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ABSTRACT

Background. Identification of predictive molecular markers of triple-negative breast cancer (TNBC)
will enable the evaluation of the efficacy of neoadjuvant chemotherapy (NACT) and define optimum
approaches for the prognosis of the disease course in TNBC patients.

The aim of the study was to examine the correlation between the expression of the epidermal growth
factor receptor (EGFR), its gene’s polymorphic variants and the neoadjuvant chemotherapy (NACT)
efficacy in triple-negative breast cancer (TNBC) patients.

Materials and methods. The study included 70 patients with triple-negative breast cancer, who had
received 2-4 cycles of FAC and CAX regimens. The efficacy of the neoadjuvant chemotherapy was assessed
according to the RECIST scale. The EGFR expression level in tumors before and after the NACT was
evaluated with the help of immunohistochemistry. Genotypes for EGFR (rs2227983 and rs1468727) were
detected by a real-time PCR.

Results. It was found that NCT significantly decreases the EGFR expression level in the tumor (p = 0.000).
The research associates the objective clinical response as well as the pathological complete response with
the low EGFR expression level (p = 0.007 and p = 0.000 respectively). Patients carrying the EGFRCC
mutant genotype of rs1468727 did not achieve a pathological complete response (p = 0.042). In addition,
patients with EGFRCC mutant genotype are more likely to have tumors with a high EGFR expression
compared to EGFRTT wild-type genotype patients (p = 0.047).

Conclusion. The EGFR expression level in tumor tissue and the polymorphic variants of its gene in the
rs1468727 locus can be considered as potential molecular markers with predictive significance in relation
to the NACT efficacy in triple-negative breast cancer patients.

Key words: Triple-negative breast cancer, neoadjuvant chemotherapy, epidermal growth factor receptor
(EGFR); gene polymorphisms.
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PE3IOME

AkryaarpHOCTB. BhIiBAEHME NpeACKa3aTEABHBIX MOAEKYASPHBIX MapKepoOB TPONHOTO HEraTMBHOTO paka
MOAOYHOJ SKeA€3bI IO3BOAUT OLEHNTH 9 PeRTUBHOCT HeoaaboBauTHOM xumuorepamny (HAXT) u onpe-
AEAUTDH OITMMAaAbHbIE IOAXOABL K IPOTHO3UPOBAHUIO T€YeHNUsT 3a60AEBaAHNA.

eas mccaepoBanma. V3yunts B3aMMOCBA3b IKCIPECCHMM DeNeNTOpa 3MMAEPMAABHOTO akTopa pocTa
EGFR u noanmopdHbIX BapuaHTOB €ro reHa ¢ 9¢(eKTUBHOCTHIO HEOAABIOBAHTHON XMMUOTEpAnuyu y 6oAb-
HBIX TPOWHBIM HETaTMBHBIM PaKOM MOAOYHOMN SKeAe3Bl.

Marepuaasl 1 MeTOABL. B nccaepoBanne Bkatodens! 70 DanueHTOK C TPOMHBIM HETATHBHBIM PAKOM MOAOY-
HOW 3keAe3bl, noaydaBunx 2—4 kypca HAXT no cxeme FAC uan CAX. Ouenka adpdexrtusnoctn HAXT
nposoauracs no mkare RECIST. Vposens akcnpeccun EGFR B onyxoan ao u nocae HAXT ounennsancs
MMMYHOTMCTOXMMUYECKUM MeTOAOM. AHaan3 nmoanmopdHeix Bapuantos rena EGFR B aokycax rs2227983
u rs1468727 npoBeAeH C TOMOIIBIO MOAMMEDPA3HOI L[ENHOM PeaKyuy B PesKMMe PeaAbHOTO BPEMEHM.

Pesyabratsl. Borasaeno, uro B npomecce HAXT yposens axcnpeccun EGFR B onmyxoan 3Haummo cHmska-
erca (p = 0,000). [TokazaHo, 9TO AOCTVMIKEHNE OGBEKTUBHOTO KAMHMYECKOTO U IOAHOTO MaTOMOPQOAOTH-
9eCKOTO OTBeTa ONMYXOAM aCCONMMPOBAHO ¢ Hu3kuM yposaem skcupeccun EGFR (p = 0,007 u p = 0,000
coorsercrBerHo). Otcyrcreue adderrnsroro orsera Ha HAXT y 6GOABHBIX TPOMHBIM HETaTUBHBIM pa-
KOM MOAOYHOII JKeAe3bl CBA3aHO ¢ HocuTeAabcTBOM myTaHTHbIXx reHoTunoB EGFRCC B aokyce rs1468727
(p = 0,042). Kpome Toro, cpeay manmeHTOB, HECYWuX MyTaHTHbIA BapuaHt reHa EGFRCC, 4ame BcTpe-
YaIOTCS OIYXOAM C BBICOKOI aKkcipeccueit EGFR 1o cpaBHeHMIO ¢ GOABHBIMM, MMEIOWUMY AUKUI BaPUAHT

EGFRTT (p = 0,047).

