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Introduction. Breast cancer (BC) is a heterogeneous
disease with 20 histological types, 8 molecular genetic
and 6 genomic subtypes, characterized by specific mo-
lecular and/or biochemical properties, different clinical
course and prognosis (let alone the intratumoral het-
erogenicity within different sections of one tumor) [1,2].
Recently, much attention has been paid to the study of
components and cells of the BC stroma, which influence
the development of such processes as providing the
tumor vascularization, transepithelial transport, invasion
and migration, intravasation and metastasis of tumor
cells [3,4]. Under the selective “pressure” of microenvi-
ronment, the intratumoral heterogeneity develops. This
issue has been discussed in several in-depth reviews of
literature [5,6]. It is possible that among the mechanisms
of this particular system, we will find a more versatile and
reliable target for diagnosis, prognosis or treatment of BC
[71.

Therefore, it is promising and important to study
tumor-associated macrophages (TAMs) as the cells of in-
nate immunity, which supposedly is able to regulate im-
mune surveillance of the tumor and does not necessarily
require the innate link [8].

The aim of the research was to analyze the quanti-
tative characteristics of TAM and M2-like macrophages,
which infiltrate the primary focus of BC, in metastasis into
the regional lymph nodes and without it, in two groups,
balanced by the immunohistochemical type of tumors, to
find out the significance of these macrophages in metas-
tases.

Object and methods. Biopsy samples and clinical
data were obtained from patients undergoing treatment
at Poltava Regional Clinical Dispensary. The study was ap-
proved by the Ethics Commission of Ukrainian Medical
Stomatological Academy.

Materials of the study were intraoperative tissues of
tumors and ipsilateral lymph nodes in radical mastecto-
my.

Immunohistochemical characteristics of removed tu-
mors (ER, PR, HER2, Ki67) were used for organizing two
balanced groups of patients with primary BC, one of
which did not reveal metastases into the regional lymph
nodes, NO, whereas in the second one there was primary-
metastatic BC, N1. Morphological and IHC findings were
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obtained in certified pathoanatomical laboratories. Each
group included three patients with non-luminal HER2+,
luminal A, luminal B HER2-negative, luminal B HER2+, and
triple-negative BC, with 15 patients in each group, with a
total of 30 patients.

The average age of patients was: in the first group —
60 years, from 29 to 79; in the second one — 59, from 30
to 76.

All patients included in the study did not undergo any
treatment. Treatment began with radical mastectomy.

According to the data of meta-analysis [9], the use of
CD68 as a biomarker of TAM for IHC evaluation has its pri-
orities, as compared with individual definition of CD163
or CD206.

The IHC studies to define TAM and M2-like macro-
phages were performed using the streptavidin-perox-
idase method. Paraffin sections, 5 um in thickness, ob-
tained by the standard technique of the automated cycle
at the pathoanatomical laboratory, were deparaffinized
and dehydrated; antigens were restored in citrate buffer
(pH 6.0) in a microwave oven (at a power of =600 W, 3
cycles for 7 minutes with 1 minute interval), cooled for 20
min, washed in distil water and phosphate buffered saline
(PBS, pH 7.2-7.4) for 2 minutes; endogenous peroxidase
was blocked with a reagent from PolyVue HRP/DAB De-
tection System (For Mouse & Rabbit Primary Antibodies,
Diagnostic BioSystems, USA) and washed at PBS for 3
min. The sections were then incubated at 4°C overnight
with murine anti-CD68 monoclonal antibodies (clone PG-
M1, REF PD M065-S, Diagnostic BioSystems, USA) and an-
ti-CD163 (clone 10D6, REF Mob460-01, diluted 1: 100 in
antibody diluent buffer for the IHC method (Antibody Di-
luent, Dako, USA). The following sections were processed
in two steps with Mouse/Rabbit PolyVueTM HRP/DAB
Detection System (Diagnostic BioSystems, USA), detector
system for visualizing the response by DAB chromogen,
the nuclei were bleached with Meyer’s hematoxylin and
enclosed under a cover glass in cedar balsam. Antibody
diluent buffer was used instead of primary antibodies as a
negative control value, the lymph node tissue — as a posi-
tive one.

The evaluation of IHC staining was carried out by
counting CD68+TAM and CD163+M2-like TAMs under a
light microscope (Biolam, LOMO, Russia: lens x 40, eye-
piece x 7) in 7-10 fields of view of intensive IHC reaction
of each section, calculating the arithmetic mean within
the tumor nests and tumor stroma. Calculation included
immune-positive cells with macrophage morphology. Mi-
crophotographs were obtained using the Leica DM500,
Leica, Germany (lens x 40) microscope.
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Figure 1 — Immunohistochemical detection of TAM (CD68+) (A) and M2 (CD163+) (B) in the biopsy sample of invasive non-luminal HER2+
breast carcinoma. Immunosuppressive cells appear to lie in the tumor nests (arrows), but adhere to the fibrous structures of the stroma.

