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Abstract
Purpose: Circulating microRNAs (miRNAs) have been indicated as predictive bio-
marker for the response to neoadjuvant chemotherapy (NAC) and the prognosis of
breast cancer (BC); however, to date the conclusions have been controversial. The bio-
logical characteristics of BC were affected by molecular subtypes. Hence, we aimed to
investigate the predictive effect of miRNAs on NAC response in luminal B BC
patients.
Methods: Thirty-seven luminal B BC patient under NAC were prospectively enrolled
in this study. Based on their clinical, pathological, and comprehensive response, the
patients were defined as responder or non-responders, respectively. Circulating
miRNAs were isolated from blood samples before and at the middle of NAC, and can-
didate miRNAs (miR-34a-5p, miR-125b-5p, miR-210, miR-222, miR-375, miR-718,
miR-4516, and let-7g) were analyzed by quantitative real-time polymerase chain reac-
tion (PCR). In addition, the association between miRNAs and disease-free survival
(DFS) was examined.
Results: miR-718, miR-4516, miR-210, and miR-125b-5p were found to be specific
miRNAs associated with chemo-sensitivity of luminal B HER2 negative patients
(n = 24). In the luminal B HER2 positive cohort (n = 13), dynamics of miR-222 and
let-7g correlated with pathological response. Treatment-induced increase in miR-34a-
5p in the responders except who reached pathologic complete response (pCR) was
consistently identified across all luminal B patients and its two subgroups. Finally,
after adjustments for Neo-Bioscore, patients with increased levels of miR-125b-5p
during NAC had a worse DFS than those with decreased levels (HR = 5.86, 95%
CI = 1.39–24.62, p = 0.016).
Conclusion: Specific circulating miRNAs were identified as predictive markers for
NAC response and prognosis in luminal B BC. The underlying mechanism needs fur-
ther studies.
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INTRODUCTION

Among women, breast cancer (BC) is the most common
invasive cancer and the leading cause of cancer-related

death in the world.1 As a heterogeneous disease, the sub-
types of BC are associated with the different clinicopatho-
logical characteristics, treatment strategies, and prognosis.
According to the estrogen receptor (ER), progesterone

Received: 29 August 2021 Accepted: 20 October 2021

DOI: 10.1111/1759-7714.14219

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2021 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd.

3396 Thorac Cancer. 2021;12:3396–3406.wileyonlinelibrary.com/journal/tca

https://orcid.org/0000-0002-4186-1005
mailto:cui.pharm@pkufh.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/tca


receptor (PR), human epidermal growth factor receptor
2 (HER2), and Ki67, we can categorize BC into four
molecular subtypes: luminal A, luminal B (including
HER2 positive [HER2+] and HER2 negative [HER2�]),
HER2 enriched, and basal-like.2 Among them, luminal
BC is the most common type in women diagnosed with
early-stage BC.3

Neoadjuvant chemotherapy (NAC) has gained a para-
mount role in the treatment of early/locally advanced BC
and enables an objective evaluation of treatment efficacy.4,5

Pathologic complete response (pCR), usually used as the
primary endpoint, has been proposed as a surrogate end-
point of survival, such as disease-free survival (DFS) and
overall survival (OS).6,7 Improving pCR rates became the
goal of NAC with the expectation of improved patient sur-
vival. However, pCR rates varies among the different BC
subgroups: 0%–8% in luminal A, �15% in luminal B
HER2�, 22%–48% in luminal B HER2+ with trastuzumab
combined in NAC, and higher in HER2-enriched and tri-
ple negative BC (TNBC).8,9 Hence, it is of significance to
predict the response of NAC to avoid side effects and poor
outcomes from the ineffective treatment. Unfortunately, at
present there is no method that definitely predicts chemo-
therapeutic responders from non-responders. However, the
good thing is that obtaining tumor specimens or blood
samples from the patient before, during, and after NAC is
convenient, enabling to find prognostic and predictive bio-
markers, such as microRNAs (miRNAs).

Several previous studies have reported an association
between miRNAs aberrant expression, chemotherapy
response, and resistance in BC.10,11 Given the stable, non-
invasive, real-time, and easily recurring sampling char-
acteristics, circulating miRNAs represent an important
avenue in the search for a biomarker for NAC response
prediction. Circulating miR-34a, miR-122, miR-125b,
miR-451, miR-663, and other miRNAs were found to be
associated with NAC outcomes,12–17 but without BC sub-
types classified. NEOCENT study found an increase in
plasma let-7a was seen at surgery for luminal patients
with objective radiological response to NAC.18 As for
luminal A BC, miR-19a and miR-205 in the serum may
predict the chemosensitivity.19 Some other studies20–25

focused on the HER2+, TNBC, or hormone receptor pos-
itive/HER2� subtypes, but the relationship between cir-
culating miRNAs and NAC response in luminal B BC has
not been specifically studied. Moreover, most stud-
ies12,18,26–28 defined complete response (CR) and partial
response (PR) as responders and stable disease (SD) and
progression disease (PD) as non-responders based on
response evaluation criteria in solid tumors (RECIST)
1.1,29 and some19,21,22,30,31 assessed pathologic response
according to different standards. The inconsistency of
evaluation of the NAC efficacy deserves equally attention.

Therefore, this study aimed to determine the predictive
value of circulating miRNAs regarding treatment response and
survival in luminal B BC patients receiving NAC.

