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Purpose: There is an urgent need for new biomarkers for the diagnosis of breast cancer.

Exosomes can communicate with cells through transport molecules, including long-chain

noncoding RNA (lncRNA), which is considered as a promising noninvasive biomarker. Here,

we aimed to determine the potential of long noncoding RNA (lncRNA) H19 in the circulat-

ing exosomes for the diagnosis of breast cancer (BC).

Materials and Methods: We measured the levels of lncRNA H19 in serum-derived

exosomes from patients with breast cancer (BC) or benign breast disease (BBD) and healthy

subjects, using quantitative real-time PCR. H19 levels were also measured for pre-operative

and post-operative patients. Receiver operating characteristic curve was constructed, and the

area under the curve (AUC) was calculated to determine the applicability of exosomal H19

levels as biomarkers in BC. The relationship between H19 relative expression and clinical

features of BC patients was also analyzed.

Results: Exosomal H19 expression levels were upregulated in patients with BC compared to

that in patients with BBD and healthy controls (BC vs BBD, P < 0.001; BC vs healthy

subjects, P < 0.001). The median serum exosomal H19 levels were significantly lower in

post-operative than that in the pre-operative patients (P < 0.001). The AUC for exosomal

H19 analysis was 0.870 (95% CI: 0.774–0.966) with a sensitivity of 87.0% and specificity of

70.6%, which was higher than the AUCs for CA15-3 and CEA, ie, 0.822 and 0.811,

respectively. Moreover, exosomal H19 expression levels were associated with lymph node

metastasis (P = 0.039), distant metastasis (P = 0.008), TNM stages (P = 0.022), ER

(P=0.009), PR (P = 0.018), and Her-2 (P = 0.021).

Conclusion: Our results indicated that serum exosomal H19 acts as a novel biomarker for

the diagnosis of BC.
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Introduction
Breast cancer (BC) is the most common malignant tumor in women worldwide,

accounting for 30% of all new cancer diagnoses in women.1 The most common

causes of cancer death in women include lung, breast, and colorectal cancer. The

latest data estimated approximately 279,100 new cases and 42,690 deaths due to BC

in the United States in 2020.2 It is well known that early diagnosis and treatment can

critically benefit the prognosis of BC. However, thick-needle biopsy followed by

pathological examination, which is the current gold standard for diagnosis of BC, is

uncomfortable and invasive. Although body fluid-based testing contributes notably to

cancer diagnosis, the current serum tumor biomarkers used for BC diagnosis such as

carbohydrate antigen 15–3 (CA15-3) and carcinoembryonic antigen (CEA) have
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a low positive rate. Therefore, discovery of alternative

novel diagnostic biomarkers with high specificity and high

sensitivity for BC diagnosis is urgently required.

Exosomes are a type of membrane vesicles with

a diameter of approximately 30–150 nm, which are pro-

duced by almost all cells distributed in all body fluids,

containing a variety of proteins, RNAs, and lipids and

executing the function of cell-to-cell communication by

transferring oncogenic molecules, thereby playing crucial

roles in tumor growth, progression, and metastasis.3–5

Previous studies have confirmed that long noncoding

RNAs (lncRNAs) are non-protein encoding transcripts,

having more than 200 nucleotides.6 Disordered regulation

of lncRNAs can contribute to human diseases, such as

tumor formation and progression.7–9 Based on this, they

may be considered feasible as tumor biomarkers.

Moreover, several studies have indicated that serum exo-

somal lncRNAs show increased expression in several

human cancers, including colorectal cancer, hepatocellular

carcinoma, and gastric cancer.10–13

Emerging evidence indicates H19 is an oncogene.14

The H19 gene encodes a 2.3-kb lncRNA, which is located

on human chromosome 11p15.5 and exclusively expressed

from the maternal allele.15 H19 expression is widespread

during embryonic development but becomes restricted to

select tissues such as breast and uterus after birth.16 In

cancer, H19 is often overexpressed, and it is associated

with many aspects of cancer development.17 Wang’s study

showed that circulating exosomal H19 released from blad-

der cancer cells was valuable for the diagnosis and prog-

nosis of bladder cancer patients in the clinical setting.18

Aberrant H19 expression is observed in solid tumors,

including breast cancer. H19 is associated with many

biological processes, such as cell proliferation, invasion,

and apoptosis in tumors, including breast cancer.19,20

Circulating lncRNA H19 is a reported biomarker for mon-

itoring cancer progression.21 Therefore, we selected serum

exosomal lncRNA H19 as a candidate and evaluated its

diagnostic value for BC.