Statistical analysis was performed using the GraphPad
Prism 5 software by means of nonparametric and para-
metric methods.

Results. As stated above, the calculation of immune-
positive TAM was performed in 5-17 fields of view at high
maghnification (40xlens) of each section, within the tumor
nests, tumoral and peri-tumoral stroma, calculating the
arithmetic mean. There have been several reports on dif-
ferent significance of the amounts of TAM, localized in
different sections of BC, in particular, separately in the
stroma, and their interrelation with the prognosis [4,10].
When calculating separately in different tumor sections,
it is necessary to measure the relative area of certain
structures on the specimen, which is rather laborious and
does not yield rapid results in practice [11]. Such an ap-
proach will not ensure the accuracy of representation, at
least due to different amounts of intercellular substance
in different sections of tumor stroma. In addition, a num-
ber of samples do not provide a reliable basis for relating
the TAM localization to the connective tissue structure or
tumor nest in the IHC study, as represented on fig. 1.

Calculation of macrophages in relation to the number
of cells / nuclei in a particular section area also has cer-
tain inaccuracies, because the measurements of atypical
cells differ even within the same specimen. In addition,
circular cell infiltration resembles the tissue structure.
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Figure 2 — Immunohistochemical detection of M2-like macrophages
(CD163+) in the biopsy sample of invasive duct lumen A breast
carcinoma, NO. The section area with tumor complexes free of

immune-positive cells.

On the other hand, TAM is a representative of the
host macroorganism, and the ways of their penetration
into the tumor, understandably, are provided by connec-
tive tissue. Therefore, TAMs are necessarily present in
this area. Nevertheless, in a number of specimens, we
discovered areas of tumor complexes (along with connec-
tive tissue), where TAMs were absent, or isolated (fig. 2).

Therefore, the method for counting immune-positive
cells was selected — over the entire field of view (by the
way, this method is used to count the number of tumor
mitoses for determining its G-grade), which could serve
as a diagnostic express method if it was possible to de-
velop a clinical interpretation of individual parameters of
the amount of TAM. However, the reliable quantitative
changes in CD68+ TAM between the groups were detect-
ed by the nonparametric method, the interquartile inter-
val (IQR) for CD68+TAM of group N1 showed a significant
variation spread, and the scope of quantitative results
(from 0 to 43, fig. 1) reflects a high probability of extreme
values, as will be discussed below.

The average quantitative indicators for each group
(over 122-146 fields of view at high magnification,
40xlens) are calculated as median and IQR (based on the
asymmetric and inclined to the right distribution of varia-
tion series (table 1). In general, IQR shows an average of
50% of the sample values and allows us to describe the
extent of variation in the asymmetric distribution without
the effect of extreme values. As can be seen from table
1, the largest IQR for CD68+ AM in the second group, N1,
reflects the broadest variability of quantitative indicators
(table 1).

The main idea of the work was to find the differences
between the quantities of CD68+ and CD163+ macro-
phages, localized in tumor biopsy samples between the
groups of patients with non-metastatic BC (NO) and with
metastases (N1), balanced by the clinical values of ER, PR,
HER2 (non-luminal HER2+, luminal A, luminal B HER2+,
luminal B HER2-, and triple-negative BC).

The results of statistical processing of average quan-
titative indicators of CD68+TAM, CD163+M2-like mac-
rophages and CD68/CD163 (macrophage index M1)
between groups NO and N1 did not reveal significant
differences (table 2). However, when comparing the cal-
culated immune-positive macrophages from all fields of
view (40xlens), which were 5-17 for each specimen, a
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significant increase in CD68+TAM in the metastasis group
was established (table 3).

We determined the IHC characteristics of BC for each
biopsy sample, including Ki67 and G-grade. Therefore,
a statistical check of their correlation relationships with
average quantitative indicators of CD68+, CD163+ and
CD68/CD163 macrophages was conducted, which re-
vealed a reliable relationship between CD68+ and Ki67,
expressed as a percentage, and between ER/PR (in the
clinical interpretation: +/-) and CD68+, CD163+, but not
the CD68/CD163 indicator (table 4).

Discussion. We conducted the calculation of immune-
positive macrophages in the stroma and tumor nests, be-
cause the localization of macrophages depends on the
presence of hypoxic or necrotic regions in the tumor [12],
which constitute a prognostic factor, as well as due to the
impossibility of precisely attributing the localization of
TAM in a number of specimens to the stroma or tumor
nest.

