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ABSTRACT

Background. The identification of predictive molecular markers of luminal breast cancer will help to assess the
risk of developing distant metastases and determine a personalized approach to predicting the outcome of the
disease during hormone therapy.

The aim of the study was to investigate the relationship between the transcription factors GATA3, FOXA1, and
ELFS5 in the tumor and the occurrence of distant metastases in patients with luminal subtype of breast cancer during
adjuvant hormone therapy.

Materials and methods. The study included 101 patients with breast cancer (aged from 30 years to 81 years,
average age (54.8 = 10.3) years), with stages T —,N, M, of the disease. The follow-up period was at least 5 years.
The inclusion criteria for the study were luminal molecular genetic subtype of the tumor and lack of preoperative
treatment. The exclusion criterion was stage IV disease. The study of transcription factors was carried out by
the immunohistochemical method using polyclonal antibodies to GATA3, FOXA1, and ELFS, manufactured by

Flarebio (Austria).

Results. Low expression of FOXA1 and ELF5 in the tumor was associated with the development of distant
metastases (p = 0.000015 and p = 0.000002, respectively). In addition, it was found that high incidence of
hematogenous metastases was associated with heterogeneous expression of FOXA1 (x2 = 6.42; p = 0.01) and
ELFS5 (y2 = 14.46; p = 0.0001) in the tumor. No similar differences were found in the study of GATA3 expression.

Conclusion. The level of expression of transcription factors FOXA1 and ELF5 and their distribution in the primary
tumor can be considered as potential molecular markers in assessing the risk of hematogenous metastasis in patients
with luminal breast cancer.
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UccnegoBanue daktopoB TpaHckpunuuu GATA3, FOXAT, ELF5
B OLL€HKe NPOrHo3a y 60/1bHbIX IIOMWHA/IbHbIM PAKOM MO/IOYHOM Ke/e3bl
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PE3IOME

AKTYyalbHOCTb. BrIsIBIeHHE IpeicKa3aTeIbHBIX MOJEKYIISIPHBIX MapKepOB JIIOMUHATBHOTO paka MOJIOYHOH Ke-
ne3sl (PMIK) mo3BOJHT OLIEHUTH PUCK PAa3BUTHUS OTAAICHHBIX METACTA30B U ONPENEIUTh MEPCOHATN3UPOBAHHBIN
MOAXOJ K TPOTHO3MPOBAHUIO TeIEHHS 3a00I€BaHUs P MPOBEACHUH TOPMOHOTEPAITHHL.

Henw. M3yunts B3auMoCBs3b TpaHCcKpunuuoHHBIX (akTopoB GATA3, FOXAI, ELF5 B omyxonu ¢ BO3HHUKHO-
BEHHEM OTAAJICHHBIX METACTa30B y OOJIbHBIX JIIOMHHAIbHBIM noaTunioM PMIK npu npoBeneHHH ajblOBaHTHOI
TOPMOHOTEpAIHH.

Marepuansl U MeToabl. B nccienoBanue BkimtodeHa 101 6onpHas PMK (Bospact ot 30 ner mo 81 rona, cpen-
Hui Bospact (54,8 £ 10,3) rona), cramuu T, N, M. Cpok HabironeHus cocTaui He MeHee S nieT. Kpurepusamu
BKJIIOYEHHS B HCCIICIOBAHUE SIBHJINCh: JIIOMUHAIBHBII MOJIEKYJIIPHO-TC€HETUUECKUIT TIOITHII OITYyXOJIH, OTCYTCTBHE
npenonepanronHoro geuenus. Kputepuit nckimouenus — IV cranus 3aboneBanus. MccnenoBanue TpaHCKPHUITLI-
OHHBIX (PaKTOPOB HPOBOMIOCH MMMYHOTUCTOXHUMHYECKHM METO/IOM C MCIOJIB30BaHUEM MOIUKIOHABHBIX aHTH-
ten ¢upmsl Flarebio (ABctpus) kK GATA3, FOXA1 u ELFS.