METHODS

Patients

Based on the definitions of intrinsic subtypes of BC from
St. Gallen consensus 2013,32 we recruited 37 luminal B BC
patients undergoing NAC at Peking University First Hospi-
tal from December 2015 to February 2018. This study was
reviewed and approved by Ethical Review Board of the
Peking University First Hospital (2015 [999]). All the
patients received first-line taxane and/or anthracycline based
regimen, and trastuzumab was combined with chemother-
apy for some HER2+ cases. Other interventions as standard
procedures were described previously.33 Neo-Bioscore,34 a
clinical-pathologic staging system incorporating ER, the
nuclear grade, and HER2 status, was used to help assess the
prognosis stratification. All of the patients were followed-up
until June 2021. The study was performed in accordance
with reporting recommendations for tumor marker prog-
nostic studies (REMARK) criteria.35

To assess the agreement of miRNAs’ predictive efficacy
between different standards, we evaluated the NAC
responses of patients according to clinical, pathological, and
comprehensive outcomes. Clinical response was divided into
two groups (CR/PR and SD/PD) based on RECIST 1.1, as
noted above. The Miller–Payne (MP) system,36 including
5 grades from grade (G) 1 to G5, was used to evaluate the
pathological response by comparing the specimens taken
from surgery and before NAC. We grouped patients with
G1–2 as non-responders, and G3–5 as responders. Consid-
ering the significance of pCR in NAC response evaluation,
we also stratified patients into pCR and non-pCR in patho-
logical evaluation. pCR was defined as the histopathological
complete absence of invasive lesions in both breast and axil-
lary lymph node specimens. Pathological response was
assessed by two independent pathologists.

Based on clinical and pathological examination, compre-
hensive evaluation was established. Patients who achieved
PD or SD in clinical evaluation and G1 or G2 in pathologi-
cal evaluation were stratified into non-responders, and the
others were defined as responders.

Serum collection and RNA extraction

Given that early determination of poor response offers the
chance to alter treatment regimens and drugs with the goal
of achieving an optimized response, blood samples were col-
lected at baseline (point A) and after two/four cycles of
NAC (point B) for screening candidate miRNAs whose fluc-
tuations might reflect response. For each patient, 4 mL of
peripheral blood was collected at each time point. Within
4 hours of blood drawl, samples were centrifuged at 1500g
for 10 minutes. The serum supernatant was quickly removed
and immediately stored at �80�C until further use. Total
RNA was extracted and purified by using the miRNeasy
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Serum/Plasma Advanced Kit (Qiagen) following the manu-
facturer’s instructions.

Quantitative real-time polymerase chain
reaction

We focused on eight candidate miRNAs, including miR-34a-
5p, miR-125b-5p, miR-210, miR-222, miR-375, miR-718, miR-
4516, and let-7g, which are considered to be closely related
with chemosensitivity from literatures. Complementary DNA
(cDNA) templates were prepared using a TaqMan advanced
miRNA cDNA synthesis kit (ThermoFisher Scientific) follow-
ing the manufacturer’s guidelines. A quantitative real-time
polymerase chain reaction (qRT-PCR) reaction was subse-
quently performed in triplicate using the predesigned TaqMan
advanced miRNA assays (ThermoFisher Scientific) on the
StepOne Plus Real-Time PCR System (Applied Biosystems).
miR-16-5p was used as endogenous reference and relative
expression of miRNA was determined using the comparative
cycle threshold (CT) method and reported as 2-ΔCT.

Bioinformatics analysis

Target prediction algorithm miRWalk (http://mirwalk.umm.
uni-heidelberg.de/)37 was used to identify putative targets of
miRNAs. This online website covers two other miRNA-target
prediction data-sets (Targetscan and miRDB) and one vali-
dated interaction data from miRTarBase. Therefore, for each
miRNA, only those target genes predicted by all available algo-
rithms in miRWalk were included in the followed analysis.
Genes targeted by at least two miRNAs were screened as target
nodes, whereas the corresponding miRNAs were considered
source nodes. Cytoscape 3.8.238 was used for visualization of
the miRNA–mRNA regulatory network. Gene Ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analysis were performed using
the web-based tool Metascape39 (http://metascape.org/gp/
index.html#/main/step1), and the cut-off criterion used the
default value.

Statistical analysis

Demographic and clinicopathological characteristics of
study population were analyzed using statistical description
method. Fisher’s exact χ2 test was used for categorical
patient variables. Difference in miRNA levels between
groups was evaluated using the Mann–Whitney unpaired
test when two groups were compared. To compare more
than two groups, a non-parametric Kruskal-Wallis test was
used instead. For before/after comparison within one group,
Wilcoxon signed-rank test was used. A univariate logistic
regression analysis was also performed presenting with the
odd ratio (OR) and the 95% confidence interval (CI). Area
under the curves (AUC) of receiver operating characteristic

(ROC) was used to assess the predictive accuracy of
miRNAs. DFS was defined as the interval between initiation
of NAC and the date of disease relapse or death from any
cause. Cases without relapse or death events were censored
at the date of last follow-up. Cox proportional hazards
model were performed to evaluate the prognostic values of
selected miRNAs. Statistical analysis and graphics were per-
formed using the R 4.0.3 and GraphPad Prism 9. Two-sided
tests with p < 0.05 were considered statistically significant.

RESULTS

Patient characteristics and response to NAC

In all, 37 luminal B BC patients were included in this study,
with 13 HER2+ and 24 HER2� (Table 1). The patients
ranged in age from 27 to 65 and the median age was
54 years old, among which 48.6% were pre-menopausal sta-
tus. All cases are ER positive. The majority was diagnosed
with clinical stage II and pathological stage III. The rate of
responders was 70.3%, 78.4%, 18.9%, and 81.1% based on
clinical response, pathological response (MP), pathological
response (pCR) and comprehensive evaluation, respectively.
As shown in Table 1, except for Neo-Bioscore, there was no
significant differences were observed in the characteristics
between the luminal B HER2+ and HER2� group. Patients
with HER2� had more advanced stagings of Neo-Bioscore
(p = 0.012).

Baseline miRNA expression and
clinicopathological characteristics

We correlated the baseline expression of eight miRNAs with
the clinicopathological characteristics, and the results
showed that miR-125b-5p upregulation was related to
higher pathological grade (p = 0.005) (Figure 1(a)). In addi-
tion, miR-375 (p = 0.049), miR-718 (p = 0.001), and miR-
4516 (p < 0.001) were significantly associated with the dif-
ferent HER2 status: low expression in HER2� tumors versus
HER2+ tumors (Figure 1(b)–(d)). Non-significant differ-
ences were found between other miRNAs and clinicopatho-
logical characteristics.

