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Wstep

Mikro$rodowisko nowotworowe stanowig elementy bezposrednio otaczajagce guz
nowotworowy, takie jak: fibroblasty, macierz komorkowa oraz komorki stanu zapalnego.
Roznorodnos$¢ populacji komorek odpowiedzi immunologicznej oraz substancji przez nie
wydzielanych przektada si¢ na ich zdolno$¢ do niszczenia komorek nowotworowych lub -
przeciwnie - wywotywania zjawiska tolerancji immunologicznej. Uwaza si¢, ze wplyw na
przebieg choroby nowotworowej maja zaréwno komorki odpowiedzi swoistej — limfocyty B i
T (oraz ich subpopulacje — limfocyty regulatorowe, cytotoksyczne i pomocnicze) — jak i
komorki odpowiedzi nieswoistej, takie jak mastocyty czy komorki NK. Jednoczesnie
substancje wydzielane przez komoérki guza nowotworowego mogg wpltywacé na aktywnos¢,
fenotyp, oraz rekrutacj¢ do mikrosrodowiska poszczegdlnych populacji komoérek zapalnych. W
rezultacie sklad ilosciowy oraz jako$ciowy mikrosrodowiska nowotworowego moze zaro6wno
hamowac rozwdj choroby nowotworowej, jak 1 przyczynia¢ si¢ do jej progresji.

Obecnie inwazyjny rak piersi postrzegany jest jako heterogenna grupa guzow, ktore
wywodza si¢ z nowotworowo przeksztatconych komodrek nabtonkowych wyscietajacych
koncowe fragmenty gruczotu sutkowego (przewodzikéw i zrazikow). Poszczegdlne podtypy
raka piersi r6znig si¢ wzorami mutacji genetycznych, a zmiany te maja swoje odzwierciedlenie
w roznych fenotypach ztosliwych guzéw piersi. Zgodnie z zaleceniami z St. Gallen, podtypy
molekularne okresla si¢ na podstawie ekspresji czterech markerow biatkowych: receptora
estrogenowego (ER), progesteronowego (PR), oraz receptora naskorkowego czynnika wzrostu
typu 2 (HER2), a takze biatka Ki67, ktore jest markerem intensywnosci proliferacji komorek
nowotworowych. Poszczegdlne fenotypy zto§liwych guzéw sutka charakteryzuja si¢ rozng
agresywnoscig kliniczng - raki piersi wykazujace ekspresje ER i/lub PR (luminalne) cechuja si¢
wolniejszym tempem wzrostu i mniejsza sktonnoscig do nawrotéw i tworzenia przerzutow,
podczas gdy nadekspresja HER2, wyzsza ekspresja Ki67, brak ekspresji ER/PR (podtyp
nieluminalny), a takze fenotyp ER/PR/HER2-ujemny (triple-negative breast cancer, TNBC)
stanowig niekorzystne czynniki rokownicze dla przebiegu choroby.

Dotychczas zaobserwowano, ze podtypy molekularne raka piersi r6znig migedzy soba
gestoscig nacieku jednojadrzastych komorek zapalnych. Jednocze$nie zalezno$ci pomiedzy
wystepowaniem poszczegdlnych populacji  komodrek zapalnych w  mikrosrodowisku
nowotworowym a podtypem molekularnym inwazyjnego raka piersi nie zostaty jednoznacznie

okre$lone.



Cel pracy
Celem niniejszej pracy byto okreslenie roznic w gestosci nacieku wybranych populacji
komorek stanu zapalnego (mastocytow chymazo- i tryptazo-dodatnich, limfocytow T i B,
komorek NK, komérek cytotoksycznych, regulatorowych i limfocytow pomocniczych Th2) w
pierwotnych inwazyjnych guzach piersi w zaleznosci od:
e podtypu molekularnego inwazyjnego raka piersi (okreslonego na podstawie
klasyfikacji z St. Gallen);
e ekspresji markeréw biatkowych o znaczeniu prognostycznym i predykcyjnym
w raku piersi, takich jak ER, PR, HER2, Ki67;
e wystgpowania innych czynnikow rokowniczych w raku piersi (wielko$¢ guza,
stopien zajgcia weztow chtonnych, stopien ztosliwosci histologicznej, podtyp

histologiczny guza).

Material i metody

Badania przeprowadzono na archiwalnym materiale tkankowym przechowywanym w
Katedrze Patomorfologii Collegium Medicum Uniwersytetu Jagiellonskiego. W pierwszej i
drugiej pracy material stanowito 108, za§ w trzeciej pracy 106 wycinkow tkankowych
zdiagnozowanych jako pierwotny inwazyjny rak piersi. Kryterium wykluczenia stanowito
przedoperacyjne zastosowanie leczenia systemowego. Podtyp molekularny raka piersi ustalono
w oparciu o klasyfikacje z St. Gallen (w pierwszej pracy przyjeto klasyfikacje z 2013 roku, w
dwoch kolejnych pracach zastosowano klasyfikacje z 2015 roku). Po standardowym utrwaleniu
1 zatopieniu materialu tkankowego, z bloczkow parafinowych przygotowane zostaty skrawki o
grubos$ci 4 um, ktére nastgpnie zostaly wybarwione immunohistochemicznie w kierunku
ekspresji chymazy, tryptazy, CD45R0O, CD20, CD56, CD8, FOXP3 oraz GATA3 celem
identyfikacji  analizowanych populacji komorek nacieku  zapalnego. Odczyny
immunohistochemiczne wykonano metodg manualng, stosowang rutynowo w Katedrze
Patomorfologii. Gestosé nacieku pozytywnie wybarwionych komoérek oceniono w mikroskopie
$wietlnym. Liczebno$¢ mastocytow, komorek NK, cytotoksycznych i regulatorowych
wyrazono jako sume liczb pozytywnie wybarwionych komorek uzyskanych z 5 pél widzenia o
powiekszeniu 400X (co odpowiadato 1 mm? tkanki), zarbwno w obrebie nowotworowo
zmienionego nablonka jak i w bezposrednio otaczajacej go tkance. W tych samych
lokalizacjach oceniono odsetek tkanki zajetej przez limfocyty T i B, na podstawie $redniej z 5
pol widzenia 0 powigkszeniu 100x. Dodatkowo, dla komorek cytotoksycznych, regulatorowych

1 Th2 oszacowano ich procent w otaczajacym guz nacieku komorek jednojadrzastych, na
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podstawie $redniej wartos$ci otrzymanej z 5 pdl widzenia o powigkszeniu 400x. Otrzymane
wyniki odniesiono do danych patologiczno-klinicznych, a catos¢ poddano analizie

statystycznej przy uzyciu programu Statistica.

Wyniki i wnioski

Zaobserwowano roznice w gestosci nacieku analizowanych komorek w zaleznosci od
podtypu molekularnego raka piersi. Dla mastocytow tryptazo- i chymazo-dodatnich analiza
post-hoc wykazala istotnie gestszy naciek tych komorek zlokalizowanych wewnatrz guzéw o
fenotypie luminalnym A i B, w poréwnaniu z nowotworami HER2-dodatnimi nieluminalnymi
potrojnie ujemnymi (TNBC). Odwrotne zalezno$ci zaobserwowano dla komorek
limfoidalnych; sposrod wszystkich podtypéw nowotwory luminalne A charakteryzowatly si¢
naciekiem limfocytow T o najmniejszej intensywnosci, zarOwno wewnatrz guza (istotna
réznica w poréwnaniu z nowotworami TNBC) jak i na jego krawedzi (istotne r6znice wykazano
w poréwnaniu z guzami TNBC, HER2-dodatnimi nieluminalnymi i luminalnymi B z
nadekspresja HER2). Analiza post-hoc wykazata takze istotnie mniej ggsty naciek limfocytow
B wystepujacych na krawedzi zmian luminalnych A w poréwnaniu do rakow TNBC i HER2+
nieluminalnych. Podobnie, fenotyp luminalny A oraz B byl zwigzany z mniejszg gestoscia
komorek NK zlokalizowanych na pograniczu guza w poréwnaniu z nowotworami TNBC.
Obserwowana liczebno$¢ komorek cytotoksycznych i regulatorowych na krawedzi guza byta
istotnie wyzsza w podtypach HER2-dodatnich nieluminalnych i TNBC niz w guzach
luminalnych A; druga z poddanych zaleznosci dla komorek regulatorowych byta obserwowana
takze wewnatrz zmiany nowotworowej. Dodatkowo, gestos¢ nacieku komorek regulatorowych
na krawedzi zmiany réznita si¢ pomiedzy podtypami luminalnymi A 1 B, z ich wigksza
liczebnos$cig w zmianach drugiego typu. Wieksza warto$¢ proporcji procentowych udziatow w
naciecku komorek regulatorowych/Th2 zaobserwowano w guzach HER2-dodatnich
nieluminalnych w poréwnaniu z guzami luminalnymi A.

Zaleznosci pomiedzy zwiekszong gestoscig nacieku a wystepowaniem nadekspresji
HER2 zaobserwowano wytacznie na krawedzi guza dla limfocytow T, limfocytow B, komorek
regulatorowych 1 cytotoksycznych. Odwrotng zalezno$¢, rowniez dookota zmiany
nowotworowej, wykazano dla mastocytow chymazo- i tryptazo-dodatnich.

Wykazano dodatnig korelacj¢ pomig¢dzy ekspresja ER 1 PR a liczebno$cig mastocytow
chymazo- i tryptazo-dodatnich, oraz odsetkiem w nacieku komoérek Th2 i stosunkiem odsetkéw
komorek cytotoksycznych/Th2; ujemna korelacje wykazano dla gestosci nacieku limfocytow

T, limfocytow B, komorek NK, komorek cytotoksycznych, komorek regulatorowych (zar6wno
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dla liczebnosci jak i odsetka komorek w nacieku) i stosunku procentowego udzialu komorek
regulatorowych/Th2. W odniesieniu do indeksu proliferacyjnego guza, zaobserwowano
odwrotng zalezno$¢ pomigdzy ekspresja biatka Ki67 w komorkach nowotworowych a
liczebnoscia mastocytow chymazo- |1 tryptazo-dodatnich, za$ dodatnig Kkorelacje
zaobserwowano dla gestosci nacieku limfocytow T 1 B, komorek NK, komoérek
cytotoksycznych, regulatorowych (zaréwno w liczbie jak i W odsetku komoérek w nacieku) oraz
stosunku procentowego udzialu komorek regulatorowych/Th2.