3akarouenne. Yposenp akcmpeccun EGFR B omyxoam u moammopdHble BapuMaHTbl €0 TeHa B AOKyCe
rs1468727 moryr paccMaTpuBaThCA B KauyeCTBE NMOTEHIMAABHBIX MOAEKYASAPHBIX MapKepoB C HpeACKasa-
TEABHOM 3Ha4uMOCThi0 B oTHOueHnn 3pdertusHocTy HAXT y GOABHBIX TPOIHBIM HETATUBHBIM PaKOM
MOAOYHO KeAe3bl.

KaroueBble cA0Ba: TPOIHON HETATUBHBIA PaK MOAOYHON KeAe3bl, HEOAABIOBAHTHAS XMMMOTEPAIN, PeLel-
Top smmAepmarbHOro dakropa pocta EGFR, moaumopduam renos.
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KondauxT vaTepecoB. ABTOpPBI AeKAAPUPYIOT OTCYTCTBYE ABHBIX ¥ MOTEHIMAABHBIX KOH(MANKTOB MHTEpE-
COB, CBfI3aHHBIX C MYOAMKALMEN HACTOALEN CTATBMU.

Ucrounnk dunancupoBanus. Pa6ora BeimorHena npu ¢uHaHCOBOM moaaepskke rpanra PH® Ne 19-75-
30016 «HoBaa TexHOAOIMA NPOTHO3MPOBAHMA M HPODUAAKTUKM OTAAACHHOTO METAacTa3MpOBaHMA Ha
OCHOBE AETERIUM LUPKYAUPYIOUIUX METACTA3-MHULUUPYIOWMUX U HUIEOOPA3YIOIUX KAETOK M UX CIELHU-
(ydeckux MuIEHeN ».

CooTBercTBME NPUHLMIAM 3TUKM. Bce manueHTs! moAmucary MHGOPMUPOBAHHOE COTAACHE HA ydacTue
B MccAepOBaHMM. PaGoTa mpoBeAeHA COrAACHO HPMHLMIAM AOGPOBOABHOCTM U KOH(UAEHLMAABHOCTH B
coorserctBun ¢ «OcHoBamu 3akoHopaTeasctBa PO 06 oxpane 3p0posss rpakaan (Vkas Ilpesupenra PO
ot 24.12.93 Ne 2288) na ocHOBaHMM pa3pelleHyss AOKAABHOTO KOMUTETa Mo GuomeAnumHckoit atuke HUM
oukoaorun Tomckoro HMMII.

Ans puruposauns: ba6ounkuna H.H., Aponosa T.A., 3am6arosa E.A., 3asbsarosa M.B., Caonumckas E.M.,
Yepasianesa H.B. Poas penenropa smmaepmarsHoro ¢akropa pocra EGFR B adpdexrusrocT HEoaabo-
BAaHTHOJ XMMUOTEpanny y GOABHBIX TPONMHBIM HETATHBHBIM PAKOM MOAOYHOIN JKeAe3bl. Broaremeny cubup-

cxoti meduyunv. 2020; 19 (1): 13—20. https://doi.org: 10.20538/1682-0363-2020-1-13-20.

INTRODUCTION

The triple-negative subtype occupies a special
place in the structure of breast cancer morbidity,
since it is characterized by an aggressive course
of the disease and has an unfavorable prognosis
for survival [1-3]. The most significant feature of
triple-negative breast cancer (TNBC) is the ab-
sence of targets for hormone therapy and tar-
geted therapy with Herceptin, which drastically
complicates the treatment of this disease. Today,
antitumor systemic therapy is one of the main
stages of the TNBC complex treatment. When us-
ing neoadjuvant chemotherapy (NACT) cytotox-
ic drugs facilitate tumor shrinkage, which allows
clinicians to perform organ-preserving operations
and preserve healthy breast tissue to the maxi-
mum degree posible. However, a pathologic com-
plete tumor response is observed only in 12-30%
of patients [4, 5]. Thus, the search for additional
prognostic markers of sensitivity and resistance to
various groups of cytostatics, allowing to individ-
ualize therapeutic approaches for TNBC patients,
remains an urgent task.

