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Abstract
Purpose This study aimed to investigate the predictive and prognostic roles of circulating exosomal miRNAs in breast cancer 
treated with trastuzumab-based chemotherapy.
Methods Circulating exosomal miRNAs from trastuzumab-resistant (n = 4) and -sensitive (n = 4) patients were profiled 
using miRNA microarray. The predictive and prognostic roles of filtered miRNAs were validated in 107 early-stage and 68 
metastatic patients treated with trastuzumab-based chemotherapy through receiver-operating characteristic (ROC) curve 
analysis, logistic regression and Cox proportional hazards regression analysis, and Kaplan–Meier survival analysis.
Results MiRNA microarray analysis revealed miR-1246 and miR-155 were the most up-regulated miRs in trastuzumab-
resistant HER2-positive breast cancer patients, which were further validated in trastuzumab-resistant patient samples (n = 32) 
compared with trastuzumab sensitive ones (n = 36). MiR-1246 showed a ROC curve area of 0.750 with 78.1% sensitivity 
and 75% specificity in discriminating resistant from sensitive patients (p < 0.001), while miR-155 showed a ROC curve area 
of 0.877 with 68.8% sensitivity and 97.2% specificity (p < 0.001). Predictive factors and multivariate analysis showed that 
high levels of miR-1246 and miR-155 strongly predicted poor event-free survival (EFS) for early-stage patients, and poor 
progression-free survival (PFS) for metastatic patients. However, both miRNAs were revealed not to be associated with 
overall survival (OS). In addition, Kaplan–Meier survival analysis demonstrated that early-stage and metastatic patients 
with high expression of miR-1246 and miR-155 had poorer EFS or PFS, respectively, than those with decreased expression 
of both miRs.
Conclusions This study demonstrated the valuable roles of circulating exosomal miR-1246 and miR-155 in distinguishing 
trastuzumab resistant from sensitive patients.
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Introduction

Breast cancer (BC) occurs with high incidence and is the 
second leading cause for women deaths [1]. The human 
epidermal growth factor receptor-2 (HER2) is frequently 
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overexpressed in approximately 20% BC patients [2], which 
usually indicates poorer overall survival and shorter time to 
relapse [3]. Trastuzumab, a kind of humanized monoclo-
nal antibody, is specifically designed to target extracellular 
domain of HER2, and has proved remarkable therapeutic 
effects, when being used either alone or in combination 
with chemotherapeutics to treat HER2-positive BC patients 
[4, 5]. However, due to de novo or primary resistance, no 
less than 20% of early-stage HER2-positive breast cancer 
patients become resistant to trastuzumab-based chemother-
apy, which makes the therapeutic strategy turn out ineffec-
tive. Furthermore, over 70% of HER2-positive metastatic 
breast tumors are initially responsive to trastuzumab, but 
eventually experience disease progression within 1 year of 
exposure to the drug for acquisition of trastuzumab resist-
ance [6, 7]. Therefore, it is essential to predict the potential 
of trastuzumab resistance, which will help to make specific 
therapeutic strategies for patients with BC.

The exosomes form in the manner of fusion of intracel-
lular multivesicular bodies with the plasma membrane, and 
present as the circulating vesicles with a diameter between 
30 and 150 nm [8]. The most critical function of exosomes 
is to facilitate cell–cell communication by transmitting vari-
ous types of molecules, including lipids, nucleotide acids, 
and proteins, to neighboring or distant cells [9]. Circulat-
ing exosome components have been increasingly reported 
to be related with diagnosis and prognosis of patients with 
BC. For example, gold nanoflare probe-mediated detection 
of biomarkers for BC diagnosis revealed plasma exosomal 
miR-1246 robustly differentiate BC patients from healthy 
individuals [10]; microRNA-profiling analysis disclosed 
that several exosomal miRNAs are effective biomarkers 
for predicting recurrence of BC patients [11]; and GSTP1-
containing exosomes have been explored to predict chemo-
resistance in BC patients treated with anthracycline/taxane-
based chemotherapy [12]. Although a few studies have also 
uncovered the mechanisms for exosome-mediated trastu-
zumab resistance in BC patients [13, 14], little is known 
about the diagnostic roles of exosomes in predicting trastu-
zumab resistance, and thus prognosis of HER2-positive BC 
treated with trastuzumab-based therapy.

Growing evidences have indicated that microRNA profil-
ing revealed differentially expressed miRNAs are reliable 
biomarkers for diagnosis, therapeutic effective, and prog-
nosis in various type of cancer patients, including breast 
cancer [15–17]. MiRNAs in tumor cells can be packed into 
exosomes and released into circulation via active secretion 
of shedding microvesicles [18, 19]. In addition, it is note-
worthy that miRNAs packed in the exosome of plasma are 
remarkably stable, because of the protection from endog-
enous RNase activity by the exosomes membrane [20, 21]. 
Recently, it has been reported that circulating exosomal 
miRNAs are of diagnostic and prognostic values for various 

cancers such as esophageal cancer, head and neck tumors, 
and gastric cancer [22–24]. However, the predictive roles of 
circulating exosomal miRNAs for trastuzumab resistance in 
HER2-positive BC patients remain to be further investigated.