Relationship between baseline miRNA
expression and NAC response

The significant associations between baseline miRNAs expres-
sion and the evaluations of NAC response analyzed by non-
parametric Mann–Whitney test were summarized in Tables 2,
in which HER2+ and HER2� were analyzed respectively. The
AUC of individual miRNA ranged from 0.727 to 1, suggesting
moderate to high indicative value for these markers.

At baseline, miR-718 (p = 0.031) and miR-4516
(p = 0.016) expression were lower in clinical responders
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than non-responders, and miR-210 (MP: p = 0.017) expres-
sion was elevated in the pathological responders compared
with that in the non-responders in luminal B BC. In the sub-
group analysis stratified by HER2 status, the results showed
no significant differences in miRNAs expression between
responders and non-responders based on those four evalua-
tions in luminal B HER2+ patients at point A. As for lumi-
nal B HER2� patients, the low expression of miR-4516 was
not only in clinical responders (p = 0.022) like all subjects,
but also in patients with G3–5 (p = 0.036). The associations

between miR-210 upregulation and pathological response
(MP: p = 0.019; pCR: p = 0.007) were also found. Besides
the above miRNAs, miR-375 had a relatively low expression
in HER2� patients achieving pCR (p = 0.043) and compre-
hensive response (p = 0.023). With respect to miR-718, its
expression was significantly higher in pCR group than non-
pCR (p = 0.029).

To evaluate the value of miRNAs in predicting response
to NAC, these potential miRNAs in Table 2 were analyzed
by resorting to a univariate logistic regression model on

T A B L E 1 Clinicopathological characteristics of patients

Characteristics Luminal B n = 37 HER2+ n = 13 HER2� n = 24 p (between subgroups)

Age (y), median (range) 54 (27–65) 54 (30–64) 53 (27–65) 0.730

≤54 22 7 15

>54 15 6 9

Menopause 1

Premenopausal 18 6 12

Postmenopausal 19 7 12

Grade 0.734

I/II 24 9 15

III 13 4 9

Clinical staging 0.288

I 2 1 1

II 27 8 19

III 8 4 4

Pathological staging 0.190

0 7 5 2

I 10 2 8

II 9 4 5

III 11 2 9

Neo-Bioscore 0.012

0 3 3 0

1 5 2 3

2 11 6 5

3 13 2 11

4 5 0 5

Clinical response 0.464

CR/PR 26 8 18

SD/PD 11 5 6

Pathological response (MP) 1

G3/4/5 29 10 19

G1/2 8 3 5

Pathological response (pCR) 0.072

pCR 7 5 2

Non-pCR 30 8 22

Comprehensive evaluation 0.678

Response 30 10 20

Non-response 7 3 4

Abbreviations: CR, complete response; HER2, human epidermal growth factor receptor 2; MP, Miller–Payne system; pCR, pathologic complete response; PD, progression disease;
PR, partial response; SD, stable disease.
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their continuous original scale. Unfortunately, probably
because of compromised sample size and small number of
events, none of them were independent predictors of
response. Further, we used ROC curves to derive the optimal
cut-off value for those significant miRNAs. Only miR-210,
grouped into low or high expression based on baseline rela-
tive expression (cut-off value 0.0013), was demonstrated to
be indicative of pathological response (MP) to NAC in all
patients (OR = 0.07, 95% CI = 0.01–0.45, p = 0.01) and
HER2� group (OR = 0.05, 95% CI = 0–0.58, p = 0.02).

Relationship between miRNA dynamics and
NAC response

The changes in the eight miRNAs expression from point
A to B were analyzed. The results showed that only
changes in miR-34a-5p expression during the treatment

were significantly associated with NAC in all patients
regardless of HER2 status (Figure 2(a)). Treatment-
induced noteworthy upregulation of miR-210 in all sub-
jects, downregulation of miR-222 in HER2+ group and
upregulation of miR-375 in HER2� patients were also
detected (Figure 2(b)–(d), respectively). The significant
associations between miRNAs dynamics during the NAC
and the evaluations of NAC response analyzed by
Wilcoxon signed-rank test were summarized in Table 3.

In all luminal B patients, fluctuation patterns for two can-
didate miRNAs were associated with NAC response. In non-
responders, regardless of the evaluation standards, markedly
elevated expression of plasma miR-210 was detected after
treatment, but in the response group no significant change in
the level of miR-210 was detected. With respect to plasma
miR-34a-5p, as displayed in Table 3, upregulation of this
miRNA (point B vs. point A) was observed in the responders
rather than the non-response group, except for those who

F I G U R E 1 Baseline miRNA
expression is associated with grade and
HER2 status. Expression of miR-125b-5p
compared between grade I/II and III (a).
miR-375 (b), miR-718 (c), and miR-4516
(d) expression according to HER2 status.
Relative expression of miRNA was
reported as 2-ΔCT in vertical. Data are
presented as a box and whiskers plot
(min to max). *p < 0.05 and **p < 0.01.
No significant comparisons are not
represented
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were evaluated based whether achieved pCR. Treatment
induced significant upregulation of miR-34a and miR-375 in
the non-pCR group, whereas in the pCR group the levels of
these two miRNAs remained relatively stable.

In the luminal B HER2+ cohort, the dynamic change of
miR-34a-5p after NAC was same like that in the all subjects.
Chemotherapy also induced significant downregulation of
miR-222 and let-7g in the non-pCR group, whereas the

T A B L E 2 Relationship between miRNA expression and NAC response at baseline

Evaluation Luminal B p Luminal B HER2+ p Luminal B HER2� p

Clinical response

CR/PR vs. SD/PD miR-718# 0.031 – – miR-4516# 0.022

miR-4516# 0.016

Pathological response (MP)

G3/4/5 vs. G1/2 miR-210" 0.017 – – miR-210" 0.019

miR-4516# 0.036

Pathological response (pCR)

pCR vs. non-pCR – – – – miR-210" 0.007

miR-375# 0.043

miR-718" 0.029

Comprehensive evaluation

Response vs. non-response – – – – miR-375# 0.025

Note: ": indicating this miRNA expression was significantly higher in responders than non-responders; #: indicating this miRNA expression was significantly lower in responders
than non-responders; �: none.
Abbreviations: CR, complete response; HER2, human epidermal growth factor receptor 2; MP, Miller–Payne system; pCR, pathologic complete response; PD, progression disease;
PR, partial response; SD, stable disease.