Zaobserwowano zalezno$¢ pomiedzy wyzszym stopniem ztosliwosci histologicznej
raka piersi a mniejszg liczebnoScig mastocytow tryptazo-dodatnich i zlokalizowanych
wewnatrz guza mastocytow chymazo-dodatnich, a takze bardziej intensywnym naciekiem
limfocytow T i1 B, wigksza liczebnos$cia komorek NK na krawedzi guza, wigksza liczebnos$cia
komoérek  cytotoksycznych 1 regulatorowych, zwigkszonym odsetkiem komorek
regulatorowych w otaczajagcym guz nacieku i wyzszym stosunkiem odsetkow komorek
regulatorowych/ Th2.

Inwazyjne guzy piersi o $rednicy wigkszej niz 2 cm (pT>1) charakteryzowaly si¢
mniejszg liczebnosciag mastocytow tryptazo-dodatnich, a takze gestszym naciekiem limfocytow
T, zlokalizowanych wewnatrz zmiany nowotworowej komorek cytotoksycznych i wyzszym
stosunkiem procentowego udziatu komorek regulatorowych/Th2 w otaczajacym guz nacieku
zapalnym. Dodatkowo, w guzach luminalnych, wykazano zalezno$¢ pomigdzy wigkszym
rozmiarem guza a gestszym naciekiem komorek cytotoksycznych i regulatorowych wewnatrz
guza, zwigkszonym odsetkiem komorek regulatorowych w otaczajacym nacieku oraz
zwiekszonym stosunkiem odsetkow komorek regulatorowych/ Th2.

Wykazano zalezno$¢ pomiedzy wystepowaniem przerzutow raka piersi w weztach
chtonnych a zwigkszonym odsetkiem komorek regulatorowych oraz stosunkiem odsetkéw
komorek regulatorowych/ Th2 w otaczajacym guz podScielisku. W grupie rakow
nieluminalnych zaobserwowano wyzszg warto$¢ wskaznika liczby komorek cytotoksycznych/
regulatorowych wewnatrz przerzutujacych guzow.

W odniesieniu do typu histologicznego raka piersi, zmiany zakwalifikowane jako no-
otherwise specified (NOS) cechowaty si¢ mniejsza liczebnoécia mastocytow tryptazo-
dodatnich w obrgbie nowotworowo zmienionego nabtonka, bardziej intensywnym naciekiem
limfocytow T, limfocytéw B, komoérek cytotoksycznych i regulatorowych dookota zmiany
(zaréwno pod wzgledem ich liczby jak i odsetka w nacieku zapalnym), oraz zmniejszonym
stosunkiem liczby komorek cytotoksycznych/ regulatorowych wewnatrz guza w poréwnaniu

do guzow o morfologii zrazikowe;j.



Uzyskane wyniki wskazuja na istnienie réznic w skladzie mikrosrodowiska

nowotworowego w zalezno$ci od podtypu molekularnego inwazyjnego raka piersi oraz

wystepowania pozostatych czynnikow prognostycznych i predykcyjnych w tej chorobie.

Roéznice w nacieku poszczegdlnych komoérek zapalnych oraz korelacje z ekspresja ER,
PR i Ki67 wskazujg na zwigzek mastocytow z wystgpowaniem podtypow raka piersi o
tagodniejszym przebiegu klinicznym, podczas gdy bardziej obfity naciek komorek
limfoidalnych i zwigkszony stosunek odsetkow komoérek regulatorowych/ Th2
zwigzane sg z wystgpowaniem podtypow cechujacych sie agresywnym przebiegiem
choroby;

Roéznice w nacieku analizowanych komoérek wskazuja na zwigzek mastocytow z
wystepowaniem korzystnych czynnikoéw rokowniczych, takie jak mniejszy rozmiar
guza, nizszy stopien ztosliwosci histologicznej; odwrotna zalezno$¢ obserwowana jest
dla nacieku komorek limfoidalnych, cytotoksycznych i regulatorowych;

Odmienne zaleznosci obserwowane dla populacji komorek zapalnych zlokalizowanych
wewnatrz guza lub na jego krawedzi wskazuja na odmienng rolg tych komoérek w
patogenezie raka piersi w zalezno$ci od lokalizacji w tkance;

Réznice w gestosci poszczegdlnych subpopulacji limfocytow T obserwowane
pomiedzy luminalnymi i nieluminalnymi inwazyjnymi guzami piersi o roznym stopniu
zaawansowania klinicznego choroby (rozmiar guza, zajecie weziow chlonnych)
wskazuja na odmienng role komoérek stanu zapalnego w procesie progresji

nowotworowej, w zaleznosci od podtypu molekularnego raka piersi.



Introduction

Tumor microenvironment is made up of elements located in an immediate surrounding
of a malignant tumor, such as: fibroblasts, stroma and cells of the immune system. The diversity
of the immune cell populations and their mediators manifests in immune cell ability to Kill
cancer cells or, conversely, contributes to immunotolerance. It is accepted that cells of both the
adaptive response — B-lymphocytes, T-cells (as well as their subpopulations — regulatory,
cytotoxic and helper cells) - and the innate response (e.g. mast cells and NK cells) affect the
course of cancer disease. In parallel, molecules secreted by cancer cells may impact on activity
and phenotype of respective immune cell populations, as well as on their recruitment to the
microenvironment. Consequently, composition of tumor microenvironment (in its quantitative
and qualitative terms) is presumed to either inhibit or promote tumor progression.

The term ‘invasive breast cancer’ is currently related to heterogenous group of tumors,
which derive from transformed epithelial cells that line terminal parts of mammary gland (ducts
and lobules). Respective types of breast cancer tumors differ in their mutational pattern, which
are reflected in a diversity of phenotypes observed in invasive breast cancers. In accordance
with St Gallen recommendations, molecular subtypes are determined by expression of four
protein markers: estrogen receptor (ER), progesterone receptor (PR) and human epithelial
growth factor receptor 2 (HER2), as well as Ki67 protein, which indicates intensiveness of
cancer cell proliferation. Respective phenotypes of invasive breast lesions are characterized by
distinct clinical aggressiveness — breast tumors that express ER and/or PR (luminal tumors)
show lower growth rate and lower metastatic potential, while overexpression of HER2, higher
expression of Ki67, ER/PR-negativity (non-luminal type) and ER/PR/HER2-negative
phenotype (triple-negative breast cancer, TNBC) are adverse prognostic factors in breast
cancer.

To date, it has been observed that breast cancer molecular subtypes differ in a density
of mononuclear cell infiltrate. However, relationships between the infiltrate of immune cell
populations in tumor microenvironment and molecular subtypes of invasive breast cancer have

not been fully elucidated yet.
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Objectives
This study aimed to determine the differences in densities of selected immune cell

populations (chymase- and tryptase-positive mast cells, T lymphocytes, B lymphocytes, NK
cells, cytotoxic cells, regulatory cells and T-helper 2 cells) in primary invasive breast cancers,
with regard to:
e amolecular subtype of invasive breast cancer (identified in accordance with St
Gallen classification);
e an expression of protein markers with prognostic and predictive significance in
breast cancer, such as ER, PR, HER2 and Ki67,;
e the occurrence of other prognostic indicators in breast cancer (tumor size, lymph
node involvement, histologic grade, histologic type).

Materials and Methods

The study was carried out on archival tissue samples collected from the Department of
Pathomorphology (Jagiellonian University Medical College, Cracow). In the first two articles
material consisted of 108 excisions diagnosed as primary invasive breast cancer. In the third
paper 106 tissue samples were investigated. The implementation of pre-surgical systemic
therapy was regarded as an exclusion factor in the study. The molecular subtype of breast cancer
was determined in accordance with criteria of St Gallen classification (2013 and 2015
classification systems were applied in the first and the two latter articles, respectively). After
standard fixation and embedding of tissue samples, formalin-fixed paraffin-embedded blocks
were cut into 4 pum thick sections and subsequently immunohistochemistry for chymase,
tryptase, CD45R0O, CD20, CD56, CD8, FOXP3 and GATA3 was performed to identify
investigated populations of immune cell infiltrate. Immunohistochemical staining was
performed by routine manual method used in the Department of Pathomorphology. The
densities of positively-stained cells were evaluated in light microscope. The numbers of mast
cells, NK cells, cytotoxic and regulatory cells were expressed as a sum of positively-stained
cells obtained from 5 power fields at magnification of 400x (which represented area of 1 mm?
of tissue), either within islets of neoplastic cells or in adjacent tissue. At the same locations the
percentages of tissue area occupied by T and B cells were assessed and expressed as an averaged
value obtained from 5 power fields at magnification of 100x. In addition, for cytotoxic,
regulatory and Th2 cells we assessed their percentages in mononuclear cell infiltrate, located in

immediate surrounding of tumor, and averaged their values from 5 power fields at
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magnification 400x. The obtained results were referred to clinicopathological data and

subjected to statistical analysis with the use of Statistica software.

Results and conclusions

We observed the differences in densities of the investigated cells with regard to the
molecular subtype of breast cancer. For tryptase- and chymase-positive mast cells, significantly
higher infiltrate of these cells were noted in post-hoc test within neoplastic tissue of luminal A
and B tumors, as compared to non-luminal HER2-overexpressing lesions and triple-negative
breast cancers (TNBC). Inverse relationship was noted for lymphoid cells; out of all subtypes,
luminal A tumors were characterized by the lowest density of T cells, both in intratumoral area
(significant difference in comparison with TNBC tumors) and at tumor edge (significant
differences were observed as compared to TNBC, non-luminal HER2-overexpressing and
luminal B/ HER2-overexpressed cancers). Moreover, in post-hoc analysis significantly less
intensive B-cell infiltrate was found at the invasion front of luminal A lesions than in TNBC
and HER+ non-luminal tumors. Likewise, luminal A and B phenotypes were associated with
lower density of NK cells located at invasive edge in comparison with TNBC tumors. Cytotoxic
and regulatory cells observed at tumor edge were significantly more numerous in non-luminal
HER2-positive and TNBC than in luminal A cancers; for regulatory cells, the latter relationship
was noted within islets of cancer cells either. Additionally, density of regulatory cells located
at the tumor edge differed between luminal A and B subtypes, with their higher numbers in the
latter one. Higher regulatory/ Th2 cell percentages ratio was observed in infiltrates of non-
luminal HER2-overexpressing tumors as compared to luminal A cancers.

