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Abstract: Objectives: This study aims to explore the implications of serum miR-34a in breast cancer (BC) and its
predictive value for the efficacy of neoadjuvant chemotherapy (NACT). Methods: A retrospective analysis was per-
formed on 102 female BC patients (research group) admitted to The Second Affiliated Hospital of Anhui Medical Uni-
versity between January 2016 to March 2018 and 102 concurrent female health controls who underwent physical
examinations (control group). Serum samples from both groups were subjected to quantitative reverse transcription
polymerase chain reaction to measure miR-34a expression. The correlation of miR-34a with BC patients’ clinical
parameters was analyzed, and the implications of miR-34a for diagnosing BC and predicting NACT efficacy were as-
sessed by receiver operating characteristic curves. Logistic regression analysis was employed to determine whether
miR-34a independently influenced treatment effectiveness and patient outcomes. Results: The data showed signifi-
cantly lower miR-34a levels in the research group than in the control group (P<0.05). The area under the curve (AUC)
of miR-34a for differentiating BC was 0.888. In BC patients, miR-34a was strongly correlated with tumor staging and
differentiation degree. Following NACT, BC patients showed an evident rise in miR-34a expression, with higher levels
in patients with effective treatment compared to those with treatment failure (P<0.05). The AUC values of serum
miR-34a in predicting the efficacy of neoadjuvant chemotherapy from FD to SD and from SD to TD were 0.880 and
0.861, respectively (P<0.001). Furthermore, patients with favorable prognosis exhibited markedly higher serum
miR-34a expression than those with poor prognosis (P<0.05). The AUC of miR-34a expression for predicting adverse
prognosis was 0.825. Decreased miR-34a was identified as an independent risk factor for treatment failure and
poor prognosis. Conclusions: Taken together, serum miR-34a is downregulated in BC and can predict the clinical
progression of BC patients and the therapeutic efficacy of NACT.
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Introduction

Breast cancer (BC), the most prevalent malig-
nancy among women, has shown a rising inci-
dence in recent years, with approximately 20
percent of patients progressing to locally ad-
vanced disease at the initial presentation [1,
2]. Despite significant advancements in mod-
ern molecular diagnostic techniques leading to
improved detection and treatment of early BC,
managing refractory cases and reducing recur-
rence rates remain challenging [3, 4].

Preoperative neoadjuvant chemotherapy (NA-
CT) has become a commonly used clinical treat-
ment [5] for BC in recent years. It effectively

reduces tumor size, eliminates micrometasta-
ses, and increases the chance of breast pre-
servation [6, 7]. While postoperative pathologi-
cal examination is the gold standard for evalu-
ating treatment efficacy clinically, it has a cer-
tain lag [8]. Predicting the NACT efficacy
preoperatively and screening BC patients for
better outcomes hold crucial significance for
patients opting for NACT [9]. MicroRNAs (miR-
NAs), which selectively bind to the 3’'UTR of
specific target genes via base complementary
pairing, are shown to be strongly associated
with the occurrence and development of tumors
[10]. In recent years, miRNAs have emerged as
potential biomarkers for tumor diagnosis and
efficacy prediction [11]. Among them, miR-34a
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has previously been studied as a tumor sup-
pressor that is downregulated in BC tissues
[12]. However, few studies have discussed the
correlation of miR-34a expression and BC pa-
tients’ clinicopathological characteristics, as
well as its value in predicting the efficacy of
NACT.

Accordingly, this study analyzed miR-34a
expression in BC patients and its clinical impli-
cations for the treatment and efficacy predic-
tion of BC.