F I G U R E 2 The changes in miRNA
expressions during NAC. Elevated expression
of miR-34a-5p was detected from point A to
point B in luminal B, luminal B HER2+ and
luminal HER2� patients (a). Dynamics of
miR-210 in all luminal B patients (b), miR-
222 in luminal B HER2+ patients (c) and
miR-375 in luminal B HER2� patients (d).
Relative expression of miRNA was reported
as 2-ΔCT in vertical. Data are presented as a
box and whiskers plot (min to max).
*p < 0.05 and **p < 0.01. No significant
comparisons are not represented
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levels of these two miRNAs remained relatively stable in the
pCR group.

In the luminal B HER2� cohort, we also found the same
significant changes of miR-34a-5p after treatment like all
patients and HER2+ group. Noteworthy upregulation of
miR-375 and miR-4516 was observed after treatment in the
same group like miR-34a-5p. With respect to miR-125b-5p,
markedly decreased expression was detected after chemo-
therapy in non-response group only based on clinical out-
comes, and the levels of miR-125b-5p remained relatively
stable in CR/PR group. Significantly elevated expression of
plasma miR-210 was observed in non-pCR group rather
than patients who achieved pCR.

To evaluate the dynamics of the miRNAs in predicting
response to NAC, the fold change (point B compared with
point A) was calculated by 2-ΔΔCT method and incorpo-
rated into the logistic regression models. As a continuous
variable, the fold change of miR-210 was found to be
independent predictors of pathological response (MP)
(OR = 1.63, 95% CI = 1.07–2.48, p = 0.023) in all
patients. The fold change of miR-210 was grouped into
up- or down-regulated based on the cut-off value 2.33
from ROC curve, and demonstrated to be indicative of
pathological response (MP) (OR = 9.43, 95% CI = 1.54–
57.75, p = 0.015) and comprehensive response
(OR = 0.05, 95% CI = 0–0.58, p = 0.02) to NAC in all

patients. The changes of other potential miRNAs in
Table 3 were not independent predictors of response,
maybe because of the compromised sample size and small
number of events.

Relationship between miRNA and prognosis

By the date of the survival analysis, three patients died,
ten patients relapsed, and two patients were excluded
from the analysis because of the loss of follow-up. The
median DFS was 43.4 months (9.47–60.9 months).
Among clinicopathological characteristics in Table 1, uni-
variate analysis showed only Neo-Bioscore was signifi-
cantly related to DFS (HR = 2.04, 95% CI = 1.05–3.97,
p = 0.035). With respect to the predictive role on progno-
sis of miRNAs, the patients were divided into high/low
expression groups according to the median level of
miRNAs at different time points, and increased/decreased
level groups according to the changes of miRNA expres-
sion from point A to point B. Univariate analysis showed
neither miRNA expression nor miRNA dynamics after
NAC were found to be related to DFS. However, after
adjustments for Neo-Bioscore, the change of miR-125b-
5p from point A to point B was found to be significantly
correlated with DFS (Table 4).

T A B L E 3 Relationship between miRNA dynamics and NAC response

Evaluation

Point B vs point A

Luminal B p Luminal B HER2+ p Luminal B HER2� p

Clinical response

CR/PR miR-34a-5p" <0.001 miR-34a-5p" 0.039 miR-34a-5p"
miR-375"
miR-4516"

0.018
0.024
0.003

SD/PD miR-210" 0.024 – – miR-125b-5p# 0.031

Pathological response (MP)

G3/4/5 miR-34a-5p" <0.001 miR-34a-5p" 0.010 miR-34a-5p"
miR-375"
miR-4516"

0.014
0.011
0.040

G1/2 miR-210" 0.008 – – – –

Pathological response (pCR)

pCR – – – – – –

Non-pCR miR-34a-5p"
miR-210"
miR-375"

<0.001
0.004
0.045

miR-34a-5p"
miR-222#
let-7g#

0.016
0.039
0.039

miR-34a-5p"
miR-210"
miR-375"
miR-4516"

0.036
0.014
0.006
0.042

Comprehensive evaluation

Response miR-34a-5p" <0.001 miR-34a-5p" 0.010 miR-34a-5p"
miR-375"
miR-4516"

0.009
0.006
0.027

Non-response miR-210" 0.016 – – –

Note: ": indicating this miRNA expression in this group was significantly higher at point B than point A; #: indicating this miRNA expression in this group was significantly lower
at point B than point A; �: none.
Abbreviations: CR, complete response; HER2, human epidermal growth factor receptor 2; MP: Miller–Payne system; pCR, pathologic complete response; PD, progression disease;
PR, partial response; SD, stable disease.
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Bioinformatic analysis

After the miRWalk procedure, 580 mRNAs of eight
miRNAs were obtained (Figure S1). A total of 52 genes,
targeted by at least two miRNAs, were selected for con-
struction of a miRNA-mRNA network (Figure 3(a)).
Transcription factor binding, chromatin binding, tran-
scription regulator complex, negative regulation of cell
population proliferation, and epithelial cell differentiation
were the five most highly enriched items in GO analysis
results (Figure 3(b)). Several known canonical cancer-
associated or drug-resistance pathways were predicted by
KEGG, including microRNA in cancer, PI3K-Akt signal-
ing pathway, Hippo signaling pathway, MAPK signaling
pathway, etc. (Figure 3(c)).

