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ROLE OF miR-26b-5p AND miR-186-5p

IN BREAST CANCER PATIENTS OF YOUNG AGE:
CLINICAL ASSOCIATIONS AND RELATION

TO ANTHRACYCLINE RESPONSE

Background. Age-specific biological differences in breast cancer (BC) shape the disease course, therapeutic sensitivity,
and prognosis. The microRNAs hsa-miR-26b-5p and hsa-miR-186-5p are considered promising biomarkers of tumor
aggressiveness and treatment response, yet their age-dependent expression features remain insufficiently characterized.
Aim. To evaluate age-related expression patterns of hsa-miR-26b-5p and hsa-miR-186-5p in the BC tissue samples and
their relation to the response to neoadjuvant 4AC chemotherapy. Materials and Methods. Expression levels of hsa-miR-
26b-5p and hsa-miR-186-5p were analyzed by qRT-PCR in formalin-fixed paraffin-embedded tissue samples of BC pa-
tients (n = 56) divided into two age groups: <45 and >45 years. MiRNAs expression patterns were analyzed in relation to
molecular BC subtype, disease stage, T and N categories by TNM, and treatment response grades assessed by the Mill-
er — Payne system. Results. Patients <45 years exhibited significantly higher miR-26b-5p levels (1.78-fold; p = 0.0005),
especially in the luminal B subtype tumors (7.26—8.45-fold). The reduced miR-26b-5p and miR-186-5p levels in young-
er patients were associated with a locoregionally advanced disease (stage III) and lymph-node metastasis. In patients
>45 years, miR-186-5p levels were significantly higher in the HER2/neu-positive subtype (2.9-fold; p = 0.0278) and in the
younger patients responding to 4AC NACT compared to the older responders. Conclusions. In BC, hsa-miR-26b-5p and
hsa-miR-186-5p exhibited pronounced age-specific regulatory patterns and could be considered potential markers of BC
course and efficacy of anthracycline-based therapy.
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Breast cancer (BC) remains one of the leading
causes of morbidity and mortality among women
worldwide, despite substantial progress in diagno-
sis and treatment [1]. The early detection, identifi-
cation of the prognostic and predictive factors, and
personalized therapeutic approach are considered
key components determining the effectiveness of

clinical management of BC patients. In this con-
text, the analysis of molecular biomarkers, allowing
for not only diagnosing BC but also predicting the
disease course, treatment response, and the poten-
tial risk of progression, is of particular importance.

MicroRNAs represent small non-coding RNAs
that exert regulatory functions at both the tran-

Citation: Martyniuk O, Mushii O, Chekhun V. Role of miR-26b-5p and miR-186-5p in breast cancer patients of young
age: clinical associations and relation to anthracycline response. Exp Oncol. 2025; 47(4): 459-466. https://doi.
org/10.15407/exp-oncology.2025.04.459

© PH “Akademperiodyka” of the NAS of Ukraine, 2025. This is an open access article under the CC BY-NC-ND license
(https://creativecommons.org/licenses/by-nc-nd/4.0/)

ISSN 1812-9269. Experimental Oncology 47 (4). 2025 459



O. Martyniuk, O. Mushii, V. Chekhun

scriptional and translational levels, influencing the
expression of numerous genes involved in prolif-
eration, apoptosis, angiogenesis, and metastasis [2].
Due to their stability in biological fluids, including
plasma, miRNAs are considered promising non-
invasive biomarkers for cancer detection and mo-
nitoring of tumor progression [3]. Moreover, the
expression of specific miRNAs is associated with
molecular BC subtypes and the sensitivity of tu-
mors to standard chemotherapy regimens [4—S8].
The statistical data of the recent decades indi-
cate a steady rise in BC incidence among young
women. BC occupies first place in the structure of
cancer morbidity in females aged 18—29 years
and is one of the leading causes of death in the
15—39-year age group. It is well established that
BC in young patients differs from that in older
women in terms of clinical aggressiveness, histo-
pathological characteristics, and molecular pro-
files. In Ukrainian women aged 18—24, BC ranks
third in cancer incidence (10.8%), while in the
30—74 age group, it ranks first (27.6—20.6%). In
the structure of cancer-related mortality among
women, BC predominates in the age groups 30—
54, 55—74, and 75+, accounting for 24.5, 20.6,
and 18.5%, respectively [9]. Given these trends,
the search for the factors that may help predict