Methods and materials
Clinical data

A retrospective analysis was performed on the
clinical data of 102 female BC patients (re-
search group) admitted from January 2016 to
March 2018 as well as 102 concurrent female
health checkups (control group) from The
Second Affiliated Hospital of Anhui Medical
University. Inclusion criteria were: (1) diagnosis
of BC by needle biopsy with surgical indica-
tions; (2) acceptance of the NACT scheme; (3)
complete clinical and pathological data; (4) pro-
vision of preoperative peripheral anticoagulant
blood samples. Exclusion criteria included: (1)
prior chemoradiotherapy or other anti-tumor
treatment before enroliment; (2) pregnancy or
lactation; (3) history of other malignant tumors;
(4) presence of serious infectious diseases.
The Second Affiliated Hospital of Anhui Medical
University’s Ethics Committee approved the
research, which was conducted in compliance
with the Declaration of Helsinki.

Chemotherapy regimen

All patients received 4 to 6 cycles of preopera-
tive NACT, with 21 days as a chemotherapy
cycle. The TEC regimen (docetaxel + epirubicin
+ cyclophosphamide) was used as follows: On
the first day of chemotherapy, patients receiv-
ed 75 mg/m? of docetaxel (Jiangsu Aosaikang
Pharmaceutical Co., Ltd., SFDA Approval No.
H20103653), 75 mg/m? of epirubicin (Pharma-
cia Limited, SFDA Approval No. X20000497),
and 500 mg/m? of cyclophosphamide (Jiangsu
Hengrui Pharmaceuticals, SFDA Approval No.
H32026196). Additionally, 7.5 mg of dexameth-
asone (Xi'an Guokang Ruijin Pharmaceutical
Co., Ltd., SFDA Approval No. H20053754) was
administered orally twice a day from the day
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before chemotherapy to the second day of
chemotherapy.

Venous blood (6 mL) was drawn from each par-
ticipant for testing at three different times:
before the initiation of chemotherapy (the first
detection, FD), at the end of the second cycle
(the second detection, SD), and at the end of
chemotherapy (the third detection, TD). After
discharge, all patients were followed up once a
month for 3 years through the WeChat plat-
form, outpatient follow-ups, and home visits.
The follow-up was terminated if the patient died
within 3 years.

Detection of miR-34a by quantitative reverse
transcription polymerase chain reaction (qRT-
PCR)

Venous blood was drawn from patients on an
empty stomach before and after surgery and
centrifuged at a speed of 1500x% g for 10 min-
utes at a temperature of 4°C for serum collec-
tion. A total of 3 mL of serum was used, from
which total RNA was isolated using Trizol
reagent (ThermoFisher, China). The RNA purity
and concentration were determined by a Nano-
Drop ND-1000 spectrophotometer (NanoDrop
Technologies, Wilmington, DE, USA). For reverse
transcription, 5 ug of the total RNA was con-
verted to cDNA as instructed by the reverse
transcription kit (Beijing TransGen Biotech,
China). The PCR reaction conditions were 40
cycles of pre-denaturation at 95°C for 60 s,
denaturation at 94°C for 10 s, and annealing at
60°C for 45 s. Each sample was tested in tripli-
cate, with 3 duplicate wells per sample. The
expression of miR-34a was normalized against
U6 and analyzed using 222 method. The prim-
er sequences used for the PCR are provided in
Table 1.

Outcome measures

(1) The expression of miR-34a in the two groups
was observed and its diagnostic value for BC
was evaluated; (2) The correlation of miR-34a
with BC patients’ pathological features was
analyzed; (3) The association of miR-34a with
NACT efficacy and its predictive value for NACT
were determined; (4) The predictive implica-
tions of miR-34a for patients’ prognoses were
discussed; (5) Whether elevated miR-34a was
an independent risk factor for poor prognosis
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Table 1. Primer sequences

