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Abstract

Introduction. Triple negative breast cancer is an aggressive clinical phenotype characterized by poor
prognosis. Immune system plays an important role in the development, treatment response, and progression
of solid tumor. The search for immune-related markers associated with the prediction of treatment efficacy
and disease prognosis, and based on the use of high-resolution molecular techniques, is a promising area of
research, the results of which can be translated into clinical practice. Case description. The molecular profile
of blood mononuclear cells in a 48-year-old female patient with histologically proven triple negative breast
cancer (Estrogen Receptor — 0; Progesteron Receptor — 0; Her2/neu — 0; GATA-3 — 0, Androgen Receptor—0
and Ki67 — 70 %) was described. The patient did not response to neoadjuvant chemotherapy with 4 cycles
of paclitaxel + carboplatin followed by 2 cycles of adriamycin + cyclophosphamide. The patient underwent
surgery. Disease progression (pelvic bone metastases) occurred 2 months after surgery. The features of blood
lymphocytes and monocytes associated with a lack of response to neoadjuvant chemotherapy and disease
progression were described. Conclusion. This clinical case demonstrates that sequencing of peripheral
blood mononuclear cells can be used as a method for identifying predictive markers of therapy efficacy and
developing personalized treatments for patients with triple negative breast cancer.

Keywords: triple-negative breast cancer, immune system, single cell sequencing, chemotherapy,
progression.
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AHHOTauuA

AKTyanbHOCTb. TpuKabl HEraTUBHBIN MOATUM pPaka MOMOYHOM Xene3bl XapakTepusyeTcs arpecCMBHbIM TeYe-
HVeM 1 HebGnaronpuATHBIM NPOrHO30M. KOMMOHEHTEI UMMYHHOW CUCTEMbI KaKk HEMOCPEACTBEHHbIE YH4ACTHUKM
natoreHesa MrparT poslb B pa3BUTMM, OTBETE Ha Tepanuio U NPOrpeccMpoBaHUM 3ToOM Ho3omnorun. Mouck
MapKepPOB UMMYHHbIX KIETOK, aCCOLMMPOBAHHbIX C Npeacka3aHneM ahPeKTUBHOCTM NIEYEHNS Y MPOrHO30M
3aboneBaHnsi, OCHOBaHHbIA Ha NMPUMEHEHUN MOMEKYNSIPHBIX METOAO0B BbICOKOrO pa3peLleHusi, siBnsieTcs
NepcrneKkTUBHbLIM HanpaBneHnemM NMoMCcKOBOro UCCNENOBaHNS, pe3yrbTaThl KOTOPOrO MOXHO TPaHCNMPOBaTh
B KIMMHMYECKYHO NpakTuky. OnucaHue knuHu4veckoro crnydvas. lNpeacrasneH nepsbii OMNbIT ONUCAHUS MO-
NeKynsipHOro NPodusst MOHOHYKIeapHbIX KNETOK KPOBU NALMEHTKM C TPUXKAbI HEraTUBHBIM PakOM MOJIOHHOW
xenesbl. Onyxonb: MHBa3uBHas KapunHoma Hecneunduyeckoro Tuna c akcnpeccueit: Estrogen Receptor —0;
Progesteron Receptor — 0; Her2/neu — 0; GATA-3 — 0, Androgen Receptor — 0, Ki67 — 70 % onyxonesbix kre-
Tok. OTMEYEHO OTCYTCTBME OTBETA HA HEOAABLIOBAHTHYO XMMMOTEPANMUIO MO CXEME: 4 LiKNa «naknuTakcen +
+ kapbonnatuH», ¢ nocnegyrowmmm 2 kypcamu AC (agpuammumH + umknodocdat). MNaumeHTke npoBeaeHo
onepaTtuBHOE feveHne, Yepes 2 Mec Nocre KOTOPOro BbISIBNEHb!I MeTacTasbl B KOCTM Tasa. Y NauMeHTKU onu-
caHbl 0COBEHHOCTN NTMMOLNTOB 1 MOHOLIMTOB KPOBM, KOTOPbIE MOTYT ObITb 2CCOLIMMPOBaHbLI C OTCYTCTBUEM
OTBETA Ha HEOaAbLIOBAHTHYK XMMUOTEPaNUIO 1 NporpeccrpoBaHvem 3aboneBaHusi. 3akntoyveHue. lNpea-
CTaBIIEHHOE KMUHNYECKOE HabnoAeHe NoKa3bIBAET, YTO METO/, CEKBEHUPOBAHNS MOHOHYKIEapHbIX KNEeTOoK
nepudepryeckor KpoBM MOXHO MCMONb30BaTh B KAYECTBE MOUCKOBOIO A5 0OHapY>XeHUs NpeankTUBHBbIX
MapkepoB 3PEKTUBHOCTN Tepanun U co3aaHUs NePCOHNMULIMPOBAHHOM CUCTEMbI NIEYEHNsT NaLMEHTOK C
TPWXKObI HEraTUBHLIM PakOM MOJTOYHOW Xenesbl.

