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Burmenskaya OV    , Trofimov DYu, Kometova VV, Rodionova MV, Rodionov VV

TRANSCRIPTION PROFILE IN PREOPERATIVE AROMATASE INHIBITOR RESPONSE TEST 
IN BREAST CANCER PATIENTS 

Today, preoperative hormone therapy is a standard procedure in the context of treatment of ESR+/HER2-negative early-stage breast cancer. Transcription profiles 

of genes helps make assessment of effectiveness of this therapy more accurate. This study aimed to investigate the changes in gene expression caused 

by the preoperative aromatase inhibitor response test in postmenopausal women with ESR+/HER2-negative breast cancer. The participants were 100 breast 

cancer patients treated at the Department of Breast Pathology of Kulakov National Medical Research Center for Obstetrics, Gynecology and Perinatology. 

We did a pathomorphological study of FFPE blocks (trephine biopsied before the hormone response test was prescribed) and intraoperative samples, and 

immunohistochemical (Ki67, ER, PR, HER2/neu) and molecular genetic studies of 45 target genes (quantitative RT-PCR). Aromatase inhibitors in the preoperative 

hormone response test caused significant changes in the mRNA expression of 37 genes in breast tumors: for 35 of them (ESR1, PGR, AR, ERBB2, FGFR4, MKI67, 

MYBL2, CCNB1, AURKA, BIRC5, CCND1, CCNE1, CDKN2A, KIF14, PPP2R2A, PTTG1, TMEM45B, TPX2, ANLN, MMP11, CTSL2, EMSY, PAK1, BCL2, BAG1, 

PTEN, TYMS, EXO1, UBE2T, NAT1, SCGB2A2, GATA3, FOXA1, ZNF703, CD274/PD-L1) the level was decreased, and for 2 genes it increased (SFRP1, KRT5). 

The results of this study can be used in the development of a hormone sensitivity test and personification of adjuvant systemic treatment for breast cancer patients.

Keywords: ESR+/Her2-negative breast cancer, mRNA gene expression, aromatase inhibitors, letrozole, real-time reverse transcription polymerase chain reaction, 
RT-qPCR

Correspondence should be addressed: Olga Vladimirovna Burmenskaya
Akademika Oparina, 4, Moscow, 117997, Russia; bourmenska@mail.ru 

Kulakov National Medical Research Center for Obstetrics, Gynecology and Perinatology, Moscow, Russia

Received: 08.11.2024 Accepted: 05.12.2024 Published online: 21.12.2024

DOI: 10.24075/brsmu.2024.059

Author contribution: VV Rodionov — study conceptualization and design; MV Rodionova, VV Kometova — material collection and processing; DYu Trofimov, 
OV Burmenskaya — PCR testing; OV Burmenskaya — analysis of the results, statistical processing of the data, manuscript authoring; VV Rodionov, 
DYu Trofimov — editing.

Funding: the study was partially supported under the State Task "Personification of adjuvant treatment of patients with luminal HER2-negative subtypes of 
breast cancer enabled by a preoperative hormone sensitivity test" (state registry number in the Unified State R&D Efforts Registration System (EGISU NIOKTR): 
124020600031-3).

Compliance with ethical standards: the study was approved by the Committee on Biomedical Ethics of V.I. Kulakov National Medical Research Center for Obstetrics, 
Gynecology and Perinatology (Minutes #03 of March 21, 2024). All patients signed an informed consent to participate in the study.

Ключевые слова: ESR+/HER2-негативный рак молочной железы, экспрессия мРНК генов, ингибиторы ароматазы, летрозол, обратная транскрипция, 
количественная полимеразная цепная реакция в режиме реального времени, ОТ-кПЦР

О. В. Бурменская    , Д. Ю. Трофимов, В. В. Кометова, М. В. Родионова, В. В. Родионов

ТРАНСКРИПЦИОННЫЙ ПРОФИЛЬ В ПРЕДОПЕРАЦИОННОМ ТЕСТЕ ИНГИБИТОРАМИ 
АРОМАТАЗЫ У БОЛЬНЫХ РАКОМ МОЛОЧНОЙ ЖЕЛЕЗЫ

Тестовая предоперационная гормонотерапия стала стандартной процедурой лечения  ESR+/Her2-негативного рака молочной железы ранних стадий. 