DISCUSSION

Several recent studies have reported that the circulating
miRNAs were related to NAC effects; however, to date the
conclusions have been controversial. The biological charac-
teristics of BC to a great extent were affected by molecular
subtypes, and a number of differentially expressed miRNAs
have been identified among different subgroups.40 Hence, it

is necessary to investigate the predictive effect of circulating
miRNA expression on NAC response in specific subsets. In
the present study, we used a dynamic method, in which the
expression and change of miRNAs over time were correlated
to clinical and pathological response and survival of luminal
B BCs. Given the heterogeneity of this subtype, we also ana-
lyzed and did find some disparities between different HER2
statuses.

As for the relationship between miRNAs and NAC
response, we used multiple response grading systems includ-
ing clinical, pathological, and comprehensive evaluation.
Consistent with published reports, our study showed the
pCR rate was low in luminal B BC with only 18.9%, which
may be the main reason of disagreement of miRNAs’ predic-
tive efficacy between different standards. Our analysis rev-
ealed miR-718, miR-4516, and miR-210 as predictors of
chemo-sensitivity in luminal B cohort, especially in HER2�
subgroup. Among those three miRNAs, the correlation
between miR-718, miR-4516, and BC NAC effects has not
been studied. In vitro study,41 miR-718 was reported might
act as a tumor suppressor in BC progression and could res-
cue the effects of long non-coding RNAs (lncRNA)
FBXL19-AS1 on BC tumorigenesis. By inference, it seems
rational that high level of circulation miR-718 at baseline
was associated with pCR in luminal B HER2� group.

T A B L E 4 Cox hazards models analysis for DFS in luminal B breast cancer patients

Univariate analysis Multivariate analysis

HR 95% CI p HR 95% CI p

Neo-Bioscore 2.04 1.05–3.97 0.035 2.85 1.31–6.18 0.008

miR-125b-5p increased from
point A to point B

3.10 0.87–10.99 0.081 5.86 1.39–24.62 0.016

F I G U R E 3 Bioinformatic analysis of predicted targets of significant miRNAs. (a) Construction of miRNA-mRNA regulatory network. (b) GO and
(c) KEGG pathway enrichment analysis of target genes
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However, as for clinical assessment in whole patients, level
of miR-718 in responders was the contrary, which is most
likely resulted from including different HER2 status. More-
over, unlike miR-4516 and other miRNAs, changes of miR-
718 during NAC were not found to be associated with
response. miR-4516 was another relative new tumor sup-
pressor miRNA.42 Kim et al.43 found that miR-4516
suppressed the proliferation of TNBC cells by targeting
FOSL1, which suggests that miR-4516 can be used as an
anticancer drug for TNBC. In our luminal B HER2�
patients, lower level of miR-4516 at baseline and further
increased during NAC predicted the response. Especially in
dynamics analysis, upregulation of miR-4516 in the
responders was consistent among different standards, except
for pCR, supporting this miRNA as early markers of
response to NAC. As for miR-210, several studies20,21,24,44

have investigated the relationship between this miRNA and
BC NAC treatment outcome mostly in HER2 positive
patients, but with opposite results. Contrary to our results,
which indicated miR-210 upregulation at baseline was
related with pathological response; Jung et al.20 found miR-
210 expression at baseline was significantly higher in HER2
+ patients with residual disease than in those achieving
pCR. In our study, NAC also led to further increase of miR-
210 in insensitive patients, independent of assessment stan-
dards, implying that miR-210 might be involved in the
mechanism underpinning resistance to anthracyclines/
taxanes. The other studies21,24,44 showed no significant dif-
ferences in miR-210 expression between responders and
non-responders. The role of miR-210 in NAC remains con-
troversial and subtype-related disparity needs further
research. Apart from the above three miRNAs, miR-125b-
5p was another luminal B HER2� specific miRNA in our
study. Lower level of miR-125b-5p at point B and markedly
decreased expression during NAC predicted poor clinical
response. In TNBC or HER2+ BC patients, previous stud-
ies22,24 showed miR-125b-5p was not associated with NAC
clinical and pathological response. However, some other
studies,12,26,45 in which BC subtype was not classified, found
that miR-125b-5p was exhibiting higher expression level in
non-responsive patients. Only Kassem et al.17 detected miR-
125b-5p expression levels were higher in responsive patients
like us, but the result was not significant.

In the luminal B HER2+ cohort of our study, the rate of
responders was 76.9% and 38.5% based on pathological
response (MP) and pathological response (pCR), respec-
tively. Maybe this is the reason why we could not consis-
tently identify chemo-induced decrease in miR-222 in the
sensitive patients. In addition, previous studies focusing on
the association between miR-222 and NAC response were
mostly according to RECIST criteria. Among them,
Rodriguez-Martinez et al.46 and Ritter et al.25 failed to detect
the association, but Chen et al.44 found miR-222 expression
levels were evidently higher in ineffective group comparing
to effective group after NAC, and baseline miR-222 over-
expression was considered as one of predictive markers of
response to NAC in hormone receptor positive and HER2�

BC.23 The present results showed that the changes of let-7g
levels reflected a dynamic process in luminal B HER2+
breast cancer, and therefore, could be used to monitor pCR
after NAC and surgery. There were no more luminal B
HER2+ specific miRNAs determined.

