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CIRCULATING MIRNAS AS PREDICTIVE MARKERS
FOR LINE I AND II NEOADJUVANT CHEMOTHERAPY
IN TRIPLE-NEGATIVE BREAST CANCER

Background. miRNAs have emerged as promising biomarkers for breast cancer, particularly in predicting treatment re-
sponse and prognosis. Their ability to regulate gene expression and their presence in various bodily fluids make them valu-
able tools for personalized medicine. Materials and Methods. The study was based on a retrospective analysis of the results
of the examination, treatment, and survival of 94 patients with stage II—III triple-negative breast cancer (TNBC) who
underwent treatment at the Kyiv City Clinical Oncology Center during 2013—2017. miRNA expressions in blood serum
were estimated using the real-time RT-PCR. Results. The elevated levels of miR-21, -155, -199a, and -200b (p < 0.05) were
linked to metastasis to regional lymph nodes, while miR-373 and -126 expression levels were associated with the tumor
stage (r = 0.55 and 0.57, respectively, p < 0.05). The higher serum levels of miR-21 (> 5.4, p < 0.05), -125b (> 6.0, p < 0.05)
and the lower miR-205 levels (< 2.0, p < 0.05) were associated with the poorer response to line I and II neoadjuvant chemo-
therapy. The serum levels of miR-21, -125b, -126, -199a, -200b, -205, and -373 were found to correlate with the overall and
recurrence-free survivals in TNBC patients. Conclusions. These findings suggest that miRNA-based biomarkers may have
the potential as prognostic and predictive tools in TNBC, aiding in personalized treatment strategies.
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An important factor that determines the successful
treatment of breast cancer (BC) is the extent of can-
cer progression at the time of diagnosis. However,
at least 50% of BC patients already have an invasive
local tumor growth or metastases in distant organs
at their first visit to the doctor. In this regard, an
urgent problem is the development of methods for
early BC detection that will allow for timely treat-
ment of the disease [1].

The development of molecular biology has sig-
nificantly widened the number of approaches for di-
agnosis, monitoring, and prediction of the BC
course [2]. In particular, molecular and genomic ap-
proaches are used for genotyping solid tumors in
cases where standard methods of cancer diagnosis
have proven ineffective. However, despite high in-
formativeness, they have certain limitations since tu-
mor tissue cannot be used to monitor cancer devel-
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opment and evaluate the effectiveness of treatment,
and, importantly, changes in tumor characteristics
during treatment are not taken into account. The
solution to these shortcomings is the use of circulat-
ing markers [3]. In recent years, numerous funda-
mental and clinical studies have established that cir-
culating miRNA levels could serve as informative
prognostic parameters in cancer patients.

The therapy of BC includes several regimens in-
cluding neoadjuvant and adjuvant. In addition, in
hormone receptor-positive BC cases, hormonal
treatment is used. Combinations of anthracyclines
such as doxorubicin, daunomycin, and epirubicin
with taxanes such as paclitaxel and docetaxel are
among the most common treatment strategies for
advanced BC. Among neoadjuvant regimens, com-
binations of paclitaxel, docetaxel, doxorubicin, epi-
rubicin, cyclophosphamide, and fluorouracil are
most often used. A new trend in cancer treatment
involves developing minimally invasive methods to
predict the disease progression. This approach fo-
cuses on analyzing biological fluids, especially
blood, without the need to take biopsies [4].

Triple-negative breast cancer (TNBC) is a par-
ticularly aggressive BC subtype with a poor prog-
nosis. Unlike other BC subtypes, TNBC does not
express hormone receptors (estrogen receptor, pro-
gesterone receptor, and HER2), limiting treatment
options. The lack of targetable receptors makes
TNBC more difficult to treat, leading to higher
rates of recurrence and metastasis [5].

TNBC often presents at an advanced stage, with
larger tumors and lymph node involvement, fur-
ther complicating treatment and reducing survival
rates. Additionally, TNBC patients are more likely
to experience early recurrence and distant metas-
tasis compared to other breast cancer subtypes.
This aggressive behavior highlights the urgent need
for novel therapeutic strategies and predictive bio-
markers to improve the outcomes [5].

