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Abstract

One of the factors of variability of malignant neoplasms is the loss of heterozygosity (LOH). The biological
meaning of LOH, in relation to carcinogenesis, is associated with the inactivation of heterozygous loci of
pathogenetically significant genes. Thus, the aim of this work was to study BRCA1/2 LOH in breast tumors.
Material and Methods. The study included 122 patients with stage IIAIIIC breast cancer. DNA was isolated
from 122 biopsy samples of tumor tissue using the QlIAamp DNA mini Kit (Qiagen, Germany). To assess the
status of LOH, microarray analysis was performed on high-density DNA chips from Affymetrix CytoScanTM
HD Array. To process the results of microchipping, we used the Chromosome Analysis Suite 3.3 program
(Affymetrix, USA). Results. The loss of heterozygosity in the BRCA1 gene was found to be associated with
response to NAC. It was shown that in 59 patients LOH in the BRCA7gene was associated with an objective
response to treatment (p=0.005). The presence of LOH in the studied genes was associated with a favorable
prognosis. The 5-year non-metastatic survival rates were 75 % and 100 % in patients with LOH in the
BRCA1 and BRCAZ2 genes, respectively (log-rank test: p=0.003 and p=0.05, respectively). Conclusion. The
phenomenon of LOH in the BRCA1/2 genes was shown to be associated with response to NACT. BRCA1/2.
Further studies are needed to evaluate the frequency of BRCA1/2 LOH after NAC for choosing and changing
treatment tactics.

Key words: breast cancer, BRCA1 and BRCA2 mutation in the tumor, loss of heterozygosity, microarray
analysis, personalized medicine.
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AHHOTauuA

OpHum 13 cbakTopoB BapnabenbHOCTM 3r1oka4yeCcTBEHHbIX HOBOOOpa3oBaHuii ABNSIETCS NOTEPSi FeTepo3nroT-
HocTu (LOH — loss of heterozygosity). MNpegnonaraetcs, 4to 6uonoruyecknii cmbicn LOH npuMmeHntensHo
K KaHueporeHesy CBsi3aH C MHaKTMBALMEW reTepo3nroTHbIX NTOKYCOB MaTOreHeTU4YEeCcKn 3Ha4YMMbIX FEHOB.
Llenbto nccrnegoBaHus SBUNOCH UCCrefoBaHMeE NOTEPU reTepo3nroTHocTu reHoB BRCA1/2 B onyxonu mo-
NoYHOM xenesbl. MaTepuan u metoabl. B vccnenoBaHue 6binv BkoYeHbl 122 60bHBIX pakoM MOSIOYHOM
xenesbl IA-IIIC ctagun. OHK Bbigensnu n3 122 6uoncuiHbix 06pasLioB ONyXorneBon TKaHW C MOMOLLbHO
Habopa QlAamp DNA mini Kit (Qiagen, Germany). [Ins oueHkn ctatyca LOH npoBegeH MUKpOMaTPUYHbIA
aHanu3 Ha [HK-4ymnax Bbicokor nnotHocTu cmpmbl Affymetrix CytoScanTM HD Array. [Insi o6pa6oTku pe-
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3ynbTaToOB MUKPOYMMUPOBaHWS Mcronb3oBanu nporpammy «Chromosome Analysis Suite 3.3» (Affymetrix,
USA). Pe3ynbTarthl. B pesynsrate npoBeAeHHOro nccreoBannsi 6bir0 YCTAaHOBIIEHO, YTO Hanvume notepu
reTeposurotHocTn B reHe BRCA1 conpspkeHO C OTBETOM Ha HeoaabIOBaHTHYHO XxvMuoTepanuio. [okasaHo,
410 y 59 60nbHbIX Hanuyne LOH B rene BRCA1 conpsixeHo ¢ 06beKTUBHBIM OTBETOM Ha riedeHune (p=0,005).
Hanuuve notepwm rerepo3vroTHOCTU B N3yvaeMblX reHax ConpsPKeHO ¢ bnaronpmnaTHbIM NporHo3om. MNokasarens
5-neTHer 6e3ameTacTaTU4ECKON BbPKMBAEMOCTHY Y MALMEHTOB C NOTEPEN reTepo3nroTHoCTH Ansi reHa BRCA1
cocrtaensiet 75 % (log-rank test p=0,003), ons rena BRCAZ2 Bce naumeHTbl umenu 100 % 6eameTtactatude-
CKYI0 BbPKMBAEMOCTb, log-rank test p=0,05. 3akntouyeHue. [NokasaHo, YTO NOTEPsI FEeTEPO3UTOTHOCTU B reHax
BRCA1/2 cBsizaHa ¢ 9p(heKTUBHOCTBI HEOA4bIOBAHTHOWM XMMMUOTEPaNnun, a Takke SBMSETCS HE3aBUCMMbIM
NporHocTnyeckum daktopom. C y4eToM NonyYeHHbIX pe3ynbTaToB MOXXHO NPeAnonoXnTb, YTO MHAKTMBaLUNS
BRCA1/2 pormkHa KoppenvpoBaTh C YyBCTBMTENbHOCTbLIO K TEpAnMn Ha OCHOBE NaTuHbI, YTO, HECOMHEHHO,
JernaeTt ganbHeWnwee udyyeHne 4aHHOro BOMPOCa akTyarnbHbIM.