Relationship between increased densities of immune cells and HER2-overexpression
was found for T cells, B cells, regulatory and cytotoxic cells, exclusively at tumor edge. An
inverse relationship was shown for chymase- and tryptase-positive mast cells of invasion front.

Positive correlations between ER and PR expressions were obtained for chymase- and
tryptase-positive mast cells as well as for the percentage of Th2 cells in immune infiltrate and
cytotoxic/ Th2 cell percentage ratio; negative correlations were observed for T cell, B cell, NK
cell, cytotoxic cell and regulatory cell (both regarding their numbers and percentages in immune
infiltrate) densities, as well as for regulatory/ Th2 cell percentage ratio. Concerning tumor
proliferation index, we observed an inverse relationship between Ki67 protein expression in
tumor cells and numbers of chymase- and tryptase-positive mast cells; positive correlation was

found for T cell, B cell, NK cell and cytotoxic cell densities, as well as for regulatory cell level

12



(both in their number and percentage in immune infiltrate) and regulatory/ Th2 cell percentage
ratio.

Higher histologic grade of breast cancer was associated with lower numbers of tryptase-
positive mast cells and intratumoral chymase-positive mast cells, as well as with more dense T
and B cell infiltrate, more numerous NK cells at invasion front of the tumor, higher quantities
of cytotoxic and regulatory cells, increased percentage of regulatory cells in tumor-surrounding
infiltrate and higher regulatory/ Th2 percentage ratio.

Invasive breast tumors of diameter larger than 2 cm (pT>1) were characterized by less
numerous tryptase-positive mast cells, as well as higher T cell density, more cytotoxic cells
located intratumorally and higher regulatory/ Th2 cell percentage ratio in tumor-surrounding
immune infiltrate. In addition, for tumors of luminal phenotype we observed relationship
between greater tumor size and more dense intratumoral cytotoxic and regulatory cells,
increased regulatory cell percentage in tumor-surrounding infiltrate as well as with higher
regulatory/ Th2 percentage ratio.

We observed that the incidence of breast cancer metastases in lymph nodes was related
to higher percentage of regulatory cells and regulatory/ Th2 cell percentage ratio in tumor
surrounding stroma. For non-luminal tumors, higher cytotoxic/ regulatory cell number ratio was
noted in intratumoral area of metastatic tumors.

With regard to the histologic type of breast cancer, tumor classified as no-otherwise
specified (NOS) tumors were characterized by less numerous tryptase-positive mast cells within
cancer cell islets, more intensive T cell, B cell and cytotoxic cell infiltrates, more dense
regulatory cells at invasive edge (both regarding cell number and their percentage in tumor-
associated immune infiltrate) as well as decreased intratumoral cytotoxic/ regulatory cell
number ratio in comparison with cancers of lobular morphology.

The results indicate differences in composition of tumor microenvironment in various
molecular subtypes of invasive breast cancers as well as with regard to the incidence of other
prognostic and predictive factors in this malignancy.

e Differences in densities of selected immune cells and their correlations with ER,
PR and Ki67 expressions point to relationship between mast cell infiltrate and
the incidence of clinically less aggressive breast cancer subtypes, while more
abundant lymphoid cell infiltrate and increased regulatory/ Th2 cell percentage

ratio were related to subtypes of more adverse clinical course;
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Differences in densities of analyzed cells indicate mast cell association with
more favorable prognostic factors, such as smaller tumor size, lower histologic
grade; the opposite was observed for lymphoid, cytotoxic and regulatory cells;
Distinct relationships observed for immune cell populations located either
intratumorally or at invasion front suggest distinct role of this cells in
pathogenesis of breast cancer with reference to location in tumor tissue;
Differences in densities of respective T cell subpopulations observed in luminal
and non-luminal invasive breast tumors of various stage (i.e. tumor size, nodal
involvement) indicate distinct role of immune cells in tumor progression

depending on breast cancer molecular subtype.
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Abstract Mast cells (MCs) are a part of the innate immune
system. The MC functions toward cancer are partially based on
the release of chymase and tryptase. However, the MC effect on
breast cancer is controversial. The aim of our study was to inves-
tigate the presence of MCs in breast cancer tumors of different
molecular subtypes and their relationships with other pathologi-
cal prognostic factors. Tryptase- and chymase-positive mast cell
densities were evaluated by immunohistochemistry in 108 pri-
mary invasive breast cancer tissue samples. Positive cells were
counted within the tumor bed and at the invasive margin. For all
analyzed MC subpopulations, we observed statistically signifi-
cant differences between individual molecular subtypes of breast
cancer. The significantly higher numbers of intratumoral
chymase- and tryptase-positive mast cells were observed in lu-
minal A and luminal B tumors compared to triple-negative and
HER2+ non-luminal lesions. A denser MC infiltration was asso-
ciated with lower tumor grade, higher ER and PR expression,
lower proliferation rate as well as the lack of HER2 overexpres-
sion. The results obtained in our study indicate a possible asso-
ciation of chymase- and tryptase-positive MCs with more favor-
able cancer immunophenotype and with beneficial prognostic
indicators in breast cancer.
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Introduction

Breast cancer is the most common cancer in females in the
developed world. It is heterogeneous in terms of prognosis,
morphology, and molecular biology; on the basis of its gene
expression pattern, four main molecular subtypes were distin-
guished: luminal A, luminal B, HER2 non-luminal, and basal-
like. This classification may be emulated by an immunohisto-
chemical panel, which became a standard in routine pathology
[1,2]:

Tumor microenvironment consists of fibroblast, endotheli-
al, and immune cells as well as extracellular matrix (ECM) in
the immediate surroundings of cancer. It influences anti-tumor
host defense, tumor development, neoangiogenesis, and met-
astatic propensity, and may affect patient’s outcome [1-3].

Mast cells (MCs) are bone marrow-derived cells common-
ly associated with allergic reactions and responses to parasitic
infestations. MC granules store numerous mediators, includ-
ing heparin, histamine, proteases, chemokines, and growth
factors, which are released upon MC activation and contribute
to tissue repair, wound healing, and angiogenesis. They mod-
ulate functions of other immune cells by either enhancing
immunologic response or inducing immune tolerance. MCs
are also one of the first cells to infiltrate cancer and can either
promote or suppress tumor growth [4-8].

Proteases constitute approximately one fourth of MCs
protein content. Based on the expression of chymase
and tryptase, the mast-cell-specific serine proteases, hu-
man MCs are divided into MCy, which expresses only
tryptase and MCrc, which expresses both tryptase and
chymase. These populations predominate in different
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anatomical locations and vary according to their func-
tions [4, 6, 9]. Tryptase participates in ECM remodeling
and is a potent proangiogenic factor, in part by
protease-activated-receptor 2 (PAR-2) activation [9-11].
MC tryptase was also reported to activate tumor-
associated fibroblasts [12]. Chymase is thought to be
important mainly for ECM remodeling; however, it
may also induce angiogenesis by activating metallopro-
teinases (MMPs), such as MMP-9, which releases
proangiogenic mediators from stroma [6, 12, 13].

Some MC proteases are stored in complexes with heparin
[14]. Heparin suppresses proliferation and reduces the number
of breast cancer cell colonies. It was hypothesized that heparin
might interrupt interactions between tumor-associated fibroblasts
and cancer cells, thus impairing tumor development [15].

The aim of the study was to investigate the density of MCs
expressing tryptase and chymase in breast cancers of different
molecular subtypes and to examine their relationships with
more standard prognostic factors.

Preliminary results from this study were presented at the
6th Jagiellonian University Medical College Doctoral
Students” Conference.

Materials and methods
Materials

The material consisted of routinely processed, formalin-
fixed paraffin-embedded primary invasive breast carcino-
mas diagnosed between 2002 and 2014. The archival he-
matoxylin—eosin-stained slides were re-evaluated and rep-
resentative, well-preserved specimens were chosen for im-
munohistochemistry. For nuclear grading, Nottingham
Histologic Grade system was used, while staging was per-
formed according to 2010 AJCC system [16].

Immunohistochemistry

Immunohistochemistry for tryptase, chymase, estrogen receptor
(ER), progesterone receptor (PR), and Ki67 protein was per-
formed according to the protocol routinely used in our laboratory.
The selected blocks were cut into 4-pum-thick sections. Antigen
retrieval was performed by incubating the slides in citrate buffer
(pH 6.0; 0.01 M) or EDTA (pH 8.0; 0.01 M) at 97 °C in a water
bath for 40 and 30 min, respectively, or by enzymatic digestion
with proteinase (21 °C, 7 min). Primary antibodies used in the
study are listed in Table 1.

UltraVision Quanto detection system (LabVision;
ThermoScientific, USA) and 3.3'-diaminobenzidine as chro-
mogen were used, and the slides were counterstained with
Mayer hematoxylin (Thermo Fisher Scientific, Waltham,
USA) and coverslipped.

Immunohistochemistry for HER2 was performed on
BenchMark BMK Classic autostainer (Ventana, USA) using
UltraVIEW DAB Detection Kit (Ventana Medical Systems
Inc., USA).

For specimens with HER2 status 2+ by immunohisto-
chemistry, fluorescence in situ hybridization (FISH) was
conducted. FISH was performed using a PathVysion
HER-2 DNA Probe Kit II (Abbott Molecular, USA) ac-
cording to the manufacturer’s protocol. In short, paraftin
blocks were cut into 4-pum-thick sections. Hybridization
was performed at 37 °C for 14 to 18 h with a locus specific
identifier (LSI) DNA probe (~226 kb) SpectrumOrange
directly labeled (Abbott Molecular, USA) and a
Chromosome Enumeration Probe 17 (CEP17) satellite
DNA probe (~5.4 kb) SpectrumGreen directly labeled
(Abbott Molecular, USA). 4,6-Diamino-2-phenylidole
was used as nuclear counterstain. The LSI HER-2/neu
and CEP17 signals were counted on fluorescence micro-
scope equipped with specific filter sets and HER-2/neu to
CEP17 ratio >2.0 was considered as HER2/neu overex-
pression [17].