PesyabTarthl. BeisiBaeHo 3HaunMoe cHubkeHue npoueHTa sxkcnpeccud FOXAL u ELF5 B onyxonu npu pa3sBuTuu
oTmaneHHbIX MeractasoB (p = 0,000015 u p = 0,000002 coorBercTBeHHO). Kpome Toro, moxaszaHo, 4T0 0O0IB-
11asi 4acTOTa Pa3BUTHsA FeMaTOICHHBIX METACTa30B CONPSIKEHA ¢ FeTepOreHHOU sKkenpeccuei B omyxonu FOXAL
(*=6,42; p=0,01) u ELF5 (*= 14,46, p = 0,0001). TTogoGHbIX OTaH4mii B oTHOLIEHHH dKcnpeccunt GATA3 He
0OHapyKEHO.

3akiil0ueHne. YPOBEHb M XapaKTep dKCIPecCHuy TpaHCKpUNIHOHHBIX (akTopoB FOXA1 u ELF5 B nepBuuHOi
OITyXOJIM MOTYT PacCMaTpUBATHCS B KAYECTBE MOTCHIIMAIBHBIX MOJIEKYJIIPHBIX MapKEPOB B OLIEHKE PHCKa reMaro-
TeHHOTO0 METACTa3MPOBaHHUs Y OOJIbHBIX JIOMHHAJIBHBIM MTOATHIOM KapIIHHOMBI MOJIOYHOMN JKeNe3bl.

KawueBble ci10Ba: TIOMHHAIBHBINA paKk MOJOYHOH skenesbl, ¢aktopbl Tpanckpunmmu GATA3, FOXAI1, ELFS,
MIPOTHO3, OT/IaJICHHBIE METAaCTas3kl.

KOHq).]'Il/lKT HUHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J’[PIKaIlPIeI>i HaCTOS[U.[efI CTaTbu.

Hcrounnk ¢unancupoBanus. Pabora BemonHeHa npu ¢uHAHCOBOI momnepxkke rpanta [Ipesmmenra HIII-
2701.2020.7 «Pa3paboTKa HOBBIX IIOIX0OB K IPOTHO3HPOBAHUIO TEUEHHNS KAPIIMHOM MOJIOYHOH KEJIe3bI U JIETKIX
C Y4ETOM MOP(OIIOTHIECKOI U MOJEKYIISIPHO-TEHETHIECKON TeTepOr€HHOCTH OITYXOJIM.

CooTBeTCTBHE NPUHIUNAM ITHKH. Bce nmanueHTs! noanucany “HGOPMHUPOBAHHOE COTJIacHe Ha ydacTHE B HC-
cnenoBaHuy. PaboTa npoBe/ieHa COracHoO NPUHIUIAM JOOPOBOIBHOCTH U KOH(UICHIINATBHOCTH B COOTBETCTBUH
¢ «OcHoBamu 3akoHOAaTenscTBa P 00 oxpaHe 3m0poBbs rpakman» (Yka3 Ilpesunenta PD ot 24.12.1993 Ne
2288) Ha OCHOBAaHHMH Pa3peLICHHUS JIOKATBHOTO KOMUTETA 1Mo OrnomeanuuHckoi atuke HUM onkomorun Tomckoro
HUML (mpotoxon Ne 4994 ot 27.10.2016).

Jas uuruposanus: Bropymmn C.B., Bacunsuenko JI.B., 3aBesioBa M.B., Kpaxmans H.B., [Tatansk C.B. Uc-
cienoBanne paxropos tpanckpunimu GATA3, FOXAI1, ELF5 B onenke mpor€osa y OONBHBIX JTFOMHHAIBHBIM
PaKoM MOJIOYHOI Jkele3bl. broanemens cubupckoi meouyunslt. 2020; 19 (4): 30-37. https://doi.org/10.20538/1682-
0363-2020-4-30-37.
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INTRODUCTION

In recent decades, the overall incidence of breast
cancer (BC) in women has remained consistently
high, with a slight increase in overall five-year sur-
vival rate. In Russia, breast cancer is the leading
oncological pathology in the female population and
accounts for 20.9%, occupying the largest share in
the age group 30-59 years [1, 2].

