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Background: To explore the expression level of has_circ_0000615 in peripheral blood 
samples and evaluate its diagnostic value for breast cancer patients.
Methods: The peripheral blood samples of 95 breast cancer patients who underwent 
curative surgical resection and 95 age-matched healthy volunteers in our institutions from 
September 2019 to November 2020 were systematically collected. The expression level of 
has_circ_0000615 in the plasma was amplified and detected by qRT-PCR, and its correlation 
to clinicopathological characteristics of breast cancer patients were analyzed.
Results: Breast cancer patients had a significantly higher expression level of has_-
circ_0000615 in the plasma than healthy controls (P < 0.01), and its high expression was 
closely associated with advanced tumor stage (P=0.010), lymph node metastasis (P = 0.001) 
and high grade of recurrence risk (P=0.012). The receiver operator characteristic (ROC) 
curves showed that the area under curve (AUC) value, sensitivity and specificity of has_-
circ_0000615 for the diagnosis of non-metastatic breast cancer was 0.904 (95% CI: 0.863– 
0.944), 76.8% and 88.4%, respectively. Serum has_circ_0000615 expression had a better 
diagnostic efficiency than routine tumor biomarkers such as CA153, CA125 and CEA for 
distinguishing breast cancer patients from healthy individuals. TEM revealed that isolated 
exosomes from the culture medium of breast cancer cells had a disk-like appearance with 
a diameter of 80–200 nm vesicles, and the expression of exosome markers CD9 and CD81 
was markedly increased. More importantly, the expression of has_circ_0000615 was detected 
in the exosomes and its expression level was markedly upregulated in breast cancer cell lines 
compared with normal ductal epithelial cells. The stability assay showed that there was no 
difference between RNA extraction at 0 hour and 24 hours in terms of the expression of 
has_circ_0000615 (P =0.327). Has_circ_0000615 might as exosomes be secreted into the 
circulating blood of breast cancer patients, resulting in a high expression level in plasma 
samples.
Conclusion: The detection of has_circ_0000615 might be a promising diagnostic method 
for breast cancer.
Keywords: breast cancer, circRNAs, has_circ_0000615, exosome, diagnostic, biomarker

Introduction
According to the recent Cancer Statistics, breast cancer has become the most 
prevalent malignancies and a major health problem worldwide in female.1–3 With 
the advancement in multidisciplinary therapeutic strategy such as surgery, chemor-
adiotherapy, targeted therapy and endocrine therapy, the prognosis of breast cancer 
patients has been markedly improved. However, there were still a large proportion 
of patients dying of breast cancer.4,5 For these patients, the key to successful 
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treatment largely depends on the early diagnosis of tumor. 
The current data revealed that 5-year survival rate of early- 
stage breast cancer was more than 90%,5,6 suggesting that 
the survival outcome of breast cancer patients might be 
further improved if they were diagnosed at an early stage. 
Although several serum tumor biomarkers such as carbo-
hydrate antigen 153 (CA153), carcinoembryonic antigen 
(CEA), carbohydrate antigen 125 (CA125) and carbohy-
drate antigen 19-9 (CA19-9) were widely used in clinical 
diagnosis of breast cancer, the sensitivity and specificity of 
these biomarkers is still limited.7 Therefore, it is urgent to 
identify novel and effective biomarkers for early diagnosis 
and prognostic assessment of breast cancer.

It is well established that various components are 
released into the circulating blood due to cell apoptosis, 
tumor necrosis or active secretion during the development 
and cancer progression.8 As a kind of extracellular vesicles 
secreted by the cells, exosomes played an important role in 
intercellular communication and various physiological and 
pathological process such as cellular metabolism.9 With 
the development of highly sensitive technologies, liquid 
biopsy made serial biopsies possible for cancer patients 
through noninvasive approaches.10

