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ASSOCIATION OF miRNA EXPRESSION
PATTERN WITH OUTCOME OF LETROZOLE
THERAPY IN BREAST CANCER PATIENTS

Breast cancer (BC) remains the most prevalent tumor and the leading cause of death among women worldwide,
despite the advancements in diagnosis and new treatments. A significant challenge in BC treatment is the acquired
or de novo resistance of tumors to systemic therapy. To overcome this obstacle, personalized treatment is needed, with
a focus on finding biomarkers capable of predicting the response to therapy. MicroRNAs (miRNAs) have emerged
as potential markers due to their diverse clinical applications. Aim. To examine the potential prognostic significance
of miR-125b-2, -155, -221, and -320a expression in the tumor cells of individuals with hormone-dependent BC
before undergoing neoadjuvant hormonal therapy. Materials and Methods. The study is based on a retrospective
analysis of the treatment outcome of 56 patients with stage II—III locally disseminated hormone-dependent BC.
The real-time quantitative reverse transcription polymerase chain reaction was performed on the biopsy material to
assess the expression of miR-125b-2, -155, and -221 before neoadjuvant hormonal therapy with aromatase inhibi-
tor letrozole to predict clinical response. Results. Most HER2/neu+ BC patients had low levels of miR-155 and
miR-221 expression in tumor biopsy specimens. Tumors that responded well to letrozole exhibited lower levels
of miR-125b-2 and miR-221 compared to non-responsive tumors. Conclusions. miR-125b-2, -155, and -221 expres-
sion can predict resistance to the letrozole treatment of BC.
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Breast cancer (BC) in about 75% of postmeno- | estrogen receptor a (ERa) modulators and aro-
pausal patients is dependent on hormones and | matase inhibitors (Als), are the most suitable
relies on estrogen mitogenic effects to promote | treatment option for patients with ERa-positive
cancer growth. Endocrine therapies, such as | (ER+) BC. Recently, Als, including nonsteroidal
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inhibitors like letrozole and anastrozole, which
prevent estrogen biosynthesis, have demons-
trated higher efficacy compared to tamoxifen,
a selective ER modulator, in treating postmeno-
pausal patients with ER+ BC. Despite the proven
clinical efficacy of Als, the resistance to treat-
ment can still occur, either de novo or acquired,
and remains a significant obstacle to successful
therapy [1].

Currently, the development of resistance to en-
docrine therapy is believed to be a gradual pro-
cess. BC transforms from an estrogen-dependent
phenotype, which is receptive to endocrine the-
rapy, to an unresponsive phenotype and even-
tually to an estrogen-independent phenotype.

The recent research has focused on the mo-
lecular mechanisms involved in the switch from
steroid signaling to the growth factor signaling
pathways in the acquisition of endocrine resis-
tance. The studies have shown the activation of
the phosphatidylinositol 3-kinase (PI3K)/AKT/
mammalian target of rapamycin (mTOR) and/or
mitogen-activated protein kinase (MAPK) path-
ways in BC cell lines and breast tumors. These
pathways play a crucial role in survival and may
contribute to endocrine resistance by activating
kinases in both an estrogen receptor (ER)-de-
pendent and ER-independent manner [2].

There is growing evidence that microRNAs
(miRNAs) play a role in estrogen action and
the resistance to endocrine therapy, particularly
in the resistance to tamoxifen and fulvestrant.
The studies have shown that ERa and specific
miRNAs have a close relationship, with some
miRNAs regulating ERa and ERa negatively
regulating the expression of certain miRNAs.
Furthermore, miRNAs have been found to re-
press the expression of ERa transcriptional co-
factors adding complexity to their involvement
in ERa activity.

