stored at 
-80 °C according to the requirements of follow-up 
experiments. 

Transmission electron microscopy (TEM) 
Prepare the extracted exosome from the -80 °C 

refrigerator and thaw. Take 10 μl of the thawed 
exosome and add it dropwise to the front surface of 
the clean copper mesh slowly whose diameter is 2 
mm. After the liquid completely infiltrates the entire 
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mesh surface, wiped off the residual liquid and let it 
stand at room temperature for 1-2 min. Pipet 20 μl of 
2% phosphotungstic acid and drop it on the copper 
net, then dye exosome for 2 min at room temperature 
and wipe off the remaining liquid and dry. Continue 
to drip PBS buffer solution, rinse the copper mesh 3 
times repeatedly, and use an incandescent lamp to dry 
it. Observe the shape of exosome under the electron 
microscope, take pictures and record. 

Nanoparticle tracking analysis (NTA) 
Take 500 μl exosome after thawing and put it 

into Nano Sight NS300 Instrument. Set the parameters 
for detecting exosome particle size. Start testing by 
switching on the instrument, record experimental 
data, and use NTA 3.3 software for data analysis. 

Western blotting 
Dilute the extracted exosomes with RIPA lysate 

by a certain multiple, then draw the diluted Exo 20 μl, 
add it to the test sample well of a 96-well plate, and 
place it at room temperature. For obtaining total 
proteins, exosomes were isolated and added to 
sodium dodecyl sulfate (SDS) buffer. By using SDS- 
PAGE gel total protein was separated and transferred 
onto PVDF (polyvinylidene difluoride) membranes 
(Millipore, USA). Membranes was blocked in 5% 
non-fat milk for 1 h and then incubated overnight at 
4 °C with the indicated primary antibodies, including 
an Annexin V, TSG101, CD9 and CD63 were obtained 
from Santa Cruz Biotechnology, Inc., (Texas, USA). 
Finally, membranes were incubated by using 
secondary antibodies for 1 h at room temperature. 

ELISA 
Residual cells were removed from the plasma 

sample and with 1 × PBS (1:500 dilution) cell 
fragments was diluted. On ice the exosomes were 
precipitated with 100 ml RIPA lysate for half an hour. 
PBS (1:3 dilution) was used to dilute the samples after 
shaking and mixing. Take out the ELISA plate coated 
with CAV1 antibody, add 1 well of blank control and 
7 wells of gradient concentration standard 
respectively. The diluted exosome samples were 100 
μl. After incubated at 37 °C for 60 min, discard the 
liquid in the well, and spin dry then add 100 μl of 
Solution A, cover the membrane, and bath in an oven 
at 37 °C for 60 minutes, and wash the plate 3 times. 
Add 100 μl solution B, cover with membrane, 
incubate in a 37 °C oven for 30 min, wash the plate 5 
times. 90 μl of TMB substrate solution, cover with 
film, and develop color at 37 °C for 15 min in the dark. 
50 μl of termination reaction solution. The microplate 
reader detects the absorbance value at 450 nm 
wavelength. 

Statistical analysis 
Statistical analyses were performed with SPSS 

24.0 software (IBM). If the continuous measurement is 
normally distributed, we present it as mean (SD); if it 
is not normally distributed, we present it as median 
(IQR). Chi square tests or Wilcoxon’s rank-sum tests 
was used to perform the correlation analyses. Kaplan- 
Meier curves showed DFS and OS. Log-rank test was 
used to determine the differences in DFS and OS 
between groups. ROC curve analysis was used to 
assess the prognostic value of plasma exosomal CAV1 
levels in ovarian cancer. Result with P value < 0.05 
was deemed to consider significant. 

Results 
Baseline characteristics 

The clinical characteristics of patients are shown 
in Table 1. Among the 155 enrolled ovarian cancer 
patients in this study, Eighty-one patients (52.26%) 
were less than 60 years of age, and seventy-four 
patients (47.74%) were 60 years of age or older. The 
pathological types included 102 cases (65.81%) of 
ovarian serous carcinoma, 36 cases (23.23%) of 
mucinous ovarian carcinom and 17 cases (10.96%) of 
ovarian endometrioid carcinoma. 23 (14.84%), and 132 
patients (85.16%) had FIGO stages I/II, and III/IV 
disease, respectively. The numbers of patients with 
low grade (1/2), and high grade (3/4) were 34 
(21.94%), and 121 (78.06%), respectively. Tumor size 
was less than 2 cm in 119 cases (76.77%) and greater 
than 2 cm in 36 cases (23.23%). Moreover, 59 patients 
(38.06%) had lymph node metastasis. In addition, the 
tumor position of 40 patients (25.81%), and 115 
patients (74.19%) were in one side and bilateral, 
respectively. 