KnioueBkle cnoBa: pak Mono4Hown xenesbl, myTauna BRCA1 n BRCA2 B onyxonu, noteps
reTepo3uroTHOCTU, MMKPOMAaTPUYHbIN aHanu3, NnepcoHanM3MpoBaHHas MeauLMHa.

Introduction

Currently, the phenomenon of «loss of heterozy-
gosity» (LOH — loss of heterozygosity) is very often
observed in tumor tissue. This phenomenon represents
a loss of heterozygous alleles in a certain part of the
genome, which may be due to either deletion of the
chromosome portion in one of the copies of the chro-
mosomes or the whole chromosome, or the replace-
ment of one of the parent copies in the process of gene
conversion — copies are neutral LOH [1]. The loss
of heterozygosity is associated with the mechanism
of tumor development, following the two-hit model
of carcinogenesis described by A. Knudson in 1971
[2]. According to this view, the first stage of tumor
development is a point mutation or a change in gene
expression, but by itself it does not lead to disease.
And only in the case of the next stage, in the form of
the loss of the wild-type allele (directly the loss of
heterozygosity), the process of cell malignancy occurs.
In this case, the loss of the allele makes it possible to
manifest fatal recessive mutations, and in addition,
activation of oncogenes and inactivation of tumor sup-
pressor genes can occur, which leads to uncontrolled
cell growth and metastasis [3, 4].

Currently, the phenomenon of «loss of heterozygos-
ity» has been well studied and shown for many genes
in various locations of the tumor process. It is assumed
that the biological meaning of LOH, as applied to
carcinogenesis, is associated with the inactivation
of heterozygous loci of pathogenetically significant
genes [5-8]. We studied two regions of the long arm
of chromosomes 13 and 17 (13q13.1 (BRCA2) and
17q21.31 (BRCA1), respectively) using the microarray
analysis of LOH sites.

Material and Methods

The study included 122 patients aged 25-68 years
(53.43 £ 0.78 (Mean £ SE)) with morphologically
verified stage IIA-IIIB breast cancer (BC) (Table
1). All patients received 4—6 courses of neoadjuvant
chemotherapy (NAC) with the FAC (fluorouracil, dox-
orubicin, cyclophosphamide), CAX (cyclophospha-
mide, doxorubicin, xeloda), CP (cyclophosphamide,
cisplatin) regimens or monotherapy with taxotere. The

98

patients underwent surgery 3—5 weeks after NAC.
Then, they received adjuvant chemotherapy, radiation
therapy and/or hormonal treatment as indicated. The
study was carried out in accordance with the Helsinki
Declaration of 1964 (amended in 1975 and 1983), and
permission was received from the local ethics com-
mittee of the Oncology Research Institute of Tomsk
Scientific Research Center (protocol No. 1, dated Janu-
ary 14, 2013). All patients signed informed consent.
Tumor samples (~10 mm?) were taken before the start
of the treatment under the ultrasound control. Tumor
samples were placed in an RNAlater solution (Ambion,
USA) and stored at -80 °C (after 24-hour incubation at
+4 °C) for further isolation of RNA and DNA.

DNA was isolated from 122 biopsy samples of tu-
mor tissue using the QIAamp DNA mini Kit (Qiagen,
Germany). DNA concentration and purity of isolation
were evaluated on a Qubit 3.0 fluorimeter (Thermo
Scientific, USA) using the Qubit DNA BR Assay Kit,
(50 to 250 ng/ul). DNA integrity was assessed by capil-
lary electrophoresis on a TapeStation 2200 instrument
using the Agilent Genomic DNA ScreenTape System
Quick Guide (Agilent Technologies, USA)., DNA
fragments had a mass of more than 48 kbp.

Microarray analysis was performed on high den-
sity microarrays (DNA chips) of Affymetrix (USA)
CytoScanTM HD Array, which contained 2 million
670 thousand markers — 1 million 900 thousand non-
polymorphic markers for the analysis of copy number
aberrations (CNA) and more than 750 thousand single
nucleotide polymorphisms. The presence of polymor-
phic markers on the microarray allows the areas with
LOh to be identified. Sample preparation, hybridiza-
tion, and scanning procedures were performed in
accordance with the manufacturer's protocol on an
Affymetrix GeneChip® Scanner 3000 7G system (Af-
fymetrix, USA). To process the microchip results, we
used the Chromosome Analysis Suite 4.3 (Affymetrix,
USA) program, which was developed specifically for
analyzing the results of chipping on a CytoScanTM
HD Array matrix.