Хорошим подспорьем в оценке эффективности данной терапии могут стать транскрипционные профили генов. Целью исследования было оценить 

изменения экспрессионной активности генов при проведении предоперационного теста на гормоночувствительность опухоли к ингибиторам ароматазы 

у женщин постменопаузального возраста при ESR+/HER2-негативном раке молочной железы. В исследование вошло 100 больных раком молочной 

железы, проходивших лечение в отделении патологии молочной железы ФГБУ «НМИЦ АГП им. В.И. Кулакова». Выполнено патоморфологическое 

исследование FFPE-блоков трепан-биопсии, проведенной до назначения теста на гормоночувствительность, и операционного материала, а также 

иммуногистохимическое (Ki67, ER, PR, HER2/neu) и молекулярно-генетическое исследование экспрессионной панели 45 целевых генов методом 

количественной полимеразной цепной реакции в режиме реального времени. Применение ингибиторов ароматазы в предоперационном тесте на 

гормоночувствительность сопровождается статистически значимыми изменениями в экспрессии мРНК 37 генов в опухолях молочной железы, из 

них снижение уровня экспрессии установлено для 35 генов (ESR1, PGR, AR, ERBB2, FGFR4, MKI67, MYBL2, CCNB1, AURKA, BIRC5, CCND1, CCNE1, 

CDKN2A, KIF14, PPP2R2A, PTTG1, TMEM45B, TPX2, ANLN, MMP11, CTSL2, EMSY, PAK1, BCL2, BAG1, PTEN, TYMS, EXO1, UBE2T, NAT1, SCGB2A2, 

GATA3, FOXA1, ZNF703, CD274/PD-L1), повышение для 2 генов (SFRP1, KRT5). Полученные результаты могут быть использованы в дальнейшем при 

разработке теста на гормоночувствительность и персонификации адъювантной системной терапии больных раком молочной железы.
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Identification of five main molecular subtypes of breast tumors 
and formalization of differential approach to the treatment of 
breast cancer (BC) patients constituted a real breakthrough in 
oncology. Tumors expressing estrogen (ESR) and progesterone 
(PGR) receptors are of luminal subtypes; as a rule, they are 
susceptible to hormone therapy. 

In postmenopausal women, estrogens are formed mainly 
with the participation of the aromatase enzyme, which converts 
androgens synthesized in the adrenal glands and adipose 
tissue (testosterone and androstenedione) into estradiol and 
estrone. Therefore, in the context of treatment of breast tumors 
of luminal subtypes, this cohort of patients receives selective 
aromatase inhibitors (letrozole, anastrozole), which block 
synthesis of estrogens through highly specific competitive 
binding to the aromatase subunit encoded by the cytochrome 
P450 CYP19A1 gene.

Tumors expressing estrogen receptor are prevalent among 
molecular subtypes of BC [1, 2]. However, even within this 
large group, there are significant differences in the features of 
the course of the disease and response to hormone therapy, 
which necessitates study of all learnable biological parameters 
of a malignant neoplasm with the aim to devise the optimal 
treatment tactics. 

Preoperative hormone response test is one of the tools 
designed for the purpose. This test enables prescription of 
a short-term (2–4 weeks) hormonal drugs course before 
surgery. Evaluation of the dynamics of tumor proliferation by 
monitoring changes of the level of Ki67 and expression of 
hormonal receptors allows predicting clinical response to and 
effectiveness of endocrinotherapy in vivo, and consequently free 
some patients from unnecessary highly toxic chemotherapy. 
The recommendation to do hormone therapy testing was 
included in the St. Gallen International Consensus Guidelines for 
treatment of early breast cancer issued in 2021, and were kept 
in the 2023 edition of the paper [3, 4]; Russian breast cancer 
treatment guidelines contain similar recommendations [5, 6].

BC-specific transcription panels of genes involved in 
oncogenesis, such as Oncotype DX, PAM50, Mammaprint, 
and Russian products, can be a useful tool in evaluating the 
effectiveness of therapy [7, 8].

In this connection, this study aimed to investigate the 
changes in gene expression caused by the preoperative 
aromatase inhibitor response test in postmenopausal women 
with ESR+/HER2-negative breast cancer.

The study aimed to investigate the changes in gene 
expression caused by the preoperative aromatase inhibitor 
response test in postmenopausal women with ESR+/HER2-
negative breast cancer.

METHODS

The study involved 100 breast cancer patients treated at the 
Department of Breast Pathology of Academician V. I. Kulakov 
National Medical Research Center for Obstetrics, Gynecology 
and Perinatology, from January, 2019 to August, 2024. We 
studied samples trephine biopsied from each participant before 
the hormone response test, and samples taken during surgery. 

The inclusion criteria were: invasive breast cancer, luminal 
Her2-negative tumor subtype, postmenopausal age, preoperative 
test for tumor sensitivity to aromatase inhibitors. Exclusion criteria: 
inadequate quality of trephine biopsied samples (unfit for 
molecular genetic studies).