We chose a relatively simple way of counting im-
mune-positive cells — over the entire field of view, which
could serve as a diagnostic express method if it was pos-
sible to develop a clinical interpretation of individual pa-
rameters of the amount of TAM. However, the reliable
quantitative changes in CD68+TAM between the groups
were detected by the nonparametric method, the IQR 15
for CD68+TAM of the second group showed a large varia-
tion spread, and the extent of quantitative results (from 0
to 43) shows a high probability of extreme values. In ad-
dition, the established increase in CD68+TAM in the pri-
mary metastasis is contrary to a number of clinical studies
that reflect the fact that CD163+M2 contributes to metas-
tases in BC. However, these studies took into account the
amount of CD163+cells binomially: as high and low, and
did not determine the amount of CD68+PM [13].

Therefore, the interpretation of personal data re-
garding the amount of CD68+TAM and CD163+M2 mac-
rophages is not yet adapted to routine clinical use, de-
spite the reliable differences.

We found direct reliable correlation relationships be-
tween the number of CD68+TAM (but not CD163+M2-
macrophages) and Ki67. The Ki-67 expression level allows
us to estimate the proliferative potential of the tumor,
since it detects cells in the process of preparation for
division and in the phase of mitosis. Thus, it can be as-
sumed that the tumor proliferation and the amount of
CD68+TAM synergistically reflect its progression, taking
into account the functions of M1-classic macrophages
(as subpopulations of CD68+TAM), such as cleansing the
necrotic sites from cellular decay [14]. However, other au-
thors, in the study with a larger number of participants,
have found a positive correlation be-
tween CD163+macrophages located
in the tumor stroma with immune-
positive Ki67 [15], which is also well
explained by the properties of M2

Table 1 — Average quantitative indicators of TAM

CD68/163 The first group, NO | The second group, N1
TAM Median IQR Median
CD68+TAM 7 8 9
CD163+M?2 4 5 3

Table 2 — Comparison of average quantitative indi-
cators of CD68+, CD163+ and CD68/CD163 between
the groups of BC NO and N1 showed no significant
differences (the Mann-Whitney test)

Indicators Reliability, p
CD68+ NO against CD68+ N1 0.36
CD163+ NO as against CD163+ N1 0.58
CD68/CD163 NO as against CD68/CD163 N1 0.93

not with CD163+M2), one may predict the pro-tumoral
potential of M1-like tumor-associated macrophages. The
results of a recent in vitro study indicate that production
of IL-1B by macrophages plays an important role in the
migration of BC cells and their adhesion to blood cells and
lymphatic endothelial cells, as well as their transmigra-
tion [17,18]. M1 macrophages, in turn, are well known as
a significant source of IL-1 [18].

Taken together, this data reflects that the issue con-
cerning the contribution of pro- and anti-tumoral activity
of TAM in BC still remains understudied: some authors
believe that in the early stages of tumor development,
M1 macrophages are favorable, whereas in the later stag-
es — M2 [8], and according to other sources, M1 — are
attributed strictly anti-tumoral tumoricidal activity [19].

In BC, signaling through ER and PR plays an impor-
tant role in the progression of the disease [20]. We de-
termined a reverse correlation between CD68+ TAM,
CD163+M2-like macrophages and the clinical value of
ER/PR. The above-cited research [15] has revealed a cor-
relation between CD163+ macrophages, which are lo-
calized precisely in tumor stroma with a negative status
for ER and PR. Similar interrelations have been revealed
by other authors [13]. This data virtually coincides with
our findings, which is explained by the localization of
CD163+M2-like macrophages typically in the stroma (in

Table 3 — Comparison of quantitative data from

each field of view of CD68+, CD163+ between the
groups of BC NO and N1 (the Mann-Whitney test)

Indicators Reliability, p
. « |Increase in the second group
CD68+ NO as against CD68+ N1 N1*, p=0.015

Unreliable increase in the
second group N1, p=0.93

Note: * — hereinafter indicates a reliable statistical result.

CD163+ NO as against CD163+ N1

Table 4 — Correlation relationships between the average quantita-
tive indicators of CD68+, CD163+, CD68/CD163 and indicators of the
IHC characteristics of BC and G-grade (analysis of groups NO+N1) (the

Spearman/Pearson correlation)