Factors Upstream primer 5’-3’ Downstream primer 5°-3’
miR-34a ACACTCCAGCTGGGTGGCAGTGTCTTAGCTGGT CTCAACTGGTGTCGTGGA
ue CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
Table 2. Comparison of general data Results
Research Control . .
Factors group group ¥ P Companson of general infor-
n=102 n=102 mation
Agzé)éears old) 61(50.80) 60 (58.82) 0.020 0.887 The two groups were clinically
- : ’ comparable, with no signifi-
<55 41(40.20) 42(41.18) cant inter-group difference in
Body mass index (kg/m?) 0.020 0.887 gender, age, body mass in-
223 58 (56.86) 59 (57.80) dex, and other baseline data
<23 44 (43.14) 43 (42.16) (P>0.05), as shown in Table 2.
Drinking 0.192 0.661
Yes 67 (65.69) 64 (62.75) Expression and diagnostic
No 35(34.31) 38 (37.25) implications of miR-34a for BC
Menstrual status 0.019 0.888 The serum levels of miR-34a is
Premenopausal 55 (53.92) 54 (52.94) lower in research group than in
Postmenopausal 47 (46.08) 48 (47.06) control group (P<0.05). miR-
Differentiation degree - 34a had an area under the
High 21 (20.59) - curve (AUC) of 0.888 in diag-
Moderate 31 (30.39) - nosing BC, suggesting high
Low 50 (49.02) . diagnostic value of miR-34a.
Pathological staging - See Figure 1.
Hl 59(57.84) : Correlation of miR-34a with
I 43 (42.16) - BC patients’ pathological
Pathological classification - features
Infiltrating lobular carcinoma 71 (69.61) -
Invasive ductal carcinoma 31 (30.39) - miR-34a levels altered little in

was identified by the logistic regression an-
alysis.

Statistical methods

The collected experimental data were import-
ed into SPSS19.0 for statistical analysis. Chi-
square tests were used for count data, while
independent t-tests were for measurement
data statistically described as the mean + stan-
dard deviation. Graphs depicting the experi-
ment results were generated using GraphPad
Prism 6. The value of miR-34a in diagnosing BC
was assessed by receiver operating charac-
teristic (ROC) curves, and the risk factors for
adverse prognosis in BC patients were identi-
fied by the logistic regression model. Statistical
significance was defined as P<0.05.
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BC cases of different ages,
pathological types, and tumor
sizes (P>0.05); however, miR-34a showed a sig-
nificant association with tumor differentiation
and pathological staging (P<0.05). Refer to
Table 3 for details.

Association of miR-34a with NACT efficacy

Following NACT, among the 102 patients, 33
achieved complete remission, 37 had partial
remission, 28 had a stable disease, and 4
developed a progressive disease. Therefore, 70
cases were included in the effective group,
while 32 were in the ineffective group. Pe-
ripheral blood miR-34a levels at FD, SD, and TD
were significantly reduced in patients with inef-
fective treatment compared to those with effec-
tive treatment at the corresponding time point
(P<0.05). See Figure 2.
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Figure 1. miR-34a expression and its diagnostic value in breast carcinoma; A: miR-34a levels in breast carcinoma
patients; B: ROC curve of miR-34a in diagnosing breast carcinoma (AUC=0.888). *P<0.05. ROC, receiver operating

characteristic.

Table 3. Correlation of miR-34a expression with patients’ clinico-

Prognostic value of miR-34a

pathological features in BC
Factors 33(;'12;?;:;:1_” v:ta/IEe P value Depending on patient progno-
sis, 75 cases were assigned to
Age 1826 0.071 the survival group and 27 cases
255 (n=61) 0.43+0.05 to the death group. The inter-
<55 (n=41) 0.45+0.06 group comparison of serum
TNM stage 11.57 <0.001 miR-34a expression showed
I (n=59) 0.57+0.07 statistically higher miR-34a lev-
lll (n=33) 0.41+0.05 els in the survival group than
Tumor size 1.624 0.108 the death group (P<0.05). Mo-
55 om (n=42) 0.46+0.06 reover, ROC analysis revealed
= e that miR-34a had a high predic-
<5 cm (n=60) 0.44+0.05 tive value for poor prognosis of
Pathological type 3.223 0.002 BC patients, with an AUC of
Infiltrating lobular carcinoma (n=71)  0.42+0.04 0.825. See Figure 4.
Invasive ductal carcinoma (n=31) 0.45+0.05 . . .
Differentiation degree 0.969 0.031 g’c'jﬁfsﬂ'j;yggzgigf':'Lf_
High (n=21) 0.57+0.08 ficacy and prognosis
Moderate (n=31) 0.4940.06
Low (n=50) 0.37+0.04 The occurrence of treatment