The preoperative hormone sensitivity test implied taking 
aromatase inhibitors (letrozole 2.5 mg or anastrozole 1 mg) 
once a day for 2–4 weeks.

We did histological and immunohistochemical studies 
of the biopsy and intrasurgery samples, which were taken 
within 30 minutes after tumor removal and preserved for 
48 hours in neutral buffered formalin. After preservation, the 
samples were processed in an automatic LOGOS microwave 
histoprocessor (Milestone, Italy). The sections, 4–5 microns 
thick, were stained with hematoxylin and eosin. Microscopic 
preparations were subjected to survey microscopy enabled by 
an Olympus BX46 light microscope (Olympus Corp., Japan). 
For immunohistochemical diagnostics, we used a BenchMark 
ULTRA system (Ventana, Roche) employing antibodies to 
estrogen receptors (ER, clone SP1, VENTANA), progesterone 
(PgR, clone 1E2, VENTANA), to Ki67 (clone MIB–1, VENTANA), 
to the oncoprotein of the human epidermal growth factor type 
2 gene (c–erbB2).

For molecular genetic studies, we used a transcription panel 
that included 45 target genes (ESR1, PGR, AR, ERBB2, GRB7, 
EGFR, FGFR4, MKI67, MYBL2, CCNB1, AURKA, BIRC5, MYC, 
CCND1, CCNE1, CDKN2A, KIF14, PPP2R2A, PTTG1, SFRP1, 
TMEM45B, TMEM45A, TPX2, MMP11, CTSL2, EMSY, PAK1, 
ANLN, BCL2, BAG1, PTEN, TYMS, EXO1, UBE2T, TPT1, 
SCGB2A2, KRT5, MIA, GATA3, FOXA1, ZNF703, NAT1 CD68, 
TRAС, CD274/PD-L1) and three reference genes (B2M, GUSB, 
HPRT1). Two to three paraffin sections 4-5 microns thick were 
placed in dry plastic 1.5 ml tubes. The material was selected 
and prepared by a pathomorphologist, with the results of the 
pathomorphological study factored in. 

Total RNA was isolated after pretreatment of samples with 
proteinase K (PREP-PK kit; DNA-Technology LLC, Russia), 
then we used a PREP-NA PLUS kit (DNA-Technology LLC, 
Russia) to isolate nucleic acids in alcohol deposits. The 
resulting RNA preparations were immediately used to set up a 
reverse transcription reaction with a mixture of oligonucleotides 
specific to each gene. The reverse transcription reaction was 
maintained for 30 minutes at 40 °C, followed by a 10-minute 
reverse transcriptase inactivation at 95 °C.

The transcription profile of the genes was determined by 
multiplex Real-time reverse transcription polymerase chain 
reaction (RT-qPCR). The PCR was enabled by DTprime 
detecting amplifiers (DNA-Technology LLC, Russia); the 
program was as follows: 94 °C for 5 minutes; five cycles of 
94 °C for 30 s — 64 °C for 15 s; then 45 cycles of 94 °C for 
10 s — 64 °C 15 s, and storage. 

The reaction mixtures included oligonucleotides specific to 
mRNA, not amplifying from genomic DNA template, flanking 
amplicons measuring up to 100–120 bp, which is important when 
working with DNA after preservation in formalin. The amplification 
products were detected at the primer annealing temperature by 
using fluorescently labeled TaqMan probes (Fam, Cy5).

After amplification, we calculated the abundance of 
transcript by comparing indicator cycles (∆Ct) with the norm 
relative to the reference genes B2M, GUSB, HPRT1. The data 
are given in relative units (RU) on the ln scale.

To improve perception of the results of the study, we 
calculated the ratio (R) of expression before and after therapy: 
R = Eb/Ea, where Eb is the normalized expression level before 
therapy, and Ea is the normalized expression level after therapy. 
R > 1 was regarded as dropping expression, R < 1 as rising 
expression.

Statistical methods

The results obtained are presented as Me [1Q–3Q] (median, 1st 
and 3rd quartiles). Comparing the transcription profiles of genes 
before and after aromatase inhibitor therapy, we employed 
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Table 1. Pathomorphological characteristics of tumors

Characteristic Quantity (%)

Tumor size (sT)

T1 (up to 2 cm): 
• T1a (> 0.1 cm, but ≤ 0.5 cm) 
• T1b (> 0.5 cm, but ≤ 1 cm) 
• T1c (> 1 cm, but ≤ 2 cm)

75 (75%)

2 (2%)

21 (21%)

52 (52%)

Т2 (> 2, but  ≤ 5) 25 (25%)

Status of regional lymph nodes (rN)

N0 76 (76%)

N1 17 (17%)

N2 4 (4%)

N3 3 (3%)

Histological variant

Invasive cancer of a non-specific type 65 (65%)

Lobular cancer 23 (23%)

Special variants of cancer 12 (12%)

Degree of malignancy

G1 18 (18%)

G2 74 (74%)

G3 8 (8%)

the Wilcoxon signed-rank test. The values were considered 
statistically significant at p < 0.01. The calculation was done in 
SPSS 17 statistical processing program (IBM, USA).