A predictive factor refers to a measurable variable asso-
ciated with response to a given therapy, while a prognostic 
factor is defined as a measurable variable that correlates 
with the natural history of the disease. In this study, we 
performed logistic regression and Cox proportional hazards 
regression independently to determine the predictive and 
prognostic roles of circulating exosomal miRNAs involved 
in trastuzumab resistance in breast cancer. Our work abided 
by the recommendations for tumor marker prognostic studies 
(REMARK) [25, 26], and proved that particular miRNAs 
packed in circulating exosomes could provide substantial 
trastuzumab resistance detection.

Methods

Study populations

The inclusion criteria for patients of this rule-based retro-
spective study were female, 18–70 years old, histologically 
confirmed HER2-positive, with early-stage or metastatic 
breast cancer diagnosed in Shandong Provincial Hospital 
between March 2013 and March 2019, and treated with tras-
tuzumab at a loading dose of 8 mg/kg followed 6 mg/kg 
per 3 weeks for duration of 1 year for early-stage patients, 
and with trastuzumab at a loading dose of 4 mg/kg followed 
by 2 mg/kg per week until diseased progression for the 
metastatic patients. The following information have been 
acquired for early-stage patients: age, menopausal status, 
clinical T stage, clinical N stage, Ki67 score, histologic 
subtype, Bloom–Richardson histologic grade, and hormone 
receptor (HR) status (including estrogen receptor and pro-
gesterone receptor status), relative expression of circulating 
exosomal miR-1246 and miR-155. For metastatic patients, 
acquired data included age, menopausal status, metastatic 
sites, histologic grade, Ki67 score, HR status, and relative 
expression of circulating exosomal miR-1246 and miR-155. 
All metastatic patients should have bi-dimensionally meas-
urable disease with clearly defined margins and radiologi-
cally (CT and/or ultrasound and/or MRI) documented tumor 
progression. Patients with central nervous system (CNS) 
lesions as the only site of measurable metastatic disease 
were excluded.

In this study, resistance to trastuzumab treatment in meta-
static patients were defined as progressed or stable disease 
occurred, and sensitive to trastuzumab refers to partial or 
complete response to treatment. For survival analyses, the 
end point was event-free survival (EFS) for early-stage 
patients and progression-free survival (PFS) for metastatic 
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patients. We defined EFS as the interval from initial diagno-
sis to distant metastasis, locoregional recurrence, or death 
from any cause, and PFS as the length of time from the start 
of trastuzumab-based treatment to disease progression or 
death, respectively. Overall survival (OS) was defined as 
the length of time from initial diagnosis to death from any 
cause for early-stage patients, and the length of time from 
the start of trastuzumab-based treatment to death from any 
cause for metastatic patients. Beside, pathological complete 
response (PCR) was defined as absence of residual invasive 
tumor cells in breast or nodes (ypT0/is + ypN0).

Blood processing and serum exosome isolation

Total exosomes were separated from peripheral blood using 
ExoQuick (BioCat, Heidelberg, Germany) in accordance 
with the manufacturer’s protocol. Briefly, 550 μl of plasma, 
isolated from debris and cells by two centrifugation pro-
cedures at 3000× g for 15 min, was incubated with 120 μl 
ExoQuick exosome precipitation solution at 4 °C for 30 min. 
After centrifugation at 1500× g for 30 min, the precipitated 
exosomes were then resuspended in 50 μl of phosphate-
buffered saline (PBS) buffer.

Transmission electron microscopy (TEM) 
and nanoparticle tracking analysis (NTA)

Isolated exosomes were confirmed by TEM and NTA. The 
samples were managed in 2% glutaraldehyde at 4 °C for 2 h. 
After being washed four times with PBS, exosomes were 
fixed in 1% osmium tetroxide for 2 h, and then washed two 
times with distilled  H2O. Next, the exosomes were dehy-
drated with acetone and gradient ethanol, fixed with 2% glut-
araldehyde at 4 °C for 2 h, and washed with PBS for 4 times. 
Finally, exosomes were immersed, embedded and polymer-
ized with ethoxyline resin to prepare slices with thickness of 
0.5 mm. After being stained with uranium acetate and lead 
citron citrate, the prepared exosomes were observed under 
TEM instrument. The mean size of the prepared exosomes 
was measured by NTA applying the NanoSight NS300 
instrument.