Characterization of exosomes isolated from 
plasma 

TEM, NTA and western blot analysis were used 
to confirm the exosome integrity and purification. The 
exosomes were obtained by gradient ultra-
centrifugation at low temperature and then fixed and 
stained. TEM images showed that the exosomes were 
clustered and connected with each other, with clear 
background. The diameter was between 100 nm and 
200 nm. The shape was double disc like vesicle 
structure with intact lipid capsule (Figure 1A). The 
NTA data revealed that the median value of the total 
particles was about 100 nm, mainly distributed 
between 50 and 200nm, and the diameter of a small 
number of particles was between 0-50 nm (Figure 1B). 
Western blot showed that the expression of Annexin 
V, Tsg101, CD9 and CD63 were positive for plasma 
exosomes (Figure 1C). 
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Figure 1. Patient exosome characterization. (A)TEM images showed that the exosomes were round or quasi circular vesicles with a diameter of about 40-100 nm, with 
complete capsule and clear background. (B)The NTA data revealed that the diameter of plasma exosomal CAV1 in ovarian cancer patients mainly concentrated in 60 -110 nm, 
and the maximum distribution peak was 102.5 nm. (C)Western blot analysis showed that the expression of exosome markers including Annexin V, Tsg101, CD9 and CD63 were 
found in plasma exosomes. 

 

Table 1. Baseline characteristics of enrolled ovarian cancer 
patients 

Characteristic Ovarian cancer patients (n = 155) 
Age (years)  
<60 81 (52.26) 
≥60 74 (47.74) 
Tumor size (cm)  
<2 119 (76.77) 
≥2 36 (23.23) 
Tumor grading  
Low Grade (1/2) 34 (21.94) 
High Grade (3/4) 121 (78.06) 
Lymph node metastasis  
YES 59 (38.06) 
NO 96 (61.94) 
Pathologic type  
Ovarian serous carcinoma  102 (65.81) 
Mucinous ovarian carcinoma 36 (23.23) 
Ovarian endometrioid carcinoma  17 (10.96) 
FIGO stage  
I/II 23 (14.84) 
III/ IV 132 (85.16) 
Position  
One side 40 (25.81) 
Bilateral 115 (74.19) 

 

Correlation between plasma exosomal CAV1 
levels and clinical pathological parameters 

We examined plasma exosomal CAV1 levels in 
ovarian cancer patients and healthy controls using 
ELISA. As shown in Figure 2A, exosomal CAV1 levels 
in ovarian cancer patient plasma were significantly 
down-regulated (P < 0.001), when compared with 
healthy controls. We also investigated plasma 
exosomal CAV1 levels in ovarian cancer patients at 
different disease stages. The levels of exosomal CAV1 
in patient plasma were significantly higher in ovarian 
cancer patients with FIGO stages I/II, low grade (1/2) 
than FIGO stages III/IV disease and high grade (3/4) 
(both P < 0.01; Figure 2D, 2F). The levels of exosomal 
CAV1 in patient plasma were significantly higher in 
ovarian cancer patients with no lymph node 
metastasis than those with lymph node metastasis (P 
< 0.01; Figure 2E). However, there were no 

significantly statistical difference between patients 
with different age, tumor diameter, position and 
pathological types (All P > 0.05; Figure 2B, 2C, 2G, 
2H). 

Kaplan-Meier method was used to explore the 
relationship between plasma exosomal CAV1 levels 
and OS or DFS in ovarian cancer patients. Among all 
ovarian cancer patients, DFS was worse in patients 
who had low plasma exosomal CAV1 levels 
compared with that in patients with high plasma 
exosomal CAV1 levels (P < 0.001; Figure 3A). For OS, 
among all patients, the OS of patients with low 
plasma exosomal CAV1 levels was shorter than that 
of patients with high plasma exosomal CAV1 levels (P 
< 0.001; Figure 3B). 