RESULTS

The study included 100 BC patients aged 49–84 years (63.3 
[51–79]). Table 1 gives the pathomorphological characteristics 
of their tumors.

In 75% of cases, the tumor was smaller than 2 cm. In 2/3 
(76%) of the patients, there were no metastases to the regional 
lymph nodes diagnosed. No cases involved distant metastases.

The nonspecific variant was the prevailing one: 65 cases 
(65%). Eighteen percent of samples were from low grade 
tumors (G1), 74% from intermediate grade cancers (G2), and 
8% from high grade neoplasms (G3). 

Using the IHC test, we established that 44 (44%) patients 
suffered a luminal A subtype of BC, and 56 (56%) participants 
had luminal B HER2-negative subtype of the tumor.

Aromatase inhibitors taken preoperatively as a hormone 
sensitivity test caused significant changes in the mRNA 
expression of 37 genes, as registered in the studied tumor 
samples, with the expression level dropping for 35 genes 
(ESR1, PGR, AR, ERBB2, FGFR4, MKI67, MYBL2, CCNB1, 
AURKA, BIRC5, CCND1, CCNE1, CDKN2A, KIF14, PPP2R2A, 
PTTG1, TMEM45B, TPX2, ANLN, MMP11, CTSL2, EMSY, 
PAK1, BCL2, BAG1, PTEN, TYMS, EXO1, UBE2T, NAT1, 
SCGB2A2, GATA3, FOXA1, ZNF703, CD274/PD-L1), and 
rising for two SFRP1 and KRT5 genes (Table 2).

Figure 1 shows the results for five proliferation markers, 
estrogen and progesterone receptors, the levels of which 
decreased after treatment.

A statistically significant drop of expression was registered 
in the group of markers of proliferation and regulation of the 
cell cycle. The most pronounced changes were noted for the 
MYBL2, AURKA, PTTG1, TPX2, and ANLN genes, with the 
expression decreasing 3.5-5.5 times in 96–97% of women.

We have also registered significant expression drops:
– in the group of markers of cell migration and cytoskeleton 

organization, with the most pronounced decrease observed for 
MMP11, the expression level of which went down 3.4 times on 
average (interquartile range 1.9–6.3) in 94% of women;

– in the group of DNA repair markers, with the most 
pronounced decrease observed for EXO1, the expression level 
of which went down 6.4 times on average (interquartile range 
3.1–15.3) in 96% of women;

– in the group of transcription factors, with the most 
pronounced decrease observed for ZNF703, the expression 
level of which went down 6.6 times on average (interquartile 
range 2.9–12.6) in 97% of women; 

– in the group of hormonal receptors, with a 2.3-fold 
(average) decrease of the expression of the ESR1 mRNA 
gene in 84% of women, and the most pronounced decrease 
observed for the PGR and AR genes, the expression of 
which dropped more than 2-fold in over 90% of the 
participants;

– in the ungrouped markers of the ubiquitination gene of 
UBE2T proteins and the arylamine-N-acetyltransferase NAT1 
gene (more than 90% of women).

A slightly less impressive but statistically significant 
decrease in expression was observed for apoptosis markers 
(BCL2, BAG), growth factor receptors (FGFR4, ERBB2), 
secretory protein mammoglobin SCGB2A2, and PTEN.  

The level of expression increased significantly for the marker 
of epithelial cell differentiation of cytokeratin KRT5 and tumor 
suppressor SFRP1: this was observed in more than half of the 
patients, 67% and 57% of cases, respectively.

DISCUSSION

Estrogen-positive or luminal breast tumors account for up to 
70–75% of all BC cases [1, 2], and ESR1-dependent signaling 
pathways regulated by estrogens play one of the key roles in 
tumor progression.
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Table 2. Changes in the expression of mRNA markers after intake of aromatase inhibitors

Note: * R > 1 — decreased expression, R < 1 — increased expression.