Table 1 Antibodies used in the

study Clone Dilution  Antigen Incubation Manufacturer
retrieval time (min)
Tryptase AAl 1:100 Proteinase 60 Novocastra (Leica
Biosystems, Germany)
Chymase (64 1:100 Citrate 30 LabVision
(ThermoScientific, USA)
Estrogen 6F11 1:25 Citrate 60 Novocastra (Leica
receptor Biosystems, Germany)
Progesterone PgR636 1:50 Citrate 60 Dako, USA
receptor
Ki67 MIB-1 1:100 EDTA 60 Dako, USA
HER2/neu PATHWAY4B5 Ventana Medical System
Inc., USA
@ Springer
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Evaluation of immunostaining

The slides stained for tryptase and chymase were scanned on
Nikon Labophot-2 optical microscope (Tokyo, Japan) at low
magnification (x100), and the areas with the highest number
of positive cells were chosen. Then, positively stained cells
were counted in five high-power fields (HPF) (400 x 0.2 mm’
field area), which represented 1 mm? of the examined tissue.
The positive cells located no further than 1 HPF from the
tumor edge were regarded as invasive margin, while positive
cells located within neoplastic tissue further than 1 HPF from
the tumor edge inwards were considered as intratumoral
population.

Positive ER and PR expression were set when >1% of
neoplastic cells showed positive immunostaining. The thresh-
old for discriminating between low and high Ki67 expression
was set at >14% of positive cells. Scoring of the HER2 stain
was performed by standard method [17].

Definition of breast cancer molecular subtypes

The cases were classified into molecular subtypes according
to St Gallen 2013 International Expert Consensus: luminal A
(ER+and PR >20%, Ki67 < 14%, HER2—), luminal B/ HER2
— (ER+, HER2— with PR <20% and/or Ki67 > 14%), luminal
B/HER2+ (ER+ or PR+, HER2+), HER2+ non-luminal (ER
—/PR—/HER2+), and triple-negative breast cancer (ER—/PR
—/HER2-) [18].

Statistical analysis

To assess the differences in positive cells’ infiltrate between
groups, ANOVA Kruskal-Wallis and Mann—Whitney U tests
were performed. The correlations between groups were eval-
uated by using Spearman rank test. All analyses were per-
formed using Statistica 10 (StatSoft Inc., USA). p values
<0.05 were considered statistically significant.

Results
Study group

The study group consisted of 108 cases. The mean age of
patients at the time of diagnosis was 55.3 years, ranging from
29 to 87 years. Sixty cases (55.5%) were stage pT1, 45 cases
(41.7%) pT2, and 3 cases (2.8%) pT3. Lymph node status was
pNO in 54 cases (50.0%), pN1 in 31 cases (28.7%), pN2 in 9
cases (8.3%), and pN3 in 13 cases (12.0%).

Distribution of molecular subtypes was as follows: luminal
A in 30 cases (27.8%), luminal B/HER2—1n 19 cases (17.6%),
luminal B/HER2+ in 10 cases (9.3%), HER2+ non-luminal
(HER2+) in 20 cases (18.5%), and triple-negative breast
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cancer (TNBC) in 29 cases (26.8%). On the basis of the his-
tologic type, 91 cases (84.3%) were classified as “not other-
wise specified” (NOS), 15 cases (13.9%) as lobular, and 2
cases (1.8%) as “other.” Nottingham Histologic Grade was
G1 in 17 cases (15.7%), G2 in 37 cases (34.3%), and G3 in
54 cases (50%). The patients and tumor characteristics are
shown in Table 2.

MC subpopulations in different breast cancer subtypes

First, we investigated whether the mast cell counts differed
between cancers of luminal (ER+ or PR+) and non-luminal
(ER— and PR—) immunophenotype. A statistically significant
difference was observed for both chymase- and tryptase-
positive MCs in either intratumoral location or at the invasive
margin (Fig. 1). In all cases, the luminal subtype of tumors
was associated with relatively higher MC count (Table 3).
Thorough analysis of each of the investigated MC popula-
tions showed significant differences in the density of infiltra-
tion between molecular subtypes of cancer; this was most
evident for intratumoral cells. The number of intratumoral

Table 2 Clinicopathologic features of the study group

Characteristic Number of cases Percent
Age
Range: 29-87
Mean: 55.3
Tumor size
pTl 60 555
pT2 45 41.7
pT3 3 2.8
Lymph node status
pNO 54 50.0
pNl1 31 28.7
pN2 9 8.3
pN3 13 12.0
Nottingham Histologic Grade
Gl 17 15.7
G2 37 343
G3 54 50.0
Histological type
Ductal 91 84.3
Lobular 15 13.9
Other 2 1.8
Molecular subtype
Luminal A 30 27.8
Luminal B 19 17.6
Luminal B/ HER2+ 10 9.3
HER2+ non-luminal 20 18.5
Triple negative 29 26.8
@ Springer
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Table 3 MC densities in breast

cancers of different molecular Chymase Tryptase
subtype, immunophenotype,
Ki67, and HER2 expression Intratumoral Invasive margin Intratumoral Invasive margin
Mean P Mean P Mean P Mean P
(SD) (SD) (SD) (SD)
Molecular subtype
Luminal A 2259 <0.001  23.21 <0.025  40.40 <0.001  36.27 <0.015
(10.38) (7.87) (16.97) (20.62)
Luminal B 27.712 25.68 36.94 38.74
(12.76) (11.95) (17.56) (19.97)
Luminal BHER2+  20.80 19.50 3110 26.70
(12.45) (7.55) (20.89) (11.49)
HER2+ non-luminal ~ 15.30 18.70 25.90 24.65
(7.89) (9.76) (11.43) 9.24)
Triple negative 14.56 19.03 22.50 27.17
(9.82) (7.35) (13.42) (11.28)
Immunophenotype
Luminal 23.89 <0.001  23.38 <0.005 37.72 <0.001 3544 <0.004
(11.64) (9.43) (17.86) (19.34)
Non-luminal 14.87 18.90 23.92 26.14
(8.97) (8.32) (12.61) (10.46)
HER2 overexpression
No 2091 NS 22.25 <0.025 3299 NS 33.49 <0.015
(11.88) (9.15) (17.69) (18.01)
Yes 17.13 18.97 27.63 25.33
9.79) (8.96) (15.08) 9.89)
Ki67 expression
Low 2241 NS 22.79 NS 39.17 <0.001  34.89 NS
(10.97) (8.27) (16.29) (19.61)
High 18.56 2043 27.68 29.22
(11.47) (9.44) (16.28) (14.62)

chymase-positive MCs was the highest in luminal B cancers,
which differed significantly from TNBC (p < 0.002) and
HER2+ non-luminal (» < 0.025) tumors. Luminal A cancers
contained significantly more chymase-positive MCs than
TNBC cancers (p < 0.04). The intratumoral tryptase-positive
MC density was the highest in luminal A tumors and was
significantly higher than that in TNBC (p < 0.001) and
HER2+ non-luminal (p < 0.04) cases. The abundance of these
cells was also significantly higher in luminal B as compared to
TNBC tumors (p < 0.015). There was a significant difference
in MC density at the invasion front between all the molecular
breast cancer subtypes, but no significant difference in post
hoc analysis was observed (Fig. 2, Table 3).

The number of MCs at the invasive margin, either
chymase- or tryptase-positive, was significantly increased in
tumors without HER2 overexpression (p < 0.025 and
p < 0.015, respectively) compared to that in HER2
overexpressed tissues (Table 3).

@ Springer
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We also observed also that intratumoral tryptase-positive
MCs were strongly associated with tumors of low Ki67 ex-
pression (p < 0.001) (Table 3).

The numbers of all investigated MC populations showed
significant positive correlations with ER and PR expression,
as well as a negative correlation with mitotic index. For inves-
tigated subpopulations, either in intratumoral area or at the
invasion edge, tryptase-positive MCs correlated negatively
with Ki67 expression. However, for chymase-positive MCs,
such correlation was observed only within the tumor bed.

MC subpopulations and other pathological prognostic
factors

Investigated tumors were stratified according to their size into
tumors of diameter <2 ¢cm (pT1) and >2 cm (pT > 1). We
observed statistically significant differences in tryptase-
positive cell densities in both intratumoral compartment
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Fig. 1 Mastcells in invasive breast cancer. Low (a) and hngh (b) chymasc positive mast cells infiltration, low (¢) and high (d) tryptase-positive mast cells
infiltration. Immunohistochemistry for tryptase and chymase, magnification %100

(p < 0.008) and at the invasion front (» < 0.02) between the
two groups. The intratumoral tryptase-positive MC density
was higher in pT1 tumors (mean 35.5, SD 18.2) as compared
topT > 1 lesions (mean 26.6, SD 14.3). Similarly, for tryptase-
positive MCs at the tumor margin, higher density was ob-
served in smaller-sized cancers (pT1—mean 33.7, SD 17.2;
pT > 1—mean 28.1, SD 15.2). There were no statistically
significant differences in MC densities between cases with
and without nodal involvement.

There were significant differences in the densities of
tryptase-positive cells, both in intratumoral compartment and
at the invasive margin, as well as intratumoral chymase-
positive cell count between tumors of different Nottingham
Histologic Grades. The number of intratumoral chymase-
positive cells was significantly higher in G1 (p < 0.015) and
G2 (p < 0.008) tumors as compared to G3 lesions. Tryptase-
positive MC densities for both intratumoral compartment and
invasion front were significantly higher in G1 than in G3
cancers (p < 0.015 and p < 0.05, respectively) (Fig. 3, Table 4).

19

In respect of tumor histological type, intratumoral tryptase-
positive cells were significantly associated with lobular phe-
notype (Table 4).