Western blotting (WB) analysis

Total exosomal proteins were extracted using the Total Exo-
some Protein Isolation Kit (Invitrogen, Shanghai, China) 
according to the manufacturer’s instruction manual. Protein 
concentration was analyzed by a BCA Protein Assay Kit 
(Beyotime, Shanghai, China). A total of 60 μg extracted 
protein was electrophoretically separated on 10–12% SDS-
PAGE and then blotted onto to a polyvinylidene fluoride 
membrane (Millipore, Billerica, USA), which was subse-
quently blocked on and incubated with rabbit polyclonal 

antibody specific for CD81 (1:1000; Invitrogen, Darmstadt, 
Germany) and CD63 (1:1000; ABGENT, San Diego, CA, 
USA) overnight. After washing with Tris-buffered saline 
containing 0.1% Tween-20 (TBST) three times, the mem-
brane was incubated with horseradish peroxidase-conjugated 
goat anti-rabbit IgG at room temperature for 1 h. A chemi-
luminescence kit (Thermo Fisher, Waltham, MA, USA) 
was applied for development of color, and a gel imager was 
applied to take photos.

Extraction of miRNA and conversion in cDNA

MiRNA were extracted from 50 μl exosomes resuspended 
in 150 μl of lysis buffer applying the TaqMan miRNA ABC 
Purification Kit (Thermo Fisher Scientific, Darmstadt, Ger-
many) according to the manufacturer’s protocol. Reverse 
transcription was performed using the TaqMan MicroRNA 
Reverse Transcription Kit (Life Technologies, Carlsbad, CA, 
USA) immediately after miRNA extraction. The reverse 
transcription reaction (10 μl) contained 4 μl RNA, nuclease-
free water, 2 μl TaqMan RT Primer, 0.13 μl RNase Inhibi-
tor, 1 μl Reverse Transcription Buffer, 0.66 μl MultiScribe 
Reverse Transcriptase, and 0.1 μl dNTPs. The reaction pro-
gressed at 16 °C for 30 min, 42 °C for 30 min, and 85 °C for 
5 min on a MJ Research PTC-200 Peltier Thermal Cycler 
(Global Medical Instrumentation, Ramsey, MN, USA). The 
cDNA samples were stored at − 20 °C for further use.

MiRNA microarray analysis

The miRNA expression profiles of circulating exosomes 
were analyzed by a 3D-Gene Human miRNA Oligo chip ver-
sion 20 (TORAY, Tokyo, Japan) according to the manufac-
turer’s recommendations. Fluorescence signals were scanned 
and analyzed applying the 3D-Gene Scanner (TORAY, 
Tokyo, Japan). This chip contained a total number of 2168 
genes. Data of miRNA expression were scaled by global 
normalization and the hybridization intensity data were nor-
malized to 1000 total signal intensities of each array, then 
the differential expression was investigated. Welch’s t test 
was applied to analyze significant correlation.

Quantitative real‑time polymerase chain reaction 
(QRT‑PCR) for miRNAs of circulating exosomes

MiRNA expression of circulating exosomes was assayed using 
QRT-PCR. Derived from the above miRNA microarray, miR-
1246 and miR-155 were most significantly upregulated in tras-
tuzumab-resistant patients compared with sensitive patients. 
Relative expression of miRNAs was detected by a real-time 
PCR instrument (Eppendorf Mastercycler ep realplex, Eppen-
dorf, Hamburg, Germany) using miScript SYBR Green PCR 
Kit (Qiagen, Hilden, Germany) following the manufacture’s 
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recommendations. The sequence of forward primer for miR-
155 we used was ACG CTC AGT TAA TGC TAA TCG TGA TA 
and for miR-1246 was TTC GAC GTG AAT GGA TTT TTG, the 
reverse primer for miR-155 was TAT GGT TTT GAC GAC TGT 
GTGAT and for miR-1246 was TAT CGT TGT ACT CCA GAC 
CAA GAC . The PCR system was as follows (25 μl): 0.5 μl 
ROX Dye, 9 μl  ddH2O, 2 μl template DNA, 0.5 μl forward 
primer, 0.5 μl reverse primer, and 12.5 μl SYBR Advantage 
Premix. The amplification protocol included an initial dena-
turation step at 95 °C for 10 min, followed by 40 cycles at 
95 °C for 15 s and annealing at 60 °C for 60 s. MiR-16a was 
used as an internal control as reference miRNA in the litera-
ture [27]. The experiment was repeated three times. Relative 
quantification of miRNA expression was calculated using the 
 2−∆∆CT method. ∆CT was calculated by subtracting the CT 
values for miRNA-16a from the CT values for miRNA-1246 
and miRNA-155. ∆∆CT was determined by subtracting aver-
age ∆CT of the control from ∆CT of cases. The data were 
presented as mean ± SD.

Statistical analysis

Statistical analysis was performed using the SPSS 18.0 soft-
ware (SPSS Inc., Chicago, IL, USA). The significant differ-
ences of circulating exosomal miRNAs expression between 
trastuzumab-resistant and -sensitive patients were analyzed 
applying the Mann–Whitney U test. The association between 
expression of miRNA and clinicopathological features were 
analyzed applying the one-way analysis of variance (ANOVA), 
Chi-square test, and Student’s t test. The EFS, PFS, and OS 
curves were analyzed applying the method of Kaplan–Meier 
survival curve, and the difference was investigated applying 
log-rank tests. We used Cox proportional hazards regression 
to analyze univariate and multivariate hazard ratios (HR) for 
OS, EFS and PFS. Receiver-operating characteristic (ROC) 
curves and the area under the ROC curve (AUC) were applied 
to analyze the sensitivity and specificity of the miRNAs in 
the prediction of trastuzumab resistance in the patients. The 
optimal cutoff threshold value for diagnosis was calculated by 
Youden’s Index (specificity + sensitivity-1). Univariate analy-
sis was performed for each factor, while multivariate analysis 
was applied for factors that demonstrated significance in uni-
variate analysis. All p values are 2-sided, and a p value < 0.05 
was considered statistically significant. The graphs were gen-
erated using GraphPad Prism 6.0 (GraphPad Software, San 
Diego, CA, USA) and SPSS 18.0 (SPSS Inc., Chicago, IL, 
USA).