KnroyeBble cnoBa: TPUXAbl HeraTMBHbIN paK MOJI0YHOM Xene3bl, WMMYHHas cuctemMma, CeKkBeHMposaHue

€AUHUYHbIX KINeToK, XMMuoTepanus, nporpeccupoBaHue.

Introduction

Triple-negative breast cancer (TNBC) is diagnosed
in 15-20 % of patients with newly diagnosed breast
cancer. Unlike luminal and HER2-positive subtypes,
TNBC is characterized by a lack of access points for
currently available systemic treatment, aggressive dis-
ease course and unfavorable prognosis. In this regard,
the main type of specialized treatment for TNBC is
cytostatic therapy, which can be used in both neoadju-
vant and adjuvant regimens [1]. The use of neoadjuvant
chemotherapy (NACT) allows for the evaluation of tu-
mor sensitivity for the ongoing treatment in vivo based
on the degree of residual cancer burden along with an
increased number of organ-preserving surgeries. To
date, achievement of pathological complete response
(pCR) is associated with a significant improvement
in long-term treatment outcomes [2]. Despite the
wide range of drugs used, it is not always possible to
predict NACT response and pCR achievement [3].
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The level of proliferative activity, the cancer grade,
and the presence of mutations in the BRCA! gene are
expected to be used as predictive criteria [2]. Due to
insufficient prognostic significance, it is necessary to
search for additional informative parameters to predict
the treatment efficacy and disease outcome.

The immune system is a direct participant in tumor
growth. Normally, the immune system works to recog-
nize and eliminate transformed cells, but when tumor
growth occurs, a pathological cycle that ultimately
causes immune suppression is formed. Tumor cells
escape immunological surveillance and form their own
microenvironment in the process of interaction with
the body. Immune cells of the tumor microenviron-
ment and circulating immune cells are known to be
linked. Circulating mononuclear cells, which include
populations of lymphocytes and monocytes, can be
used as markers for predicting treatment efficacy or
disease prognosis [4—6]. In this paper, we present our
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experience describing the mononuclear cell phenotype
using single cell resolution in a patient with TNBC
which demonstrated poor response to NACT and the
evidence of distant metastases within the first year of
treatment.

Case presentation

Patient W., 48 years old, referred to the Department
of General Oncology of the Cancer Research Institute
in June 2022 with complaints of a mass in the left side
of the chest wall. According to the results of histo-
logical examination, she was diagnosed with invasive
breast carcinoma (cT3cNI1cMO/pT3pNI1cMO) I1IA.

Past medical history. The patient found a mass in
December 2021 and consulted a physician. According
to the results of an ultrasound scan dated April 13,
2022: 4.0%4.2 cm mass in the lining of the pectoralis
major muscle. Results of spiral computer tomography
from April 18, 2022 showed a mass of the pectoralis
major muscle on the right 4.9%3.6x4.3 cm. She ap-
plied to the Cancer Research Institute for further
examination and determination of treatment tactics.