Recently, transcription factors (TFs) have attrac-
ted the greatest interest as significant predictors of
the course of primary breast cancer.

GATA binding protein 3 (GATA3) is a tran-
scription factor of the zinc finger family, which
normally regulates the proliferation and differen-
tiation of breast luminal cells [3]. Mutation of this
transcription factor plays an important role in breast
cancer carcinogenesis, ranking third after TP53 and
PIK3CA mutations [4]. A group of researchers (ME-
TABRIC Group) analyzed 2,433 and 2,000 breast
carcinoma tissue samples for significant mutations
and found that mutant GATA3 tumors in a subgroup
of patients with ER + breast cancer had a low grade
of malignancy and, therefore, a favorable prognosis
and better overall 10-year survival rat [5]. Positive
expression of GATAS3 in breast carcinoma in the im-
munohistochemical study is also associated with a
better prognosis and survival, and loss of expression
is characterized by opposite effects [6].

The data on the relationship of this transcription
factor with the development of metastases available
in the literature are also contradictory and ambigu-
ous. In one of the studies, a discrepancy between the
expression level of the described transcription factor
in the primary tumor and in the lymph nodes affected
by metastases was found. The authors of the work
showed that in some cases positive expression of
GATA3 was observed in the affected lymph nodes
with negative expression of the marker in the prima-
ry breast tumor and vice versa [7]. In a number of
other studies, the authors evaluated the expression
characteristics of GATA3 in hematogenous metas-
tases of breast carcinoma of various localization and
found that during the development of metastatic foci
in the lungs, the expression of the TF under study
was significantly lower in comparison with the pa-
rameters of its expression in metastases of other or-
gans and tissues. The data obtained may indicate the
possible involvement of GATA3 in the mechanisms
that prevent metastasis [8, 9].

Forkhead box A1 (FOXA1), or hepatic nuclear
factor 3o (HNF3a), like GATAS3, is a transcription
factor that not only plays a key role in the embryonic
development of various organs and tissues, but also
participates in breast tumorigenesis [10]. The data
available in the literature suggest a possible signifi-
cant potential of GATA3 in assessing the prognosis
and response to hormone therapy [11, 12]. Accor-
ding to a number of authors, breast cancer patients in
whom primary tumors were characterized by posi-
tive FOXA1 expression in ER +/PR+ status had lon-
ger overall and disease-free survival [13, 14]. The
prognosis of the disease in patients was primarily
determined by the fact that FOXA1 was involved
in the epithelial-mesenchymal transition (EMT),
interacting with the key transcription factors
Twistl and Slug, which led to a decrease in overall
survival [15].

E74-like factor 5 (ELF5), a transcription fac-
tor of the E26 family (ETS), is involved in the de-
velopment of breast tissue, while its primary role
consists in formation of alveoli and transformation
of progenitor cells into mature acinar cells [16]. This
TF plays an essential role in EMT; in particular, the
inhibitory effect of ELF5 on EMT in breast cancer
was shown [17]. It was demonstrated in MCF-7
mouse models that the expression of this marker in
the tumor can be associated with resistance to hor-
mone therapy [18].

Thus, the data available in the literature remain
controversial, which suggests the need to study the
transcription factors ELF5, FOXA1, and GATA3
in patients with breast cancer in order to clarify the
mechanisms of tumor progression and consider the
studied markers in relation to possible assessment
of prognosis for creating a personalized approach to
treatment of the disease.

The aim of the study was to investigate the rela-
tionship between the expression of the transcription
factors GATA3, FOXA1, and ELFS5 in the tumor and
the occurrence of distant metastases in patients with
luminal subtype of breast cancer during adjuvant
hormone therapy.