Postmenopausal ER+ BC patients are often
treated with Als including letrozole and anastro-
zole. However, the long-term estrogen depriva-
tion in these patients may result in acquired resis-
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tance to Als, which presents a significant clinical
obstacle. Recent studies have demonstrated that
miRNAs play a role in Al resistance in ER+ BC,
similar to their involvement in tamoxifen and
fulvestrant resistance. While the research on the
relationship between miRNA regulation and Al
resistance in ER+ BC is relatively limited, seve-
ral specific pathways have been identified as the
main targets of miRNA-mediated regulation of
Al resistance [3].

Our study aimed to examine the potential
prognostic significance of miR-125b-2 -155,
-221, and -320a in the tumor cells of individu-
als with hormone-dependent BC before under-
going neoadjuvant hormonal therapy (NHT).

Materials and Methods

The study is based on a retrospective analysis
of the treatment outcomes of 56 patients with
stage II—III locally-disseminated hormone-de-
pendent BC who were treated on an outpatient
basis at the Transcarpathian Antitumor Center
during 2011—2020. All patients were examined
using the conventional clinical and laboratory
methods according to the standards of diagnosis
and treatment of cancer patients approved by the
Ministry of Health of Ukraine (Orders No. 140
of July 27, 1998; No. 554 of September 17, 2007;
No. 645 of July 30, 2010, and No. 396 of June 30,
2015) and gave the informed consent to the use
of their clinical data for scientific purposes. All
samples were encoded and depersonalized.

Our study involved patients with hormone-
dependent BC who were given NHT consisting
of letrozole (2.5 mg/day, 2—4 cycles). The treat-
ment efficacy was monitored using mammo-
graphy and ultrasound diagnosis according to
RECIST 1.1 criteria. All patients received sur-
gical treatment, and some underwent adjuvant
polychemotherapy or radiation therapy depend-
ing on their risk of progression. The specimens
of resected tumors were studied morphologi-
cally and immunohistochemically.
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The patients in our study were of similar age
and mostly menopausal, with infiltrative ductal
carcinoma being the most common histological
type. Most patients had stage II or III BC; region-
al lymph node metastases were found in 82% of
patients. All tumors were positive for estrogen
and progesterone hormone receptors, and 64%
were HER2/neu positive (Table 1).

Patients were categorized into two groups
based on the clinical response to NHT, using
RECIST criteria. The first group included 36
patients who demonstrated a positive response

Table 1. Clinical and pathological
characteristics of BC patients

Number of patients

Characteristics
n %
Total number of patients 56 100
Average age, years (range) 56.4 + 6.1 (43—81)
Menstrual function is preserved 13 23
Menopause 43 77
Stage
11 37 66
111 19 34
Presence of metastases in regional lymph nodes
NO 10 18
N1—N3 46 82
Histological type of neoplasm
Infiltrative ductal cancer 40 71
Infiltrative lobular cancer 16 29
Differentiation grade
GI (high) 8 14
G2 (moderate) 38 68
G3 (low) 10 18
Expression of steroid hormone receptors
ER+ 56 100
PR+ 56 100
HER2/neu- 36 64
HER2/neu+ 20 36
Molecular subtype
Luminal A 36 64
Luminal B 20 36
182

to NHT, where complete tumor regression was
not observed, but a partial response was regis-
tered in all patients. The second group included
20 women who were resistant to the treatment,
of which 14 patients had stabilization of tumor
growth, and 6 patients had tumor progression.

The paraffin-embedded biopsy samples taken
before any treatment were used for the real-time
quantitative reverse transcription polymerase
chain reaction (qQRT-PCR). The procedures for
RNA extraction, the sets of primers, and the pro-
tocol for qRT-PCR were the same as in our pre-
vious study [4]. All values of miRNA expression
were presented as 2°2¢T,

The statistical analysis of the obtained data
was performed using the STATISTICA 6.0 pro-
gram. All data were expressed as mean * SD of
at least 3 independent experiments. The differ-
ences between the groups were analyzed using
Student’s ¢-test and ANOVA; p < 0.05 was con-
sidered significant. The association between the
treatment responses and pre-treatment miRNAs
levels in biopsy samples was assessed using Pear-
son’s correlation coefficient (r).