Marker
Median expression level, ln Expression level change, times

before therapy after therapy р-level Median quartile 1 quartile 3 Share of samples with a change in expression*

Markers of cell cycle proliferation and regulation (decreased expression*)

MKI67 –4 –5.4 7.27E–16 3.7 1.9 8.3 91%

MYBL2 –3.1 –4.9 5.17E–18 5.5 3 10.7 97%

AURKA –4.7 –6.1 3.67E–17 3.9 2.4 6.1 96%

CCNB1 –3.3 –4.2 3.15E–14 2.1 1.5 3.9 90%

BIRC5 –5 –7 9.99E–16 8.8 3.5 16.6 90%

CCND1 –0.4 –1.3 3.11E–16 2.4 1.8 3.3 92%

СCNE1 –5 –6 2.92E–15 3 2 4 91%

CDKN2A –2.4 –2.6 5.14E–06 1.2 0.9 1.7 70%

KIF14 –6.5 –8.1 1.19E–13 3.7 2.1 7.2 85%

PPP2R2A –2.9 –3.4 2.56E–09 1.7 1.1 2.7 77%

PTTG1 –3.4 –4.6 8.12E–18 3.5 2.1 5.1 97%

TMEM45B –2.9 –3.3 4.50E–05 1.4 0.9 2.4 67%

TMEM45A –4.2 –4.2 0.036 – – – –

TPX2 –3.2 –4.6 7.09E–17 4.8 2.7 8 96%

TPT1 –6 –6.2 0.269 – – – –

ANLN –4.1 –5.7 6.03E–17 4.5 3 7.5 97%

Migration, invasion, cytoskeleton organization (decreased expression)

EMSY –2.8 –3.4 1.99E–14 1.6 1.3 2.1 88%

PAK1 –2.4 –3 1.20E–16 1.8 1.5 2.4 93%

MMP11 –1.6 –3.1 8.58E–15 3.4 1.9 6.3 94%

CTSL2 –4.4 –5 2.32E–08 1.7 1.1 2.5 77%

DNA replication and repair (decreased expression)

EXO1 –5.4 –7.4 1.20E–17 6.4 3.1 15.3

TYMS –4.1 –5.2 5.18E–17 3 1.9 5

Hormone receptors (decreased expression)

ESR1 0.1 –0.7 6.11E–12 2.3 1.2 3.6

PGR –2.8 –4.7 1.90E–16 5.5 2.6 11.1

AR –1.9 –3 3.30E–16 3.4 2 5.7

Tumor suppressors

PTEN (decrease) –2.1 –2.5 1.95E–09 1.4 1 2.1

SFRP1 (increase*) –4 –3.5 0.007 1.4 0.6 4.1

Apoptosis (decreased expression)

BCL2 –2.9 –3.5 5.09E–11 2 1.1 2.9

BAG1 –2.9 –3.3 3.86E–15 1.6 1.2 2.2

Growth factor receptors (decreased expression)

GRB7 –2.2 –2.2 0.064 – – –

FGFR4 –4.9 –5.5 2.18E–06 1.7 1 3.3

ERBB2 –0.8 –1.2 2.55E–09 1.4 1 2.1

EGFR –3.7 –3.7 0.331 – – –

Cell differentiation 

KRT5 (increase) –5 –4.3 0.001 1.3 0.8 3.7

SCGB2A2 (decrease) –0.2 –1.2 0.002 2.2 0.5 6.1

MIA –6.1 –6.3 0.412 – – –

Transcription factors (decreased expression)

FOXA1 –0.7 –1.4 1.71E–13 1.9 1.5 2.7

GATA3 –1.1 –1.9 1.65E–12 2.3 1.4 3.4

ZNF703 –3.6 –5.3 8.43E–18 6.6 2.9 12.6

MYC –1.3 –1.2 0.029 – – –

OTHER (decrease)

NAT1 –3.6 –4.7 1.93E–15 2.9 1.6 4.9

UBE2Т –3.4 –4.9 1.03E–17 3.9 2.3 5.9

Immunity 

CD274 (decrease) –5.7 –5.9 0.003 1.3 0.8 1.9

TRAC –2.4 –2.3 0.386 – – –

CD68 –2 –2 0.4 – – –
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Fig. Changes in the mRNA expression of proliferation and hormonal reception genes during a test for tumor hormone sensitivity to aromatase inhibitors. Dots mark the 
individual indicators of the mRNA gene expression level in the tumor

m
R

N
A

 e
xp

re
ss

io
n 

le
ve

l (
ln

 o
. e

.)