MATERIALS AND METHODS

The study included 101 patients with breast can-
cer (aged from 30 to 81 years, mean age 54.8 £ 10.3
years), stage T, N M All patients were treated
at the Cancer Research Institute, Tomsk National

Research Medical Center. The diagnosis of breast
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cancer was established on the basis of core biopsy
of the tumor in accordance with the WHO classi-
fication (2012). The molecular biological subtype
of the neoplasm was assessed by immunohistoche-
mistry (IHC). Antibodies to ER (clone 1D5, Dako),
PR (clone PgR636, Dako), Ki-67 (clone MIB-1,
Dako), and Her2 / neu (polyclonal, c-erB-2, Dako)
were used. The patients did not receive preoperative
treatment. In terms of surgical treatment, all wom-
en underwent surgery in form of radical mastectomy
or sectoral resection (breast-conserving treatment).
In 33% of patients at the time of diagnosis, men-
strual function was preserved, and 68% of patients
were menopausal. After the surgical stage, all pa-
tients received hormone therapy with tamoxifen or
aromatase inhibitors. The observation period was
at least 5 years. The primary documents were ana-
lyzed, such as medical histories and outpatient re-
cords, the presence of local recurrence of the disease
and the presence and localization of distant tumor
metastases were assessed. The inclusion criteria for
the study were luminal molecular tumor subtype and
absence of preoperative treatment. The exclusion
criterion was stage IV of the disease.

When examining the surgical material, the size
of the tumor node, breast tissue outside the forma-
tion, the state of the resection margins, as well as
all removed axillary lymph nodes were assessed for
the presence of metastatic lesions. The tumor grade
was determined according to the Nottingham His-
tologic Grade (Elston modification of the Bloom—
Richardson grading system). In the tumor stroma,
the severity of infiltration by immune cells was as-
sessed in points (1 point — no infiltration or weakly
pronounced, 2 points — moderately pronounced, 3
points — strongly pronounced).

IHC of transcription factors was carried out ac-
cording to the standard technique. We used poly-
clonal rabbit antibodies to GATA3 (dilution 1 :
200), FOXAT1 (dilution 1 : 200), and ELF5 (dilution
1:150) produced by Flarebio (Austria). The interpre-
tation of the staining results included the following
features: the presence of marker expression (positive
or negative expression) and the intensity of expres-
sion of the marker under study (on a scale from 1
to 3 points). The percentage of tumor cells with po-
sitive immunostaining was counted (the count was
performed per 1,000 cells in 10 fields of view at
x40). In addition, the type of the distribution of the
expression of the studied transcription factors in the

tumor was assessed. In case of uniform staining in
the tumor cells, regardless of the intensity of the
marker expression, the expression was considered
homogeneous. The presence of foci with positive
and negative expression in the tumor section, as
well as foci with varying degrees of staining inten-
sity, the distribution pattern was considered hetero-
geneous.

Statistical analysis of the data was carried out
using the Statistica v.10 package using analysis of
variance, y* test, and nonparametric Mann—Whitney
U-test. Thee data were presented as the median and
interquartile range Me (Q,+Q,). Results with signi-
ficant differences at p < 0.05 were discussed.

RESULTS AND DISCUSSION

At the first stage, we analyzed the frequency of
expression of the studied transcription factors in the
tumor and possible combinations of these markers
in patients with luminal BC. The frequency of oc-
currence of positive staining was as follows: in 96
(95.1%) patients, positive nuclear staining of the
GATA3 marker was noted, in 5 cases (4.9%), the
expression of the marker was negative. Positive ex-
pression of FOXA1 was detected in 91 (90.1%) pa-
tients, negative — in 10 (9.9%) patients; at the same
time, positive expression of the ELF5 factor was
noted in 89 (88.1%) cases, in 12 (11.9%) cases, this
factor was not detected in the tumor.