Results

We evaluated the expression levels of miR-125b-2
-155, -221, and -320a in BC biopsy samples and
examined their association with various clinical
and pathological features, as well as the response
to Als NHT.

The average expression levels of miR-125b-2
-155, -221, and -320a were 4.49 * 2.98, 3.58 +
+ 1.80, 5.66 + 3.78, and 1.66 + 1.14, respectively.
As in our previous observation [4], we found no
significant correlation between their expression
levels and the clinical characteristics of the pa-
tients, as well as HER2/neu status of the tumors
(Table 2). However, when analyzing miRNA exp-
ression in terms of high (above median)/low (be-
low median) levels according to clinical-patho-
logical parameters of BC patients, we found that
biopsy samples of most HER2/neu+ BC patients
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were characterized by low levels of miR-155 and
miR-221 expression (Table 3).

We also examined the expression of miRNAs
in relation to the response to letrozole treat-
ment (Table 4). Our findings revealed that biop-

sy specimens of cases with partial response
to Als exhibited significantly lower levels of
miR-125b-2 and miR-221 compared to non-res-
ponsive tumors (p < 0.05). As seen from Table 4
patients with cancer stabilization demonstrated

Table 2. Expression of miR-125b-2-5p, -155, -221-3p, and -320a-3p in BC biopsy material
dependent on clinical- pathological parameters of BC patients before treatment (mean + SD)

Parameter miR-125b-2 miR-155 miR-221 miR-320a
Gl 1.10 £ 0.26 4.79 £ 2.31 9.88 +5.34 1.97 £+ 1.33
G2 5.28 +£3.59 3.92+1.51 4.71 £1.59 1.58 £1.26
G3 7.34 £2.98 2.83 £0.39 6.25+2.75 2.50 £ 0.28
NO 417 +1.87 3.85+1.43 4.76 +2.03 1.69 +0.93
N1 4.68 £ 1.39 343 +1.04 6.17 £ 1.52 1.65+1.29
HER- 5.62+1.79 3.61 £1.66 6.55+2.16 1.96 £ 1.15
HER+ 1.68 +1.42 3.51+1.38 3.44 £ 0.94 0.92£0.78

Table 3. miRNA expression levels dependent on characteristics of BC patients. The number of patients
with higher than median and lower than median levels of corresponding miRNA expression is given

miR-125b-2 miR-155 miR-221 miR-320a
High | Low | p | High | Low p High | Low p High | Low | p

Age NS NS NS NS

<60.0 5 6 6 5 4 7 7 4

> 60.0 24 21 23 22 24 21 26 19
Menstrual function NS NS NS NS

preserved 6 7 8 5 7 6 7 6

menopause 22 | 21 24 19 25 18 22 | 21
Tumor stage NS NS NS NS

II 19 | 18 20 | 17 18 | 19 20 | 17

111 7 12 8 11 11 8 9 10
Lymph node metastasis NS NS NS NS

NO 6 4 5 5 6 4 10

N1-3 20 26 26 20 25 21 46
Differentiation grade NS NS NS NS

Gl 3 5 4 4 5 3 5 3

G2 22 | 16 18 | 20 21 | 17 16 | 22

G3 6 4 6 4 5 5 5 5
HER2/neu expression NS <0.05 <0.05 NS

+ 19 17 10 26 11 25 22 14

- 6 14 16 4 12 8 10 | 10
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1.85 and 1.48 higher levels of miR-125b-2 and
miR-221, respectively, compared to patients
with partial regression of tumors, but no statisti-
cally significant differences were found. Still, the
cohort with cancer progression demonstrated
a 3.17- and 2.19-fold increase in the mentioned
miRNA levels, respectively.