The development of novel predictive markers for
TNBC is crucial for identifying patients who will
benefit from neoadjuvant therapy. These markers
can help guide treatment decisions, allowing for
more personalized and effective therapies.

miRNAs are small non-coding RNA molecules
approximately 22 nucleotides long that regulate gene
expression by targeting specific regions of mRNA.
Aberrant miRNA expression profiles contribute to
cancer development and progression by modulating
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the activity of oncogenes and tumor suppressors.
Changes in miRNA expression can be caused by ge-
netic alterations, epigenetic modifications, or dis-
ruptions in transcriptional regulation [6].

Cancer cells exhibit abnormal miRNA expres-
sion patterns compared to normal cells. Oncogenic
miRNAs promote tumor growth, invasion, and an-
giogenesis, while tumor-suppressive miRNAs in-
hibit these processes. The specific miRNA profile
of a tumor can vary depending on the tissue of or-
igin and can serve as a biomarker for early diagno-
sis and prognosis [6].

Circulating miRNAs that are found in body flu-
ids are stable and can be detected using routine
laboratory methods. Changes in the levels of cir-
culating miRNAs have been linked to various can-
cer types, suggesting their potential as minimally
invasive biomarkers for cancer diagnosis and
monitoring [7].

Studies have shown that specific miRNAs play a
significant role in determining how breast cancer
responds to chemotherapy. When certain miRNAs,
such as miR-451, miR-145, and others, are disrup-
ted, cancer cells become more resistant to anthracy-
clines [8]. Several miRNAs have been identified as
potential predictive markers in TNBC. For instance,
overexpression of miR-21 as well as downregulation
of miR-205 are associated with poor prognosis and
increased tumor aggressiveness. Additionally,
miR-155 and miR-146a have been implicated in the
development and progression of TNBC, although
their roles can be context-dependent [9].

Moreover, the levels of miRNAs in blood can be
used as biomarkers to predict a patient’s response to
chemotherapy. For instance, high levels of miR-221
are linked to poor response, while elevated miR-
4530 levels are associated with better respon-
ses [10—12]. Qattan et al. [13] have identified a pan-
el of the circulating miR-93, miR-210, miR-19a, and
miR-19b that can accurately predict a patients likeli-
hood of benefiting from specific chemotherapy re-
gimens. Garcia-Vazquez et al. [14] found that the
expression levels of the circulating miR-30a, miR-9-
3p, miR-770, and miR-143-5p are associated with
the clinical response to neoadjuvant chemotherapy
(NACT) in patients with TNBC.

While miRNAs hold significant promise as pre-
dictive markers for TNBC, several challenges re-
main. The standardization of miRNA detection
methods, validation in large-scale clinical studies,
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and identification of miRNA-based therapeutic tar-
gets are crucial for their clinical application. By ad-
dressing these challenges and continuing research
efforts, miRNAs have the potential to revolutionize
the diagnosis and treatment of TNBC.

We aimed to study the relationship between cir-
culating miRNA expression and sensitivity to
NACT in patients with TNBC and evaluate the
possibilities of their use as predictive markers of
treatment effectiveness.

Materials and Methods

We have conducted a retrospective analysis of the
results of the examination, treatment, and survival
of 94 patients with stage II—III TNBC who under-
went treatment at the Kyiv City Clinical Oncology
Center during 2013—2017. All subjects provided
informed consent on the use of their clinical data
for scientific purposes, and the research was ap-
proved by the Medical Ethical Committee of the
Kyiv City Clinical Oncology Center and was car-

Table 1. General clinical characteristics of BC patients

Number of cases
Characteristics
N %
Total number of patients 94 100
Age (years)
Mean 56.1+54
Range 24—81
Menstrual function
Active menstrual cycle 41 43.62
Menopause 53 56.38
Stage
II 57 60.64
111 37 39.36
Lymph node metastasis (TMN)
NO 36 38.30
N1-N3 58 61.70
Histological type
Infiltrative duct cancer 65 69.15
Infiltrative lobular cancer 29 30.85
Grade
Gl 22 23.40
G2 42 44.68
G3 30 31.91
18

ried out in conformity with the guidelines of the
Declaration of Helsinki.