Analysis of the combination of the expression
of all three studied transcription factors showed
fairly high variability of their co-expression. The
phenotype GATA3 + FOXA1 + ELF5 + was do-
minant in the study group of patients and amounted
to 78.2% (79 / 101). In 8 cases, the tumor showed
positive staining only with antibodies to GATA3 and
FOXA1 (GATA3 + FOXA + ELF5). In 4 cases, the
tumor cells had the GATA3-FOXAT1 + ELF5 + phe-
notype. In 3 cases, the neoplasm had the GATA3 +
FOXA1-ELFS5- phenotype, and in 5 patients the neo-
plasm had GATA3 + FOXA1-ELF5 +. It should be
emphasized that 1 case in the study group was cha-
racterized by the presence of only positive expres-
sion of ELF5 (GATA3-FOXAI1-) and 1 case had
negative expression of all three studied markers in
the primary tumor (GATA3-FOXA1-ELF5-).

Our analysis showed that the frequency of po-
sitive expression and the variant of the co-expres-
sion of all three studied transcription factors did
not have any significant differences in the follow-
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ing clinical and morphological signs: the age of
the patients, menstrual status, the luminal subtype
(A, B1, B2), the stage of cancer. It was also shown
that the percentage of positively stained tumor cells
for GATA3, FOXA1, and ELFS5 did not statistically
differ depending on the above mentioned clinical and
morphological parameters.

We have previously shown that there is a rela-
tionship between the expression of markers ELF5
and FOXAI1 and such an important parameter as the
size of the primary tumor. In addition, it was found
that the character of GATA3 and ELF5 expression
was associated with the rate of lymph node metas-
tases [19].

At the follow-up stages, local tumor recurrence
was diagnosed in 9 out of 101 (8.9%) patients. In 8
(88.9%) cases, local tumor recurrence developed in
the area of the postoperative scar, and in 1 (11.1%)
case in the remaining breast tissue after organ-pre-
serving treatment. In 7 (77.8%) cases, tumor recur-
rence was represented by a single node, while in 2
(22.2%) cases, multiple tumor lesions were noted.
Assessment of the expression of transcription factors
in the tumor did not reveal significant dependence of
the expression on the rate of recurrence in the stud-
ied group of patients.

Distant metastases were diagnosed in 15 out of
101 (14.8%) patients. The site of metastatic foci
and the time of their occurrence after surgery were
assessed. Isolated bone metastases were found in 9
out of 15 cases (60%). In 6 cases (40%), multiple
metastatic lesions of the bones and visceral organs
were observed. It was of interest to study the clinical,
morphological, and molecular characteristics of the
tumor in patients with luminal BC depending on the
development of hematogenous spread. The incidence
of distant metastases was associated with the size of
the primary tumor (p = 0.002) and regional lymph
node metastases (x> = 10,9, p = 0.00095). There was
a clear tendency towards a higher rate of hematoge-
nous dissemination with an increase in the grade of
tumor (x> = 4.9, p = 0.08). However, the develop-
ment of distant metastases was not associated with
the Ki67 proliferative activity index of tumor cells
(p = 0.8) and the luminal subtype of the neoplasm (p
=0.6). At the same time, significant differences were
revealed in the expression of estrogen and proges-
terone receptors. Thus, in the group of patients with
distant metastases, the expression (%) of both types
of receptors was significantly lower (Table 1).

Table 1

Indicators of expression of sex hormone receptors in the tumor
depending on the presence of distant metastases in patients
with luminal breast cancer

Expression in the tumor, %,
M =+
Hormone ¢ 070,
receptors Absence Presence
of hematogenous of hematogenous
metastases metastases
o 69.3 (51.5+93)
ER 94.7 (70+100) = 0.02
N 49 (32+74.4)
PR 83 (59.5+98) .= 0.038

Analysis of the relationship between the expres-
sion of the studied transcription factors in the tumor
in groups of patients and the presence or absence
of hematogenous metastases revealed significant
differences in the percentage of FOXA1 and ELF5
expression. It was found that with the development
of distant metastases, the percentage of FOXA1 and
ELF5 expression in the cells of the primary tumor
is significantly lower than in patients with no signs
of disease progression. No such differences in the
expression of the GATA3 marker were recorded
(Table 2).