Predictive value of miR-34a for the efficacy of
NACT

The AUCs of serum miR-34a in predicting
the efficacy of NACT from FD to SD and from
SD to TD were 0.880 and 0.861, respectively
(P<0.001). See Figure 3.
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failure or poor prognosis was

set as the dependent variable
(treatment failure or poor prognosis was as-
signed a value of 1), and changes in miR-34a
(elevation =1, non-elevation =0) were consid-
ered as the independent variable. Decreased
miR-34a was confirmed as an independent risk
factor for treatment failure and poor prognosis
(P<0.05). Refer to Table 4 for details.

Am J Transl Res 2024;16(6):2711-2718



Breast carcinoma

A B

3
@ 40
0]
£
-
% 30
E2
c O
c P
5 & 20-
o0
©
<% 107
@
E 0- T T
2 X LY Q S

F & & g

e > WP &?
XX N ) S
Q\e & «°Q'
S R o2
d &
&P
0'\9

Relative expression level of miR-34a

-
o
|

o
©
]

o
o
1

o
»
1

o
()
]

°
=)
1

[ Il Effective group
. 1 ineffective group
|
F I
1 1 I
FD SD TD

Figure 2. Association of miR-34a with neoadjuvant chemotherapy efficacy; A: Chemotherapy efficacy in breast
carcinoma patients; B: miR-34a expression in patients with different therapeutic effects at different time points.
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Figure 3. Predictive value of miR-34a for the efficacy of neoadjuvant chemotherapy; A: The AUC of miR-34a for pre-
dicting the efficacy from FD to SD was 0.880 (P<0.001); B: The AUC of miR-34a in predicting the efficacy from SD to
TD was 0.861 (P<0.001). FD, the first detection; SD, the second detection; TD, the third detection.

Discussion

BC is one of the most common malignancies in
women. Despite considerable progress made
in BC diagnosis and management with the
advancement in medical technology, the dis-
ease and chemoradiotherapy-induced adverse
effects continue to severely impact patients’
quality of life [13, 14]. Multiple miRNAs have
now been indicated to be essential in BC diag-
nosis and treatment as molecular biology
advances [15].
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Previous studies have revealed significant dif-
ferences in miR-34a expression in different
tumors. In this study, serum miR-34a levels
were quantified by PCR, revealing a statistically
significant reduction in BC cases compared to
controls. However, there are still conflicting
findings regarding whether miR-34a acts as a
carcinogenic or anticancer agent. As reported
by Yang et al. [16], miR-34a was statistically
reduced in both BC cells and tissues with lymph
node metastasis, and overexpression of miR-
34a could inhibit BC invasion and metastasis.
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Figure 4. Prognostic value of miR-34a for breast carcinoma; A: Serum miR-34a levels in patients with different
prognoses; B: ROC analysis of miR-34a in predicting patients’ prognoses (AUC=0.825). *P<0.05. ROC, receiver
operating characteristic.

Table 4. miR-34a is an independent factor affecting treatment efficacy and patient prognosis

. 95% C.1.
Dependent variable B S.E. Wals P OR
Lower bound  Upper bound
Treatment failure 1.114 0.581 4.629 0.019 3.293 1.155 10.238
Poor prognosis 1.479 0.623 5.201 0.022 4.435 1.296 14.825

Another study [17] suggests that miR-34a func-
tions as a tumor suppressor in prostate cancer.
There is also research indicating that miR-34a
can inhibit BC cell proliferation and invasion
[18], consistent with our findings. However,
some studies have reached opposite conclu-
sions. For example, a study [19] showed that
miR-34a is highly expressed in BC tissue by in
situ hybridization. These conflicting results indi-
cate that the role of miR-34a in many cancers,
including BC, is complex and requires further
in-depth investigation.