In this study, we measured the levels of H19 in serum-

derived exosomes, isolated from patients with BC or benign

breast disease (BBD) and healthy subjects, using quantita-

tive reverse transcription PCR (qRT-PCR). H19 levels were

also measured for the pre-operative and post-operative

patients. In addition, we analyzed the applicability of H19

as a novel marker for BC diagnosis and compared its

diagnostic potential with that of traditional biomarkers,

such as CA15-3 and CEA. The relationship between the

relative expression of H19 and the clinical features of BC

patients was also analyzed. In summary, the results of this

study suggest that exosomal H19 may be a useful tool for

the detection of BC.

Materials and Methods
Patient and Sample Collection
A total of 50 patients newly diagnosed with BC were

enrolled from Guangxi Medical University Cancer

Hospital between May 2018 and December 2018.

Inclusion criteria were: 1) female; 2) diagnosed with BC

by histopathological examination; 3) lack of prior anti-

cancer treatment such as chemotherapy or radiotherapy; 4)

absence of other malignancies; 5) available clinical

records. Patients with heart disease, organ failure, mental

disorder, hypertension, diabetes, traumatic disease, and

immune disease were excluded. Blood samples were col-

lected from included patients after diagnosis.

In parallel, serum samples from 50 patients with BBD

and 50 healthy participants without BC history were

obtained from the same hospital. The diagnosis of BBD

was confirmed by pathological examination. The control

group was comprised of healthy volunteers, having no health

issues that were identified in a routine physical examination.

The average age of patients with BC was 49 years (range

41–62). The average age of patients with BBD and healthy

volunteers was 44 (range 40–50) and 50 (range 45–65)

years, respectively. Blood samples from patients with BC

were collected again after day 7 post-operation to avoid the

effects of radiation or chemotherapy. After centrifugation at

3000 × g for 10 min, 2 mL of serum was isolated and stored

at −80 °C until exosome extraction.

We obtained written informed consent from all sub-

jects, and this study was approved by the ethics committee

of Guangxi Medical University Cancer Hospital (approval

#:LW2019027). This study was conducted in accordance

with the Declaration of Helsinki. Authors had access to

information that could identify individual participants dur-

ing or after data collection.

Exosome Isolation and Identification
Exosomes were extracted using the Exosome Extraction

Reagent (RENGEN BIOSCIENCES, SHENYANG,

LIAONING, CHINA; http://www.rengenbio.com). Serum

samples were thawed in a 25 °C water bath and centrifuged

at 3000 × g at 4 °C for 15 min to remove cells and debris.

Next, 125 μL exosome extraction reagent was added to 250
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μL serum and the mixture was swirled to homogeneity.

After incubation at 4 °C for 1 h, the samples were centri-

fuged at 3000 × g at 4 °C for 30 min. The exosome pellet

was diluted in 100 μL phosphate-buffered solution (PBS)

(10,010,023, Thermo Fisher Scientific, USA).

Serum-derived exosomes were identified by transmis-

sion electron microscopy (TEM), nanoparticle tracking

analysis (NTA), and Western blotting analysis. Briefly,

exosome specimens were fixed in 1% glutaraldehyde solu-

tion for 2 h. Thereafter, 20 μL of the diluted mixture was

transferred to a clean copper mesh. After staining with 3%

phosphotungstic acid solution, an image was captured

using transmission electron microscope (TEM; Hitachi,

Japan). The exosome specimens were diluted 1000-fold

and resuspended in PBS for size distribution analysis using

NTA (Malvern Instruments, UK).

For Western blotting analysis, total protein from the

exosomes and the exosome-depleted supernatant were

extracted with RIPA buffer (Beyotime Biotechnology,

China), and the BCA method was performed to determine

the protein concentration. The protein fraction (30 µg) was

run on 10% sodium dodecyl sulfate-polyacrylamide gel

electrophoresis (SDS-PAGE). Primary antibodies against

CD9 (EXOAB-CD63A-1), CD63 (EXOAB-CD9A-1) were

purchased from SBI (System Biosciences, USA), GAPDH

(EPR16891) was purchased from Abcam (UK). The sec-

ondary antibodies were goat anti-rabbit HRP secondary

antibody (EXOAB-VMTN-1) (System Biosciences, USA).