Circular RNAs (circRNAs) are a novel class of endo-
genous non-coding RNAs formed by back-splicing events 
and characterized by closed continuous loop without 
polarity and polyadenylate tail structures.11,12 Unlike tra-
ditional linear RNAs such as long noncoding RNA 
(lncRNA) and microRNAs (miRNAs), circRNAs were 
not degraded by RNases or RNA exonucleases, and were 
more stable and conserved in peripheral blood or 
plasma.13,14 It has been reported that circRNAs function 
as miRNA sponges, RNA-binding proteins or a template 
of translation into polypeptides, regulating the pathogen-
esis and progression of various diseases.15–17 Some studies 
have demonstrated that the expression of circRNAs is 
markedly dysregulated in tumor samples and widely 
involved in multiple types of human cancers.18–20 These 
findings suggested that circRNAs might be an emerging 
and promising biomarker for the diagnosis and prognostic 
assessment of malignancies. Recently, a comprehensive 
microarray and RNA-Seq analysis identified a novel 
circRNA, has_circ_0000615, which was spliced from the 
ZNF609 gene, with the length of 874 nt.21 The studies 
have shown that the expression of has_circ_0000615 was 
markedly dysregulated in gastric cancer and nasopharyn-
geal cancer tissues, and knockdown of circ_0000615 
inhibited various malignant phenotype of cancer 

cells.21,22 These findings suggested that has_circ_0000615 
might act as a crucial regulator for cancer development 
and progression. However, its expression level and biolo-
gical roles in breast cancer remain unknown. By detecting 
the expression level of has_circ_0000615 in the plasma 
samples, our previous study demonstrated that has_-
circ_0000615 was differentially expressed in breast cancer 
patients compared to healthy controls. Therefore, the cur-
rent study was further designed to explore the diagnostic 
value of has_circ_0000615 as serum exosome for breast 
cancer patients.

Materials and Methods
Study Population and Tissue Samples
In this study, a total of 95 patients who underwent curative 
surgical resection for primary breast cancer at the fourth 
hospital of Hebei Medical University between 
September 2019 and November 2020 were included. All 
patients did not receive any chemotherapy, radiotherapy, 
targeted therapy or endocrine therapy before surgery. 
Those patients with primary underlying diseases such as 
hypertension, diabetes mellitus, coronary heart disease and 
the history of other malignancies were excluded. For the 
purpose of this study, the fasting blood samples of all 
breast cancer patients were systematically collected before 
surgery. In addition, 95 age-matched healthy volunteers 
were recruited as the control populations and blood sam-
ples were collected during the same research period. This 
study was approved by the Ethics Committee of the fourth 
hospital of Hebei Medical University, and written 
informed consents were obtained from each study subjects. 
All procedures were performed in accordance with the 
Declaration of Helsinki.

RNA Isolation, Reverse Transcription and 
Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)
Plasma samples of all study subjects were isolated from 
4 mL peripheral blood using BD Vacutainer tubes with 
Ethylene diamine tetraacetic acid (EDTA) as anticoagula-
tion (BD, New Jersey, USA). Blood samples were centri-
fuged at 1500 rpm for 15 min and the supernatant was 
transferred to 1.5 mL RNase-free tubes (AXYGEN, 
JIANGSU, China) and was stored at −80°C until use.

Total RNA in the plasma of breast cancer patients and 
healthy volunteers were extracted by TIANamp Virus 
RNA Kit (TIANGE, Beijing) according to the instructions 
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of manufacturer. The purity and concentration of total 
RNA samples were detected by NanoDrop 1000 instru-
ment spectrophotometer (Thermo Scientific, Waltham, 
MA, USA). Total RNAs were reversely transcribed into 
cDNA, and then qRT-PCR assay was performed using 
SYBR Premix Ex Taq II (Takara, Japan) and the Applied 
Biosystems Real-Time PCR System. The expression level 
of has_circ_0000615 in the plasma was determined by 
qRT-PCR assay using the following sequences of the pri-
mers: has_circ_0000615, Forward, 5ʹ- CAGCGCTC 
AATCCTTTGGGA −3ʹ; Reverse, 5ʹ- GACCTGCCACA 
TTGGTCAGTA −3ʹ. Glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) was used as an internal control 
(Forward, 5ʹ-TCGACAGTCAGCCGCATCTTCTTT-3ʹ, 
Reverse, 5ʹ-ACCAAATCCGTTGACTCCGACCTT-3ʹ). 
The results of qRT-PCR analysis were presented by 2−ΔΔ 

CT method and the relative expression level of has_-
circ_0000615 was normalized to the GAPDH expression.