Today, miRNAs show great potential in the diag-
nosis, prognosis assessment, and prediction of
chemotherapy efficacy for cancers and other
diseases. They can be stably expressed in
blood, offering advantages such as non-inva-
siveness, the ability for repeated sampling, and
dynamic monitoring of disease progression
[20]. Our study further analyzed the implica-
tions of miR-34a for diagnosing BC by ROC,
revealing its high diagnostic value and suggest-
ing its potential significance in BC diagnosis. To
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better understand the association of miR-34a
with BC, we examined the relationship between
miR-34a and BC patients’ clinicopathological
features and found a close connection between
miR-34a and tumor differentiation and patho-
logical staging. Similar conclusions were drawn
in previous research. For example, Hagrass et
al. [21] confirmed markedly reduced serum
miR-34a in BC patients compared to healthy
individuals, with even lower miR-34a levels in
stage M1 patients than in stage MO patients.
This suggests that altered miR-34a expression
may be an independent evaluation target and
an independent risk factor for BC, but further
analysis is required.

Multiple miRNAs are associated with NACT effi-
cacy in BC. For instance, in BC patients receiv-
ing NACT with epirubicin plus docetaxel, serum
miR-451 expression levels before the start of
chemotherapy were statistically lower in che-
motherapy-resistant group than in chemothe-
rapy-sensitive group [22], demonstrating that
pre-chemotherapy serum miR-451 levels can
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predict the sensitivity of NACT. Another study
[23] reveals that miRNA-621 sensitizes BC to
chemotherapy via suppressing FBX011 and
enhancing p53 activity. Additionally, miR-34a
has a close relationship with chemotherapy
resistance in many BC tissue and cell studies.
One study [24] analyzed miR-34a expression in
BC and found that it was closely related to the
sensitivity of NACT. However, whether miR-34a
expression can serve as a predictive marker for
BC chemotherapy has not been reported. In our
study, we detected gradually elevated miR-34a
in BC patients as chemotherapy progressed,
particularly in those with effective treatment.
Subsequently, we analyzed the predictive value
of miR-34a for curative effects. ROC curve
analysis revealed that serum miR-34a expres-
sion in patients after two cycles of chemothe-
rapy had an accuracy of 0.880 in predicting
chemotherapy efficacy, suggesting that the
dynamic change of serum miR-34a can serve
as a biomarker to predict the efficacy of NACT
in BC. Moreover, the dynamic alterations in
serum miR-34a levels reflect changes in the
disease course, making it useful for monitoring
after NACT and surgery, which will assist in the
early detection of BC recurrence. Also, we ana-
lyzed the correlation of miR-34a with BC
patients’ prognoses and found statistically
higher serum miR-34a in patients with favor-
able prognosis. In BC patients post-chemother-
apy, miR-34a had a high predictive value for
poor prognosis. Previous research [25] has
also affirmed the role of miRNAs in predicting
treatment effectiveness and outcomes of BC
patients, noting that miRNAs can be used as
complementary tools for BC diagnosis, progno-
sis assessment, and efficacy prediction due to
their simplicity of detection and reproducibility
in laboratory tests.

In conclusion, miR-34a is lowly-expressed in
BC, with high value in diagnosing BC, predicting
NACT efficacy, and assessing patient progno-
sis. It is of great clinical significance for formu-
lating individualized treatment plans for BC
patients, adjusting post-NACT treatment proto-
cols, avoiding unnecessary overtreatment, and
improving treatment effectiveness. However,
this study still shows some limitations. Firstly,
the findings need to be validated by further
large-sample multi-center studies. Additionally,
since this study only analyzed a single indicator
of miR-34a, further exploration is warranted to
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ascertain whether its combined use with other
common indicators can further enhance its
clinical application value.
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