MKI67

2

–2

–8

0

–6

–4

–10

AURKA BIRC5MYBL CCNB1 ESR1 PGR

The theory by E.V. Jensen, who described the model 
of action of the hormone, laid the foundation of the current 
understanding of how steroid hormones act. Within the 
framework of this model, a steroid hormone molecule, having 
penetrated into the target cell, binds to a specific receptor, and 
the resulting hormone-receptor complex is translocated into the 
cell nucleus, where it interacts with specific DNA sequences and 
changes the expression of the corresponding genes [9].

The ESR1 receptor is an estrogen-activated transcription 
factor. As such, it regulates the expression of genes involved 
in cell cycles, proliferation and apoptosis. Activation of ESR1 
triggers the expression of MYC, Cyclin D1, FOXM1, GREB1, 
BCL2 or amphiregulin, IGF-1 and CXCL12, which possess 
oncogenic potential [2]. It is believed that ligand-activated ESR1 
binds to estrogen responsive elements (ERE) in promoters of 
target genes, and it can also interact with transcription factors, 
i.e., activator protein 1 (AP1) and specific protein 1 (SP1). Thus, 
this genomic action regulates the transcription of hundreds of 
target genes involved in cell growth and differentiation [2, 10].

ESR1 can also embed in caveoles, special recesses in the 
cytoplasmic membrane of cells, and interact with G proteins, 
thus participating in the production of secondary messengers 
(cAMP) and stimulation of various signaling pathways, like PI3K/
AKT or Ras/MAPK. This non-genomic activity of ERα eventually 
leads to the activation of transcription factors involved in the 
regulation of cell proliferation and survival [2, 10].

Therefore, there is no doubt that a complete lack or 
smaller amounts of the ESR1 ligand (estrogens) associated 
with aromatase inhibitor therapy translate into an impressive 
drop of the level of expression of mRNA of a large number of 
genes. The results we received confirm a significant slowdown 
of mRNA expression for transcription factors GATA3, FOXA1, 
ZNF703, apoptosis BCL2, BAG1, proliferation and cell cycle 
regulation (MKI67, MYBL2, CCNB1, AURKA, BIRC5, CCND1, 
CCNE1, CDKN2A, KIF14, PPP2R2A, PTTG1, TMEM45B, 
ANLN, TPX2). Deterioration of proliferative activity also 
decelerates the expression of markers of replication and control 
of DNA repair (TYMS, EXO1), cytoskeleton and cell migration 
markers (MMP11, CTSL2, EMSY, PAK), and the process of 
ubiquitination of UBE2T proteins. 

Interestingly, another study that focused on atypical breast 
hyperplasia showed an increase in the expression of mRNA 
genes from our panel, namely, ESR1, AR, epidermal growth 
factor receptor ERBB2, transcription factors FOXA1, GATA3, 
ZNF703, and decreasing amounts of cytokeratin KRT5 and 

tumor suppressor SFRP1 [11]. The authors of that study 
associated these changes with activation of signaling pathways 
involved in oncogenesis.

In our study, aromatase inhibitor therapy caused a slowdown 
of the expression of mRNA of the ESR1, AR, FOXA1, GATA3, 
ZNF703, ERBB2 genes, and acceleration of the expression of 
mRNA of the KRT5 and SFRP1 genes, which may indicate a 
positive effect the said therapy has on signaling pathways that 
participate in oncogenesis. 

We registered significant acceleration of expression only for 
two markers, KRT5 and SFRP1. High level of expression of 
the cytokeratin gene KRT5 is characteristic of the breast basal 
epithelium. Luminal epithelium expresses cytokeratins KRT8 
and KRT18 [2].

Currently, it is generally accepted that the main physiological 
regulator of the expression of nuclear receptors in the body is 
the concentration of circulating steroid hormones. Estrogens 
boost synthesis of their own receptors as well as receptors of 
progesterone androgen [10]. Therefore, the attenuating effect 
of the therapy on the expression of mRNA of ESR1, PGR, and 
AR was predictable. It should be noted that initially, we noted 
decreasing expression of the progesterone receptor in the first 
place, and the slowdown of expression of that for ESR1 was 
registered secondary to that. 

The mRNA expression of the PGR gene is directly 
regulated by the activated estrogen receptor. Some authors 
even consider PGR to be an indicator of the ESR1 functionality 
[12]. Therefore, with dropping estrogens and the transcriptional 
activity of the ESR1 gene in the background, the expression of 
the PGR gene's mRNA decreases, too.