Table 1. Clinicopathological characteristics
of patients with BC

<45 years group | >45 years group
Characteristics
N % N %
Number of patients 56 46.6 64 53.3
Patient’s age (years)
Average age 39.05+5.9 64.3 +10.5
Age range 28—45 46—89
BC stage
II 20 35.7 20 31.2
11 36 64.3 44 68.8
Category N according to TNM
NO 36 64.3 40 62.5
N1 20 35.7 24 37.5
Molecular subtype
Luminal A 16 28.7 16 25.0
Luminal B 20 35.7 22 34.4
Her2/neu-positive 10 17.8 14 21.8
Basal 10 17.8 12 18.8
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tumor aggressiveness and assess the effectiveness
of medical treatment, taking into account the bio-
logical characteristics of tumor cells, is a priority
research direction.

Neoadjuvant chemotherapy (NACT) is stan-
dardly used for patients with locally advanced BC
and in initially inoperable cases. According to BC
treatment protocols, the most commonly used
NACT regimens are AC and CAF, which include
anthracyclines (primarily doxorubicin) and cyclo-
phosphamide. However, despite the long clinical
history of NACT, the optimal drugs and chemo-
therapy regimens remain clearly defined, particu-
larly for young women, where minimizing adverse
effects and preserving reproductive potential are
essential treatment considerations [9].

Among many miRNAs, particular attention has
been drawn to hsa-miR-26b-5p and hsa-
miR-186-5p due to their role in important process-
es in cancer cells. According to the literature [10—
13], hsa-miR-26b-5p may function as a tumor-sup-
pressive miRNA, including through regulation of
genes that control apoptosis and the cell cycle. The
reduced expression of this miRNA is associated
with increased cell proliferation, more aggressive
tumor phenotype, and poor prognosis [11, 12]. In
turn, hsa-miR-186-5p may act as a regulator of
stress-induced signaling pathways involved in the
development of anthracycline resistance [11, 13].
An assessment of the levels of these two miRNAs
could be useful for evaluating prognosis and pre-
diction of treatment response in BC patients receiv-
ing chemotherapy by the 4AC regimen.

Therefore, the aim of this study was to evalu-
ate age-related expression patterns of hsa-miR-
26b-5p and hsa-miR-186-5p in the BC tissue
samples and their relation to the response to
neoadjuvant 4AC chemotherapy. Identifying the
associations between miRNA levels and clinical-
pathological BC features, as well as assessing
their ability to predict treatment response, may
represent an important step toward personalized
medicine and optimization of therapeutic strate-
gies for BC patients.

Material and Methods

In the study, the data and clinical materials (forma-
lin-fixed paraftin-embedded tissue samples) of pa-
tients with BC who were treated at the National Can-
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cer Institute of the Ministry of Health of Ukraine in
2019—2022 were analyzed. The clinical and patho-
logical characteristics of the studied BC cases are
presented in Table 1. All patients received NACT ac-
cording to the 4AC regimen (Table 2). The study was
conducted in accordance with the Declaration of
Helsinki and Good Clinical Practice guidelines. All
patients provided written informed consent for the
use of clinical data for research purposes.

Therapeutic response in BC cases was evaluated
using the Miller — Payne grading system, which
provides a standardized morphological measure of
treatment efficacy (Table 2).

MicroRNA expression was analyzed using real-
time PCR. Total RNA was extracted from formalin-
tixed paraffin-embedded (FFPE) tissue sections us-
ing the RNeasy FFPE Kit (QIAGEN, Germany) and
the NucleoSpin kit (MACHEREY-NAGEL, Germa-
ny) according to the manufacturer’s instructions.
RNA concentration was measured using a Nano-
Drop 1000 Spectrophotometer (Thermo Scientific,
USA), and the purity was assessed by the 260/280
nm absorbance ratio. Isolated RNA was dissolved
in Tris-EDTA buffer and stored at —-20 °C until fur-
ther use.