One of the molecular markers that has been
actively studied in recent years is the epidermal
growth factor receptor (EGFR), a transmembrane
glycoprotein involved in the regulation of cell
growth and malignant transformation. It is gen-
erally recognized that the amplification and / or
overexpression of EGFR leads to the development
of resistance to endocrine therapy in estrogen-de-
pendent tumors [6, 7]. Our recent studies showed
the prognostic significance of tamoxifen and
demonstrated that patients resistant to tamoxi-
fen therapy had a high level of EGFR expression

in tumors [8]. In estrogen-independent tumors,
EGFR overexpression is more a result of the in-
creased number of gene copies due to polysomy
than due to activating mutations or EGFR ampli-
fication and is usually associated with disease pro-
gression and low patient survival rates [9, 10]. It is
worth noting that a large number of studies have
been devoted to the prognostic value of EGFR ex-
pression in TNBC patients [11-14]. However, the
contribution of functionally significant polymor-
phic sites of the EGFR gene in comparison with
the expression level of its protein product in the
mechanisms of resistance to neoadjuvant chemo-
therapy currently remains under-researched.

The aim of the study was to examine the cor-
relation between the expression of the epidermal
growth factor receptor (EGFR), functionally sig-
nificant polymorphic variants of its gene and the
neoadjuvant chemotherapy (NACT) efficacy in
triple-negative breast cancer (TNBC) patients.

MATERIALS AND METHODS

The study included 70 patients aged 28—69 with
a verified diagnosis of triple-negative breast can-
cer. The patients were undergoing treatment in the
General Oncology Department of the Cancer Re-
search Institute, Tomsk National Research Medical
Center (NRMC) in the period from 2007 to 2013.
All patients were treated with neoadjuvant poly-
chemotherapy comprised of 2-4 cycles of FAC
(5-fluorouracil 500 mg/m? on day 1, Adriamycin
50 mg/m? on day 1, cyclophosphamide 500 mg/m’
onday 1, IV; the interval between courses is 21 days)
or CAX regimen (cyclophosphamide 100 mg/m’
IM for 14 days, Adriamycin 30 mg/m? IV on days
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1, 8; Xeloda 1000 mg/m? 2 times/day, per os, for
14 days; the interval between courses is 21 days)
followed by surgical treatment (in the scope of
radical resection, sector resection with axillary
lymph node dissection (ALND) or radical mastec-
tomy). Courses of polychemotherapy (FAC) and
radiation therapy were given according to the in-
dications in the adjuvant mode.

The NACT efficacy was assessed according to
the RECIST scale. An objective clinical response
was measured by the sum of complete and par-
tial regressions of the breast tumor. The presence
of disease stabilization and disease progression
was considered as a lack of efficacy. The sever-
ity of drug pathomorphism in breast tissue and
regional lymph nodes was evaluated conforming
to the classification proposed by E.F. Lushnikov
(1977) [15]. Patients were diagnosed with “com-
plete morphological regression” when there were
no tumor elements both in the breast tissue and
in the lymph nodes under study. The follow-up
period was 12—80 months.

In order to study the polymorphic variants of
the EGFR gene, DNA was extracted from periph-
eral blood samples using the QIAamp DNA Mini
Kits (50) (Qiagen). Qualitative and quantitative
assessment of DNA was carried out on a Nano-
Drop-1000 spectrophotometer (NanoDrop, USA).
Polymorphic variants of the EGFR gene at the
rs2227983 and rs1468727 loci were studied using
real-time polymerase chain reaction (PCR) using
the TagMan technology.