macrpphages, Sth as providing V_as' Pairs for checking correlation relationships Correlation coefficients Reliability
cularization and IMMUNOSUPPression | cpeg+ and: ER, PR, HER2, G -0.24; -0.2; -0.28; 0.14 p>0.05
[1b3'16]' and a'?Oﬁgree_s V‘;'(t:h ‘1"6’; °W; CD68+ and Ki67 (%)* 0.38* p=0.04
IO S‘T,r"zt."o”,s Otr;‘ ‘:typ'cat D163+M2 ['cpgs. and ER/PR(clinical interpretation)* -0.42* p=0.02
OCangaet%r;nwitﬁ tur:‘:éssulrt‘:”;?'a Gig. [CD163+and: ER, PR, HER2, Ki67, G 20.331-0.33,-0.15,0.2; 0.14 | p>0.05
. . . CD163+ and ER/PR(clinical int tation)* -0.47* =0.009
nificant increase in CD68+TAM (bUt CD68/C|§:63 /d' é:{”;’l;al-:ERzrplzz; éion) 0.006; 0.06; -0.16; 0.13; -0.08 ; >0.05
not CD163+M2) during metastases, ane: = ™, RALLE R S e e P2
their correlation with Ki67 (but, again,
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the nests, we observed that their number was always no-
ticeably smaller, or they were absent (fig. 2). The reverse
correlation shows that changes in the number of TAMs (in
particular, M2) in ER+/ PR+BC, may not be related to the
presence of metastases [6].

The revealed patterns refer to the tumoral process
and were not influenced by any treatment, since it was
initiated by surgical intervention.

Conclusions

1. The number of CD68+TAM was significantly higher
in the focus of the primary BC of patients with metastases
in the regional lymph nodes.

2. We detected a reverse correlation between
CD68+TAM, CD163+M2-like macrophages and the clinical
value of ER/PR. Consequently, an increase in the number

of TAMs (in particular, M2) in the primary ER+/ PR+BC
with metastases may not have a predictive value for me-
tastasis, or ER+/PR+ BC possibly metastasizes without a
significant increase in TAM.

3. The revealed differences are confirmed by reliable
statistical calculations and relate to the effect of an ex-
ceptionally pathological process, since patients did not
receive treatment before radical mastectomy.

4. Interpretation of personal data on the number of
CD68+TAM and CD163+M2-like macrophages still needs
to be developed.

Prospects for further research. To develop the appli-
cation of quantitative indicators in the clinical practice of
TAM as an index of the prognosis of recurrence-free pe-
riod and overall survival in breast cancer patients.
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IMYHONOCYHI OCOB/IMBOCTI MAKPO®ATIB MOB’A3AHI 3 METACTA3YBAHHAM MEPBUHHOT KAPLLUHOMMU
rPYAHOI 3AN03U Y PEFOHANBHI NIM®OBY3/U

AWKaH A. 3., lLUuHKesiu B. |., Kaiigawes I. M.

Pestome. Mema. Pak rpyaHoi 3a103u (P3) € reTeporeHHMM 3aXBOPHOBAHHAM, AKMI PO3BMBAETHLCA Mif, CENEKTUB-
HUM «TUCKOM» MIKPOOTOYEHHA NYXJIMHWU. TOMY NEPCNEKTUBHO i BaXK/IMBO BUBYATU NYXAUHHI MaKpodaru aK KAITUHU
BPOLKEHOrO IMYHITETY.

06’ekm i memodu. MaTepianom pocnigxeHHa 6ynu iHTpaonepauiiHi TKAHMHM NYXAMH Ta incinatepanbHUX
NimdpoBy3niB NpuU pagnKaabHOMY BUAANEHHI MOMOYHUX 3a0103. IMyHoricToxiMmiuHi (IFX) XxapaKTepUCTUKM BUAANEHMUX
nyxnauH (ER, PR, HER2, Ki67) BuKopucTOBYBaiM A8 OpraHi3aLii 4BOX BPiBHOBAXKEHMUX rPyn NaLi€HTOK 3 NEPBUHHUM
PI'3, B 0gHil 3 AKMX He Byno BUABNEHO MeTacTasiB B perioHanbHi nimposysnu, NO, a y gpyriit — cnoctepirascs nep-
BUHHO-MeTacTaTuyHui Pr3, N1.

Pe3yabmamu. OcHOBHa ifea poboTu nonsdrana y MnowyKy BigMiHHOCTEM MiX KinbkocTammu CD68+, CD163+
MaKpodaris, /ioKanizoBaHuMx y 6ionTatax Nyx/AMH MiXK rpynamm nauieHToKk 3 PI3 6e3 metactasiB (NO) i 3 meTacTa-
3amu (N1), BpiBHOBaXKEHUMM 3a KAiHIYHMMM 3HadeHHAMM ER, PR, HER2 (HentomiHanbHum HER2+, ntomiHanbHMM
A, ntomiHanbHUM B HER2+, ntomiHanbHum B HER2-, Ta Tpuui HeratusHMm PI3). Pe3ynbTaTi cTaTUCTUYHOT 06po6-
KM CepeaHix KinbKiCHMX mokasHukisa CD68+ MAM, CD163+M2-nogibHmx makpodaris Ta CD68/CD163 (nokasHMK
M1 makpodaris) mixk rpynamm NO Ta N1 He AocArnv QOCTOBIPHMX BigMiH. Ane, Npu MOPIBHAHHI NigpaxoBaHMX
iMyHOMO3MTUBHMX MaKpodaris 3 ycix nosnis 30py (06. x 40), Akmx 6yno 5-17 ana KoxKHOro npenapaTy, BCTaHOB/IEHO
[ocToBipHe 36inblweHHs CD68+MAM y rpyni 3 meTactasamu.