The stage of cancer was determined according to
the international tumor classification (TNM, 8th
edition (2017)). All patients underwent the general
clinical, biochemical, and laboratory tests, ultra-
sound of the abdomen, mammography, X-rays of
the chest cavity, and puncture biopsy of tumors by
the standards of diagnosis and treatment of cancer
patients, approved by the Ministry of Health of
Ukraine No. 140 dated 27.07.1998, No. 554 dated
17.09.2007, and No. 645 dated 30.07. 2010.

Depending on the clinical indications, all pa-
tients with stages II—III underwent organ-saving
surgery or radical mastectomy by Madden and
NACT by the standards of treatment approved in
Ukraine. The courses include 2—6 cycles of the AP
scheme (doxorubicin + paclitaxel/epirubicin +
docetaxel) or the cisplatin/carboplatin scheme,
with an interval of 21 days. NACT efficacy was
evaluated every 2 cycles by mammography accor-
ding to RECIST 1.1. criteria.

General clinical characteristics of patients and the
results of the morphological and immunohis-
tochemical study of tumors are presented in Table 1.

Real-time quantitative reverse transcription
polymerase chain reaction (QRT-PCR). miRNA
expression was estimated in blood serum from BC
patients. Samples of blood were collected following
the patient’s diagnosis before treatment. Blood was
contained in K3 EDTA vials and centrifuged to iso-
late serum, which was stored at -20 °C. Total RNA
from the serum samples was isolated using a com-
mercial miRNeasy Serum/Plasma Kit (QIAGEN,
Germany) according to the manufacturer’s recom-
mendations. The amount of isolated RNA was de-
termined by spectrophotometry using a NanoDrop
2000c Spectrophotometer (Thermo Scientific,
USA). The purity of the isolated RNA was moni-
tored by the ratio of absorption values at wave-
lengths of 260 and 280 nm. RNA was dissolved in
Tris-EDTA buffer and stored at -20 °C until use.
The RT-PCR was performed using a quantitative
detection system QuantStudio 5 Dx Real-Time
PCR System (Thermo Fisher Scientific, USA) and
a commercial kit for RT-PCR TagMan MicroRNA
Assay (Thermo Fisher Scientific, USA) according
to the manufacturer’s protocol.

The primer sequences for the detection of
miRNAs were obtained using the resource ge-
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nomics.dote.hu:8080/mirnadesigntool (Table 2)
and synthesized by Metabion, Germany.

RNU48 miRNA was used as an endogenous con-
trol to objectify expression parameters (forward
5'-AGTGATGAT-GACCCCAGGTAACTC-3' and
reverse 5'-CTGC-GGTGATGGCATCAG-3') [9].
The relative expression of miRNAs was determined
by the comparative ACT method. The threshold cycle
was averaged in all technical and biological replicas in
the middle of each line. The fold change in the expres-
sion of the studied miRNAs was calculated by the for-
mula 2", The errors of the fold change calculations
show a range of ACt values based on the inclusion of
the standard deviation in these values.

Statistical methods. Statistical processing of the
obtained results was carried out using STATIS-
TICA 6.0 program (Statistica Inc., USA). Standard
descriptive, parametric, and non-parametric statis-
tical methods were used. Testing of the statistical
hypothesis about the normality of the distribution
was carried out using Student’s -test (for a para-
metric distribution) or a Mann — Whitney U-test
(for a non-parametric distribution). A recurrence-
free survival analysis was carried out by the Man-
tel — Cox test. Differences at p < 0.05 were consi-
dered significant.