Discussion

The studies concerning MC infiltration in various breast cancer
molecular subtypes were scarce and the results were encumbered
by varied subtype classifications. In our study, we noted that
chymase- and tryptase-positive MC infiltration differed between
breast cancers of respective molecular subtypes in both
intratumoral area as well as at the invasive margin, and that
higher MC numbers were associated with less aggressive cancer
types. Similar to our results, della Rovere et al. observed high
MC density in breast cancer expressing high levels of hormone
receptors. As a result, the authors considered MC infiltration in
this neoplasm as a protective factor against tumor progression,
potentially due to MC cytolytic activity against malignant cells

@ Springer



510

Virchows Arch (2017) 470:505-515

Fig. 2 Density of investigated
MC subpopulations in breast
cancer specimens representing
different molecular subtypes:
Lum A luminal A, Lum B luminal
B/HER2~, Lum B/HER2 luminal
B/HER2+, HER2 HER2+ non-
luminal, TNBC triple-negative
subtype. Central point is the ar-
ithmetic mean, box is the arith-
metic mean + standard error, and
whisker is the arithmetic

mean = standard deviation.
ANOVA Kruskal-Wallis test, p-
values are shown in Table 3
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[19, 20]. Raica et al. noted that density of intratumoral, but not
peritumoral, tryptase-positive MCs was higher in luminal A, lu-
minal B, and HER2-positive breast cancers compared to basal-

Table4 MC density according to
tumor grade and breast cancer
histological type

@ Springer

LumB LumB/HER2 HER2

TNBC

LumA LumB LumB/HER2 HER2

TNBC

like breast cancers [21]. This was partially analogous to our
results, which suggested that non-luminal HER2-positive sub-
type was associated with low tryptase-positive MC content. In

Chymase Tryptase
Intratumoral Invasive margin Intratumoral Invasive margin
Mean p Mean P Mean P Mean p
(SD) (SD) (SD) (SD)
Nottingham Histologic Grade
1 24.41 <0.002 23.06 NS 39.65 <0.007 3453 <0.02
(10.24) (8.67) (17.93) (11.46)
2 23.46 22.36 34.44 36.19
(11.81) (9.68) (17.59) (22.92)
3 15.87 20.09 26.83 26.78
(10.22) (8.98) (15.26) (10.72)
Histological type
NOS 19.07 NS 20.69 NS 30.56 <0.05 29.48 NS
(11.12) (8.57) (17.14) (11.97)
Lobular 24.79 25.71 38.73 4293
(11.65) (12.28) (15.93) (31.32)
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the quoted study, significant correlations between peritumoral
tryptase-positive MCs and lymphatic microvessel densities were
found in luminal A and basal-like cancers. Such observation
might indicate MC involvement in lymphangiogenesis and
lymphovascular spreading of breast cancer, particularly of lumi-
nal A type [21]. Other studies also outlined the correlation be-
tween tryptase-positive MCs and microvessel density in breast
cancer [22, 23].

We observed that all analyzed populations of MCs corre-
lated positively with ER and PR expression and negatively
with mitotic index. Additionally, tryptase-positive MCs both
of the intratumoral area and at the invasion front were nega-
tively associated with tumor size, while tryptase-positive as
well as intratumoral chymase-positive MCs showed an in-
verse correlation with Ki67 expression. These findings sup-
ported the aforementioned hypothesis of the protective role
assumed by MCs against cancer progression. Similarly, other
studies also suggested a negative correlation of tryptase-
positive MCs with tumor size [24], along with a positive cor-
relation with PR [25] and ER expression [24]. Although sev-
eral studies failed to show independent prognostic signifi-
cance of MCs in breast cancer [24-26], and few works have
even shown that peritumoral MC infiltration was associated
with poor short-term survival [27], MCs were still proposed
by some authors as an additive favorable prognostic factor
[19, 25]. Tt was further postulated that even a single MC in
tumor surrounding might have a beneficial impact on the

prognosis [28]. Rajput et al. observed a positive but not sig-
nificant correlation between MCs and HER2 expression [28].
However, our study suggested that chymase- and tryptase-
positive MC densities at the tumor front were associated with
tumors that did not indicate HER2 overexpression. Some oth-
er studies observed an inverse correlation between tryptase-
positive MCs and Ki67 expression [24], while others did not
[19]. Contrary to our results and the aforementioned literature,
Ranieri et al. did not find any associations between MC num-
ber and tumor size, histological grade, ER/PR status, or HER2
overexpression in early breast cancer [23].

Our study indicated that low- and intermediate-grade breast
cancers contained high numbers of MCs in both intratumoral
location and at the invasive margin. In consistence with our
results, some authors reported that tryptase-positive MCs cor-
related negatively with tumor histological Elston grade [24,
25]. A plausible explanation could be that low-grade breast
cancer elicited more effective innate immune response, or that
high-grade cancer suppressed such response. Strikingly,
Xiang et al. observed more numerous peritumoral MCs in
G3 breast cancers than lower grades, and reported more inten-
sive tryptase immunostaining in the surrounding of node-
positive tumors as compared to node-negative ones. In this
experimental study, tryptase itself did not increase prolifera-
tive activity of breast cancer cell lines. However, in the pres-
ence of heparin, tryptase increased cancer cell migration and
expression of activated MMP-1. As tryptase was activated by

Table 5 Immunohistochemical studies, which evaluated mast cells in breast cancer

Authors Material Mast cells” Conclusions Reference
marker

Bowers H. etal,,  Axillary lymph nodes of 43 Toluidine ~ Higher MC number is associated with better patients’ survival [30]
1979 breast cancer patients blue

Samoszuk M., 35 breast cancer tissue sections  Tryptase A tendency toward peritumoral accumulation of MCs in preinvasive [31]
Corwin M., of varying stages and intratumoral accumulation in invasive tumors
2003

Amini RM. etal., 234 invasive breast cancer Tryptase ~ MCs are associated with estrogen receptor positivity and low tumor  [25]
2007 tissues grade

della Rovere F. 50 cases of invasive ductal breast Alcian Higher MC content is associated with high hormone-receptive cancers [19]
et al., 2007 cancer blue

Ribatti D. et al., 80 sentinel lymph nodes of Tryptase ~ Higher MC number in micrometastatic lymph nodes; MC quantity [32]
2007 breast cancer patients increases with angiogenesis

Rajput A. et al., 4444 invasive breast cancer CD117 Presence of MCs in tumor stroma associated with better patients’ [28]
2008 tissues survival

Ranieri G. et al., 88 breast cancer patients’ biopsy Tryptase =~ MCs are associated with angiogenesis [23]
2009 specimens

Xiang M. et al., 80 breast cancer tissues Tryptase ~ MC number positively correlated with tumor grade and was associated [29]
2010 with nodal involvement

Lofdahl B. etal., 190 lymph-node-negative breast Tryptase  Negative associations between MC number and adverse prognostic ~ [24]
2012 cancer tissue samples factors

Raica M. et al., 55 ductal invasive breast cancer Tryptase  Interplay between MCs and lymph vessels is specific for each [21]
2013 tissues molecular subtype of breast cancer

Marech I. et al., 105 cases of breast cancer Tryptase ~ Mast cell tryptase is involved in angiogenesis [22]
2014
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low pH and heparin, the authors concluded that tryptase pro-
moted metastatic spread after microcirculation failed to re-
move acidic substances. This could potentially explain the
higher MC count in more aggressive, more rapidly growing,
grade 3 carcinomas observed in the study [29]. The findings
from other immunohistochemical studies in breast cancer are
summarized in Table 5.

Although the role of MCs in breast cancers has been inves-
tigated by several authors, the obtained results appeared to be
ambiguous. Roy et al. [33] used an experimental model of
arthritic mice for their study, which showed an elevated num-
ber of MCs within primary mammary tumors and at the sites
of metastasis in comparison with the control group. This may
be explained by the increased MC migration toward tumor
and their activation within malignant lesion. MCs were sug-
gested to attract stem cell factor (SCF) expressing breast can-
cer cells, thus facilitating the spread of the tumor. As SCF/c-kit
signaling is considered to be one of the most potent
chemoattractants and activators of MCs, SCF-positive neo-
plastic cells contributed, in turn, to subsequent infiltration,
differentiation, and survival of MCs, which would eventually
enhance metastatic potential of breast cancer [33]. Samoszuk
et al. reported that MCs could counteract tumor hypoxia by
releasing anticoagulants, which improved the blood flow. The
authors also noted that tryptase-positive MCs in early breast
cancer were more abundant in peritumoral stroma, while in

invasive tumors, MCs were more extensively located within
tumor tissue [31]. In the skin of breast cancer patients,
chymase- and tryptase-positive MCs increased collagen pro-
duction by interacting with dermal fibroblasts [34, 35]. It was
also shown that MC tryptase has the capability to modify
breast cancer microenvironment by converting fibroblasts into
activated myofibroblasts, which, in turn, may promote tumor
development. However, the accumulation of degranulated
MCr at the invasion margin was interpreted as an evidence
for protective role against cancer growth [36]. Bowers et al.
observed significantly higher MC number in axillary lymph
nodes of breast cancer patients who survived for longer than
60 months post-mastectomy, in comparison with patients with
a shorter survival time span. As a result, the authors postulated
that MCs might be involved in host tumor resistance [30]. In
contrast, higher MC and microvessel counts in sentinel lymph
nodes with micrometastases as compared to non-metastatic
sentinel lymph nodes could suggest the participation of MCs
in metastasis formation [32].

Mast cells were also investigated in other types of cancer.
The MC count in squamous cell carcinoma of the lip was
found to be higher compared to that in normal tissue. The
distribution of MCs in this neoplasm differed with reference
to location: within the tumor nest, MCy prevailed over MCrc
cells, while MCy¢ predominated at the tumor front. It was
postulated that the latter might influence cancer invasion
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Fig. 3 Density of investigated MC subpopulations in breast cancer
specimens representing different Nottingham Histologic Grade. Central
point is the arithmetic mean, box is the arithmetic mean + standard error,
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and whisker is the arithmetic mean + standard deviation. ANOVA
Kruskal-Wallis test, p values are shown in Table 4
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[37]. Mast cells displayed different phenotypes in normal,
hyperplastic, and malignant prostate tissues, thus suggesting
alteration in MC phenotypes and their involvement in patho-
genesis of prostate cancer. Moreover, peritumoral tryptase-
and chymase-positive MCs correlated with increasing
Gleason score [38]. In the cervix, the overall MC level was
stable in pre-cancer, but increased significantly in invasive
cancer. The prevailing phenotype of mast cells was MCr,
and the authors hypothesized that this population may stimu-
late neovascularization and promote tumor progression and
metastasis [39]. In addition, in patients on hemodialysis with
renal cell carcinoma, MCr were also reported to predominate;
an elevated SCF expression in specimens from hemodialyzed
patients could potentially account for this MCr increase. MCr
density correlated positively with proliferative index and
PAR-2 expression in tumor cells [40]. Melanomas were noted
to display lower numbers of both chymase- and tryptase-
positive intratumoral MCs as compared to common and dys-
plastic nevi. Interestingly, the number of these cells increased
from common to dysplastic nevi. The authors suggested that
the observed decrease of MCs in malignant melanoma might
be due to the self-sufficiency of this neoplasm to induce
neoangiogenesis or to break the host defense barrier [41].
Several authors focused on the associations between
MCs and angiogenesis, a phenomenon linked to pro-
gression in various neoplasms. In non-small cell lung
carcinoma, MCy¢ correlated with blood vessel count
both inside the tumor and at the invasive margin. In
contrast, MCt number correlated with blood vessel
count only at the invasive margin, potentially due to
angiogenesis being associated mainly with MCrc densi-
ty [42]. In an experimental mice skin cancer model, de
Souza et al. observed that tumor MCs were recruited to
the tumor microenvironment at their immature state, and
that the number of both immature and mature MCs in-
creased parallel to cancer progression. At early phases
of tumor development, tryptase promoted
neoangiogenesis, while in later stages it modulated ves-
sel growth. Both chymase and tryptase expressions in-
creased during tumor progression, and correlated with
either MC maturation or new vessel formation, indicat-
ing the involvement of these two proteases in cancer
progression [43]. Similarly in gastric carcinoma,
tryptase- and chymase-positive MCs increased with
stage and grade, and were associated with
neoangiogenesis [44]. In colorectal adenocarcinoma,
tryptase-positive MCs were found mainly in the imme-
diate vicinity of blood vessels. However, as some of the
tumor vessels lacked associated inflammatory cells, it
was probable that inflammatory infiltration was not re-
quired for the induction of angiogenesis [45]. In con-
trast, neither tryptase- nor chymase-positive MC densi-
ties were related to microvessel counts in mesothelioma,
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though tryptase-positive MCs were associated with a
better overall survival rate and a longer time till pro-
gression [46].