Electrophoresis and Sequencing of 
qRT-PCR Products
To verify the qRT-PCR products of has_circ_0000615 in 
the plasma, 5 μL of the product mixture was subjected to 
2% agarose gel electrophoresis. The qRT-PCR product of 
has_circ_0000615 was sent for DNA sequencing at 
Sangon Biotech Co., Ltd. (Sangon, Shanghai, China).

Detection of Serum CEA, CA125 and 
CA153
The concentrations of serum tumor biomarkers in breast 
cancer patients and healthy controls, including CEA, 
CA125 and CA153, were measured by the Cobas e602 
system with the Elecsys CEA Assay kit (Roche 
Diagnostics, Basel, Switzerland) according to the manu-
facturer’s instructions. The cutoff values of CEA, CA153 
and CA125 were 5 ng/mL, 37 U/mL and 24U/mL, 
respectively.

Cell Culture and Exosomes Extraction
Human breast cancer cell lines were obtained from the 
National Institute of Cell Biology (Shanghai, China), 
and were cultured with Dulbecco’s Modified Eagle 
Medium (DMEM, Gibco, NY, USA) supplemented 
with 10% fetal bovine serum (FBS, Gibco) and 1% 
penicillin-streptomycin (Gibco) at a 37°C humidified 
atmosphere containing 5% CO2. Exosomes were 
extracted from the medium samples using the Transexo 

Cell Media Exosome Kit (TransGen, Beijing), and all 
procedures were performed according to the manufac-
turer’s protocol. We used 1mL of cell supernatant to 
precipitate the finally obtained exosomes for transmis-
sion electron microscopy in the downstream. 6mL of 
cell supernatant, and the resulting exosomes were used 
for downstream Western blot and qPCR experiments. 
For the serum samples, exosomes were isolated from 
the supernatant using the Plasma Exosome Total RNA 
Extraction Kit (Transgen, Beijing).

Transmission Electron Microscopy 
Analysis
Extracted exosomes were suspended using 30 μL phos-
phate-buffered saline (PBS) and then were maintained at 
4°C. Excess liquid from the edge of the bead was absorbed 
using filter paper, and then was stained with 1% uranyl 
acetate dye solution for 1 min. After drying at room 
temperature, exosomes were visualized by transmission 
electron microscope (Hitachi ht7800)

Western Blot
Total protein were collected and lysed with radio- 
immunoprecipitation assay (RIPA), and then they were sepa-
rated by sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) and transferred onto polyvinylidene 
difluoride (PVDF) membranes (Millipore, Billerica, MA, 
USA). Subsequently, the membranes were incubated with 
monoclonal rabbit anti-CD9 (1:1000, ET1601-9, Huaan 
Biology) and monoclonal rabbit anti-CD81 antibody 
(1:1000, ET1611-87, Huaan Biology) at 4°C overnight. 
Enhanced chemiluminescence (Cell Signaling Technology) 
was used to visualize the protein bands.

Statistical Analysis
All data and statistical analysis were analyzed using SPSS 
22.0 version software package (SPSS, Chicago, IL, USA). 
In this study, all quantitative data were expressed as mean 
± standard deviation (SD) and difference comparisons 
between the groups were performed by Student’s t-test if 
the data were accorded with the normal distribution. The 
relationship between the expression of has_circ_0000615 
and clinicopathological features of breast cancer patients 
were evaluated using chi-square test or Fisher’s exact test. 
Receiver operator characteristic curve (ROC) was plotted 
to evaluate the diagnostic value of has_circ_0000615 
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expression for breast cancer patients. A p-value <0.05 was 
considered statistically significant difference.

Results
Validation of the Presence of 
Has_circ_0000615 in the Plasma
To validate the presence of has_circ_0000615 isolated from 
the blood samples of breast cancer patients, the circRNAs 
were amplified by qRT-PCR using divergent primers. 
Agarose electrophoresis assay showed a PCR product with 
131kb size of the circRNA fragment (Figure 1A). The 
Sanger sequencing of the amplified product further revealed 
that the sequence of has_circ_0000615 had a structure of 
back-splice junction, which was in accordance with circBase 
(Figure 1B). These findings suggested that has_-
circ_0000615 is present in peripheral blood of breast cancer 
patients and could be detected specifically by qRT-PCR.