Results

Patient characteristics

109 consecutive early-stage breast cancer patients and 71 
metastatic patients met the inclusion criteria, two early-stage 
patients and three metastatic patients were lost from follow-
up; therefore, a total of 107 early-stage breast cancer patients 
and 68 metastatic patients were included in this study. Treat-
ment and baseline characteristics of the entire patients are 
summarized in Tables 1 and 2, and the parameter data listed 
in inclusion criteria were all available for investigation. Of 
the early-stage patients, 48 cases received trastuzumab-
contained neoadjuvant treatment for at least four cycles, 
then accepted surgical therapy with postoperative evalu-
ation of pathological response, and 13 patients achieved 
PCR (Table 3). As for clinical outcomes, the early-stage 
patients were followed up for a median observation period 
of 44 months (range from 4 to 72 months), 23 patients had 
local recurrence or distant metastasis, and five deaths had 
occurred, all of which were attributed to disease progression. 
The metastatic patients were followed up for a median obser-
vation period of 39 months (range from 5 to 71 months), 
and 12 deaths had occurred which were also attributed to 
disease progression.

Characterization of the isolated circulating 
exosomes by TEM, NTA and WB analysis

We applied TEM, NTA and the WB test to verify the accu-
racy and efficacy of the circulating exosome extraction 
method (Online Resource 1). Microvesicle clusters in cir-
culation represented round vesicular membranes and the 
greatest dimension measured 50–200 nm. The extraction 
of exosomes was also analyzed using WB test applying 
antibodies specific for the exosomes biomarkers CD81 and 
CD63, which are members of tetraspanin family that local-
izes to the internal vesicles of exosomes [28]. As the 29 and 
45 kDa bands visible, CD81 and CD63 specific antibodies 
distinguished the exosomes in the pellet, respectively, but 
did not find any exosomes in the supernatant.

Different circulating exosomal miRNA signatures 
in trastuzumab‑resistant and ‑sensitive patients

Following qualitative analysis of circulating exosomes, 
we investigated the expression of miRNA profiles in cir-
culating exosomes derive from serum of four metastatic 
HER2-positive breast cancer patients who progressed 
within 1 year of trastuzumab-contained therapy (tras-
tuzumab resistance) and four patients with partial or 



765Cancer Chemotherapy and Pharmacology (2020) 86:761–772 

1 3

complete response (trastuzumab sensitive). We aimed to 
pick up the exosomal miRNAs which are most differen-
tially expressed between the two groups from the panel of 
2168 miRNAs. Result shows that 16 exosomal miRNAs 
were demonstrated to be markedly differentially expressed 
(p < 0.005) between the trastuzumab-resistant and -sensi-
tive patients, including miR-1246, miR-155, miR-376c, 

Table 1  Characteristics of early-stage patients

a According to the 8th edition of American Joint Committee on Can-
cer TNM staging system
b HR (hormone receptor) positive was considered as ER and/or PR 
positive
c The relative expression of miR-1246 or miR-155 greater than or 
equal to the cutoff value derived from the ROC curve analysis was 
deemed as high level

Characteristics No. (n = 107) %

Age (years)
  < 50 54 50.5
  ≥ 50 53 49.5

Menopausal status
 Pre 63 58.9
 Post 44 41.1

Histology
 Ductal 101 94.4
 Other 6 5.6

Clinical tumor  sizea

 T1 17 15.9
 T2 43 40.2
 T3 41 38.3
 T4 6 5.6

Clinical nodal  statusa

 N0 57 53.3
 N1 32 29.9
 N2 13 12.1
 N3 5 4.7

Histological grade
 1 16 15.0
 2 53 49.5
 3 38 35.5

Ki67 score (%)
  < 40 47 43.9
  ≥ 40 60 56.1

HR  statusb

 Positive 75 70.1
 Negative 32 29.9

MiR-1246c

 High level 39 36.4
 Low level 68 63.6

MiR-155c

 High level 26 24.3
 Low level 81 75.7

Table 2  Characteristic and treatment of metastatic patients

Characteristics No. (n = 68) %

Age (years)
  < 50 34 50.0
  ≥ 50 34 50.0

Menopausal status
 Pre 37 54.4
 Post 31 45.6

Metastatic sites
 Chest wall/regional lymph nodes 26 38.2
 Liver 19 27.9
 Bone 36 52.9
 Brain 4 5.9
 Lung 34 50.0
 Others 3 4.4