Results and Discussion

The selection of miRNAs for this research was
based on the data on their involvement in the regu-
lation of genes associated with cancer emergence
and progression and the development of drug re-
sistance. For this, using the tools of the resource
ncbi.nlm.nih.gov (ProSplign, BLAST, GemBank,
etc.) and http://www.mir2disease.org/, a panel of
miRNAs was selected in several stages:

e Stage 1: selecting miRNAs involved in breast
carcinogenesis (the resource http://www.mir2
disease.org formed a list of 263 miRNAs for which a
connection with oncogenesis in mammary gland has
been experimentally proven).

e Stage 2: reducing the list of miRNAs accord-
ing to the following characteristics: participation in
the regulation of apoptosis, regulation of the ex-
pression of xenobiotic metabolism genes, and pro-
ven clinical significance. This search was based on
the search for literature and clinical trials, patents,
etc., as well as those miRNAs based on which anti-
cancer drugs will be developed. As a result, we
formed a list of 40 miRNA candidates.

o Stage 3: analyzing the sequences of the se-
lected miRNAs using the resource ncbi.nlm.nih.

Table 2. Primer sequences to determine the miRNAs expression

miRNA ID Stem-loop primer for cDNA synthesis

Forward primer

miR-125b
GCACCAGAGCCAAC GCCAAC -3
miR-126
GCACCAGAGCCAAC AGTAAT -3/
miR-155
GCACCAGAGCCAACTCGTGA -3’
miR-182
GCACCAGAGCCAACTAGAAC-3
miR-199a
GCACCAGAGCCAAC GCACAT -3

miR-200b
GCACCAGAGCCAACTCATCA -3’
miR-205
GCACCAGAGCCAAC GTGGCC -3
miR-21
GCACCAGAGCCAAC TCAACA-3'
miR-373
GCACCAGAGCCAACTAAAAC-3'
miR-375
GCACCAGAGCCAACTAACGA -3’

5" - GTTGGCTCT GGTGCAGGGT CCGAGGTATTC

5" - GTTGGCTCT GGTGCAGGGT CCGAGGTATTC

5" - GTTGGCTCT GGTGCAGGGT CCGAGGTATTC

5" - GTTGGCTCT GGTGCAGGGT CCGAGGTATTC

5" - GTTGGCTCT GGTGCAGGGT CCGAGGTATTC

5" - GTTGGCTCT GGTGCAGGGT CCGAGGTATTC

5" - GTTGGCTCT GGTGCAGGGT CCGAGGTATTC

5'- GTTGGCTCT GGTGCAGGGT CCGAGGTATTC

5" - GTTGGCTCT GGTGCAGGGT CCGAGGTATTC

5" - GTTGGCTCT GGTGCAGGGT CCGAGGTATTC

5" - GTTTACCAGA CTTTTCCTAGTC - 3'

5" - GGGTCGTACC GTGAGTAAT - 3’

5" - GTGGGTTAA TGCTAATCGTGAT - 3'

5" - GTTGTTTGG CAATGGTAGAACT -3’

5" - GGGACAGTA GTCTGCACAT -3

5" - GTTTGGTAA TACTGCCTGGTAA - 3"

5" - GTTTCCTTCA TTCCACCGG - 3’

5" - GTTTGGTAG CTTATCAGACTGA - 3'

5" - GTTTGGAAGT GCTTCGATTTTG - 3'

5" - GTTTGTTTGTCAA GAGCAATAACGAA -3
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4 miR-125b < 6.2 miR-205 < 2.2
= miR-125b > 7.0 miR-205 > 3.0

Fig. 1. Overall (a) and recurrence-free (b) survival of TNBC patients who received line I NACT and overall (c) and
recurrence-free (d) survival of TNBC patients who received line I NACT depending on the circulating miRNAs levels

tions of doxorubicin + paclitaxel (46 patients) and
epirubicin + docetaxel (48 patients) as line I the-
rapy. Of these, 22 patients received cisplatin and
21 received carboplatin as line IT drugs (Table 4).
Depending on the severity of the clinical effect of
NACT (according to RECIST criteria 1.1), the pa-
tients were divided into 2 groups. Group 1 inclu-
ded patients who had complete and partial cancer
regression and were considered sensitive, while
the cases with cancer stabilization and progres-
sion were considered resistant and distributed to
group 2 (Table 4).