BucHogKu. 1. Kinbkictb CD68+MAM 6yna 40CTOBIpHO BMLIA Y BOTHULL| NepBUHHOrO PI'3 xBopux 3 MeTacTasamu y
perioHanbHi fimdoBy3nn. 2. BctaHOBNEHa 3BOPOTHA Kopenauia mixk CD68+MAM, CD163+M2-nogibHummn makpoda-
raMmu Ta KNiHiyHMm 3HadeHHAM ER/PR. OTxXe, 36inblueHHA ymcna MNAM (3okpema M2) y BorHuLli nepsuHHoro ER+/
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PR+ PI3 3 meTacTazamm MoOXe He MaTh MPOrHOCTUYHOTO 3HaYeHHA LWOA0 MeTacTasyBaHHs, abo ER+/PR+ PI3, Mox-
IMBO, meTacTasye 6e3 BM3Ha4YHOoro 36inblieHHA MAM. 3. BuasneHi BiAMiHHOCTI NigTBEpAMKEHi AOCTOBIPHUMM CTaTU-
CTUYHMMMN PO3PaXyYHKaMU i BiGHOCATLCA A0 ePeKTy BUKAHOYHO NaTOMOFNYHOIO NPOLECY, OCKIZIbKM NaLiEHTKM He OT-
pPUMyBaNN NiKYBaHHA A0 onepavuii pagMKkanbHOi MacTeKTOMIl. 4. IHTepnpeTaLito NepcoHaAbHMX AaHUX MPO KiNbKiCTb
CD68+MAM Ta CD163+ M2-nogibHMUX Makpodaris LLe HaNeXNUTb PO3POOUTH.

KnrouoBi cnoBa: nyx1MHHO-acouiMoBaHi makpodaru, imyHoricToximiuyHi gocniaskeHHsa, CD68+MAM i CD163+M2-
noaibHi makpodarm.

MMMYHOJ/IOMMYECKUE OCOBEHHOCTU MAKPO®ATOB CBA3AHHbIE C METACTASUPOBAHMEM NMEPBUYHOM
KAPLMHOMbI MO/IOYHOM }KENE3bl B PETMOHAJIbHBIE IMM®OY3/1bl

AWiKaH A. 3., LUnHKesnu B. U., Kaiigawes U. M.

Pestome. Llenb. Pak rpyam (PMX) — reteporeHHoe 3aboneBaHue, KOTOpoe pa3BMBaeTca nog n3bupatenbHbIM
«AaBNeHVeM» MUKpocpesbl Onyxoau. MosToMmy NepcrneKkTUBHO M BaXHO U3yyaTb OMNyxosieBble Makpodaru Kak Knet-
KM BPOXKAEHHOTO MMMYHUTETA.

Obvekm u memoOsl. MaTepmnanom UCCNe0BaHUA NOCAYKUAN UHTPAONEPALMOHHbIE TKaHU OMNyXonen n uncu-
natepanbHble AMMbaTUYECKME Y31bl NPU PASUKANBbHON MAacTIKTOMUU. UMMYHOTMCTOXMMUYECKME XapaKTePUCTUKM
yaaneHHbix onyxonew (ER, PR, HER2, Ki67) 6b1au1 UCNONb30BaHbI 418 OpraHM3aLmmn AByx cbanaHCMpPOBaHHbIX rpymnn
naumeHToB ¢ nepBuyHbIM PMXK. B nepBoli rpynne He 66110 meTacTa3os B permoHapHble numdatuyeckue ysnbl, NO,
a BO BTOPOW — NepBUYHbIA MeTacTaTuuecknin PMK, N1.

Pe3ynbmamel. OCHOBHaA uaes paboTbl 3aK/A04aNACh B TOM, YTODbI HANTK pPasnyumMa MeXay KoM4ecTBOM Ma-
Kpodaros CD68+ 1 CD163+, NoOKanM3oBaHHbIX B 0bpa3uax buoncum onyxonun, mexay rpynnamm naumeHToB C He-
meTactaTndeckum PMHK (NO) n ¢ meTtactazamu (N1), ypaBHOBELLIEHHbIEe KAMHUYEeCKMe 3HaveHua ER, PR, HER2 (He-
npocseTHbIi HER2+, npocseT A, npocseT B HER2+, npocseT B HER2- 1 TpoliHOW oTpuuaTenbHbiit BC). PesynbTathl
CTaTUCTUYECKON 06pabOoTKN CPeAHNX KONIMYECTBEHHbIX NOKasaTene CD68+TAM, CD163+M2-noaobHbix makpoda-
ros 1 CD68/CD163 (MHaekc makpodaros M1) mexay rpynnamu NO 1 N1 He BbISBUAM A4OCTOBEPHOM pasHuMubl. Oa-
HaKO NP CPaBHEHUUN PACCUUTAHHbIX UMMYHOMOJIOXKUTENbHbIX Makpodaros co Bcex nosei apexus (40 x AnH3a), Ko-
Topble cocTaBnAnm 5-17 ana kaxgoro o6pasua, 6110 ycTaHOBNEHO 3HauUTeIbHOe yBennyeHne CD68+TAM B rpynne
MeTacTa3os.