Microscopic examination of the tissue revealed
tumor cells forming small islands and clusters in the
fibrous stroma. There were areas of necrosis. Immuno-
histochemical study of the tumor was performed using
a Leica Bond Max immune-analyzer. The immunohis-
tochemical analysis reveled: expression of Estrogen
Receptor (clone 1D5) — 0; Progesteron receptor
(clone PgR636, Dako) — 0; c-erB-2 (Her2/neu)(Poly-
clonal Rabbit, Dako) — 0; GATA-3 (clone L50-823,
Cell Marque) — 0, Androgen Receptor (clone AR441,
Dako):0; Ki67 (clone SP6, Cell Marque) — 70 %
of tumor cells. Based on the combined morphological
data and immunohistochemical profile of the tumor
cells, the diagnosis was: invasive breast carcinoma,
NOS (8500/3) G2. Clinical blood test: white blood
cells — 5.22 x<10°/L; red blood cells — 4.44 x10"*/L;
hemoglobin — 112 g/L; platelets — 366 x 10°/L; seg-

CUBUPCKIM OHKONOTMMYECKW XXYPHAT. 2023; 22(5): 197-204

mented blood cells — 68 %, lymphocytes — 23 %;
monocytes — 7 %, eosinophils — 2 %, hematocrit —
35 %, ESR — 39 mm/h.

Patient gave written informed consent in accor-
dance with the Declaration of Helsinki on 29 June
2022 (the approval number is 25). The study was ap-
proved by the review board of the Cancer Research
Institute, Tomsk NRMC on 29 August 2022 (the ap-
proval number is 16).

After diagnosis and before NACT, peripheral ve-
nous blood was taken from the patient, followed by
molecular profiling of blood mononuclear cells. Mo-
lecular profiling was performed using single-cell RNA
sequencing based on BD Rhapsody technology (BD
Bioscience, USA). The obtained data were processed
using Seurat 4.2.0 software package (https://satijalab.
org/seurat/). The patient was typed into clusters cor-
responding to blood cell populations (Fig. 1). A total of
11 clusters were detected, including CD14 and CD16
monocytes, natural killer cells, naive CD4 and CDS8
cells, CD4 memory and cytotoxic CD4 cells, cytotoxic
CDS8, Tregulatory cells, B cells and a small admixture
of erythroid cells (Fig. 1). A decrease in cytotoxic T
cells was observed in the patient under study compared
to that of healthy donors as described in the literature
(Table 1). In addition, there was a decrease in the
CD14+ and CDI16+ monocyte populations among
all blood mononuclear cells compared to the normal
proportion of these cells (Table ). The classic CDI14+
monocyte population was characterized by gene ex-
pression of both the standard monocyte marker CD14
and FCN1, and components of the histocompatibility
complex HLA-DRA and CD74, monocyte extravasa-
tion factors S10049 and S100A412, proinflammatory
factors IL1B and galectin-1 (LGALS1), and transform-
ing growth factor TGFBI (Log2FC>1.3, FDR<0.05)
(Fig. 2). The minor nonclassical CDI16+ monocyte
population was characterized by expression of the
major markers of nonclassical monocytes FCGR3A,
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Fig. 2. Molecular phenotype
characteristics of blood
mononuclear populations of the
patient with TNBC before treatment.
Note: created by the authors
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FCERIG and FCN1, components of the histocompat-
ibility complex HLA-DPAI, HLA-DRA and CD74,
galectins LGALSI and LGALSY, interferon response
factors IFITM3 and IFITM?2 as well as transcription
factor LYN, which is involved in monocyte response
to major monocyte migration factor (4) (Log2FC>1.1,
FDR<0.05) (Fig. 2). Cytotoxic T lymphocytes that
contained an increased number of transcripts of gran-
zymes GNLY, NKG7, GZMH, GZMA (Log2FC>1.1,
FDR<0.05) and also had a hyperexpressed CCLS
chemokine ligand gene (Log2FC>1.3, FDR<0.05)
(Fig. 2). Interestingly, CCL5 expression was also 8-fold
elevated in the CD8 T-killer population (Log2FC>1.3,
FDR<0.05). The cluster of regulatory T cells perform-
ing immune response suppression was characterized
by the expression, as follows, of the RGSI, FOXP3,
and CTLA4 genes characteristic of this cell population
(Log2FC>1.0, FDR<0.05) (Fig. 2).