We estimated the correlation between letro-
zole treatment response and pre-treatment miR-
125b-2, -155, -221, and -320a levels in biopsy
samples and established that miR-125b-2, -155,
and -221 expression levels inversely correlated
with the outcome by RECIST 1.1 criteria (r =
-0.79, -0.51, and -0.69, respectively).

Discussion

The discovery of Als as therapeutics for BC was
initially serendipitous, similar to the develop-
ment of tamoxifen. The original objective was
to replicate the anti-tumor effect of surgical ad-
renalectomy by reducing the plasma estrogen
levels in postmenopausal women. Since 1974,
steroidal Als have demonstrated the superior ef-
ficacy of anastrozole compared to tamoxifen in
the adjuvant therapy of hormone receptor-posi-
tive BC in postmenopausal women [5].

In a study by Vilquin et al. [2], the miRNA
microarray analysis of letrozole- and anastro-

zole-resistant MCF-7 cells revealed miRNA sig-
natures associated with various signaling path-
ways, including MAPK, focal adhesion, insulin,
ErbB, and mTOR pathways, all converging on
the Akt regulation. The resistant cells showed
the upregulation of miR-125b that conferred
resistance to Als and promoted aggressive be-
havior and stem cell self-renewal. The activa-
tion of the PI3K/Akt/mTOR pathway played
a critical role in mediating the AT resistance via
these miRNAs. Conversely, the targeted supp-
ression of miR-125b restored the sensitivity to
Als. The clinical data supported the association
of miR-125b overexpression with decreased re-
lapse-free survival in ER+ BC, further highlight-
ing the role of miRNAs, particularly miR-125b,
in Al resistance [2].

Several studies claimed that the prognostic
value of miR-125b expression levels was more
informative than those of the conventional bio-
markers such as tumor grade or the receptor
status, as revealed by log-rank test [2, 6]. Fur-
thermore, in the multivariate analysis using
a backward selection procedure, both miR-125b
levels and lymph node status remained indepen-
dent prognostic markers for recurrence-free sur-
vival (p < 0.05). Notably, miR-155 and miR-221
expression levels did not show significant asso-
ciations with recurrence-free survival, although

Table 4. Association of miRNA expression in biopsy specimens
and clinical effect of NHT according to RECIST 1.1. criteria (mean = SD)

Number of patients, n (%)
Sensitive Resistant
Partial regression Stabilization Progression
Letrozole (n = 56) 36 (64.29) 16 (28.57) 4(7.14)
miRNA levels

miR-125b-2 1.68 £0.78 3.12+£0.93 5.33 +1.16*

miR-155 3.51 £1.58 2.99 +£0.79 4.05+0.74
miR-221 344 +1.12 5.12+£1.22 7.55 +2.88*

miR-320a 1.92 + 0.59 2.82 +0.88 1.67 £ 1.05

Note: *p < 0.05 compared to patients with partial regression
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a strong correlation of miR-221 with RECIST
percentage was observed (r = 0.61) [2]. These
data do not coincide with ours in terms of the
association of miR-125b, -155, and -221 expres-
sion with the lymph node status.

In 2020, Zedain et al. [7] conducted a study
on the association of the serum miR-125b level
with lymph node status, the presence of distant
metastases, and the response to Als treatment
in Egyptian BC patients. They established that
it was significantly higher in metastatic BC pa-
tients, but found no association with letrozole
and anastrozole response.

Bacci et al. [8] discovered a significant cor-
relation between the miR-155 levels and the re-
sponse to Al therapy in ER+ BC in vivo on xeno-
graft model suggesting that a subset of patients
may benefit more from a combination approach
rather than AI monotherapy, particularly those
with high miR-155 expression. Furthermore,
through in silico analysis of publicly available
datasets, they have established that high levels
of miR-155 are associated with poor prognosis
in patients treated with tamoxifen. Previous stu-
dies have also indicated that miR-155 expression
levels in blood samples differed between BC pa-
tients and healthy individuals.