Across luminal B and its two subgroups, we consistently
identified chemo-induced increase in miR-34a-5p in the
sensitive patients except who reached pCR. However, in a
study,14 which included 25 BC patients receiving NAC and
achieving pathological partial response or pCR, results
showed upregulation of both plasma and tumor miR-34a
after chemotherapy. This disagreement might result from
the low pCR rates of luminal B BC. Previous data47 indi-
cated upregulated miR-34a-5p could inhibit the expression
of Notch1 and increases sensitivity of acquired Adriamycin
resistance MCF-7 cells to Adriamycin, which could be one
of the underlying molecular mechanisms. Meanwhile, nega-
tive12,17,24,44,48 and opposite27 results also exist, so this pre-
liminary speculation needs verification in future research.
As for miR-375, consistent changes after NAC were not
observed across the different subgroups in our results. How-
ever, low level of miR-375 at different time points and mark-
edly increased expression during NAC might be associated
with good response in luminal B HER2� patients. To date,
few studies focused on this miRNA. In 68 luminal A BC
patients who received neoadjuvant chemotherapy with epi-
rubicin plus paclitaxel, miR-375 did not predict the
chemosensitivity. Therefore, the expression and potential
mechanism of miR-375 in BC are still controversial.49–51

Another major finding of our study was the association
between the change of miR-125b-5p and DFS by adjust-
ments for Neo-Bioscore. Neo-Bioscore systems incorporate
aspects of tumor biology into staging and have been valuable
for predicting the survival of patients after NAC.34 Our
research did show that only Neo-Bioscore was significantly
related to DFS. Even NAC responses based on different
assessments were unable to discriminate the prognosis of
the patients, which shows from a side view that pCR is not a
good endpoint for luminal B BC. Liu et al.26 has demon-
strated that HER2� patients with lower serum miR-125b-5p
expression at baseline and during the NAC had favorable
DFS, but they failed to observe this relationship in HER2+
patients.24 Another study48 reported that the OS and DFS of
patients with residual invasive tumor were better for those
demonstrating high miR-125b-5p. All these earlier studies
did not find that the change of miR-125b-5p was related to
prognosis. Our results showed patients with decreased levels
of miR-125b-5p during NAC had a better DFS than those
with increased levels, and the underlying mechanism needs
further studies.

The major limitations of present study should also be
highlighted. Because of the limited size and number of
events, the power of analysis was compromised. Because of
the limitation of candidate miRNA strategy, we cannot
reveal the differentiation expressed miRNAs comprehen-
sively. However, an important strength is we focused on
luminal B BC, a specific and less studied subtype of BC, and
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separate exploration and analysis were carried out according
to different HER2 status, minimizing the confounding effect
of disease biology. Moreover, in consideration of poor
reproducibility between previous studies, different categori-
zation of chemotherapy response was used to assess the
agreement of miRNAs’ predictive efficacy. Further studies in
larger series of patients with luminal B BC are necessary to
determine whether those miRNAs are specific biomarkers of
chemo-sensitivity and prognosis and in vitro or in vivo stud-
ies should be performed to elucidate the molecular function.

ACKNOWLEDGMENTS
This study was supported by grants from the National Key R
and D Program of China (no. 2016YFC0904900), National
Science and Technology Major Projects for “Major New
Drugs Innovation and Development” (no. 2018ZX09201014,
no. 2017ZX09101001, and no. 2017ZX09304028), National
Natural Science Foundation of China (no. 81872940,
81973395 and 82073935) and Beijing Natural Science Foun-
dation (no. 7171012).

CONFLICT OF INTEREST
The authors declare that they have no conflict of interest.

ORCID
Yimin Cui https://orcid.org/0000-0002-4186-1005

REFERENCES
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A.

Global cancer statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J
Clin. 2018;68(6):394–424.

2. Perou CM, Sorlie T, Eisen MB, Van De Rijn M, Jeffrey SS, Rees CA,
et al. Molecular portraits of human breast tumours. Nature. 2000;
406(6797):747–52.

3. Pellegrino B, Hlavata Z, Migali C, de Silva P, Aiello M, Willard-
Gallo K, et al. Luminal breast cancer: risk of recurrence and tumor-
associated immune suppression. Mol Diagn Ther. 2021;25(4):409–24.

4. Pernaut C, Lopez F, Ciruelos E. Standard neoadjuvant treatment in
early/locally advanced breast cancer. Breast Care (Basel). 2018;13(4):
244–9.

5. Colomer R, Saura C, Sanchez-Rovira P, Pascual T, Rubio IT,
Burgués O, et al. Neoadjuvant management of early breast cancer: a
clinical and investigational position statement. Oncologist. 2019;24(5):
603–11.

6. Berruti A, Amoroso V, Gallo F, Bertaglia V, Simoncini E, Pedersini R,
et al. Pathologic complete response as a potential surrogate for the
clinical outcome in patients with breast cancer after neoadjuvant ther-
apy: a meta-regression of 29 randomized prospective studies. J Clin
Oncol. 2014;32(34):3883–91.

7. Cortazar P, Zhang L, Untch M, Mehta K, Costantino JP, Wolmark N,
et al. Pathological complete response and long-term clinical benefit in
breast cancer: the CTNeoBC pooled analysis. Lancet. 2014;384(9938):
164–72.

8. Wang-Lopez Q, Chalabi N, Abrial C, Radosevic-Robin N, Durando X,
Mouret-Reynier MA, et al. Can pathologic complete response (pCR)
be used as a surrogate marker of survival after neoadjuvant therapy
for breast cancer? Crit Rev Oncol Hematol. 2015;95(1):88–104.

9. Torrisi R, Marrazzo E, Agostinetto E, de Sanctis R, Losurdo A,
Masci G, et al. Neoadjuvant chemotherapy in hormone receptor-
positive/HER2-negative early breast cancer: when, why and what? Crit
Rev Oncol Hematol. 2021;160:103280.

10. Casey MC, Sweeney KJ, Brown JA, Kerin MJ. Exploring circulating
micro-RNA in the neoadjuvant treatment of breast cancer. Int J Can-
cer. 2016;139(1):12–22.

11. Jayaraj R, Nayagam SG, Kar A, Kar A, Sathyakumar S, Mohammed H,
et al. Clinical theragnostic relationship between drug-resistance spe-
cific miRNA expressions, chemotherapeutic resistance, and sensitivity
in breast cancer: a systematic review and meta-analysis. Cells. 2019;8
(10):1250.

12. Wang H, Tan G, Dong L, Cheng L, Li K, Wang Z, et al. Circulating
MiR-125b as a marker predicting chemoresistance in breast cancer.
PLoS One. 2012;7(4):e34210.