The sequences of primers and samples were se-
lected by the OligoAnalysisVector NTI program
using a genetic database (www.ncbi.nlm.nih.gov).
The 15 pl PCR reaction mixture included 100 ng
of genomic DNA; 0.5-1.5 pl of a specific pair of
primers and samples with a concentration of 1
PFU / ml; 200 pm of each deoxynucleotide tri-
phosphate; 1.2-2.0 ul of buffer (60 mM Tris-HCI
(pH 8.5 at 25 °C), 1.5 mM MgCl2; 25 mM MKCI;
10 mM 2-Mercaptoethanol; 0.1% Triton X-100)
and 0.5-1.0 units Tag DNA polymerase (“Medi-
gen”, Novosibirsk). The amplification program
included initial denaturation at 95 °C for 2 min,
followed by 40 cycles at 95 °C (10 s), annealing
at a specific temperature for each pair of primers
(30 s) on a CFX96 thermal cycler (Bio-Ra, USA).

The EGFR expression level in the tumor before
and after NACT was studied on paraffin sections
using the immunohistochemical method. Antibod-

ies to EGFR (clone SP9, working dilution 1: 100)
from Novus Biologicals were used. The results of
immunohistochemical reactions were evaluated
semi-quantitatively, depending on the proportion
(%) of positively stained cells and their staining in-
tensity in at least 10 areas of each section at 400x
magnification. The staining intensity was evalu-
ated on a scale of 0 to 3, when 0 was defined as
negative staining, 1+ as weak staining, 2+ as mod-
erate staining, and 3+ as strong staining. Sections
with moderate (2+) or strong (3+) cytoplasmic
and / or membrane staining in more than 10% of
the cells were considered EGFR-positive, sections
with negative staining (0) or weak (1+) expression
in less than 10% of the cells were considered EG-
FR-negative.

SPSS 21.0 (IBM SPSS Statistics, Armonk, NY,
USA) was used to analyze the obtained data. The
distribution of genotypes of the studied genes was
checked for compliance with the Hardy-Weinberg
equilibrium. A two-way F-test was used to com-
pare the frequencies of alleles and genotypes of
the EGFR gene, to assess their correlation with
the level of EGFR expression, as well as to analyze
the correlation between the level of EGFR expres-
sion and the NACT efficacy. If the number of ob-
servations in the contingency table was more than
5, then y® with the Yates correction was taken
into account. Differences were considered reliable
when at a significance level of p < 0.05.

RESULTS

To analyze changes in the EGFR expression
level in a tumor, we studied the content of cells
with negative and positive expression in biopsy
samples before neoadjuvant chemotherapy and
in postoperative samples after treatment. It was
discovered that the EGFR expression indices had
significantly changed during the course of NACT.
So, the number of cells with positive EGFR ex-
pression decreased from 85.7 to 44.8%; the num-
ber of EGFR-negative cells, in contrast, increased
from 14.3 to 55.2% (p = 0.000, Fig. 1). Since it was
found that NACT leads to a decreased EGFR ex-
pression level, we analyzed how these expression
features were connected with the tumor response
to therapy. It was revealed that a high frequency
of both objective clinical and pathological com-
plete responses of tumor was observed in patients
with a low EGFR expression level (p = 0.007 and
p = 0.000, respectively, Fig. 2).
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Fig. 1. The EGFR expression level in the tumor tissue before (a) and after () neoadjuvant chemotherapy
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Fig. 2. The correlation between the EGFR expression level in the tumor tissue and the NACT efficacy

Next, in order to assess their possible in-
volvement in triggering sensitivity and resistance
mechanisms of the tumor to NACT, polymorphic
variants of the EGFR gene were studied at the
two loci (rs1468727 and rs2227983) in the periph-
eral blood samples of TNBC patients. An analysis
of objective clinical response revealed that the
frequency of occurrence of the mutant EGFRCC
genotype at the rs1468727 locus in patients with
stabilization or disease progression was more
than 2 times higher than that in patients with
complete or partial regression, however, with-
out statistical differences (p = 0.114, Table 1).
The study of complete morphological regressions

BionneteHb cMbupckoin meguuuHbl. 2020; 19 (1): 13-20

made it possible to associate this mutant variant
with an inefficacious tumor response (p = 0.042,
Table).