No. of metastatic sites
  < 3 48 70.6
  ≥ 3 20 29.4

Histological grade
 1 6 8.8
 2 21 30.9
 3 41 60.3

Ki67 score (%)
  < 40 33 48.5
  ≥ 40 35 51.5

HR status
 Positive 40 58.8
 Negative 28 41.2

MiR-1246
 High level 34 50.0
 Low level 34 50.0

MiR-155
 High level 23 33.8
 Low level 45 66.2

Timing of metastasis diagnosis
 At presentation 27 39.7
 At recurrence 41 60.3

Lines of trastuzumab therapy
 First line 59 86.8
 Second line 7 10.3
  ≥ Third line 2 2.9

Trastuzumab therapy
 Alone 3 4.4

With chemotherapy
 Taxanes 61 89.7
 Others 4 5.9

Objective response
 Complete 6 8.8
 Partial 30 44.1
 Stable disease 18 26.5
 Progressive disease 14 20.6



766 Cancer Chemotherapy and Pharmacology (2020) 86:761–772

1 3

miR-660, miR-99b, miR-665, miR-195, miR-223-3p, miR-
30c-5p, miR-6238, miR-222, miR-7040, miR-122, miR-
215, miR-885-5p, and miR-3663-3p (Online Resource 2). 
Among these microRNAs, miR-1246 and miR-155 showed 
the highest fold-change (23.45 and 21.39, respectively). 
We selected circulating exosomal miR-1246 and miR-155 
as potential markers for predicting trastuzumab resistance 
in breast cancer patients in further investigation.

Relationship between selected circulating exosomal 
miRNAs and trastuzumab resistance in metastatic 
breast cancer patients

In 68 metastatic patients, the median level of miR-1246 was 
1.858 (range from 0.125 to 6.003, SD = 1.564) in the entire 
cases, 2.747 (range from 0.125 to 6.003, SD = 1.559) in the 
trastuzumab-resistant patients (n = 32), and 1.168 (range 
from 0.288 to 5.221, SD = 1.311) in the sensitive patients 
(n = 36). The miR-1246 expression level was significantly 
upregulated in the trastuzumab resistant compared with the 
sensitive patients (p < 0.001) (Fig. 1a). Besides, the median 
level of miR-155 was 2.954 (range from 0.147 to 10.123, 
SD = 2.208) in the entire cases, 3.569 (range from 0.202 to 
10.123, SD = 2.541) in the trastuzumab-resistant patients, 
and 2.099 (range from 0.147 to 7.066, SD = 1.708) in the 
sensitive patients. The expression of miR-155 was signifi-
cantly upregulated in the trastuzumab resistant compared 
with the sensitive patients (p < 0.001) (Fig. 1b).

We performed ROC curve analysis in 68 metastatic 
patients to discuss the threshold of miR-1246 level that best 
discriminated trastuzumab resistant from sensitive patients 
(Fig. 2a). The area under the ROC curve was 0.750 (95% 
CI 0.626–0.875; P < 0.001) and the optimal cutoff value of 
1.85750 could best discriminated the resistant from sensitive 
patients. The Youden’s Index, specificity, and sensitivity of 
the 1.85750 threshold were 0.531, 75, and 78.1%, respec-
tively. We also performed ROC curve analysis to discuss 
the threshold of miR-155 level (Fig. 2b). The area under the 
ROC curve was 0.877 (95% CI 0.794–0.961; P < 0.001) and 
the cutoff value was 3.966. The Youden’s Index, specificity, 
and sensitivity of the 3.966 threshold were 0.66, 97.2, and 
68.8%, respectively. The relative expression of circulating 
exosomal miR-1246 or miR-155 greater than or equal to 
the cutoff value derived from the ROC curve analysis was 
deemed as high level.

The ROC curve analysis further proved the role of miR-
1246 and miR-155 in stratifying resistant and sensitive 
patients, separately. To improve the discrimination, the 
concentrations of exosomal miR-1246 and miR-155 were 
combined by logistic regression. The combined scores of 
these exosomal miRNAs could discriminate between resist-
ant and sensitive patients with the area under the ROC curve 
was 0.898 (95% CI 0.822–0.975; P < 0.001) (Fig. 2c). These 
demonstrated the combination of the two miRNAs exhibited 
better predictive power compared the any individual miRNA 
and would be relevant for a robust biomarker.