Prognostic value of plasma exosomal CAV1 
levels in ovarian cancer patients 

We assessed the prognostic value of plasma 
exosomal CAV1 using ROC curve analysis (Table 2). 
The AUROC of plasma exosomal CAV1 was 0.76 (95% 
CI: 0.68-0.82) for DFS prediction in ovarian cancer 
patients. With the cutoff value of 130.56, the positive 
predictive value, positive likelihood ratio of plasma 
exosomal CAV1 were 90.0 (95% CI: 80.6-95.1), and 
4.68 (95% CI: 2.2-10.2). The negative predictive value 
and negative likelihood ratio were 49.5 (95% CI: 
43.8-55.1) and 0.53 (95% CI: 0.4-0.7) for prediction, 
with a sensitivity 52.9 (95% CI: 42.8-62.9) and a 
specificity 88.7 (95% CI: 77.0-9 5.7). For OS prediction 
in ovarian cancer patients, the AUROC of plasma 
exosomal CAV1 was 0.78 (95% CI: 0.70-0.84). With the 
cutoff value of 124.16, the positive predictive value, 
positive likelihood ratio of plasma exosomal CAV1 
were 57.1 (95% CI: 46.1-67.5), and 3.47 (95% CI: 
2.2-5.4). The negative predictive value and negative 
likelihood ratio were 85.8 (95% CI: 80.0-90.2) and 0.43 
(95% CI: 0.3-0.7) for prediction, with a sensitivity 65.1 
(95% CI: 49.1-79.0) and a specificity 81.2 (95% CI: 
72.8-88.0). 
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Figure 2. Correlation of low plasma exosomal CAV1 levels with characteristics features in ovarian cancer patients. (A) Compared with healthy controls, 
exosomal CAV1 levels in ovarian cancer patient plasma were significantly down-regulated (P < 0.001). (B) No significantly statistical difference of plasma exosomal CAV1 levels 
between different age (P = 0.704). (C) No significantly statistical difference of plasma exosomal CAV1 levels between tumor diameter (P = 0.457). (D) The levels of exosomal 
CAV1 in patient plasma were significantly higher in ovarian cancer patients with low grade (1/2) than high grade (3/4) (P < 0.001). (E) The levels of exosomal CAV1 in patient 
plasma were significantly higher in ovarian cancer patients with no lymph node metastasis than those with lymph node metastasis (P < 0.001). (F) The levels of exosomal CAV1 
in patient plasma were significantly higher in ovarian cancer patients with FIGO stages I/II than FIGO stages III/ IV disease (P < 0.001); (G) No significantly statistical difference of 
plasma exosomal CAV1 levels between different tumor position (P = 0.174). (H) No significantly statistical difference of plasma exosomal CAV1 levels among different 
pathological types (P = 0.810). 
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Figure 3. Association of plasma exosomal CAV1 levels with DFS and OS in ovarian cancer patients. (A) Among all ovarian cancer patients, DFS was worse in 
patients who had low plasma exosomal CAV1 levels compared with that in patients with high plasma exosomal CAV1 levels (P < 0.001). (B) Among all ovarian cancer patients, 
OS was worse in patients who had low plasma exosomal CAV1 levels compared with that in patients with high plasma exosomal CAV1 levels (P < 0.001). 

 

Table 2. The prognostic value of plasma exosomal CAV1 levels in 
ovarian cancer patients 

Variable Ovarian cancer patients (n = 155) 
AUROC (DFS) 0.76 (0.68-0.82) 
Cutoff value (95%CI) 130.56 
Sensitivity, % 52.9 (42.8-62.9) 
Specificity, % 88.7 (77.0-95.7) 
Positive predictive value, % 90.0 (80.6-95.1) 
Negative predictive value, % 49.5 (43.8-55.1) 
Positive likelihood ratio 4.68 (2.2-10.2) 
Negative likelihood ratio 0.53 (0.4-0.7) 
AUROC (OS) 0.78 (0.70-0.84) 
Cutoff value (95%CI) 124.16 
Sensitivity, % 65.1 (49.1-79.0) 
Specificity, % 81.2 (72.8-88.0) 
Positive predictive value, % 57.1 (46.1-67.5) 
Negative predictive value, % 85.8 (80.0-90.2) 
Positive likelihood ratio 3.47 (2.2-5.4) 
Negative likelihood ratio 0.43 (0.3-0.7) 

 

Discussion 
Caveolae could provide a possible platform for 

cell signal transduction [19]. It has been reported [20] 
that CAV1 expression is related to the clinical status of 
metabolic syndrome, and may become a potential 
target for the treatment and prevention of metabolic 
syndrome. CAV1 has also been confirmed to be 
expressed in lymphocytes and plays a potential role in 
latent HIV infection [21]. In recent years, the role of 
CAV1, as a candidate tumor suppressor gene, has 
attracted increased attention [22,23]. Many studies 
have shown that CAV1 is expressed in almost all 
normal cells, but the expression of CAV1 in most 
cancer cells or cells transformed by oncogenes is 
significantly reduced [24]. CAV1 expression is 
associated with malignant transformation, 
proliferation, invasion, metastasis, signal transduction 
and multidrug resistance [25,26]. 