As it might be inferred from the aforementioned studies,
MC contribution to tumor progression was observed in many
neoplasms [12, 37, 38, 41, 43, 44]. However, in some tumors,
MCs were regarded as protective factor [46], with their unde-
fined role in breast cancer [24, 25, 29]. In various cancers MC
distribution [37], as well as their prognostic significance, may
vary depending on MC intratumoral [40, 41] or peritumoral
[38] location, and in some cancers their increasing malignancy
was reported to be associated with MC phenotype alteration
[37, 38]. In breast cancer, an increase in the number of non-
degranulated MCs from normal to malignant tissue was ob-
served [36]. MC functions are strongly dependent on micro-
environmental factors, and both cytokines as well as hor-
mones may affect even mature MCs and influence their num-
ber, activation, suppression, mediators’ content, and pheno-
type [4, 47, 48]. Thus, it is not unlikely that on the basis on
their functions and phenotype, in various cancers, the exis-
tence of several subpopulations of MCs could be considered,
which might be partially analogous to distinction between M1
and M2 macrophages [47, 49].

In conclusion, our study outlined the associations of MCs
with positive prognostic factors in breast cancer. We also ob-
served that the breast cancer molecular subtypes differed in
their chymase- and tryptase-positive MC content. However,
further investigation is required to elucidate their impact on
the breast cancer prognosis.
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Recently, a large body of evidence has shown that the microenvironment of in-
vasive breast carcinoma affects its development and the patient’s outcome, and
vice versa — cancer cells express factors that modulate tumour milieu in terms
of its composition and function. We performed an immunohistochemical (IHC)
staining of 108 formalin-fixed, paraffin-embedded (FFPE) tissue samples to in-
vestigate the relationships between T-cell, B-cell, and NK-cell infiltrate, invasive
breast carcinomas molecular subtypes, and other prognostic indicators. The main
findings of our study were as follows: the significantly higher infilcrate of the anal-
ysed immune cell subsets in triple-negative (TNBC), HER2-positive, non-luminal
and luminal B/HER2+ breast carcinomas than in luminal A cancers; their higher
densities in poorly differentiated lesions; correlations between lymphoid cells and
the expression of hormonal receptors, HER2 receptor status, and marker of can-
cer proliferation. Furthermore, we observed T-cell numbers to be associated with
greater tumour diameter. In summary, the results of our study indicate associations
between tumoural lymphoid infiltration and the unfavourable intrinsic subtypes as
well as other detrimental prognostic factors in invasive breast carcinomas.

Key words: breast cancer, T-lymphocytes, B-lymphocytes, natural killer cells,
tumour microenvironment.

type significantly influences the patient’s treatment
and prognosis {1, 3}. Recently, immune cell infiltrate
has emerged as a new prognostic biomarker in this
malignancy [1, 2}.

Introduction

Regarding its biology and morphology, breast car-
cinoma is considered as a heterogenous disease. On

the basis of distinct genetic patterns, several molecu-
lar subtypes, differing in their clinical behaviour, are
distinguished in invasive breast tumours {1, 2}. In
routine pathology these subtypes are roughly deter-
mined by immunohistochemistry; the stratification
of invasive breast tumours into luminal A, luminal B
(with or without HER2 overexpression), non-luminal
HER2-overexpressing, and triple-negative pheno-

Inflammatory infiltrate in tumour microenviron-
ment comprises many cell populations that exert
a diverse effect on cancer cells, ranging from promot-
ing tumour development to suppressing its growth.
The cancer-immune cell interplay results from the di-
rect cell-to-cell contact or is mediated by lymphoid
cell-derived molecules, e.g. receptors, cytokines,
and chemokines. There is growing evidence that
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interactions between neoplastic and immune cells
affect the patient’s outcome {4, 5, 6, 7, 8, 9]. The can-
cer milieu includes lymphoid cells, with tumour-in-
filerating T- and B-lymphocytes as well as natural
killer (NK) cells. These represent both the adaptive
and the innate branch of immune response. Concern-
ing T-cells, several subgroups, which differ in their
function, phenotype, and cytokine profile, are dis-
tinguished. The activity of respective T-cell subsets
ranges from cytotoxicity towards malignant cells and
anti-tumour response enhancement to immunotoler-
ance induction and immune suppression {4, 6, 10}.
Moreover, tumour-infiltrating B-lymphocytes were
reported by some authors to be a source of anti-
tumour antibodies [11}. Similarly to some T-cells,
the propensity of cancer-related NK cells to control
tumour growth and its spread is mainly attributed to
their cytotoxic activity {12, 13}. Hence, both cellular
and humoural immune response are involved in com-
plex tumour-host interactions {14, 15].

Recently, more and more evidence is emerging
that tumour-infilerating cells are substantially af-
fected by both the cancer cells and other elements
of the environment. These alterations may involve
their composition and function as well as recruitment
to the tumour site. This is due to the molecules se-
creted and expressed by both malignant and stromal
cells as well as metabolic alteration within malignant
tissue. Nutrient depletion and the accumulation
of waste products in the tumour may promote immu-
nity suppression [16, 17, 18, 19]. On the other hand,
apoptosis-associated change in the expression of sur-
face and cytoplasmatic tumoural antigens was sug-
gested to enhance immune reaction, a phenomenon
observed in highly proliferative tumours and during
chemotherapy {10, 14, 20, 21]. Several authors
postulated the prognostic value of tumour-infiltrat-
ing lymphocyte density and their subpopulations in
breast cancer {7, 21, 22}, and some even indicated
that immune-derived parameters may have stronger
prognostic value than tumour-based markers [23].
Thus, the evaluation of tumour-infiltrating lympho-
cytes (TILs) in breast cancer has recently been pro-
posed as a novel, supplemental indicator of patient
outcome due to its possible clinical relevance {7].
In future, more research into immune cell involve-
ment in breast cancer progression may contribute to
the development of immunotherapy — a new ther-
apeutic approach aimed at evoking strong effective
anti-tumour response as well as at breaking cancer
cell escape from immunosurveillance {6, 9, 13, 20,
24, 25, 26}.

The aim of our study was to evaluate the densities
of tumour-infiltrating T-cells, B-cells, and NK cells
in breast cancers of different molecular subtypes, and
to investigate their associations with other prognostic
markers in this malignancy.
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Material and methods

Materials

The materials comprised routinely processed, for-
malin-fixed, paraffin-embedded tissues of primary in-
vasive breast carcinomas diagnosed between 2002 and
2014. Patients who had received presurgical chemo-
therapy were excluded from the study. The archival
haematoxylin-eosin-stained slides were re-evaluated,
and representative, well-preserved specimens were
chosen for immunohistochemistry. The Nottingham
Histologic Grade system was used for the grading,
while the staging was performed according to the 8
edition of the AJCC system [27}].

Immunohistochemistry

The specimen processing was largely performed in
accordance with the previously described methodolo-
gy {28}. Immunohistochemistry (IHC) for CD45RO,
CD20, CD56, estrogen receptor (ER), progesterone
receptor (PR), and Ki67 protein was performed ac-
cording to the protocol routinely used in our labora-
tory. The selected blocks were cut into 4-pum-thick
sections. Antigen retrieval was performed by incu-
bating the slides in citrate buffer (pH 6.0; 0.01M) or
EDTA (pH 8.0; 0.01M) at 97°C in a water bath for
40 and 30 minutes, respectively. UltraVision Quan-
to detection system (Lab Vision, ThermoScientific,
USA) and 3,3 ’-diaminobenzidine as chromogen were
used, and the slides were counterstained with Mayer
haematoxylin (Thermo Fisher Scientific, Waltham,
USA) and coverslipped. Immunohistochemistry for
HER2 (PATHWAY 4BS5, Ventana Medical System
Inc., USA) was performed automatically on Bench-
Mark BMK Classic autostainer (Ventana, USA) using
UltraVIEW DAB Detection Kit (Ventana Medical
Systems Inc., USA). The primary antibodies used in
the study are listed in Table I.