Table 2

Indicators of expression of transcription factors in the tumor
depending on the presence of distant metastases in patients
with luminal breast cancer

Expression in the tumor, % (Me O ~0.)
Ti ipti
ranscription Absence Presence of hematoge-
factors of hematogenous
nous metastases
metastases
GATA3 100 (98 + 100) 100 (100 + 100)
N 70 (42 +76)
FOXA1 100 (90.3 = 100) p.,—0.000015
N 76 (65 + 100)
ELF5 100 (100 + 100) p,,=0.000002

The study showed a relationship between the na-
ture of the distribution of the studied marker expres-
sion and the frequency of hematogenous metastases.

Most often, hematogenous metastases were ob-
served with heterogeneous expression of factors
FOXAI (Fig. 1) (*=6.42, p=0.01) and ELF5 (3> =
14.46, p = 0.0001) in the tumor (Table 3).

When studying the distribution pattern of GATA3
expression in the tumor (Fig. 2) and the rate of dis-
tant metastases, no significant differences were re-
vealed. Infiltration of a tumor by immune cells is an
important component of the microenvironment that
affects the processes of proliferation, angiogenesis,
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Table 3

Rate of distant metastasis depending on the distribution
of FOXA1 and ELFS expression in patients with luminal
breast cancer

Distant metastases,
N abs. number (%)
Distribution of the marker
. . Absence of Presence of
expression in the primary
hematogenous | hematogenous
tumor
metastases metastases
FOXA1
Homogeneous (n = 45) 44 (97%) 1(3%)
Heterogeneous (n = 46) 36 (78.2%) 10 (21.8%)
ELF5
Homogeneous (n = 56) 54 (96.4%) 2 (3.6%)
Heterogeneous (n = 33) 21 (63.6%) 12 (36.4%)
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Fig. 1. Moderately pronounced heterogeneous nuclear
expression of FOXAL in tumor cells of invasive breast
carcinoma, x100. The lower right corner shows the presence of
tumor cells with positive and negative expression, x400. ICH

Fig. 2. Positive homogeneous nuclear expression of GATA3 in
tumor cells of invasive breast carcinoma, x100. ICH

and invasion and can determine the characteristics of
tumor progression, since it is involved in the mech-
anisms of the metastatic cascade. The expression of
the studied transcription factors in the tumor was an-
alyzed depending on the degree of inflammatory in-
filtration in the neoplasm stroma. The study showed
that the expression of GATA3, FOXA1, and ELF5
did not differ in tumors with different degree of infil-
tration with immune cells. The expression of the lat-
ter had no significant association with the incidence
of distant metastases (p = 0.57).

The study of GATA3, FOXAI, and ELF5 in the
primary tumor in patients with the luminal subtype
of breast cancer showed a clear relationship between
their expression and the development of hematoge-
nous metastasis. The identified relationship between
the low expression of ELF5 and FOXAT1 and the rate
of hematogenous metastasis can be explained in dif-
ferent ways. On the one hand, the revealed patterns
can be caused by the pathogenetic influence of these
factors on proliferation of tumor cells and angiogen-
esis, being a manifestation of EMT activation as a
key mechanism in the development of hematoge-
nous progression. It is known that the transcription
factors ELF5 and FOXA1 have a suppressive effect
on EMT. Therefore, a decrease in the level of their
expression in the tumor may promote the activa-
tion of important factors Twist]l and Slug. Howev-
er, these aspects require further study. On the other
hand, hematogenous progression in the group of pa-
tients with low expression of FOXAT1 and ELF5 with
their heterogeneous distribution in the tumor along
with low expression of ER and PR can determine the
development of resistance to hormonal therapy and,
therefore, become the pathogenetic basis of treat-
ment inefficiency and disease progression.

CONCLUSION

The results of this study demonstrate the clinical
significance of the transcription factors FOXA1 and
ELFS in assessing the risk of distant metastasis in
patients with luminal BC subtype and can be used
to predict the course of the disease when choosing
the management tactics for this category of patients.
Analysis of these transcription factors in the tumor
can be performed at the preoperative stage during a
standard immunomorphological study and consid-
ered as additional tumor parameters when planning
the patient’s treatment strategy.
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