Total RNA Extraction and Quantitative

Reverse Transcription PCR (RT-qPCR)
Total RNA was extracted from serum-derived exosomes

using RNAiso Blood (Takara, China) according to the

manufacturer’s instruction. The extracted RNA was dis-

solved in 10 μL of RNase-free water. The quality and

quantity of RNA were evaluated by a NanoDrop

Spectrophotometer (Thermo Fisher Scientific, USA).

The total RNAs were reverse-transcribed using a high-

capacity cDNA reverse transcription kit (TAKARA) to

confirm the expression of lncRNA H19 and internal con-

trol. qPCR was performed using Power TB Green

(Takara) on the qtower3 G (Analytik Jena, Germany),

which was also used for data collection. β-actin was

used as an internal control. The primers for lncRNA

H19 were (forward) 5′-ACTCAGGAATCGGCTCTGG

AAGG-3′ and (reverse) 5′-GATGTGGTGGCTGGTGG

TCAAC-3′; primers for β-actin were (forward) 5′-ATC

AAGATCATTGCTCCTCCTGA-3′ and (reverse) 5′-

CTGCTTGCTGATCCACATCTG-3′. The reaction condi-

tions for RT-qPCR were 95°C for 30 s, followed by 40

cycles of 95°C for 5 s, 60°C (the optimal annealing

temperature) for 31 s, and 72°C for 10 s. The relative

expression levels of lncRNA H19 were analyzed by the

2−ΔΔCt method.

Detection of Serum CA15-3 and CEA
Serum CA15-3 and CEA levels were tested by chemilu-

minescent immunoassay using Roche Cobas E 601

Analyzer (Roche, Switzerland), following the manufac-

turer’s standard protocol. All methods were performed in

accordance with the relevant regulations and guidelines.

Statistical Analysis
SPSS software 22.0 (IBM Corporation, USA) was used

for statistical analyses. The data are presented as median

and interquartile range. The Kruskal Wallis test with

Bonferroni correction was used to compare the differ-

ences of H19 in BC group against those in BBD and

healthy groups. The Wilcoxon test was used to compare

the pre-operative and post-operative serum samples.

GraphPad Prism 5.0 (GraphPad Software, USA) was

used to prepare the figures. Association of exosomal

lncRNA H19 with clinicopathological parameters was

examined by the Chi-squared test. Receiver operating

characteristic (ROC) curve was constructed, and area

under the curve (AUC) was calculated to determine the

applicability of exosomal H19 levels as biomarker in BC

detection. Two-sided P-value < 0.05 was considered to

be statistically significant.

Results
Characterization of Exosomes in Serum
TEM showed the serum-derived exosomes to have

a diameter of 50–150 nm with a cup-shaped membrane

(Figure 1A). The sizes of exosomes were characterized by

an NTA characterization system, and the majority of vesicle

particles were between 50–150 nm in diameter (Figure 1B).

In addition, CD9 and CD63 were used to identify serum

exosomes (Figure 1C).

Circulating Exosomal lncRNA H19

Overexpressed in BC Serum
Exosomal H19 expression levels were upregulated in

patients with BC compared to that in patients with BBD
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and in the healthy controls. There were significant differ-

ences in the levels of H19 across the groups (BC vs BBD,

P < 0.001; BC vs healthy subjects, P < 0.001, Figure 2A

and B). Moreover, no significant difference in the expres-

sion of exosomal H19 was found among the patients with

BBD and healthy subjects. Furthermore, the median serum

levels of exosomal H19 were remarkably decreased in

post-operative samples compared to that in pre-operative

samples (P < 0.001, Figure 2C).

Diagnostic Value of Exosomal H19 for

Patients with BC
The value of AUC for exosomal H19 analysis was 0.870

(95% CI: 0.774–0.966, Figure 3A) with a sensitivity of

87.0% and a specificity of 70.6% that was significantly

higher than the AUCs for CA15-3 and CEA (0.822 and

0.811, respectively) (Figure 3B and C). We also calculated

the combinative diagnostic value of CA15-3 and CEA;

AUC was 0.845 (95% CI: 0.702–0.988, Figure 3D). The

results indicated that exosomal H19 was superior to the

traditional markers in BC diagnosis. Furthermore, AUC

for the combination of three markers was 0.914 (95% CI:

0.808–0.983, Figure 3E), thus implying exosomal H19 to

be an appropriate diagnostic marker for BC. The diagnos-

tic efficacy of all markers (individual and combinations)

for breast cancer are listed in Table 1.