13. Zhao FL, Dou YC, Wang XF, Han DC, LV ZG, Ge SL, et al. Serum
microRNA-195 is down-regulated in breast cancer: a potential marker
for the diagnosis of breast cancer. Mol Biol Rep. 2014;41(9):5913–22.

14. Freres P, Josse C, Bovy N, Boukerroucha M, Struman I, Bours V, et al.
Neoadjuvant chemotherapy in breast cancer patients induces miR-34a
and miR-122 expression. J Cell Physiol. 2015;230(2):473–81.

15. Gu X, Xue JQ, Han SJ, Qian SY, Zhang WH. Circulating microRNA-
451 as a predictor of resistance to neoadjuvant chemotherapy in breast
cancer. Cancer Biomark. 2016;16(3):395–403.

16. Li S, Bi T, Wang R, Gao X, Zhou J. Circulating MiR-663 as a novel
biomarker for chemo-resistance in breast cancer of neoadjuvant che-
motherapy. Int J Clin Exp Med. 2016;9(2):4002–8.

17. Kassem NM, Makar WS, Kassem HA, Talima S, Tarek M, Hesham H,
et al. Circulating miR-34a and miR-125b as promising non invasive
biomarkers in Egyptian locally advanced breast cancer patients. Asian
Pac J Cancer Prev. 2019;20(9):2749–55.

18. Palmieri C, Cleator S, Kilburn LS, Kim SB, Ahn SH, Beresford M,
et al. NEOCENT: a randomised feasibility and translational study
comparing neoadjuvant endocrine therapy with chemotherapy in ER-
rich postmenopausal primary breast cancer. Breast Cancer Res Treat.
2014;148(3):581–90.

19. Li Q, Liu M, Ma F, Luo Y, Cai R, Wang L, et al. Circulating miR-19a
and miR-205 in serum may predict the sensitivity of luminal a subtype
of breast cancer patients to neoadjuvant chemotherapy with epi-
rubicin plus paclitaxel. PLoS One. 2014;9(8):e104870.

20. Jung EJ, Santarpia L, Kim J, Esteva FJ, Moretti E, Buzdar AU, et al.
Plasma microRNA 210 levels correlate with sensitivity to trastuzumab
and tumor presence in breast cancer patients. Cancer. 2012;118(10):
2603–14.

21. Muller V, Gade S, Steinbach B, Loibl S, von Minckwitz G, Untch M,
et al. Changes in serum levels of miR-21, miR-210, and miR-373 in
HER2-positive breast cancer patients undergoing neoadjuvant ther-
apy: a translational research project within the Geparquinto trial.
Breast Cancer Res Treat. 2014;147(1):61–8.

22. Stevic I, Muller V, Weber K, Fasching PA, Karn T, Marmé F, et al.
Specific microRNA signatures in exosomes of triple-negative and
HER2-positive breast cancer patients undergoing neoadjuvant therapy
within the GeparSixto trial. BMC Med. 2018;16(1):179.

23. Zhu W, Liu M, Fan Y, Ma F, Xu N, Xu B. Dynamics of circulating
microRNAs as a novel indicator of clinical response to neoadjuvant
chemotherapy in breast cancer. Cancer Med. 2018;7(9):4420–33.

24. Liu B, Su F, Lv X, Zhang W, Shang X, Zhang Y, et al. Serum
microRNA-21 predicted treatment outcome and survival in
HER2-positive breast cancer patients receiving neoadjuvant chemo-
therapy combined with trastuzumab. Cancer Chemother Pharmacol.
2019;84(5):1039–49.

25. Ritter A, Hirschfeld M, Berner K, Rücker G, Jäger M, Weiss D, et al.
Circulating noncoding RNAbiomarker potential in neoadjuvant che-
motherapy of triple negative breast cancer? Int J Oncol. 2020;56(1):
47–68.

26. Liu B, Su F, Chen M, Li Y, Qi X, Xiao J, et al. Serum miR-21 and miR-
125b as markers predicting neoadjuvant chemotherapy response and
prognosis in stage II/III breast cancer. Hum Pathol. 2017;64:44–52.

27. Liu B, Su F, Li Y, Qi X, Liu X, Liang W, et al. Changes of serum
miR34a expression during neoadjuvant chemotherapy predict the
treatment response and prognosis in stage II/III breast cancer. Biomed
Pharmacother. 2017;88:911–7.

ZHANG ET AL. 3405

https://orcid.org/0000-0002-4186-1005
https://orcid.org/0000-0002-4186-1005


28. Wang XX, Ye FG, Zhang J, Li JJ, Chen QX, Lin PY, et al. Serum miR-
4530 sensitizes breast cancer to neoadjuvant chemotherapy by
suppressing RUNX2. Cancer Manag Res. 2018;10:4393–400.

29. Khokher S, Qureshi MU, Chaudhry NA. Comparison of WHO and
RECIST criteria for evaluation of clinical response to chemotherapy in
patients with advanced breast cancer. Asian Pac J Cancer Prev. 2012;
13(7):3213–8.

30. Al-Khanbashi M, Caramuta S, Alajmi AM, Al-Haddabi I, Al-
Riyami M, Lui WO, et al. Tissue and serum miRNA profile in locally
advanced breast cancer (LABC) in response to neo-adjuvant chemo-
therapy (NAC) treatment. PLoS One. 2016;11(4):e0152032.

31. Bovy N, Blomme B, Freres P, Dederen S, Nivelles O, Lion M, et al.
Endothelial exosomes contribute to the antitumor response during
breast cancer neoadjuvant chemotherapy via microRNA transfer.
Oncotarget. 2015;6(12):10253–66.

32. Goldhirsch A, Winer EP, Coates AS, Gelber RD, Piccart-Gebhart M,
Thürlimann B, et al. Personalizing the treatment of women with early
breast cancer: highlights of the St Gallen international expert consen-
sus on the primary therapy of early breast cancer 2013. Ann Oncol.
2013;24(9):2206–23.