The Expression Level of 
Has_circ_0000615 in the Plasma Samples 
and Its Correlation to Clinicopathological 
Characteristics of Breast Cancer Patients
To further determine the expression level of has_-
circ_0000615, the blood samples of 95 breast cancer patients 
and 95 age-matched healthy controls were tested. As shown 
in Figure 2A, breast cancer patients had a significantly 

higher expression level of has_circ_0000615 in the plasma 
than healthy controls (P < 0.001). Based on these findings, 
we investigated the correlation between the expression of 
has_circ_0000615 and clinicopathological characteristics of 
95 breast cancer patients to explore its clinical significance. 
The results demonstrated that high expression level of has_-
circ_0000615 was closely associated with advanced tumor 
stage (P = 0.010), lymph node metastasis (P = 0.001) and 
high grade of recurrence risk (P = 0.012) (Table 1). On the 
other hand, we also detected the expression level of has_-
circ_0000615 in 38 paired breast cancer samples. Consistent 
with the expression level in the plasma, the expression of 
has_circ_0000615 was significantly increased in breast can-
cer tissues compared with adjacent normal tissues (P < 
0.001) (Figure 2B).

The Diagnostic Value of 
Has_circ_0000615 in the Plasma for 
Breast Cancer Patients
Next, we analyzed the ROC curves to evaluate the diag-
nostic value of serum has_circ_0000615 for breast cancer 
patients. Our results indicated that the area under curve 
(AUC) value of has_circ_0000615 was 0.904 (95% CI: 
0.863–0.944) for the diagnosis of non-metastatic breast 
cancer, with the sensitivity of 76.8% and specificity of 
88.4%, respectively (Figure 2C). The expression of 
serum has_circ_0000615 had a better diagnostic efficiency 

Figure 1 Validation of the presence of has_circ_0000615 in the plasma. (A) Agarose gel electrophoresis of qPCR products for has_circ_0000615; (B) the Sanger sequencing 
of the amplified product for has_circ_0000615.
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than routine tumor biomarkers for discriminating non- 
metastatic breast cancer patients from healthy individuals 
(AUC value for CA153: 0.482, 95% CI: 0.399–0.564, 
sensitivity: 14.7% and specificity: 92.6%; AUC value for 
CA125: 0.513, 95% CI: 0.430–0.595, sensitivity: 41.1% 
and specificity: 67.4%; AUC value for CEA: 0.498, 95% 
CI 0.415–0.580, sensitivity: 15.8% and specificity: 
91.6%). Moreover, we also found that detection of serum 
has_circ_0000615 had an excellent diagnostic perfor-
mance for distinguishing early-stage breast cancer (stage 
0 and stage I breast cancer diagnosed by histopathology) 
patients from healthy individuals. The AUC value, sensi-
tivity and specificity of has_circ_0000615 for the diagno-
sis of early-stage breast cancer were 0.799, 79.2% and 
68.7%, respectively, which were better than that of 
CA153 (AUC:0.383, 95% CI: 0.269–0.497, sensitivity: 
14.6% and specificity: 91.7%), CA125 (AUC:0.472, 95% 
CI 0.356–0.589, sensitivity: 14.6% and specificity: 91.7%) 

and CEA (AUC:0.475, 95% CI 0.358–0.592, sensitivity: 
81.3% and specificity: 25.0%) (Figure 2D).