Boigodbl. 1. Konnyectso CD68+TAM 6b1s10 AOCTOBEPHO Bbile B o4yare nepsmyHoro PMX y nauneHToB ¢ meTa-
CTa3amu B perMoHapHble niumdatmyeckue y3nbl. 2. Mbl 06Hapyuamn obpaTHyto Koppenaumio mexay CD68+TAM,
CD163+M2-nogobHbiMn Makpodaramm v KAMHUHYECKMM 3HaveHvem ER/PR. CnegoBaTenbHO, yBeMYEHUE KO-
yectsa TAM (B yactHocTn, M2) B nepsuyHom ER+/PR+ PMM} ¢ meTactazamm MOMKET HE MMETb MPOrHOCTUHECKOW
LEHHOCTM A/19 MeTacTasupoBaHus, uan ER+/PR+ PMM, BO3MOXHO, meTacTasupyeT 6e3 3HauMTeNbHOro yBennye-
HuA TAM. 3. BbiAaBieHHbIe pa3nnymna NOATBEPKAATCA AOCTOBEPHLIMU CTAaTUCTUUECKMMM pacyeTaMmn 1M OTHOCATCA
K 3 dEeKTy UCKNOUMTENIbHO NMaTONI0rMYECKOro NpoLecca, NOCKOAbKY A0 PaAMKaNbHOMW MACTIKTOMUU NALMEHTbI He
nosfyyanu nedenHus. 4. UHTepnpeTaumsa nepcoHanbHbIX AaHHbIX 0 Konnyectse CD68+TAM m CD163+ M2-noaobHbix
MaKpodaros Bce ele TpebyeT pa3paboTku.

KntoueBble cnoBa: onyxonesble Makpodarn, MMMYyHOTMCTOXMMUYECKUE nccnenoBaHma, CD68+TAM n CD163+M2-
noaobHble makpodaru.

IMMUNOLOGICAL FEATURES OF MACROPHAGES ASSOCIATED WITH METASTASIS OF PRIMARY BREAST CARCI-
NOMA INTO REGIONAL LYMPH NODES

Aikian A. Z., Shynkevych V. I., Kaidashev I. P.

Abstract. Aim. Breast cancer (BC) is a heterogeneous disease which develops under the selective “pressure” of
the tumor microenvironment. Therefore, it is promising and important to study tumor-associated macrophages as
the innate immunity cells. The innate immunity system supposedly is able to regulate tumor immune surveillance
and does not necessarily require the innate link.

Object and methods. Materials of the study were intraoperative tissue of tumors and ipsilateral lymph nodes in
radical mastectomy. Immunohistochemical characteristics of removed tumors (ER, PR, HER2, Ki67) were used for
organizing two balanced groups of patients with primary BC. In the first group, there were no metastases into the
regional lymph nodes, NO, whereas in the second one there was primary metastatic BC, N1. The groups included
three patients with non-luminal HER2+, luminal A, luminal HER2-negative, luminal HER2+, and triple-negative BC,
with 15 patients in each group, with a total of 30 patients.

Results. The main idea of the work was to find the differences between the quantities of CD68+ and CD163+ mac-
rophages, localized in tumor biopsy samples between the groups of patients with non-metastatic BC (NO) and with
metastases (N1), balanced by the clinical values of ER, PR, HER2 (non-luminal HER2+, luminal A, luminal B HER2+,
luminal B HER2-, and triple-negative BC). The results of statistical processing of average quantitative indicators of
CD68+TAM, CD163+M2-like macrophages and CD68/CD163 (macrophage index M1) between groups NO and N1 did
not reveal a significant difference. However, when comparing the calculated immune-positive macrophages from all
fields of view (40xlens), which were 5-17 for each specimen, a significant increase in CD68+TAM in the metastasis
group was established. Comparison of average quantitative indicators of CD68+, CD163+ and CD68/CD163 between
groups BC NO and N1 showed no significant differences (the Mann-Whitney test). We determined the IHC charac-
teristics of BC for each biopsy sample, including Ki67 and G-grade. Therefore, a statistical check of their correlation
relationships with average quantitative indicators of CD68+, CD163+ and CD68/CD163 macrophages was conducted,
which revealed a reliable relationship between CD68+ and Ki67, expressed as a percentage, and between ER/PR (in
the clinical interpretation: +/-) and CD68+, CD163+, but not CD68/CD163.
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Conclusions. 1. The number of CD68+TAM was significantly higher in the focus of the primary BC of patients with
metastases in the regional lymph nodes. 2. We detected a reverse correlation between CD68+TAM, CD163+M2-like
macrophages and the clinical value of ER/PR. Consequently, an increase in the number of TAMs (in particular, M2)
in the primary ER+/ PR+BC with metastases may not have a predictive value for metastasis, or ER+/PR+ BC possibly
metastasizes without a significant increase in TAM. 3. The revealed differences are confirmed by reliable statistical
calculations and relate to the effect of an exceptionally pathological process, since patients did not receive treat-
ment before radical mastectomy. 4. Interpretation of personal data on the number of CD68+TAM and CD163+M2-