For specimens with HER2 status 2+ in immuno-
histochemistry results, fluorescence 7z situ hybridisa-
tion (FISH) was conducted. FISH was performed us-
ing a PathVysion HER-2 DNA Probe Kit II (Abbott
Molecular, USA) according to the manufacturer’s pro-
tocol. In short, paraffin blocks were cut into 4-um-
thick sections. Hybridisation was performed at 37°C
for 14 to 18 hours with a Locus Specific Identifier (LSI)
DNA probe (app. 226 kb) SpectrumOrange directly
labelled (Abbott Molecular, USA) and a Chromosome
Enumeration Probe 17 (CEP17) satellite DNA probe
(app. 5.4 kb) SpectrumGreen directly labelled (Abbott
Molecular, USA). 4,6-diamino-2-phenylidole (DAPI)
was used as a nuclear counterstain. The LSI HER-2/
neu and CEP17 signals were counted on a fluores-
cence microscope equipped with specific filter sets, and
HER-2/neu to CEP17 ratio > 2.0 was considered as
HER2/neu overexpression {29}].
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Table I. Antibodies used in the study

CLONE  DILUTION ANTIGEN RETRIEVAL INCUBATION TIME MANUFACTURER
CD45RO UCHL1 1:100 Citrate 30 min Dako, USA
CD20 L26 1:50 Citrate 3() min Dako, USA
CD56 MLQ-42  1:100 Citrate 30 min Cell Marque, USA
Estrogen receptor 6F11 1525 Citrate 60 min Novocastra (Leica
Biosystems, Germany)
Progesterone receptor PgR636 1:50 Citrate 60 min Dako, USA
Ki67 MIB-1 1:100 EDTA 60 min Dako, USA

Evaluation of immunostaining

The slides stained for CD45RO, CD20, and CD56
were initially scanned on a Nikon Labophot-2 optical
microscope (Tokyo, Japan) at a very low magnifica-
tion (25 X) to select areas of the highest positive cell
infilerate. For research purposes, three scoring sys-
tems were applied to the study:

1. The densities of investigated CD45RO- and
CD20-positive cells (T- and B-cells, respectively)
were evaluated under a low magnification (100 X),
as a percentage of tumour tissue area occupied by
positively stained cells. The cells located no farther
than one 100X power field from the tumour edge
were regarded as “invasive margin”. Intratumoural
population was determined as positively-stained
cells located within cancer cell islets or surrounding
cancer islets, with direct contact to neoplastic tissue.
The cell density was evaluated as an average val-
ue scored in 5 power fields of the highest lymphoid
infiltrate.

2. The intensity of CD45RO and CD20-positive
cell infiltrate was additionally evaluated in accor-
dance with the system of Kreike ez 4/. [30]. The grad-
ing was as follows: 0 — none, 1 — weak, 2 — moderate,
and 3 — intensive lymphoid infiltrate.

3. For evaluation of CD56-positive (NK) cells,
the positively-stained cells were first scanned at a low
magnification (100 X) and the areas with the highest
number of positive cells were chosen. Then, positive-
ly stained cells were counted in five high-power fields
(HPF; 400X, 0.2 mm? field area), which represented
1 mm? of the examined tissue. The cells located no
farther than one HPF from the tumour edge were re-
garded as “invasive margin”. The intratumoural pop-
ulation was determined as positively-stained cells lo-
cated within cancer cell islets or the positively-stained
cells surrounding cancer islets, with direct contact to
neoplastic tissue.

Positive ER and PR expression were set when > 1%
of neoplastic cells showed positive immunostaining.
The threshold for discriminating between low and
high Ki67 expression was set at = 20% of positive
cells. Scoring of the HER2 staining was performed by
standard method {29].

Definition of breast cancer molecular subtypes

The cases were classified into molecular subtypes
according to St Gallen 2015 International Expert
Consensus [31}: luminal A (ER+ and PR = 20%,
Ki67 < 20%, HER2-), luminal B/ HER2—- (ER+,
HER2- with PR < 20% and/or Ki67 > 20%), lumi-
nal B/ HER2+ (ER+ or PR+, HER2+), HER2+
non-luminal (ER—/PR—-/HER2+), and triple-nega-
tive breast cancer (ER—/PR—/HER2-).

Results

Description of the study group

The study group consisted of 108 primary invasive
breast cancer female patients. The average patient
age at the time of diagnosis was 55 years (range: 29-
87 years). Regarding the stage of the disease, 42 (38.9%)
cases were classified as stage I, 41 (38.0%) as stage II,
24 (22.2%) as stage 111, and 1 case (0.9%) as stage V.
Tumour sizes were as follows: pT1 — 60 (55.5%),
pT2 — 45 (41.7%), and pT3 — 3 cases (2.8%). Con-
cerning lymph node status, 54 (50.0%) patients had
no nodal involvement (pNO), while 31 (28.7%) were
of stage pN1, 9 (8.3%) of stage pN2, and 13 (12.0%)
of stage pN3. Nottingham Histologic Grade distri-
bution was as follows: G1 — 17 (15.7%), G2 — 37
(34.3%), and G3 — 54 (50.0%) cases. With respect
to the histologic type, 91 cases (84.3%) were clas-
sified as invasive carcinoma not otherwise specified
(NOS), 15 (13.9%) cases were of lobular histology
(CLI), while for 2 cases (1.8%) the histologic type was
determined as “other”.

Distribution of molecular subtypes was as follows:
luminal A — 36 (33.3%), luminal B — 14 (13.0%), lu-
minal B/HER2+ — 10 (9.3%), non-luminal HER2+
— 20 (18.5%), and triple-negative breast cancer
(TNBC) — 28 (25.9%) cases.

Differences in lymphocytic infiltrate between
respective breast cancer molecular subtypes

First, the differences in tumour area occupied by
T-cell, B-cell, and NK cell infiltrate were investigat-
ed between tumours of either luminal or non-luminal
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phenotype. The significantly higher densities of T- and
B-lymphocytes, both in intratumoural area and at
the invasive margin, were observed in non-luminal
tumours, as compared with luminal ones. A similar
observation was made for NK cells at the tumour
edge (Table II). Then, the evaluation with reference to
breast cancer molecular subtypes was performed (in
accordance with St Gallen 2015 recommendations).
The density of intratumoural T-cells was signifi-
cantly higher in TNBC than in luminal A tumours
(p < 0.015). Likewise, luminal A subtype was asso-
ciated with lower T-lymphocyte densities at the in-
vasion front in comparison with TNBC (p < 0.001),
HER2+ non-luminal (p < 0.001), and luminal B/
HER2+ (p < 0.005) tumours. Statistically signif-
icant differences in intratumoural B-cell infiltrate
between respective subtypes were observed in Krus-
kal-Wallis ANOVA test exclusively. For this subpop-
ulation, the cell density increased from luminal A and
B tumours to HER2+ non-luminal and TNBC can-
cers. B-cell infiltrate at the invasive edge was more
abundant in TNBC and HER2+ non-luminal tu-
mours as compared to luminal A lesions (p < 0.03
and p < 0.002, respectively). With reference to NK
cells, the only statistically significant differences were
observed at the tumour invasive margin. The cell
densities were significantly lower in luminal A and
B in comparison with TNBC cancers (p < 0.001 and
p < 0.3, respectively; Table II, Fig. 1A).

As far as the luminal subtypes were concerned, in-
creased T-cell infiltrate of luminal B/HER2+ invasive
margin, in comparison with luminal A cancers, were
the only statistically significant differences observed,
according to St Gallen either 2015 or 2013 classi-
fication (Ki67 expression cut-off = 20% or = 14%,
respectively; p < 0.003). However, the infiltrates
of all investigated subsets were highest in luminal
B/HER2+ tumours. None of the analysed immune
cell subpopulations differed significantly in their
quantities between luminal A and B cancers, regard-
less of the St Gallen classification applied.

The evaluation of T- and B-cell infiltrate intensive-
ness, performed according to the system of Kreike
et al., was partially concordant with the above-men-
tioned results. Statistically significant differences
between groups were observed for T-lymphocytes
at the invasive margin (p < 0.006), as well as for
B-cells, both within the tumour bed and at the in-
vasive front (p < 0.035 and p < 0.03, respectively).
Once again, the immune cells were less abundant
in luminal A and B cancers compared to HER2+
non-luminal and TNBC lesions. The differences,
however, did not reach statistical significance in post-
hoc test (Fig. 1B).

All analysed immune cell populations, excluding
intratumoural NK cells, showed slight to moderate
negative correlations with both the ER and the PR

expression, as well as positive correlations with
the expression of Ki67 and mitotic index. However,
the only immune cell populations that displayed cor-
relation with HER2 expression were T- and B-cells
located at the invasive margin (data not shown).
Almost all of the investigated immune cell sub-
sets were increased in highly proliferating tumours
(Ki67 = 20%), with the exception of intratumoural
NK cells (Table II). Similar results were obtained with
the system of Kreike e /. for T-cells and B-cells at
the invasion front exclusively. The increased numbers
of T- and B-lymphocytes at the invasion edge were
also observed in HER2-overexpressing tumours, both
when evaluated as a percentage of the tumour area
involved or according to the system of Kreike e /.
(Table II).

Associations between lymphocytic infiltrate
and other prognostic indicators in breast cancer

For all the analysed immune cell populations,
the percentage of the tumour area infiltrated by
immune cells differed significantly between lesions
of respective Nottingham Histologic Grade. The in-
filtrates of either T- or B-cells, both within tumour
nest and at the invasive margin, as well as of NK
cells at the invasion front, were significantly low-
er in G1 and G2 than in G3 cancers (the highest p
value < 0.01). Regarding intratumoural NK cells,
the differences were only found between G2 and G3
cancers (Table III, Fig. 2A). Similar results were ob-
tained with the scoring system of Kreike e/ a/. for
T-cells (both in intratumoural area and at the tumour
edge) as well as for intratumoural B-cells (p < 0.001).
With reference to B-lymphocytes of the invasive
margin, the statistical significance between groups
was reached in Kruskal-Wallis ANOVA exclusively
(p < 0.04, Fig. 2B).

Regarding pTNM staging, we found T- and
B-cell infiltrates of the invasion front to be signifi-
cantly less abundant in stage I cases in comparison
with stage II patients (p < 0.04, Table III). No
statistically significant associations with the stage
of the disease were obtained with the system
of Kreike ez al.

A higher percentage of the tumour area infiltrated
by T-cells was observed in cancers of diameter larger
than 2 cm (pT > 1) in comparison with pT1 tumours
(tumour bed population — p < 0.02, invasion margin
—p < 0.03, Table III). When the system of Kreike
et al. was applied, only the higher intracumoural
T-cell infiltrate density was significantly associated
with greater tumour size. Regardless of the evalua-
tion system applied, no differences in lymphocytic
densities were found between tumours with various
lymph node status (data not shown).