We also divided patients into 4 groups by me-
dian miRNA levels and estimated the association

of high/low miRNA levels with the response to
NACT: 12 patients demonstrated complete regres-
sion, 22 — partial regression, 15 — stabilization,
and 14 — progression of tumor process (Table 5).

We found that the expression levels of circulating
miR-125b and -205 in blood serum of patients with
TNBC before the start of treatment of above 4.9 and
below 2.8, respectively, are characteristic of cancer
cases sensitive to the line 1 NACT regimens (com-
binations of anthracyclines with taxanes: doxorubi-
cin, epirubicin, paclitaxel, docetaxel). The levels of
miRNA-125b > 6.0 and miRNA-205 < 2.0 were de-
termined in the serum of patients with resistant tu-
mors (Table 5).

Table 5. Distribution of patients with TNBC by the level of expression of circulating
miRNAs depending on the clinical effect of chemotherapy, n/%

miRNA level Clinical assessment of NACT (RESIST criteria 1.1.)
LineI Complete regression Partial regression Stabilization Progression
n=18 n=233 n=22 n=21
miR-125b < 4.9 16/88.9% 26/78.8% 5/22.7% 3/14.3%
miR-205 > 2.8
miR-125b > 6.0 2/11.1% 7/21.2% 17/77.3% 18/85.7%
miR-205 < 2.0
Line II Complete regression Partial regression Stabilization Progression
n=10 n=11 n=12 n=10
miR-21 < 5.4 10/100% 10/81.8% 2/16.7% 1/10%
miR-21 > 5.4 0 1/18.2% 10/83.3% 9/90%
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We have revealed that the levels of circulating
miR-182, -21 in TNBC patients who had already
received treatment, predict the sensitivity of tumors
to line II drugs, in particular, cisplatin and carbo-
platin. The levels of miRNA-21 < 5.4 and miR-
NA-182 < 4.0 indicate the sensitivity of neoplasms
to platinum drugs, while indicators > 6.7 and > 6.0,
respectively, indicate poor response (p < 0.05).

Considering the obtained data on the connec-
tion between the expression of miRNA-21, -155,
-182, -373, -125b, -126, -199a, -200b, -205, -375
and the stage of TNBC, the presence of lymph node
metastases, and drug sensitivity, we analyzed their
association with overall and recurrence-free sur-
vivals of TNBC patients (Fig. 1).

We have established that the overall survival
(OS) of patients who received line I therapy and
exerted expression levels of miRNA-373 < 8.1 and
miRNA-126 > 4.3 was 20 % higher compared to the
patients with miRNA-373 levels > 9.0 and miR-
NA-126 levels < 3.4 (Fig.1, a).

The patients with expression of miR-373 < 8.0
and miR-200b < 0.20 had the best indicators of re-
currence-free survival rate (RFS) compared to
those with miR-373 expression > 8.6 and miR-200b
levels < 0.25 (p < 0.05) (Fig.1, b).

Expression of miR-199a > 0.6 (p < 0.05) and
miR-200b > 0.2 (p < 0.05) in TNBC patients who
received line II therapy was associated with better
survival rates (Fig.1, c). Patients with miR-125b >
> 7.0 and miR-205 > 3.0 demonstrated twice lower
RFS compared to patients with miR-125b < 6.2 and
miR-205 < 2.2 (p < 0.05) (Fig.1, d).

To date, some prognostic and predictive miRNA
panels have been developed for TNBC and are ef-
fectively used in clinical practice. In particular, more
than 1,026 patents have been registered in the world
regarding the use of miRNAs as markers of the sen-
sitivity of BC to drug therapy. According to the lite-
rature and the results of experimental studies, dis-
ruption of the expression of miRNA-451, -145, -298,
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! THCTHTYT eKCIiepMMEeHTANIbHOI TATONOTi, OHKONIOTIT i pajio6ionorii
im. P.€. Kasenpkoro HanionanpHoi akaziemii Hayk Ykpainnm, Kuis, Ykpaina
2 KHIT «KuiBchKuit MicbKuit KIiHiYHMIT OHKO/MOTi9HMIT LleHTp», KniB, Ykpaina