The patient was treated with 4 cycles of NACT
according to the “paclitaxel + carboplatin” scheme,
followed by 2 courses according to the “AC” scheme
(adriamycin + cyclophosphane). Due to the absence
of the effect of NACT (an increase in the size of the
tumor against the background of therapy), a radi-
cal mastectomy of the left breast was performed on
12/15/2022. Histological examination of the surgical
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material: Invasive carcinoma of a non-specific type,
G3 (3+3+2=8/9) with necrosis of tumor tissue in the
central parts. RCB-III (3.9965). No neural invasion
was detected. The minimum distance to the tumor is
2 mm (blue paint). Lymph nodes of cellulose (9 l/y)
in I of 9 metastatic lesion (4 mm). ypT3NIMx. ICD-o
code 8500/3. Taking into account the lack of effect
from NACT, the patient was recommended to take
capecitabine in the standard dosage in the adjuvant
regimen. Computed tomography revealed metastases
in the pelvic bone. The patient was transferred to
palliative care.

Discussion

Analysis of the parameters of the immune sys-
tem components is difficult due to its high degree of
heterogeneity. Molecular markers that characterize
the functional status of blood cell populations may
be associated with the response to treatment. The
emergence of new high-tech methods of analysis al-
lows the study of a large number of parameters with
a high level of resolution (up to single cells). In our
study, we found a reduced content of cytotoxic CD4 T
cells and monocyte classic (CD14+) and non-classic
(CD16+) populations in the patient. The latter obser-
vation may be related to the migration of monocytes

SIBERIAN JOURNAL OF ONCOLOGY. 2023; 22(5): 197-204
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Table/Tabnuua

Cell population distribution among blood mononuclear cells
PacnpepeneHue KneTo4YHbIX NONynsiLuii cpean MOHOHYKNeapHbIX KNeTOK KPOBU

Parameteres/ITapameTpsr
P P [TanmenTtka XK.

Naive CD4 T cells/
Hausnsie CD4 28,9 25,0-40,0
Memory CD4 T cells/ 2022 15.0-20,0
CD4 namstu
Regulatory CD4 T cells (Treg)/
Perynaropusie CD4 1.6 0,7-3,6
Cytotoxic CD4 T cells/ .
LuTorokcnueckue CD4 4.3 =200
Naive CD8 T cells/
Haugusie CD8 37 3,0-10,5
Cytotoxic CD8 T cells/ 20,5 1,55-27.0
CDS8 kunnepst
B lymphocyte/ 43 3.5-13.5
B-muamdormter
Natural killer cell/ 579 3.5-9.0
HarypanbHble Kuiaepsl
CD14 monocytes/ .
CD14 MOHOUMTBI 772 10,0-30,0
CD16 monocytes/ 02" 0.5-4.5

CD16 MOHOLIUTEI

Study patient/ Healthy volunteers/
310poBbIE UL

Reference/HcTounuk
[11]
[12]
[13]
[14]
[15]
[16]
[16]
[16]
[17]

[17]

Note: *— indicator is lower than that of healthy volunteers; created by the authors.

HpI/IMe‘IaHI/ICZ * — mokasareiib HHUKE, YEM Y 3I0POBBIX Z[O6p0BOJ'ILI.IeB; Ta6m/ma COCTaBJICHA aBTOpaMH.

from the blood into the tumor tissue, which is known
to produce circulating cell recruitment factors [7]. In
transcriptome marker analysis, cytotoxic CD4 T cells
were characterized by hyperexpression of the CCL5
gene, responsible for maintaining tumor cell growth
and chemoresistance (Fig. 2) [8]. Monocytes showed
expression of S10049 and S100A4 12 factors (for CD14+
population) and LYN (for CD16+ population), which
related to the ability of monocytes for tissue migra-
tion and their subsequent differentiation into tissue
macrophages, supporting tumor growth [9, 10]. Thus,
circulating immune cells demonstrate the ability to
support tumor growth, which may be associated with
the progression of TNBC in the study patient.
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