like macrophages still needs to be developed.

Key words: Tumor-associated macrophages, immunohistochemical studies, CD68+TAM and CD163+M2-like

macrophages.
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OCOBEHHOCTU NPO/IUPEPATUBHON AKTUBHOCTU LLEPBUKAJIbHO TKAHU NPU
HAZIMYNUU ANTKOTONIbHOW 3ABUCUMOCTU

Opecckmini HauMOHaNbHbIN MeAULMHCKUIA YHuBepcuTer (r. Ogecca)

CBA3b Ny6AMKauuKM C NAAHOBbIMK HAy4YyHO-UCCNe-
[oBaTteNibcKuMu pabotamu. [aHHas paboTta Asnserca
¢dparmeHTom HUP Ogecckoro HauMoHaAbHOMO MeANLMH-
CKOro yHuBepcuTeTta «OnTMmisauis natomopdonoriyHmx
[OCNIAKEHb 3 METOH0 YAOCKOHAIEHHA AiarHOCTUMKM, NPo-
binakTMKKM, NikyBaHHI Ta peabinitauii XiHOK 3 eKcTpareHi-
Ta/IbHOK Ta reHia/IbHOIO MATO/ONIEID Ta YCKAAAHEHHAMM
nepuHaTanbHoro nepiogy», No rocyaapcTBeHHOM peru-
cTpaunm 0115U006638.

BcrynneHue. OgHUM M3 BaXKHbIX KOTHUTUBHBbIX GaKTo-
POB BAMAIOLWNX HA GYHKLMIO UMMYHHOM CUCTEMbI ABAA-
eTcsa ynotpebneHune ankorons. Ankoronb 6611 1 ocTaeTca
OAHVWM M3 Hanmbonee PacnpPOCTPAHEHHbIX BELLECTB yno-
TpebneHus 1 310ynoTpebaeHns B UCTOPUM YenoBeyecTsa
W MopakaeT MHorve opraHbl [1], npu atom ynotpebne-
HWe anKoroA ABNAETCA OCHOBHbIM PaKTOPOM pUCKA pas-
BUTUA BonesHen [2,3] n nonyyeHus Tpasm [4,5]. 3noyno-
TpebeHne anKkoroNem 4acto yNoMMUHAETCA KakK OAWH U3
KAtoYeBbIX GaKTOPOB, NeXaLMX B OCHOBE MOBbILEHHOM
yAa3BumocTM K BUY-undekumm [6,7]. 3noynoTtpebneHne
a/IKOro/IeM CBA3AHO C PUCKOM B CBA3M C HE3ALLMLLEHHbIM
CEKCOM, MHOKECTBEHHbIMW CEKCYa/IbHbIMW MapTHEPaMU
[8], a Takke ¢uM3nyecKoe u ceKcyasnbHoe Hacuauve [9].
eHLWmMHbI, ynoTpebnnsluMe anKoronb, Yalle UMEOT UH-
deKkumm nepegatoLmecs nonosbim nytem (MMMNM).

B To)e Bpema ¢poHoBble 3aboneBaHua LM (O3LLIM)
OTHOCAT K aKyNbTaTMBHLIM MPEAPAKOBbIM MpoLeccam,
HeCBOEBpPEMEHHasA AMarHoctTuka n HeaddeKkTMBHOe ne-
YeHue KOTOPbIX ABMAETCA YIPOXKAIOLLMM YYnTbIBaA BEPO-
ATHOCTb TPaHCPOPMaLMM MATONOMMYECKN WU3MEHEHHbIX
TKaHell B npeapaKkoBble W onyxosesble npouecchl. Mo
[aHHbIM INTEPATypbl, PAcMpPOCTPAaHEHHOCTb NATONOTMK
LM coctasnset noutn 50% cpeam rMHEKONOrMYECKUX
60/1bHbIX, @ JOOPOKAYECTBEHHbIE MPOLLECCHl B CTPYKTY-
pe natonormum LM cocTasnatoT okono 80%, Hanbonee
4YacTbIMM NPUYUHAMWU UX BOSHUKHOBEHUA ABNAIOTCA PO-
[0Bas, UK cBa3aHa c abopTamu TpaBma (paspbiB, M3-
HaHky LLUM), uHdumumpoBaHUe, pexe — ropMoHasbHble
pacctporicTea [10,11].