Exosomal Has_circ_0000615 Might Be 
Secreted by Breast Cancer Cells into the 
Plasma
Considering the diagnostic value of has_circ_0000615 in 
the plasma of breast cancer patients, we further determined 
whether it was encapsulated in exosomes and secreted into 
the plasma. For this purpose, we collected the exosomes in 
the culture medium of breast cancer cells, and transmis-
sion electron microscopy revealed that isolated exosomes 
secreted by breast cancer cells had a disk-like appearance 
with a diameter of 80–200 nm vesicles (Figure 3A). On 
the other hand, Western blot analysis showed the presence 
of the exosome markers CD9 and CD81 in the breast 
cancer cells (Figure 3B). The expression levels of exoso-
mal has_circ_0000615 was detected in both normal breast 

Figure 2 The expression level and the diagnostic value of has_circ_0000615 in the plasma. (A) Comparison of has_circ_0000615 expression in the plasma between 95 
breast cancer patients and age-matched healthy controls; (B) comparison of has_circ_0000615 expression in 38 paired breast cancer samples; (C) ROC curve of 
has_circ_0000615 expression in the plasma of breast cancer patients without distant metastasis; (D) ROC curve of has_circ_0000615 expression in the plasma of early- 
stage breast cancer patients. ***P < 0.001.
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ductal epithelial cells and breast cancer cell lines 
(Figure 3C). Compared with normal ductal epithelial 
cells, the expression levels of exosomal has_circ_0000615 
in MCF-7 cells, Sk-BR-3 cells and 549 cells were mark-
edly upregulated (Figure 3D). What is more, we randomly 
selected and collected the blood samples of 14 breast 
cancer patients to compare the expression level of has_-
circ_0000615 in plasma exosomes and plasma, and the 
results showed that there was no expression difference 
between the two groups (P = 0.243) (Figure 4A). The 
stability assay showed that there was no difference 
between RNA extraction at 0 hour and 24 hours in terms 

of the expression of has_circ_0000615 (P = 0.327) 
(Figure 4B). These findings suggested that has_-
circ_0000615 might as exosomes be secreted by breast 
cancer cells into the plasma.

Discussion
Recently, increasing evidence have showed that aberrant 
expression of circRNAs is implicated in the carcinogenesis 
and tumor progression. For instance, a previous study 
reported that the expression of CircZNF609 was signifi-
cantly increased in breast cancer tissues and cell lines, and 
its high expression was a predictor of poor prognosis.23 

Table 1 Relationship Between Expression Level of Has_circ_0000615 and Clinical Features in Breast Cancer Patients

N (%) Has_circ_0000615 M (IQR) z/χ2 P

Age −0.579 0.563

<50 54 (56.8) 4.828 (6.80)

≥50 41 (43.2) 4.583 (4.94)

Stage −2.565 0.010

Stage 0/1 48 (50.5) 4.203 (4.13)

Stage 2/3/4 47 (49.5) 6.437 (11.44)

Tumor size −0.339 0.735

Diameter ≤2 65 (68.4) 4.811 (4.38)

Diameter ≥2 30 (31.6) 4.924 (11.72)

Lymphatic metastasis −3.326 0.001

No 62 (65.3) 4.188 (4.15)

Yes 33 (43.7) 7.292 (11.87)

Ki-67 −1.105 0.269

Low expression 39 (41.1) 4.811 (4.89)

High expression 56 (59.9) 5.193 (6.56)

Risk group for recurrence of breast cancer after surgery 8.854 0.012

Low risk 22 (23.2) 4.188 (2.61)

Middle risk 56 (58.9) 4.965 (6.41)

High riska 17 (17.9) 7.708 (12.97)

Molecular subtyping 0.565 0.754

Luminal 61 (64.2) 4.811 (5.04)

HER 29 (30.5) 4.712 (6.58)

Triple-negative 5 (5.3) 9.622 (10.78)

Note: aP < 0.05 vs Low risk.
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Figure 3 Has_circ_0000615 as exosome was secreted by breast cancer cells into the plasma. (A) Transmission electron microscopy showed a representative image of 
exosomes secreted by breast cancer cell line 549 into the plasma; (B) the expression levels of the exosome markers CD9 and CD81 were detected by Western blot assay. 
(C) Agarose gel electrophoresis of qPCR products for has_circ_0000615 in the exosomes. (D) The expression levels of exosomal has_circ_0000615 in normal breast ductal 
epithelial cells and breast cancer cell lines, ***P < 0.001.