Relationship between clinicopathological factors 
and selected circulating exosomal miRNAs

The association between the circulating exosomal miR-
NAs expression and key clinicopathological features was 

Table 3  Characteristics of early-stage patients treated with trastu-
zumab-based neoadjuvant therapy

Characteristics No. (n = 48) %

Age (years)
  < 50 22 45.8
  ≥ 50 26 54.2

Menopausal status
 Pre 30 62.5
 Post 18 37.5

Histology
 Ductal 47 97.9
 Other 1 2.1

Clinical tumor size
 T1 7 14.6
 T2 18 37.5
 T3 19 39.6
 T4 4 8.3

Clinical nodal status
 N0 26 54.2
 N1 11 22.9
 N2 8 16.7
 N3 3 6.3

Histological grade
 1 10 20.8
 2 19 39.6
 3 19 39.6

Ki67 score (%)
  < 40 25 52.1
  ≥ 40 23 47.9

HR status
 Positive 31 64.6
 Negative 17 35.4

MiR-1246
 High level 25 52.1
 Low level 23 47.9

MiR-155
 High level 16 33.3
 Low level 32 66.7

Pathological response (ypT0/is + ypN0)
 PCR 13 27.1
 Non-PCR 35 72.9
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analyzed and results are shown in Table 4. Among the 107 
early-stage patients, the exosomal expression of miR-1246 
was significantly higher in the clinical T3-4 tumor patients 
compared to T1-2 tumor patients (p = 0.026).

Predictive value of selected circulating exosomal 
miRNAs

In early-stage patients treated with trastuzumab-contained 
therapy, we performed logistic regression analysis to discuss 
the predictive value of circulating exosomal miR-1246 and 
miR-155 along with key clinicopathological features. Clini-
cal lymph nodal status (P < 0.001), miR-1246 (P < 0.001), 
and miR-155 (P = 0.001) were significantly correlated with 
EFS in univariate analysis. In addition, multivariate analy-
sis indicated that clinical lymph node status (p = 0.001), 
high level of miR-1246 (p = 0.001) and high level of miR-
155 (p = 0.005) were independent predictors of poor EFS 
(Table 5).

In early-stage patients, 48 cases accepted trastuzumab-
contained neoadjuvant treatment. Logistic regression 

analysis revealed clinical tumor size (p = 0.020), lymph node 
status (p = 0.003), and miR-1246 (p = 0.020) were signifi-
cantly correlated with PCR in univariate analysis. However, 
multivariate analysis demonstrated that no factor acted as 
independent predictor of PCR (Table 6).

In metastatic patients treated with trastuzumab-contained 
therapy, we performed logistic regression analysis to discuss 
the predictive value of miR-1246 and miR-155 along with 
key clinicopathological features. HR status (p = 0.005), miR-
1246 (P < 0.001), and miR-155 (p < 0.001) were significantly 
associated with PFS in univariate. Multivariate analysis indi-
cated that high level of miR-1246 (p = 0.006), and high level 
of miR-155 (p < 0.001) were independent predictors of poor 
PFS (Online Resource 3).

Prognostic value of selected circulating exosomal 
miRNAs

In early-stage patients treated with trastuzumab-contained 
therapy, Cox proportional hazards regression was performed 
to discuss the prognostic value of circulating exosomal 

Fig. 1  Relative expression of 
circulating exosomal a miR-
1246 and b miR-155 from TR 
(trastuzumab resistant, n = 32) 
and TS (trastuzumab sensitive, 
n = 36) metastatic patients; 
***p < 0.001; ****p < 0.0001

Fig. 2  ROC curve analysis for relative expression level of circulating exosomal a miR-1246 and b miR-155, and c combined miRNA panel in 
discriminating trastuzumab resistant from sensitive metastatic patients. AUC: area under the curve
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miR-1246 and miR-155 along with key clinicopathologi-
cal features. Lymph node status (P = 0.005), miR-1246 
level (P = 0.002), and miR-155 level (P = 0.003) were sig-
nificantly correlated with EFS in univariate analysis. Mul-
tivariate analysis indicated that clinical lymph node status 
(p = 0.008), high level of miR-1246 (P = 0.002) and high 
level of miR-155 (p = 0.014) were independent predictors of 
poor EFS (Online Resource 4). Besides, univariate analysis 
demonstrated no factors were significantly correlated with 
OS (Online Resource 5).

In metastatic patients treated with trastuzumab-contained 
therapy, univariate analysis demonstrated that PFS was cor-
related with HR status (P = 0.006), miR-1246 (P < 0.001), 
and miR-155 (P < 0.001). Multivariate analysis for PFS 
revealed that HR status (p = 0.018), high level of miR-
1246 (p = 0.008) and high level of miR-155 (p < 0.001) 
were independent predictors of poor PFS (Online Resource 
6). Besides, univariate analysis showed age of patients 
(p = 0.033) was significantly correlated with OS (Online 
Resource 7).