Complementary DNA was synthesized from
100 ng of total RNA using the LunaScript® RT Su-
perMix Kit (New England Biolabs, USA). RNU48
small nucleolar RNA was employed as an endoge-
nous control to normalize miRNA expression lev-
els. Primers for the RNAs were synthesized by YP
Biotech (Ukraine): RNU48 F: 5'-AGT GAT GAC
CCC AGG TAA CTC-3" and R: 5°-CTG CGG
TGA TGG CAT CAG-3"; hsa-miR-26b-5p F: 5'-
GTT TGG GTT CAA GTA ATT CAG G-3" and
universal R; hsa-miR-186-5p F: 5°-GTT TGG GTT
CAA GTA ATT CAG G-3" and universal R.

A quantitative real-time PCR was performed on
a QuantStudio 5 Dx Real-Time PCR System
(Thermo Fisher Scientific, USA) using a Lu-
naScript® MasterMix Kit (New England Biolabs,
USA). Each sample was analyzed in triplicate, and
the threshold cycle (Ct) values were averaged. Rel-
ative miRNA expression was calculated using the
272 method.

Comparisons between two groups were per-
formed using the Mann — Whitney U test. Statisti-
cal analyses were conducted using GraphPad Prism
10 (GraphPad Software, USA), and p-values <0.05
were considered statistically significant.
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Resultgs and Discussion

To evaluate the clinical relevance of the studied
miRNAs in different age groups, the patients were
divided into two groups: those younger than 45
years and those older than 45 years. We assessed
the expression of miR-26b-5p and miR-186-5p in
BC tumor tissue in these subgroups (Fig. 1). We
demonstrated that a characteristic feature of BC in
patients under 45 years is the significantly higher
(1.78-fold, p = 0.0005) expression level of miR-26b-
5p compared to the women older than 45. No age-
associated differences in miR-186-5p expression in
tumor tissue were observed.

Then we analyzed expression of these miRNAs
in different molecular BC subtypes (Fig. 2). As
shown, expression of miR-26b-5p in luminal B BC
in younger women was significantly higher com-
pared to luminal A, HER2/neu-positive, and basal-
like subtypes by 7.26-fold, 8.40-fold, and 8.45-fold
(p < 0.05), respectively. Tumor tissue from HER2/
neu-positive BC patients older than 45 years
showed a 2.9-fold (p = 0.0278) elevation of miR-
186-5p levels compared to samples of the luminal
B subtype in this age group (Fig. 2).

We further established that BC tissue from
younger patients with stage III disease exhibited a
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Fig. 1. Expression levels of miR-26b-5p (a) and miR-186-
5p (b) in BC tissue, dependent on patient age

Table 2. Distribution of BC patients by the
clinical response to NACT (4AC regimen)
according to the Miller — Payne criteria

Miller — Payne < 45 years group > 45 years group
criteria N (56) | % (100) | N(64) | % (100)

I 4 7.1 6 9.4

II 8 14.3 7 10.9

III 17 30.4 21 32.8

v 15 26.8 16 25.0

\% 12 21.4 14 21.9
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Fig. 2. Expression levels of miR-26b-5p (a) and miR-186-5p (b) in tumor tissue samples of different BC molecular sub-

types and age groups

10.14-fold (p = 0.0003) and 3.31-fold (p = 0.0310)
reduction in miR-26b-5p and miR-186-5p levels,
respectively, compared to patients with stage Il BC
of the same age group (Fig. 3). No significant dif-
ferences in miRNA levels between age groups de-
pending on tumor grade were observed.