Correlation of Serum H19 with

Clinicopathological Characteristics
We found exosomal H19 expression levels to be associated

with lymph node metastasis (P = 0.039), distant metastasis

(P = 0.008), TNM stages (P = 0.022), ER (P=0.009), PR

(P = 0.018), and Her-2 (P = 0.021). However, we failed to

find any significant correlation between the H19 levels and

clinical characteristics in terms of age, tumor size, and

Ki67 cells (Table 2).

Discussion
The identification of an effective biomarker for early diag-

nosis of BC is critical for timely treatment. Prior studies

have revealed that circulating exosomes in serum contain

protein and nucleic acids that may be indicative of various

diseases including cancer, and thus provide opportunities

for early cancer diagnosis.22 The analysis of exosomes in

plasma or bodily fluids is highly advantageous to patholo-

gical biopsy owing to its noninvasiveness and repeatability.

B 

C 

A 

Figure 1 Characterization of serum exosome. (A) Serum exosomes (arrows)

were analyzed by TEM. (B) NTA revealed the particle size, ranging from 50–150

nm in diameter. (C) Exosome-enriched protein CD9 and CD63 were analyzed

by Western blotting in exosomal (EXO) and exosome-depleted supernatant

(EDS) samples in serum.
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Indeed, exosomes are very stable, easy to obtain, and pre-

sent in almost all body fluids,23,24 allowing for frequent

monitoring of malignancies. In our study, we investigated

whether lncRNA serum H19 is present in exosomes and

whether exosomal H19 could be utilized as a noninvasive

diagnostic tool for breast cancer. Our results showed that

serum H19 was contained in exosomes, and exosomal H19

was significantly upregulated in the serum of patients

with BC compared to those with BBD and NC participants.

Moreover, ROC analysis indicated that serum exosomal

H19 is a promising diagnostic indicator.

In this study, exosome morphology and size distribu-

tion were characterized by transmission electron micro-

scopy (TEM) and nanoparticle tracking analysis (NTA).

TEM showed that serum-derived exosomes were 50–150

nm in diameter. Furthermore, exosome size was measured

using NTA, and the majority of vesicle particles were

50–150 nm in diameter. CD9 and CD63 are known exo-

somal protein markers routinely used for the determination

of serum exosomes25–27. These results demonstrated that

we have successfully extracted exosomes from serum.

There was a difference in total exosome content between

N versus T serum.28,29 The exosome pellet was washed

with PBS to ensure that there was no serum residue.

Therefore, H19 was measured in serum exosomes rather

than in the serum. Recently, Hon et al have identified

19,175 potentially functional lncRNAs in the human gen-

ome that are also regulated by transcription factors and

A B 

C 

Figure 2 (A). The levels of exosomal H19 were 6.225 (2.133–8.167) in BC patients, 0.905 (0.465–2.532) in BBD patients, 0.875 (0.431–2.374) in healthy subjects. There

were significant differences in the levels of H19 across the groups (BC vs BBD, P < 0.001; BC vs healthy subjects, P < 0.001). (B) The expression levels of exosomal H19 was

significantly increased in BC patients than in BBD and in healthy controls. (C) Level of exosomal H19 in the serum of patients with BC varied across pre-operation samples

and those after 7 days of tumor resection (post-operation); ***P < 0.001, n=50 per group.
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A                                                

B 

C D 

E

Figure 3 The ROC curves of biomarkers. (A) The ROC curve of exosomal H19. The area under the curve was 0.870. (B) The ROC curve of CA153. The area under the

curve was 0.822. (C) The ROC curve of CEA. The area under the curve was 0.811. (D) The ROC curve of combined CA153 and CEA. The area under the curve was 0.845.

(E) The ROC curve of combined CA153, CEA, and exosomal H19. The area under the curve was 0.914.
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epigenetic modifications.30 They reported that most

lncRNAs are similar to mRNA: they are transcribed by

RNA polymerase II, are 5′ capped, 3′ polyadenylated, and

can be spliced.31,32 Shao et al proved that lncRNA CASC9

may be used as a novel therapeutic target and as a potential

diagnostic marker for BC.33 Huang et al identified a panel

of serum noncoding RNAs (ncRNAs) as potential diag-

nostic and prognostic biomarkers for BC that included the

ncRNAs let-7a, miR-155, miR-574-5p, and MALAT1.34

Based on our experiments, we found that exosomal H19

could effectively distinguish BC patients from BBD and

NC subjects with a significantly high AUC value of 0.870

as well as a sensitivity of 87.0% and a specificity of

70.6%. β-actin was consistently highly expressed in our

experiments, showing that ACTB expression in serum

exosomes is not affected in breast cancer. The following

groups have also chosen β -actin as an internal control for

normalizing of RNA levels in exosomes.35,36 For the first

time, its potential in the diagnosis of BC was proved.