Figure 4 The expression level of has_circ_0000615 in plasma exosomes and plasma. (A) Comparison of has_circ_0000615 expression in the plasma and corresponding 
plasma exosomes for 14 breast cancer patients. (B) Comparison of has_circ_0000615 expression for RNA extraction at 0 hour and 24 hours. 
Abbreviation: Ns, not significant.
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Huang et al reported a low expression level of has-circ 
-0000745 in gastric cancer tissues in comparison to adja-
cent normal tissues, and its expression level was proved to 
be a promising diagnostic biomarker for this malignancy.24 

In addition to the aberrant expression in tumor tissue 
samples, circRNAs were encapsulated in exosomes and 
secreted by cancer cells into the plasma. Yin et al demon-
strated that the expression level of has-circ-0001785 in the 
plasma was markedly higher in breast cancer patients than 
in healthy controls, and high has-circ-0001785 expression 
in the plasma was closely associated with histological 
grade, TNM stage and distant metastasis.25 More impor-
tantly, has-circ-0001785 showed a better diagnostic value 
for breast cancer than other tumor biomarkers such as 
CA153 and CEA.25

Unlike lncRNA, miRNA or other linear RNAs, the 
biological stability of circRNAs was more suitable in the 
plasma, making them as desirable biomarkers for the diag-
nosis of human diseases such as cancers. In the present 
study, we identified and detected the expression level of 
has_circ_0000615 in the plasma using qRT-PCR analysis. 
The results revealed that the expression level of has_-
circ_0000615 was markedly upregulated in breast cancer 
patients compared with age-matched healthy individuals. 
Based on the correlation between has_circ_0000615 
expression and clinicopathologic features, we found that 
the expression of has_circ_0000615 was higher in breast 
cancer patients with advanced tumor stage, lymph node 
metastasis and high recurrence risk. Considering the dys-
regulated expression of has_circ_0000615 in the plasma 
and its clinical significance, we also evaluated the diag-
nostic efficiency of has_circ_0000615 for breast cancer 
patients. Unsurprisingly, the detection of has_-
circ_0000615 in the plasma properly distinguished breast 
cancer patients from healthy individuals. ROC curves sug-
gested that plasma has_circ_0000615 could be used as 
a more desirable biomarker for the diagnosis of breast 
cancer patients, compared with CA153, CA125 and CEA.

It has been well established that the circRNAs could be 
packaged by exosomes and be released into the circulating 
blood.26 To date, the circRNAs in exosomes have been 
considered as potential diagnostic and prognostic biomar-
kers for human cancers and been paid more attention.27–29 

In the current study, we collected the isolated exosomes 
from breast cancer cells and used transmission electron 
microscopy to validate the appearance and diameter of 
exosomes. Moreover, the expression of CD9 and CD81 
protein was markedly elevated in breast cancer cell lines, 

further revealing the presence of the exosomes in culture 
medium. Interestingly, we also found that breast cancer 
cell lines had a higher expression level of has_-
circ_0000615 in the exosomes than normal breast ductal 
epithelial cells. These findings revealed that has_-
circ_0000615 might be encapsulated in exosomes and 
secreted by breast cancer cells.

Although the dysregulation of has_circ_0000615 
expression and its diagnostic value for breast cancer 
patients has been validated by our study, its biological 
function in the tumorigenesis and progression of breast 
cancer remain unclear. In a recent study, Liu et al reported 
that has_circ_0000615 was markedly overexpressed in 
nasopharyngeal cancer tissues and cell lines, and the 
malignant phenotypes of nasopharyngeal cancer cells 
were significantly suppressed by has_circ_0000615 
knockdown.22 Their study further revealed that the biolo-
gical behaviors of nasopharyngeal cancer cells were inhib-
ited by has_circ_0000615 knockdown via regulating the 
miR-338-3p/FGF2 axis.22 In the future, further investiga-
tions need to be performed to explore the effects of has_-
circ_0000615 on the cell growth, migration and invasion 
ability of breast cancer and underlying molecular 
mechanisms.

In conclusion, high expression level of has_-
circ_0000615 was markedly detected in both peripheral 
blood samples and cell lines of breast cancer, and was 
significantly correlated with aggressive clinicopathological 
features of tumor. Has_circ_0000615 might be packaged 
by exosomes and be secreted into the circulating blood. 
These findings suggested that has_circ_0000615 was 
a promising biomarker for the diagnosis of breast cancer.
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