In tumor tissue of the younger BC patients with
T3 tumors, a decrease in miR-26b-5p and miR-186-
5p expression by 4.34-fold (p = 0.0163) and 6.59-fold
(p =0.0369), respectively, was detected compared to
T2 cases. A significant 3.53-fold (p = 0.0299) de-
crease in miR-26b-5p expression was also recorded
in samples from the younger patients with metastat-
ic lesions in regional lymph nodes (Fig. 4).
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Then, we assessed the expression of the miRNAs
in relation to the effectiveness of 4AC NACT, de-
pendent on the patient age. We showed that BC tis-
sue from the younger patients who responded to
treatment was characterized by significantly higher
expression of miR-186-5p compared to the older
responders (Fig. 5).

Taken together, the results indicated that miR-
26b-5p expression exhibited clear age- and biology-
dependent specificity, showing an increased expres-
sion in tumor tissue of the younger BC patients, es-
pecially in luminal B tumors. Reduced miR-26b-5p
and miR-186-5p levels in younger women were as-
sociated with greater locoregional tumor spread
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Fig. 3. Expression levels of miR-26b-5p and miR-186-5p in tumor tissue of BC patients of dif-
ferent age groups, dependent on disease stage (a) and tumor grade (b)

(stage III, T3 category) and metastatic lymph node
involvement. In the older patients, an increased
miR-186-5p expression was characteristic of the
HER2/neu-positive subtype. Additionally, we identi-
tied potential predictive significance for miR-186-
5p: among the younger patients responsive to neo-
adjuvant 4AC therapy, its expression was significant-
ly higher than in the older responders. Altogether,
these findings highlight the age-specific regulation
of miR-26b-5p and miR-186-5p and underscore
their potential as biomarkers of some BC patterns.
In this study, we demonstrated for the first time
the age-related features of hsa-miR-26b-5p and
hsa-miR-186-5p expression in BC patients, as well
as their potential as predictive markers in the con-
text of response to anthracycline-based therapy.
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The data obtained are consistent with current un-
derstanding of the features of BC in young women,
i.e., a more aggressive clinical behavior, a higher
prevalence of unfavorable molecular subtypes, and
a tendency toward early systemic dissemination
[9]. The expression patterns of both miRNAs evi-
denced their potential impact on age-dependent
therapy responses.

The elevated miR-26b-5p levels in the luminal B
subtype of young patients may be beneficial, as this
subtype is generally characterized by high prolif-
erative activity and a propensity for developing
chemoresistance [12]. The decrease in miR-26b-5p
expression in tumor tissue of young patients with
locally advanced disease (stage I1I, T3) and lymph
node metastasis aligns with the literature data on
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Fig. 4. Expression levels of miR-26b-5p and miR-186-5p in BC patients of different age groups,
dependent on T (a) and N (b) categories by TNM
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Fig. 5. Expression levels of miR-26b-5p (a) and miR-186-5p (b) in BC patients of different age
groups, dependent on treatment response assessed by the Miller — Payne system

its involvement in the control of proliferation and | 186-5p expression was observed compared to the
epithelial-mesenchymal transition [12, 15, 16]. older responders. As reported earlier [11, 17, 18],

In tumor tissue from the younger patients sensi- | this miRNA is involved in regulating drug resis-
tive to neoadjuvant 4AC therapy, higher miR- | tance through the effects on transport proteins and
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DNA repair mechanisms. Supposedly, miR-186-5p
may serve as a marker of anthracycline sensitivity
in young BC patients, whereas its reduction could
be indicative of resistance development.

In conclusion, our findings indicate that hsa-miR-
26b-5p and hsa-miR-186-5p can be considered po-
tential markers of BC features and NACT efficacy.
However, interpretation of their age-specific expres-
sion patterns requires further analysis accounting for

the hormonal status, metabolic changes, and ECM
remodeling in young patients.
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O. Mapmuniox, O. Mywiii, B. Yexyn

[HCTUTYT eKcrlepyMeHTaTbHOI AaTO/Ori], OHKOJIOTII Ta pafio6bionorii
imeni P.€. Kaseupkoro HAH Ykpainn, Kuis, Ykpaina

POJIb miR-26b-5p TA miR-186-5p Y XBOPMX HA PAK MOJIOYHOT
3AJIO3Y MOJIOAOTO BIKY: KJITHIYHI ACOIITATIIT TA BIUIMB
HA BIJIIOBIJb HA AHTPAIIMK/ITHBMICHY TEPAIIIIO