Table 4  Relationship between 
clinicopathological factors and 
exosomal miR-1246 and miR-
155 level

*Significant differences between groups with P < 0.05

Factor MiR-1246 MiR-155

High level Low level P High level Low level P

Age 0.689 0.374
  < 50 21 33 11 43
  ≥ 50 18 35 15 38

Menopausal status 0.229 0.648
 Pre 26 37 14 49
 Post 13 31 12 32

Clinical tumor size 0.026* 0.503
 T1-2 16 44 13 47
 T3-4 23 24 13 34

Clinical nodal status 0.316 0.114
 N0 18 39 10 47
 N1-3 21 29 16 34

Histological grade 0.531 0.482
 1–2 27 42 15 54
 3 12 26 11 27

Ki67 score (%) 0.157 0.823
  < 40 21 26 12 35
  ≥ 40 18 42 14 46

HR status 0.188 1.000
 Positive 24 51 18 57
 Negative 15 17 8 24

Table 5  Univariate and 
multivariate analyses of factors 
in predicting EFS in early-stage 
patients

OR odds radio, CI confidence interval
*Significant differences between groups with P < 0.05

Factor Univariate analysis Multivariate analysis

OR 95% CI P OR 95% CI P

Age (< 50 vs. ≥ 50) 0.733 0.290–1.857 0.513
Menopausal status (pre vs. post) 1.131 0.445–2.874 0.796
Clinical tumor size (T1-2 vs. T3-4) 1.222 0.485–3.083 0.671
Clinical nodal status (N0 vs. N1-3) 8.121 2.531–26.054 0.000* 9.125 2.397–34.738 0.001*
Histological grade (1–2 vs. 3) 0.748 0.277–2.018 0.566
Ki67 score (%) (< 40 vs. ≥ 40) 0.778 0.304–1.995 0.602
HR status (positive vs. negative) 0.969 0.355–2.643 0.950
MiR-1246 (high level vs. low level) 6.062 2.209–16.634 0.000* 7.465 2.230–24.981 0.001*
MiR-155 (high level vs. low level) 5.455 2.008–14.817 0.001* 5.613 1.679–18.764 0.005*
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Kaplan–Meier survival analysis demonstrated early-stage 
patients with high level of circulating exosomal miR-1246 
had poor EFS compared to those with low level (log-rank 
test, p = 0.001) (Fig. 3a), and patients with high level of cir-
culating exosomal miR-155 also had poor EFS (log-rank 
test, p = 0.001) (Fig. 3b). But early-stage patients with high 
or low level of these two miRNAs had no significant differ-
ence in OS (Fig. 3c, d). Besides, metastatic patients with 
high level of circulating exosomal miR-1246 had poor PFS 
compared to those with low level (log-rank test, p < 0.001) 
(Fig. 3e), patients with high level of circulating exoso-
mal miR-155 also had poor PFS (log-rank test, p < 0.001) 

(Fig. 3f). Concerning OS, metastatic patients with high or 
low level of these two miRNAs still had no significant dif-
ference (Fig. 3g, h).

Discussion

The present research used microarray profiling of exoso-
mal miRNAs and identified miR-1246 and miR-155 as the 
most significantly changed miRNAs in trastuzumab-resistant 
breast cancer patients compared to sensitive patients. Next, 
we investigated the selected miRNAs value based on ROC 
curve methodology and the results revealed miR-1246 and 
miR-155 were significantly associated with trastuzumab 
effect in metastatic patients. Then, our research revealed 
that upregulated expression of miR-1246 and miR-155 was 
predictive factors for poor trastuzumab reaction in early-
stage and metastatic patients. In prognostic analysis, the data 
also suggested high expression of miR-1246 and miR-155 
patients might have poor EFS in early-stage patients and 
poor DFS in metastatic patients, but OS was not significantly 
associated with either selected miRNAs. As we know, this 
is the first research to evaluate the predictive and prognostic 
role of exosomal miRNAs selected from microarray profiling 
in trastuzumab resistance in HER2-positive early-stage and 
metastatic breast cancer patients.

Breast cancer is a molecularly heterogeneous dis-
ease, exhibiting variations in gene expression signatures, 
clinical outcome and response to therapeutic options. 

Table 6  Analyses of miR-1246, miR-155 and clinicopathological fac-
tors in predicting PCR

*Significant differences between groups with P < 0.05

Factor Univariate analysis

OR 95% CI P

Age (< 50 vs. ≥ 50) 0.982 0.274–3.524 0.978
Menopausal status (pre vs. post) 1.643 0.450–5.996 0.452
Clinical tumor size (T1-2 vs. T3-4) 5.641 1.309–24.316 0.020*
Clinical nodal status (N0 vs. N1-3) 12.000 2.266–63.562 0.003*
Histological grade (1–2 vs. 3) 1.451 0.400–5.259 0.571
Ki67 score (%) (< 40 vs. ≥ 40) 0.722 0.201–2.589 0.617
HR status (positive vs. negative) 2.222 0.518–9.537 0.283
MiR-1246 (high level vs. low level) 0.177 0.041–0.764 0.020*
MiR-155 (high level vs. low level) 0.273 0.052–1.422 0.123