OaHUM 13 3PEKTUBHBIX NYTEN CHUMKEHUS 3abone-
BAaeMOCTW M CMEPTHOCTM OT paKa LIeMKM MaTKM ABNSeTCA
paHHee BbIIBIEHWE ero NpeapaKoBbIX NOPAXKEHUI UK

lytvynenko_marianna@ukr.net

LEepBMKaZIbHON MHTpasnuTennanbHon Heonsasuu [12]
C OBHapy»KeHMEeM KIETOUYHOM AUCPEryNALMM, OGHUM U3
NPOABAEHWI KOTOPbIX ABAAETCA NoBbllweHue nponunde-
paTUBHOWM aKTUBHOCTM.

B cBA3W C M3N0MKEHHbIM Bbllle, LENblo Halen pa-
60Tbl ABMIOCH BbiiBNEHME OCOBEHHOCTEN nponundepa-
TUBHOW aKTUBHOCTU LiepBUKa/IbHOM TKaHW NPU HaMunK
a/IKOTO/IbHOM 3aBMCUMMOCTU. PelueHne AaHHON 3aauu
NO3BO/IT OKa3biBaTb aAEKBATHYIO TMHEKONOrMYECKYHO
NMOMOLLLb, MOHATb MexaHW3Mbl TKAHEBOM TpaHchopma-
LK, KIMHUYECKM MHTEPNPETMPOBaTb Mopdoaornyeckme
[aHHble.

O6beKkT U meToabl uccnegoBaHusa. Mbl oTobpanu
50 cnyyaeB CEKUMOHHOTO mMaTtepuwana 3noynotpebnsto-
LLIMX A/IKOFONIEM XKEHLUMH, YMEPLUMX OT XPOHWYECKOro
aNnKoronMama (B OCHOBHOM asiKOrO/bHbIM UMPPO3 ne-
YyeHu). Bo3pacT KeHWwuH Konebancsa ot 24 ao 46 net, B
cpegHem 32,7 roaa. CbopmmupoBaHa rpynna cpaBHeHUs
13 50 KeHLWMH Toro e Bo3pacTta. KypeHue Tabaka, KOH-
TpauenTuebl (OpasbHble NPOTUBO3a4YaTOUHbIE TAaBNETKM),
BO3PacT NepBOro NosoBOro akTa, CoOMaTU4yecKasa naTono-
rMa, cBA3aHHaA (He cBA3aHHas) ¢ ynoTpebieHnem anko-
ronA, KOMYecTBO bepemMeHHOCTeN He YYUTbIBAZIUCD T.K.
npu Habope obeunx rpynn 6bl1 MCMOMBb30BAH MPUHLMN
paHAOMHOCTU.

MaTtepuan dukecnposanu B 10% HeliTpanbHom 3aby-
depeHHOM dopmManvHe, nocsie Yero 3aaMBann napadm-
HOM. M3 MoarotoBneHHbIX 6/10KOB M3rOTOBAEHbI Cpesbl
ToNwMHOM 5x10° m. Cpesbl OKpalLUMBaAM reMaToKCK-
JIMHOM U 303UHOM [13]. MMMYHOIMCTOXMMMYECKOE UC-
cnepoBaHue (MIMX) npoBoAMAOCh HEMpPAMON MMMYHO-
nepoKkcnaasHon peakumen [14] ¢ MOHOKAOHANbHbIMM
aHtutenamm (MADb) K Ki-67 (komnaHua Thermo Scientific,
CLUA). Busyanmsaumio peakumm npoBoAMAN C MOMOLLbIO
Habopa UltraVision LP Detection System HRP Polymer &
DAB Plus Chromogen (Thermo Scientific, CLLA).

MuKpocKonuyeckoe ucciefoBaHMe MNPOBOAWMAWN Ha
MuKpockone «Olympus BX41» ¢ nocneayowmm mopdo-
METPUYECKMM UCCNeA0BaHNEM C MOMOLLbIO MPOrPaMMbl
«Olympus DP-soft 3.12». Onpeaenany TOAWMHY 3MNn-
Te/IMaNbHOTO CNoA LWeWkn MaTku. OkpawmsaHue Ki67
OLEHMBANOCb HE3aBUCMMO ABYMA Habaogatensmu, w
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