Moreover, the clinical diagnostic value of H19 was

shown to be significantly higher than that of CEA and

CA15-3. Therefore, the best option would be to combine

H19, CEA, and CA15-3 in such a way that the diagnostic

efficiency is as high as 0.914, which is much better than

that of any of the markers alone. Therefore, we believe

that detection of a combination of exosomal H19, CEA,

and CA15-3 may be a viable complement to current BC

detection strategies. Our study also showed that exosomal

H19 levels were associated with poor clinical outcome,

including positive lymph node metastasis and positive

distant metastasis, which indicated that high levels of

exosomal H19 may be correlated with an advanced BC.

For patients undergoing modified radical mastectomy,

a remarkable decrease in exosomal H19 may indicate the

release of exosomal H19 from tumor cells into the

bloodstream.

H19 is beneficial in the development of BC, probably by

the following mechanisms. First, the H19-derived miR-675

gives rise to two functional microRNAs, namelymiR-675-5p

and miR-675-3p.37 Vennin et al had identified that the over-

expression of miR-675-5p in BC cell lines induces the down-

regulation of c-Cbl and Cbl-b proteins, and promotes the

proliferation and metastasis of tumor cells.38 Matouk et al

found that H19 upregulates Slug expression, resulting in the

suppression of E-cadherin through mir-675 to regulate

epithelial-mesenchymal transition of BC and promote inva-

sion and metastasis of BC cells.39 Second, Li et al revealed

that H19 upregulates DNA methyltransferase DNMT1 by

sponging miR-152, thereby promoting BC cell proliferation

and invasion.40 Last, but not the least, Barsyte-Lovejoy et al

Table 1 The Diagnostic Efficacy of All Markers (Individual and

Combinations) for Breast Cancer

Biomarker AUC 95% CI Sensitivity Specificity

H19 0.870 0.774–0.966 87.0% 70.6%

CA15-3 0.822 0.682–0.918 67.2% 58.3%

CEA 0.811 0.637–0.892 66.5% 52.7%

CA15-3+CEA 0.845 0.702–0.988 78.4% 67.3%

H19+CA15-3 0.902 0.724–0.966 87.6% 72.5%

H19+CEA 0.895 0.737–0.978 88.5% 74.5%

H19+CA15-3+CEA 0.914 0.808–0.983 89.2% 76.3%

Table 2 Association Between H19 Relative Expression and

Clinical Features of BC Patients

Feature Number of

Cases(n=50)

H19 Levels

(Mean + SD)

P value

Age(years) 0.566

<50 27 6.35±1.29

≥50 23 6.28±1.27

Tumor Size(cm) 0.115

<5 44 6.98±1.31

≥5 6 7.19±1.29

Lymph Nodes

Metastasis

0.039

+ 18 5.86±0.88

﹣ 32 4.68±0.41

Distant

Metastasis

0.008

+ 13 7.16±1.18

﹣ 37 5.86±0.23

TNM Stage 0.022

I-II 31 4.04±0.36

III-IV 19 6.79±0.93

ER 0.009

+ 36 5.30±0.57

﹣ 14 2.69±0.44

PR 0.018

+ 30 5.21±0.71

﹣ 20 2.92±0.25

Her-2 0.021

+ 38 5.99±0.47

﹣ 12 2.86±0.21

Ki67 0.377

≤10% 34 4.63±0.58

>10% 16 4.09±0.47
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demonstrated H19 as a Myc-up-regulated gene that potenti-

ates the tumorigenic phenotype of BC cells.41

Conclusions
In conclusion, our data show that exosomal H19 expres-

sion levels are upregulated in patients with BC. Moreover,

the ROC results show that the diagnostic accuracy of

exosomal H19 was superior to the traditional markers

in BC diagnosis. Our results indicate that serum exosomal

H19 acts as a novel biomarker for the diagnosis of BC.

These findings warrant further investigation. Certainly,

more studies are required for further investigation into

the diagnostic potential of serum exosomal H19 for BC

treatment and prognosis.
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