Bcryn. Bikosi ocobmmBocti 6iosorii paky Monmounoi 3amo3u (PM3) 3yMOB/IIOOTE pisHuIT Iepebir 3aXBOPIOBAHHS, Iy T-
JMBICTH O Teparril Ta MPOrHOCTNYHI XapaKTepucTuky myxanH. hsa-miR-26b-5p ta hsa-miR-186-5p posrysigaoTscs K
HepCIeKTUBHI 6ioMapKepy IyX/IMHHOI arpeCBHOCTI Ta BifJIIOBi/i Ha /IiKyBaHHsI, OfHAK IXHI BIKOBI aTepHu excIpecii
3a/IMIIAI0THCS HEXOCTAaTHBO BuBYeHMMM. MeTa. OninTtu BikoBi 0co6mmBocTi ekcrpecii hsa-miR-26b-5p Ta hsa-miR-
186-5p y tkauuHi PM3 Ta Bu3Ha4MTY IX MPOTHOCTMUYHE I IPEAMKTUBHE 3HAYEHH [JI BIfNIOBifi HA Heoa  IOBAHTHY
ximioTepamnito (HXT) 3a cxemoro 4AC. Matepianu Ta MeTopu. PiBHi excrpecii miRNA BusHauanu B yX/IMHHIN TKa-
HIUHi XBopux Ha PM3, posnopinennx Ha rpynu <45 ta >45 pokiB. IIpoBefieHO aHasi3 3a7€KHO BiJi MONIEKYIAPHOTO
migTumy, cragii, kateropift T i N sa TNM Ta crymensa nmikysanpHOro matoMopdosy 3a Miller — Payne. Cratuctiany
3HAYyIIiCTh OLjiHoBanu 3a p < 0,05. Pe3ynbraru. [TarienTkn BikoM < 45 pOKiB Majit OCTOBipHO By piBHi miR-26b-
5p (B 1,78 pasu; p = 0,0005). []ns1 Monopiux >KiHOK XapaKkTepHe piske mifgBuiieHHs ekcipecii 1jiel miRNA B ymomiHab-
Homy B migTumi (y 7,26—8,45 pasn). 3urxeHHs piBHiB miR-26b-5p Ta miR-186-5p y Momoanx mani€HTOK acoliitoBaHe
3 JIOKOperioHaabHO noumpeHuM mnponecom (cragis II1, T3) Ta MeTacTaTUYHUM ypaXkKeHHAM TMQpAaTUIHUX BY3TiB. ¥
iHOK >45 pokiB 3adikcoBano miguienHsa miR-186-5p y HER2/neu-nosutrBHOMY migrumi (y 2,9 pasu; p = 0,0278).
BcTaHOB/IeHO IpeaMKTUBHE 3HaYeHH MiR-186-5p: y Monoaux nanieHTok, ayTmBux fo HXT (4AC), 1i excipecis 6ya
3HAYHO BMUIIOI0 HOPIBHAHO 3i cTapummy xBopuMu. BucHoBku. hsa-miR-26b-5p Ta hsa-miR-186-5p meMOHCTPYIOTH
BUPa@XeHy BiKOBY crenm@iqHiCTb i MOXYTb C/IyryBaTH KOMIUIEKCHMMH Giomapkepamn, 1o BifoOpakaioTs 6iomoriy-
Hi ocob6mmBocTi PM3, cTymiHb MyX/IMHHOI arpecHBHOCTI Ta MOTEHIHY Yy T/IMBICTD JO aHTPALMK/IIHBMICHOI Teparrii.
JlaHi miaKpecIoTh BOXIUBICTD ypaXyBaHH: BiKy mpu iHTeprperanil npodimo miRNA ta popmysanHi iHgMBigyami-
30BaHMX IiIXO/iB 10 TiIKyBaHHS.

Kimro4oBi cnoBa: pax MOIO4YHOI 32710311, Heoa ) JOBaHTHA IONiXiMioTepartis, XBopi Moozoro Biky, MikpoPHK.
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