LIPKY/IIOIYI MIKPOPHK K MAPKEPY UYYT/IMBOCTI
IO HEOAJTTOBAHTHOI XIMIOTEPATIII I TA II JITHIM Y XBOPUX
HA TPMYI HETATVBHM PAK MOJIOYHOI 3A/TO3U

Bcryn. MikpoPHK e 6aratoobinsirounmu 6iomapkepamu paky Mono4dHoi 3a103u (PM3), 0co6/11Bo [i/1s1 IPOrHO3YBaHHS
BifTIOBi/Ii Ha TiKyBaHHsA. [XHS 3MaTHICTD peTy/TIBaTH eKCIIPECiio TeHIB i MPUCYTHICTh y PiSHUX PilHAX OPTaHi3My poOUTH
iX iHHMMM IHCTPYMEeHTaMM /s TepCoHaTi30Banol Meauian. OCKiIbKY JOCTIPKEHHS iX MPOCYBalTHCs, biomapKepn
Ha ocHOBi MikpoPHK MaroTb noTeH11ian A1 peBomonii B Aiarnoctui Ta nikysanHi PM3, 1o cnpusATiMe NOKpalljeHHIo
pesynbTatiB TiKyBaHH: HalieHTiB. MaTepiamu Ta MeTomu. [IpoBefieHO peTPOCIEKTUBHUIT aHAJII3 Pe3y/IbTATiB 06CTe-
JKeHHS, JIIKyBaHHA Ta BIbKuBaHocTi 94 marientis 3 [I—III crapiamu Tpudi-nerarnsHoro PM3, Axi nepebysam Ha iky-
BaHHi B KMiBCbKOMY MicCbKOMY K/IiHIYHOMY OHKOJIOTi4YHOMY LieHTpi BIipofosx 2013—2017 pp. Excripecito MikpoPHK B
CUPOBaTIi KPOBi OLIIHIOBA/IN 3a OIIOMOTOI0 KinbKicHOi IIIP y pexxuMi peanbHoro yacy. Pesynbraru. Iligsuieni pisni
mikpo PHK -21, -155,-199a1-200b (7,5 + 0,61, 5,3 £ 0,32, 9,5 + 1,08, 0,45 + 0,111 0,28 + 0,02, BigmosifHo) 6y/ 10B s13aHi
3 MeTacTa3aMu B perioHapHi miMmdarnyHi Bysnn, Topi Ak excrpecia MikpoPHK-373 i -126 6yma aconiioBana 3i cTafiero
nyxIMHHOro npouecy (r = 0,55 i 0,57 BigmosigHo, p < 0,05). Bumi pisui mikpoPHK-21 (> 5,4, p < 0,05), -125b (> 6,0,
P <0,05) i Hmxua excripecisa MikpoPHK-205 (< 2,0, p < 0,05) y cupoBarii KpoBi acomitoBaics 3 ripIioo BifoBigao Ha
HeoaJl I0BaHTHY XiMioTeparito nepmoi Ta gpyroi niuiit. Buasneno, mo cuposarkosi piBHi MikpoPHK -21, -125b, -126,
-199a, -200b, -205 i -373 KOpenITh i3 3araIpHOIO Ta He3peL/MBHOI0 BIDKIBAHICTIO B MAI[IEHTIB 3 TPUYi-HEraTUBHUM
PM3. Bucnosku. OTpuMaHi pesynbraTy CBildaTh Ipo Te, mo MikpoPHK MaroTh nmoTeH1ian AK MpOrHOCTUYHI Ta Ipe-
AMKTYBHI IHCTPYMEHTH JyIA TpuUdi-HeraTusHoro PM3, nonomararoun mifgibpaTu epcoHanizoBaHi cTparerii 1ikyBaHHS.

Kniouosi cnosa: mikpoPHK, Tpidi HeratmBHMII pak MOTOYHOI 3271031, TiKapCbKa Pe3NCTEHTHICTb.
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