Fig. 3  Survival curves of patients with high-level versus low-level 
relative expression of selected miRNAs. a EFS curves of early-stage 
patients with high-level versus low-level miR-1246. b EFS curves of 
early-stage patients with high-level versus low-level miR-155. c OS 
curves of early-stage patients with high-level versus low-level miR-
1246. d OS curves of early-stage patients with high-level versus 

low-level miR-155. e PFS curves of metastatic patients with high-
level versus low-level miR-1246. f PFS curves of metastatic patients 
with high-level versus low-level miR-155. g OS curves of metastatic 
patients with high-level versus low-level miR-1246. h OS curves of 
metastatic patients with high-level versus low-level miR-155
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HER2-positive breast cancers tend to be more aggressive 
than other types and they are associated with worse progno-
sis. Although HER2-positive breast cancer shows a decrease 
in the response to chemotherapy and hormonal treatments, 
development of HER2-targeted therapies has significantly 
increased clinical benefit in adjuvant and metastatic settings. 
Despite the major advances made in the field of anti-HER2 
immunotherapy, many tumors treated with trastuzumab are 
either insensitive even before treatment with trastuzumab-
based therapy begins (innate resistance to trastuzumab) or 
may eventually develop resistance to therapy during the 
course of treatment (acquired resistance to trastuzumab). 
Among other aspects, cellular and molecular heterogeneity 
in breast tumors may increase the selection of tumor subpop-
ulations containing molecular alterations that can lead to the 
development of different cellular phenotypes and behaviors, 
such as drug resistance. We wish to explore reliable and fea-
sible factors which could distinguish between trastuzumab 
resistance patients and -sensitive patients.

Testing of non-invasive biomarker which could allow 
improved monitoring, and the early identification of meta-
static breast cancer is of greater clinical value. Traditional 
circulating biomarkers included CA15-3, CA 125 and CEA, 
increasing expression level of these circulating biomarkers 
in breast cancer patients’ plasma have been proved to fore-
cast the development of recurrence and metastases [29, 30]. 
Nevertheless, these traditional circulating biomarkers still 
lack sufficient specificity and sensitivity to facilitate identifi-
cation of therapeutic resistance and early detection of cancer 
metastasis. Quantification of circulating tumor cells (CTCs) 
was proved to be an independent prognostic factor of cancer 
relapse [31, 32]. However, CTCs are not appropriate method 
for monitoring therapeutic response because accurately 
detection tumor cells from the blood circulation requires 
relatively large sample [33]. In addition, detection of CTCs 
demands expression of known and sometimes variable mark-
ers with high quality antibodies needed for the profiling [34]. 
Our study demonstrated that peculiar circulating exosomal 
miRNAs could serve as credible, easy-available, predictive 
and prognostic biomarkers for treatment resistance.

There are several circulating microRNAs that have been 
reported to identify patients with differential responses 
to HER2-targeted therapy. Increased expression of circu-
lating miR-21, miR-150-5p, and miR-4734 showed asso-
ciation with poor clinical outcomes in HER2-positive 
non-metastatic BC patients, which have been treated with 
neoadjuvant therapy or adjuvant therapy with or without 
trastuzumab [27, 35]. Although miR-210 was initially 
shown to be a predictive factor of response to trastuzumab, 
it was later revealed to be linked with decreased EFS [36]. 
Besides, circulating miR-140-5p levels after 2 weeks of 
receiving trastuzumab appeared to be associated with 
EFS in BC patients [37]. In this study, we reported that 

circulating exosomal miR-1246 and miR-155 could indi-
vidually or in combination serve as predictive and prog-
nostic factors for trastuzumab-based therapy resistance 
in HER2-positive breast cancer. Exosomal miR-1246 has 
been previously reported with higher expression in BC 
patients than healthy controls [38], and shown to facilitate 
cell proliferation, invasion and drug resistance by CCNG2 
targeting [39]. Exosomal miR-155 secreted by breast can-
cer cell were revealed to be likely responsible for trig-
gering metastasis by inducing cancer-associated cachexia 
through metabolistic reprogramming of adipocytes and 
muscle cells [40]. However, the function and mechanism 
for miR-1246 and miR-155 in trastuzumab responsive reg-
ulation of HER2 BC patients remain worth study to shed 
light on their potential therapeutic applications.

Our study has limitations. This trial included a relatively 
small number of patients and short follow-up. Besides, this 
trial was designed to assess role of selected miRNAs for 
trastuzumab resistance. With usage of pertuzumab, ado-
trastuzumab emtansine, and neratinib more popular, explo-
ration resistance mechanism and predictive factors for these 
anti-HER2 monoclonal antibodies in breast cancer patients 
are necessary. The results of our study manifested miR-1246 
and miR-155 could be predictive and prognostic factors in 
trastuzumab resistance, but their directly targets which were 
prove oncogenic feature were not evaluated in tumor speci-
men. In future study, target genes and proteins expression of 
selected miRNAs need assess to inquire into the mechanism 
of miR-1246 and miR-155-induced trastuzumab resistance.

This study also has several strengths and implications. 
As far as we known, this work confirmed the hypothesis 
for the first time that circulating exosomal miR-1246 and 
miR-155 predict clinical prognosis of breast cancer patients 
treated with trastuzumab-based therapy. Given the hypothe-
sis-generating value of these findings, additional research is 
warranted to intensively study the mechanism of miR-1246 
and miR-155-induced trastuzumab resistance, by which it 
is possible to develop new agents to reverse trastuzumab 
resistance and enhance trastuzumab curative effect in HER2-
positive breast cancer treatment.
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