There are no specific data in the available lit-
erature on the involvement of miR-221 in Als re-
sistance. On the other hand, there are numerous
studies confirming its association with the resis-
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ACOUIAIIA ITPO®UIIO mixpoPHK 3 PE3YJIbTATAMU
TEPATIII IETPO30JIOM Y XBOPMX HA PAK MOJIOYHOI 3AJI03U

Pax monounoi 3amo3u (PM3) 3anuuraeTbcs HaMIIOMMPEHIIIVM TUIIOM ITyX/IMH T4 OCHOBHOIO IIPMYMHOI0 CMepTi
cepefl )KiHOK y BCbOMY CBiTi, He3Ba)Kaloul Ha IIPOrpec y IiarHOCTHILi Ta HOBUX METO/AX JIiKyBaHH:A. 3HAYHOIO IIPO-
6memoro B mikyBaHHi PM3 € HabyTa ab0 de novo pesucTeHTHICTb MyX/INH [0 cucTeMHoI Teparil. [I[o6 mogonaTy 1to
HePENIKOfY, IIOTPibHe IepcoHani3oBaHe TiKyBaHHsA, 30cepellKeHe Ha IOLIyKy OioMapkepiB, 37aTHUX IepefbadaTu
BifmoBifp Ha Tepamiio. MikpoPHK (MiPHK) cranu moreHuiiiHuMu Mapkepamu depes ix pisHOMaHIiTHe KiliHiuHe
3acTocyBaHHA. Mera. [loCTignTy IOTeHLiliHe IPOrHOCTIYHe 3HaYeHHs ekcrpecil MikpoPHK-125b, -155, -221 ta
-320a B MyX/IMHHUX KIITMHAX XBOPUX Ha TOPMOHO3AIEKHUI PM3 o npoBefeHHA Heoas IOBaHTHOL TOPMOHOTE-
parmii. MaTepianu Ta MeTopgu. JocmimkeHHsa 6a3yeTbcs Ha peTPOCIIEKTVBHOMY aHaIi3i pe3y/IbraTiB IiKyBaHHA 56
XBOPMX Ha JIOKaJIbHO IAMCceMiHOBaHMIil ropMoHo3anesxxHmit PM3 crapiit II—III. KinbkicHy 3BOpPOTHOTPaHCKPUIITA3-
HY I0/1iMepasHy JIAHIIIOTOBY peakliio B peaJbHOMY 4Yaci BUKOHYBa/IN Ha GiOMCiTHOMY Matepiasii /st BUSHAUEHHs
excrpecii MikpoPHK-125b, -155 i -221 Ta sicTaBmsanu 1ii faHi 3 pesynbraramu Tepaiii inribitopom apomarasu me-
TposonoM. Pesymbratu. ¥V 6inbiocti sunaaxis HER2/neu+ PM3 y 3paskax 6ioricii myx/JIMHM BUABIIAIN HUSBKIIT
piBenb excrnpecii MikpoPHK-155 i -221. V pasi nmosuTuBHOI BifiNOBifli Ha Tepamilo €TPO30/I0M PiBHI eKcrpecii
MikpoPHK-155 i -221 6y HYDKYMMM, HDK y XBOPUX HeYyT/IVBUX JJO TAKOro JiKyBaHH:A. BucHoBku. Excripecis
MmikpoPHK-125b, -155 i -221 acouiiioBaHa i3 BifIOBifjl0 IyX/IMH Ha Tepaliio neTpo3onoM. OgHak QyHKLIl 1ux
MikpoPHK BumaraoTh HOHAIbLIOro JOCTIIKEHHs, 11100 PO3MIMPUTI Hallli 3HAHHS PO iXHIO POJIb i MOTEHIiIHe
KJiHiuHe 3acTOCyBaHHA pu PM3.

KirouoBi cnoBa: pak monounoi 3anosu, MikpoPHK, rerposorn, 6iomapxep.
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