We analyzed the correlation between the
EGFR polymorphic variants under study and the
expression level of the protein encoded by it. It
was discovered that carriers of mutant EGFRCC
genotypes of rs1468727 more often had positive
expression of EGFR in the tumor before NACT
when compared with carriers of the wild-type
EGFR gene (p = 0.047, Fig. 3). After NACT, pos-
itive expression of EGFR in the tumor was found
in all patients (100%) having mutations in this
polymorphic locus (p = 0.038, Fig. 3).
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Table
The correlation between the EGFR polymorphisms and NACT efficacy
Objective clinical response, # (%) Pathological complete response, # (%)
Genots2e/ | Complete/ | Stabilization/ Compl
allele omplete, tabilization, o omplete o
partial progression OR (95% CI)  p response No response OR (95% CI)  p

EGFR (rs1468727)

TT 25 (54.4) 7 (46.7) 1.00 12 (54.5) 20 (51.3) 1.00

TC 17 (36.9) 5 (33.3) 1.00 10 (45.5) 12 (30.8) 1.00

cc 4 (8.7) 3 (20.0) 0.38(0.06—2.54) 0.348 0 (0.0) 7 (17.9) 1.22(1.05-1.44)0.042!

T 67 (72.8) 19 (63.3) 1.00 34 (77.3) 52 (66.7) 1.00

C 25 (27.2) 11 (36.7) 0.64(0.25-1.69) 0.322 10 (22.7) 26 (33.3) 0.59(0.23-1.48) 0.217
EGFR (rs2227983)

GG 25 (54.4) 7 (46.7) 1.00 12 (54.5) 20 (51.3) 1.00

GA 19 (41.3) 6 (40.0) 1.00 10 (45.5) 15 (38.5) 1.00

AA 2 (4.3) 2 (13.3) 0.30(0.03-3.34) 0.251 0 (0.0) 4 (10.2) 1.11(1.00-1.24) 0.287

G 69 (75.0) 20 (66.6) 1.00 34 (77.3) 55 (70.6) 1.00

A 23 (25.0) 10 (33.4) 0.67(0.25-1.79) 0.372 10 (22.7) 23 (29.4) 0.70(0.27-1.79) 0.420

! differences of indices between groups “complete response” and “no response”.
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Fig. 3. The correlation between the EGFR expression level in the tumor tissue before () and after (b) neoadjuvant
chemotherapy and the EGFR polymorphisms

DISCUSSION

The study showed a significant decrease in the
level of EGFR expression in the tumor during
NACT, which is associated with an objective clin-
ical and pathological complete response of the
tumor. Literary sources confirm the obtained
data. It is known that the use of standard com-
binations of alkylating agents and taxanes for the
treatment of locally advanced or metastatic breast
cancer leads to a decrease in the initially high lev-
el of EGFR expression, which has prognostic sig-
nificance [16]. In addition, the EGFR expression
level is currently being considered as a potential
predictive marker of response to NACT in TNBC
patients [17].

18

Our study associates the lack of an effective
response to preoperative chemotherapy in TNBC
patients with their mutant EGFR genotypes of
rs1468727. It is known that the polymorphic vari-
ant of rs1468727 affects the intron region of EGFR
and does not directly alter the amino acid sequence
of the protein. However, mutations within in-
trons may significantly influence transcription and
RNA stability. A mutant variant of the EGFRCC
(rs1468727) may be connected with an increase in
receptor activity, its expression or stability, which
leads to the activation of EGFR-mediated signals
and significantly increased proliferative potential
of the tumor [18]. Our studies confirm this hy-
pothesis since the mutant EGFRCC genotype is

Bulletin of Siberian Medicine. 2020; 19 (1): 13-20



Original articles

related to no tumor response to NACT. It is im-
portant to note that tumors in 60% of patients
with this mutation are characterized by positive
expression of EGFR. A high level of EGFR ex-
pression may contribute to the activation of nu-
merous intracellular messengers, including P13K /
Akt, Ras / MAPK, STAT, which stimulates pro-
liferative processes, increases the invasive poten-
tial of the tumor, and eventually contributes to
ineffective treatment. It should be noted that the
EGFR gene polymorphism under study is scarcely
described in the literature. It is only the connec-
tion of the rs1468727 mutation and the prognosis
of gliomas that has been demonstrated [19].

CONCLUSION

The NACT efficacy in TNBC patients is as-
sociated with the genotypic and phenotypic fea-
tures of EGFR. The mechanisms of ineffectiveness
of neoadjuvant chemotherapy can be caused by
the EGFR mutation of rs1468727, which leads to
the high expression activity of the receptor. This
determines the realization of EGFR-mediated sig-
naling cascades providing tumor proliferative po-
tential. The decreased EGFR expression level in
tumor tissue after NACT and the polymorphic
variants of the EGFR gene (rs1468727) can be
considered as potential molecular criteria related
to the effectiveness of neoadjuvant chemotherapy
in TNBC patients.
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