CONCLUSIONS

Aromatase inhibitors taken preoperatively in the context of the 
hormone sensitivity test cause significant changes in the mRNA 
expression of 37 genes, with that for 35 genes (MKI67, MYBL2, 
CCNB1, AURKA, BIRC5, CCND1, CCNE1, CDKN2A, KIF14, 
PPP2R2A, PTTG1, TMEM45B, TPX2, ANLN, ESR1, PGR, 
AR, ERBB2, FGFR4, MMP11, CTSL2, EMSY, PAK1, BCL2, 
BAG1, GATA3, FOXA1, ZNF703, TYMS, EXO1, PTEN, UBE2T, 
NAT1, SCGB2A2, CD274) dropping, and for 2 genes (KRT5 
and SFRP1) growing. The results of this study can be used in 
the development of the hormone sensitivity test effectiveness 
assessment method and personification of adjuvant systemic 
treatment for breast cancer patients.



62

ОРИГИНАЛЬНОЕ ИССЛЕДОВАНИЕ    ОНКОЛОГИЯ

ВЕСТНИК РГМУ   6, 2024   VESTNIKRGMU.RU| |

References

1.	 Ahn SG, Nam SJ, Ahn SH, Jung Y, Park HK, Lee SJ, et al. Clinical 
Outcomes Following Letrozole Treatment according to Estrogen 
Receptor Expression in Postmenopausal Women: LETTER Study 
(KBCSG-006). J Breast Cancer. 2021; 24 (2): 164–74. DOI: 
10.4048/jbc.2021.24.e17.

2.	 Clusan L, Ferrière F, Flouriot G, Pakdel F. A Basic Review on 
Estrogen Receptor Signaling Pathways in Breast Cancer. Int J Mol 
Sci. 2023;   24 (7): 6834. DOI: 10.3390/ijms24076834.

3.	 Sparano JA, Gray RJ, Ravdin PM, et al. Clinical and genomic 
risk to guide the use of adjuvant therapy for breast cancer. 
N Engl J Med. 2019; 380 (25): 2395–405. Available from: 
https://doi.org/10.1056/NEJMoa1904819. 

4.	 Burstein HJ, Curigliano G, Thürlimann B, et al. Customizing local 
and systemic therapies for women with early breast cancer: the 
St. Gallen International Consensus Guidelines for treatment of 
early breast cancer 2021. Ann Oncol. 2021; 32 (10): 1216–35.  
Available from: https://doi.org/10.1016/j.annonc.2021.06.023.

5.	 Zolotoj standart profilaktiki, diagnostiki, lechenija i reabilitacii 
bol'nyh RMZh. Rossijskoe obshhestvo onkomammologov. 
2024; 297 s. Russian.

6.	 Tjuljandin SA, Stenina MB, Frolova MA. Prakticheskie instrumenty, 
oblegchajushhie vybor ad#juvantnoj lekarstvennoj terapii u 
bol'nyh operabel'nym ljuminal'nym HER2‑negativnym rakom 
molochnoj zhelezy. Zlokachestvennye opuholi. 2024; 14 (2): 51–
57. Dostupno po ssylke: https://doi.org/10.18027/2224-5057-
2024-003. Russian.

7.	 Bozhenko VK, Trocenko ID , Kudinova EA, Vardanjan SG, Zaharenko MV, 
Solodkij VA, Makarova MV. Vozmozhnosti tipirovanija raka molochnoj 
zhelezy s ispol'zovaniem metodiki OT-PCR. Sibirskij onkologicheskij 
zhurnal. 2019; 18 (5): 61–67. DOI: 10.21294/1814-4861-2019-18-5-61-67. 
Russian.

8.	 Burmenskaya OV, Trofimov DYu, Kometova VV, Sergeev IV, Maerle 
AV, Rodionov VV, i dr. Razrabotka i opyt ispol'zovanija transkripcionnoj 
signatury genov v diagnostike molekuljarnyh podtipov raka molochnoj 
zhelezy. Akusherstvo i ginekologija. 2020; 2: 132–140. Dostupno po 
ssylke: https://dx.doi.org/10.18565/aig.2020.2.132-140. Russian.

9.	 Krasilnikov MA, Shherbakov AM. Signal'nye puti, reguliruemye 
jestrogenami, i ih rol' v opuholevoj progressii: novye fakty i napravlenija 
poiska. Uspehi molekuljarnoj onkologii. 2014; 1: 18–26. Russian.

10.	 Dovzhikova IV, Andrievskaja IA. Receptory jestrogenov (obzor 
literatury). Chast' 1. Bjulleten' fiziologii i patologii dyhanija. 2019; 
72: 120–27. DOI: 10.12737/article_5d0ad2e5d54867.15780111. 
Russian.

11.	 Gregory KJ, Roberts AL, Conlon EM, Mayfield JA, Hagen MJ, 
Crisi GM, et al. Gene expression signature of atypical breast 
hyperplasia and regulation by SFRP1. Breast Cancer Res. 2019; 
21 (1): 76. DOI: 10.1186/s13058-019-1157-5.