Statistical data processing was performed using
the STATISTICA 8.0 application software package
(StatSoft Inc., USA). Comparison of frequencies
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according to qualitative data was analyzed using the
two-sided Fisher test (http://vassarstats.net/odds2x2.
html). Differences between the study groups were
considered statistically significant at a significance
level of p<0.05. For the analysis of non-metastatic
survival, survival curves were constructed using the
Kaplan-Meier method. To compare differences in
survival between the treatment groups, the log-rank
test was used.

Results

The LOH frequency at the 17q21.31 and 13q13.1
loci with the BRCA1/2 genes was 63.9 % (78/122)
and 11.5 % (14/122), respectively. A statistically sig-
nificant difference only in response to neoadjuvant
chemotherapy was found. It was shown that in 73 % of
cases (59/81), the presence of LOH in the BRCA 1 gene
in tumor tissue before treatment was associated with
an objective response to neoadjuvant chemotherapy
(Fisher’s exact test, p=0.005), (table 2). The objective
response to anthracycline-containing NAC regimens
(FAC and CAX) was observed in 76 % (39/51) pa-
tients with LOH in BRCAI gene, while stabilization

and disease progression were found in 50 % (16/32)
patients (Fisher’s exact test, p=0.02), (fig. 1). In pa-
tients treated with other chemotherapy regimens, no
statistically significant differences were found due to
a small number of samples.

Survival curves were estimated using the Kaplan—
Meier method. The presence of LOH in the BRCA1/2
genes in tumor tissue was shown to have a prognostic
significance. The 5-year metastatic-free survival rate
in patients with LOH in the BRCAI gene was 75 %
compared to 60 % in patients with normal BRCA1
gene (fig. 2A). The differences were statistically sig-
nificant (the log-rank test: p=0.003). In patients with
LOH in the BRCA2 gene, the 5-year metastatic-free
survival was 100 % (log-rank test: p=0.05) (fig. 2B).
However, no significant difference in the main clini-
cal and morphological parameters between patients
with LOH and patients with normal BRCA1/2 gene
were found (table 2). Moreover, BRCA1/2 LOH was
revealed to be an independent prognostic factor.

Thus, it was shown that the presence of BRCA1/2
LOH in breast tumor tissue was associated with re-
sponse to NAC and favorable outcome. Patients with

Lo 1,0 At +—+ —t
09
; 08 ; — LOH
s n
g o % 08 %,
B 2 "B
ﬁ ot 07 *s
@ o5 g a1
| ; £ orny
g 04 6 S 06 L R o =
4 = :
03 5 z p=0.05 &
p=0.003 PSR 3 05 1 -
02
01 04
20 40 60 80 100 120 140 20 40 60 80 100 120 140
A Time, months B Time, months

Puc. 2. BeameTtactatuyeckas BbXMBAeMOCTb GOMNbHBLIX PAKOM MOMOYHON Xenesbl B 3aBUCMMOCTU OT Hanunyusi CanToB NOTEPU reTeposu-
rotHocTu reHoB BRCA1 (A) n BRCA2 (B) B onyxoneBoW TkaHn
Fig. 2. Non-metastatic survival of patients with breast cancer in relation to the loss of heterozygosity of BRCA1 (A) and BRCA2 (B)
genes in tumor tissue

CUBUPCKIM OHKONOTMMYECKW XYPHAT. 2020; 19(3): 97-101

99



LABORATORY AND EXPERIMENTAL STUDIES

the presence of LOH in the BRCAI gene had higher
rates of objective response to treatment. Patients with
BRCAI or/and BRCA2 LOH had higher non-metastatic
survival rates than patients with normal locus of these
genes. The assessment of LOH in tumor tissue can
be used as an additional criterion for personalizing
neoadjuvant and adjuvant chemotherapy.

Discussion

Two years after the discovery of the BRCAI gene,
in 1996 Beckmann M.W. et al. showed the possible
clinical role of heterozygosity loss in the BRCA and
BRCA?2 genes in sporadic breast cancer [9]. The fre-
quency of LOH in the tumor was found to be 32—42 %
compared to 64 % in our study. Moreover, the presence
of this phenomenon in the BRCA1 gene was associ-
ated with the size of the tumor (p=0.02), and in the
BRCA?2 gene with the stage of the disease (p=0.05).
In addition, it was found that LOH was not associated
with prognosis of the disease [9]. Such discrepancies
may be associated with a low methodological level
of LOH determination using minisatellite loci and
PCR. The CytoScan HD Array microarray is a more
reliable and sensitive tool for detecting all types of
LOH. K.N. Maxwell et al. (2017) reported that in
patients with ovarian cancer, the LOH frequency was
only 10 % in the BRCAI gene and 46 % in BRCA2.
The normal BRCA1/2 gene loci was associated with
decreased survival rates (log-rank test p=0.01) [10].
Other authors have also shown that the presence of
BRCAILOH in ovarian cancer patients is associated
with a good response to neoadjuvant chemotherapy
with platinum-containing drugs [11]. BRCA1/2 genes
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treatment tactics.
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Kongpnukm unmepecos

Aemopbvl 00A681A10M, YMO Y HUX Hem KOHGAUKING UHMEPECOs.
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