Vykoukal et al. [27] showed that CAV1 
expression and secretion are associated with prostate 

cancer progression. An inverted CAV1 topology 
defines novel autophagy-dependent exosome 
secretion from prostate cancer cells. Ye et al. [28] 
showed that overexpression of CAV1 in patients with 
breast cancer administered neoadjuvant chemo-
therapy was associated with shorter DFS and OS. The 
high levels of CAV1 may serve as a prognostic 
biomarker for patients with breast cancer. In addition, 
circAKT1 acts as a sponge of miR-338-3p to facilitate 
clear cell renal cell carcinoma progression by 
upregulating CAV1 [29]. The study by Wang et al. [30] 
demonstrated that expression of CAV1 was positively 
associated with resistance of gastric cancer cells to 
cisplatin. Shi et al. [31] also showed the multifaceted 
roles of CAV1 on lung cancer occurrence, 
development and therapy. 

In recent years, there has been an increase in 
studies on the expression and biological roles of 
CAV1 in ovarian cancer. Zeng et al. [14] showed that 
decreased expression of CAV1 mRNA in epithelial 
ovarian cancer (EOC) can predict poor overall 
survival. Expression of CAV1 protein in cancer cells is 
significantly associated with histological subtype of 
EOC, suggesting that CAV1 could serve as a useful 
prognostic biomarker and candidate therapeutic 
target in EOC. Sayhan et al. [32] demonstrated that 
expression of CAV1 in peritumoral stroma was 
associated with histological grade in ovarian serous 
tumors, suggesting that CAV1 acts as a differential 
diagnostic biomarker in ovarian serous tumors. Liu et 
al. [33] showed that miR-96-5p promoted the 
proliferation and migration of ovarian cancer cells by 
suppressing CAV1. However, the diagnostic and 
prognostic value of exosomes in patients with ovarian 
cancer remains unclear. To date, this is the first study 
to evaluate the levels of plasma exosomal CAV1 and 
determine its prognostic value in patients with 
ovarian cancer. 
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In this study, we extracted exosomes from the 
plasma of patients with ovarian cancer. TEM, NTA 
and western blot analysis were used to confirmed 
exosome integrity and purification. TEM images 
showed that the exosomes were clustered and 
connected with each other, with a clear background. 
The diameter was between 100 and 200 nm. The shape 
was a double disc-like vesicular structure with an 
intact lipid capsule. NTA data revealed that the 
median value of the total particles was about 100 nm, 
mainly distributed between 50 and 200 nm, and the 
diameter of a small number of particles was between 0 
and 50 nm. Western blotting showed that expression 
of Annexin V, Tsg101, CD9 and CD63 was positive for 
plasma exosomes. 

We examined plasma exosomal CAV1 levels in 
ovarian cancer patients and healthy controls using 
ELISA. Compared with healthy controls, exosomal 
CAV1 levels in ovarian cancer patient plasma were 
significantly downregulated. Next, we investigated 
plasma exosomal CAV1 levels in ovarian cancer 
patients at different disease stages. The levels of 
exosomal CAV1 in patient plasma were significantly 
higher in ovarian cancer patients with FIGO stages 
I/II, low grade (1/2) than in those with FIGO stages 
III/IV disease and high grade (3/4). The levels of 
exosomal CAV1 in patient plasma were significantly 
higher in ovarian cancer patients with no lymph node 
metastasis than in those with lymph node metastasis. 
However, there were no significant differences 
between patients with different age, and different 
tumor diameter, position and pathological type. 
Among all ovarian cancer patients, DFS was worse in 
patients who had low plasma exosomal CAV1 levels 
compared with patients with high plasma exosomal 
CAV1 levels. The OS of patients with low plasma 
exosomal CAV1 levels was shorter than that in 
patients with high plasma exosomal CAV1 levels. 

Finally, we assessed the prognostic value of 
plasma exosomal CAV1 levels in ovarian cancer 
patients. The AUROC of plasma exosomal CAV1 
were 0.76 (95% CI: 0.68-0.82) and 0.78 (95% CI: 
0.70-0.84) for DFS and OS prediction in ovarian cancer 
patients, respectively. Plasma exosomal CAV1 levels 
has a better performance for OS and DFS prediction in 
ovarian cancer patients than CAV1 protein and/or 
mRNA and is a useful prognostic biomarker [14,34]. 

This study also had some limitations. First, 
although this was a large study evaluating plasma 
exosomal CAV1 levels in ovarian cancer patients, 
more patients from multiple centers need to be 
validated. Second, this study did not evaluate plasma 
exosomal CAV1 levels in the diagnosis of ovarian 
cancer. Finally, we did not explore the mechanism of 
action of exosomes and CAV1 in occurrence, 

development and therapy of ovarian cancer. 
In summary, our study revealed that exosomal 

CAV1 levels in plasma of ovarian cancer patients 
were significantly downregulated. Low exosomal 
CAV1 levels were closely related to the FIGO stages 
I/II, low grade, lymph node metastasis and prognosis 
of ovarian cancer patients. These findings may 
facilitate the establishment of plasma exosomal CAV1 
levels as a novel biomarker for prognosis in ovarian 
cancer. 
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