12.	 Kumar M, Salem K, Jeffery JJ, Yan Y, Mahajan AM, Fowler AM.
Longitudinal Molecular Imaging of Progesterone Receptor 
Reveals Early Differential Response to Endocrine Therapy in 
Breast Cancer with an Activating ESR1 Mutation. J Nucl Med. 2021; 62 
(4): 500–506. DOI: 10.2967/jnumed.120.249508. Epub 2020 Aug 28.

Литература

1.	 Ahn SG, Nam SJ, Ahn SH, Jung Y, Park HK, Lee SJ, et al. Clinical 
Outcomes Following Letrozole Treatment according to Estrogen 
Receptor Expression in Postmenopausal Women: LETTER Study 
(KBCSG-006). J Breast Cancer. 2021; 24 (2): 164–74. DOI: 
10.4048/jbc.2021.24.e17.

2.	 Clusan L, Ferrière F, Flouriot G, Pakdel F. A Basic Review on 
Estrogen Receptor Signaling Pathways in Breast Cancer. Int J Mol 
Sci. 2023;   24 (7): 6834. DOI: 10.3390/ijms24076834.

3.	 Sparano JA, Gray RJ, Ravdin PM, et al. Clinical and genomic 
risk to guide the use of adjuvant therapy for breast cancer. 
N Engl J Med. 2019; 380 (25): 2395–405. Available from: 
https://doi.org/10.1056/NEJMoa1904819. 

4.	 Burstein HJ, Curigliano G, Thürlimann B, et al. Customizing local 
and systemic therapies for women with early breast cancer: the 
St. Gallen International Consensus Guidelines for treatment of 
early breast cancer 2021. Ann Oncol. 2021; 32 (10): 1216–35.  
Available from: https://doi.org/10.1016/j.annonc.2021.06.023.

5.	 Золотой стандарт профилактики, диагностики, лечения 
и реабилитации больных РМЖ. Российское общество 
онкомаммологов. 2024; 297 с.

6.	 Тюляндин С. А., Стенина М. Б., Фролова М. А. Практические 
инструменты, облегчающие выбор адъювантной лекарственной 
терапии у больных операбельным люминальным 
HER2‑негативным раком молочной железы. Злокачественные 
опухоли. 2024; 14 (2): 51–57. Доступно по ссылке: 
https://doi.org/10.18027/2224-5057-2024-003.

7.	 Боженко В. К., Троценко И. Д., Кудинова Е. А., Варданян С. Г., 

Захаренко М. В., Солодкий В. А., Макарова М. В. Возможности 
типирования рака молочной железы с использованием 
методики ОТ-ПЦР. Сибирский онкологический журнал. 2019; 
18 (5): 61–67. DOI: 10.21294/1814-4861-2019-18-5-61-67.

8.	 Бурменская О. В., Трофимов Д. Ю., Кометова В. В., Сергеев И. В.,
Маерле А. В., Родионов В.В., и др. Разработка и опыт 
использования транскрипционной сигнатуры генов в 
диагностике молекулярных подтипов рака молочной железы. 
Акушерство и гинекология. 2020; 2: 132–140. Доступно по 
ссылке: https://dx.doi.org/10.18565/aig.2020.2.132-140.

9.	 Красильников М. А., Щербаков А. М. Сигнальные пути, 
регулируемые эстрогенами, и их роль в опухолевой 
прогрессии: новые факты и направления поиска. Успехи 
молекулярной онкологии. 2014; 1: 18–26.

10.	 Довжикова И. В, Андриевская И. А. Рецепторы 
эстрогенов (обзор литературы). Часть 1. Бюллетень 
физиологии и патологии дыхания. 2019; 72: 120–27. DOI: 
10.12737/article_5d0ad2e5d54867.15780111.

11.	 Gregory KJ, Roberts AL, Conlon EM, Mayfield JA, Hagen MJ, 
Crisi GM, et al. Gene expression signature of atypical breast 
hyperplasia and regulation by SFRP1. Breast Cancer Res. 2019; 
21 (1): 76. DOI: 10.1186/s13058-019-1157-5.

12.	 Kumar M, Salem K, Jeffery JJ, Yan Y, Mahajan AM, Fowler AM.
Longitudinal Molecular Imaging of Progesterone Receptor 
Reveals Early Differential Response to Endocrine Therapy in 
Breast Cancer with an Activating ESR1 Mutation. J Nucl Med. 2021; 62 
(4): 500–506. DOI: 10.2967/jnumed.120.249508. Epub 2020 Aug 28.