33. Xu L, Zhang Z, Liu Q, Zhou B, Liu Y, Xiang Q, et al. Validation of
CPS+EG, neo-bioscore, and modified neo-bioscore staging systems
after preoperative systemic therapy of breast cancer: protocol of a ret-
rospective multicenter cohort study in China. Thorac Cancer. 2018;
9(11):1565–72.

34. Mittendorf EA, Vila J, Tucker SL, Chavez-MacGregor M, Smith BD,
Symmans WF, et al. The neo-bioscore update for staging breast cancer
treated with neoadjuvant chemotherapy: incorporation of prognostic bio-
logic factors into staging after treatment. JAMA Oncol. 2016;2(7):929–36.

35. McShane LM, Altman DG, Sauerbrei W, Taube SE, Gion M, Clark GM,
et al. REporting recommendations for tumor MARKer prognostic stud-
ies (REMARK). Breast Cancer Res Treat. 2006;100(2):229–35.

36. Ogston KN, Miller ID, Payne S, Hutcheon AW, Sarkar TK, Smith I,
et al. A new histological grading system to assess response of breast
cancers to primary chemotherapy: prognostic significance and sur-
vival. Breast. 2003;12(5):320–7.

37. Sticht C, De La Torre C, Parveen A, Gretz N. miRWalk: an online
resource for prediction of microRNA binding sites. PLoS One. 2018;
13(10):e0206239.

38. Shannon P, Markiel A, Ozier O, Baliga NS, Wang JT, Ramage D, et al.
Cytoscape: a software environment for integrated models of biomolec-
ular interaction networks. Genome Res. 2003;13(11):2498–504.

39. Zhou Y, Zhou B, Pache L, Chang M, Khodabakhshi AH, Tanaseichuk O,
et al. Metascape provides a biologist-oriented resource for the analysis of
systems-level datasets. Nat Commun. 2019;10(1):1523.

40. Dai X, Chen A, Bai Z. Integrative investigation on breast cancer in ER,
PR and HER2-defined subgroups using mRNA and miRNA expres-
sion profiling. Sci Rep. 2014;4:6566.

41. Ding Z, Ye P, Yang X, Cai H. LncRNA FBXL19-AS1 promotes breast
cancer cells proliferation and invasion via acting as a molecular
sponge to miR-718. Biosci Rep. 2019;39(4):BSR20182018.

42. Wang Z, Xu R. lncRNA PART1 promotes breast cancer cell progression
by directly targeting miR-4516. Cancer Manag Res. 2020;12:7753–60.

43. Kim JE, Kim BG, Jang Y, Kang S, Lee JH, Cho NH. The stromal loss
of miR-4516 promotes the FOSL1-dependent proliferation and
malignancy of triple negative breast cancer. Cancer Lett. 2020;469:
256–65.

44. Chen X, Lu P, Wang DD, Yang SJ, Wu Y, Shen HY, et al. The role of
miRNAs in drug resistance and prognosis of breast cancer formalin-
fixed paraffin-embedded tissues. Gene. 2016;595(2):221–6.

45. Zheng Y, Li S, Boohaker RJ, Liu X, Zhu Y, Zhai L, et al. A microRNA
expression signature in taxaneanthracycline-based neoadjuvant che-
motherapy response. J Cancer. 2015;6(7):671–7.

46. Rodriguez-Martinez A, de Miguel-Perez D, Ortega FG, García-
Puche JL, Robles-Fern�andez I, et al. Exosomal miRNA profile as com-
plementary tool in the diagnostic and prediction of treatment
response in localized breast cancer under neoadjuvant chemotherapy.
Breast Cancer Res. 2019;21(1):21.

47. Li XJ, Ji MH, Zhong SL, Zha QB, Xu JJ, Zhao JH, et al. MicroRNA-
34a modulates chemosensitivity of breast cancer cells to adriamycin
by targeting Notch1. Arch Med Res. 2012;43(7):514–21.

48. Raychaudhuri M, Bronger H, Buchner T, Kiechle M, Weichert W,
Avril S. MicroRNAs miR-7 and miR-340 predict response to neo-
adjuvant chemotherapy in breast cancer. Breast Cancer Res Treat.
2017;162(3):511–21.

49. Liu J, Wang P, Zhang P, Zhang X, du H, Liu Q, et al. An integrative
bioinformatics analysis identified miR-375 as a candidate key regula-
tor of malignant breast cancer. J Appl Genet. 2019;60(3–4):335–46.

50. Tang W, Li GS, Li JD, Pan WY, Shi Q, Xiong DD, et al. The role of
upregulated miR-375 expression in breast cancer: an in vitro and in
silico study. Pathol Res Pract. 2020;216(1):152754.

51. Zhao Q, Liu Y, Wang T, Yang Y, Ni H, Liu H, et al. MiR-375 inhibits
the stemness of breast cancer cells by blocking the JAK2/STAT3 sig-
naling. Eur J Pharmacol. 2020;884:173359.

How to cite this article: Zhang Z, Zhang H, Li C,
Xiang Q, Xu L, Liu Q, et al. Circulating microRNAs
as indicators in the prediction of neoadjuvant
chemotherapy response in luminal B breast cancer.
Thorac Cancer. 2021;12:3396–406. https://doi.org/10.
1111/1759-7714.14219

3406 ZHANG ET AL.

https://doi.org/10.1111/1759-7714.14219
https://doi.org/10.1111/1759-7714.14219

	Circulating microRNAs as indicators in the prediction of neoadjuvant chemotherapy response in luminal B breast cancer
	INTRODUCTION
	METHODS
	Patients
	Serum collection and RNA extraction
	Quantitative real-time polymerase chain reaction
	Bioinformatics analysis
	Statistical analysis

	RESULTS
	Patient characteristics and response to NAC
	Baseline miRNA expression and clinicopathological characteristics
	Relationship between baseline miRNA expression and NAC response
	Relationship between miRNA dynamics and NAC response
	Relationship between miRNA and prognosis
	Bioinformatic analysis

	DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	REFERENCES