Regarding the histologic type, a higher num-
ber of T- and B-cells at the invasive margin was
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Fig. 1. The densities of T-cells, B-cells, and NK cells with reference to St Gallen 2015 molecular subtype. A) Immune
cell quantities evaluated as a percentage of tumour area involved; B) Infiltration density assessed by the scoring system
of Kreike et @/. Central point is the arithmetic mean, box is the arithmetic mean = standard error, and whisker is the
arithmetic mean =+ standard deviation. ANOVA Kruskal-Wallis test
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Fig. 2. The densities of T-cells, B-cells, and NK cells with reference to Nottingham Histologic Grade. A) Immune cell
quantities evaluated as a percentage of tumour area involved; B) Infiltration density assessed by the scoring system of
Kreike ef al. Central point is the arithmetic mean, box is the arithmetic mean * standard error, and whisker is the arith-
metic mean * standard deviation. ANOVA Kruskal-Wallis test
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Fig. 3. Lymphoid infiltration of invasive breast cancer tissue. Abundant and low densities of T-cells (A, B), B-cells
(C, D), and NK cells (E, F). Immunohistochemical staining for CD45RO, CD20, and CD56, light microscopy, magnifi-
cation used: 50X (A-D) and 100X (E, F).

observed in NOS cancers, as compared to CLI lesions Discussion
(Table III). This observation was significant either o
when the percentage of the infiltrated tumour area Although determining the molecular subtypes

or the system of Kreike e/ a/. was concerned (data not  has become standard in breast cancer management,
shown). the information concerning the relationship between

the molecular and immune phenotype of the tumour
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is scarce and, to a certain extent, inconclusive. More
abundant lymphocyte infiltrate observed by some
authors in non-luminal breast cancer tumours, as
compared to the luminal ones, was suggested to be
associated with their more aggressive profile, genetic
instability, HLA-G expression, and distinct metab-
olism {21, 24, 32, 33}. Moreover, intense immune
infiltration as well as higher cytokine level were re-
ported in high-grade, hormone receptor-negative
{8, 23, 34, 351, and HER-2 overexpressing breast
tumours [8, 34, 35]. To date, it was shown that
the clinicopathological significance of TILs in breast
cancer is phenotype-dependent and ranges from their
anti-tumour to pro-tumourogenic properties because
the more prominent lymphocytic infiltrate was asso-
ciated with either more beneficial prognosis in TNBC
[24} and ER—-/HER2+ {21, 34} lesions or with
an unfavourable patient outcome in ER+ cancers
[34}]. Similarly, Nagalla ez a/. observed that the im-
mune gene expression was either a beneficial indica-
tor of distant metastasis-free survival in highly and
intermediately proliferative or an adverse factor in
low proliferative cancers {36]. This was also support-
ed by other studies, which pointed out that the im-
pact of immune metagene on the prognosis depended
on both the molecular subtype and the proliferation
status of breast tumour {36, 37}.

Out of all the TILs, T-cells are considered as
a prevailing subpopulation [4, 6, 8, 38, 391. In our
study more abundant T-cell infiltrate was associated
with more aggressive breast cancer molecular sub-
types: TNBC, HER2+ non-luminal, and luminal
B/HER2+. Moreover, differences between luminal A
and TNBC lesions concerned both the tumour nest
and its immediate surrounding. A similar observation
was made by Cimino-Matthews ez «/., who described
a higher T-cell infiltration in human primary TNBC
as compared with luminal tumours [38]. Some au-
thors postulated associations between tumour infil-
trating T-cell quantity and ER- as well as PR-nega-
tivity [401, which is in accordance with our results,
while others did not [41]. Research into microinva-
sive breast cancer provided a hypothesis on immu-
nogenicity of HER2-overexpressing tumours, which
leads to the accumulation of cytotoxic T-cells, and,
finally, to the rupture of the basement membrane
[42}. Moreover, among luminal lesions, we noted
that T-cells located at the invasive front of malignant
lesions were the only subpopulation that differed
significantly, with their highest density in luminal
B/HER2+ lesions. Thus, we hypothesise that HER2
overexpression influences T-lymphocyte response (or
vice versa) to a greater extent than is achieved by
the higher proliferation and the decrease in hormone
receptors (two factors that discriminate between lu-
minal A and B cancers). Our observation of T-cells
being more numerous in high-grade breast tumours
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than in more differentiated lesions is corroborated by
results from other study groups [39, 431. Two expla-
nations for this phenomenon are offered: the T-cell
contribution to the cancer aggressiveness or the im-
pact of high-grade tumours on immune response {38,
41}. We found that T-lymphocytes were the only pop-
ulation significantly increased in tumours of greater
diameter. On the other hand, some authors indicated
smaller cumour diameter, lower grade, fewer positive
lymph nodes, and longer survival as characteristic
of invasive breast ductal carcinomas abounding in
T-cells [44]. These were suggested to control tumour
progression due to their ability to eliminate cancer
cells and to prevent metastasis formation {44, 45}.
Such a hypothesis was supported by a study in a mu-
rine model, in which tumour-specific T-cells were
noticed in bone marrow. After stimulation the cells
penetrated the malignant breast tumour and reduced
its size {46}. Interestingly, along with an increase in
the histologic grade of an early breast cancer, a shift
from a naive towards a memory and an activated
T-cell phenotype was observed {47].

The crosstalk between T-cells and breast cancer
is complex. Fu e a/. proposed a hypothesis of T-cells
influencing fibroblast function, which in turn may
promote tumour progression. In addition, the au-
thors observed a high ratio of regulatory T-lympho-
cyte subpopulation within breast cancer tissue [16].
On the other hand, an increased percentage of cyto-
toxic T-cells in primary breast tumour site may indi-
cate a favourable prognosis {23]. Our study showed
that more abundant T-cell densities were associated
with adverse pathological prognostic factors, such
as greater tumour size, HER2-overexpression, and
higher proliferation rate. Interestingly, the increased
T-cell density in breast tumour stroma and within
tumour nest was reported to correlate with longer
survival {41]. Moreover, a higher prevalence of T-cell
than B-cell fraction was proposed as the indicator
of pathological complete response (pCR) after che-
motherapy [8}.

To date, an exploration of B-cell densities with ref-
erence to breast cancer intrinsic subtype was under-
taken only by a few research groups. In a study by
Mahmoud et a/. on invasive ductal carcinomas, high
B-cell infilerate correlated with the lack of ER and PR
expression and basal-like phenotype, either in distant
or adjacent stroma as well as intratumourally {15}.
This, in general, is in accordance with our study,
although we found that the correlations between
B-cells and hormone receptor status are not strong.
On the other hand, more numerous total B-cells in
tumour tissue resulted in a favourable outcome, par-
ticularly in high-grade, ER-negative, HER2-overex-
pressing, and basal-like carcinomas {15]. The diverse
infiltrate is presumed to persist and even deepen as
cancer spreads, with decreased B-cell densities in
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TNBC secondary tumours as compared to luminal
metastases and primary lesions [38]. More numer-
ous B-lymphocytes were associated with positive
HER2 status in primary invasive [40} and high-grade
ductal cancers {15, 23}. In line with these findings,
we observed B-cells to be increased in non-luminal
(HER2-overexpressing and TNBC), HER2-overex-
pressed, highly proliferating, and poorly differenti-
ated breast tumours. With the exception of the last
two groups, the differences were more pronounced
at the tumour edge; however, regarding the intrin-
sic subtype, luminal A and B cancers were less infil-
trated also intratumourally. Interestingly, one study
observed significantly higher B-cell quantities in G3
within the breast tumour area exclusively {48}, and
some authors did not observe any associations with
cancer differentiation {39}. Similar to the T subsert,
the average number of B-lymphocytes was higher
in luminal B/HER2+ than in the remaining lumi-
nal tumours; however, the relationship did not reach
statistical significance. Although luminal A and B
cancers appear to be closely related, these tumours
are distinct entities, with a diverse genetic alteration
pattern {49}, which do not seem sufficient to trans-
late to varied immune response.

In HER2-negative invasive ductal breast lesions,
B-cell proliferation and affinity maturation were
suggested to occur at the tumour site and to be an-
tigen-driven [20, 50, 51]. This supported the hy-
pothesis of spontaneous specific humoural response
to neoplastic cells [20, 50]. In medullary breast car-
cinoma, cancer-associated B-cells are a source of an-
tibodies binding to B-actin, which is expressed on
the surface of cancer cells during apoptosis {11]. It
is thought that the interplay between T- and B-cells
results in their mutual stimulation and, consequent-
ly, in enhanced immunosurveillance [52}. Conversely,
the development of the regulatory subset of B-lym-
phocytes, in the presence of mammary adenocarci-
noma cells, was observed in a murine model; these,
in turn, mediate T-cell conversion into a regulatory
subset {53]. Some authors postulate that tumoural
lymphocytes display the ability to express metallo-
proteinases, which mediates the recruitment of oth-
er immune cells, and consequently promotes cancer
progression {17]. Thus, the impact of the microen-
vironmental B-cells on breast cancer may be two-
fold, with their pro-tumourogenic activity on the one
hand and the enhancement of anti-tumour proper-
ties on the other. Moreover, the existence of multi-
ple B-lymphocyte subsets that differ with respect to
their phenotype and function is postulated by some
authors {25}.

The published literature on the relationships be-
tween the quantities of NK cells and the molecu-
lar subtype of breast cancer is scarce, and so far no
significant differences have been shown. However,

Engels et al. postulated an increased amount of NK
cells as one of the positive prognostic factors in lumi-
nal A cancers [54]. Moreover, pathological response
of HER2-overexpressing tumours to trastuzumab
therapy is partially dependent on the enhanced ac-
tivation of NK cells in reaction to the antibody {13,
21, 22}. We found NK cell infiltrate to be less abun-
dant in luminal as compared with TNBC tumours,
but the significance was noted only with reference to
the invasive margin population of these cells. Because
no significant differences were observed in the NK cell
densities between luminal tumours, with their slight
increase in luminal HER2-enhanced cancers, more nu-
merous NK cells at the invasive edge of high-prolifer-
ating tumours may be explained by higher densities
of this population in non-luminal lesions. The higher
intratum oral tumoural NK cell infiltration observed
in NOS breast cancers was related to higher grade,
greater tumour size, and nodal involvement {48].
In contrast, in our study high histologic grade was
associated with more numerous NK cells at the inva-
sive margin and no relationship with tumour diameter
was obtained. Furthermore, some authors noted a lack
of NK cells within neoplastic lesions of the breast {551,
which is discordant with our study.

NK cells were proposed as part of an important
barrier against metastasising in invasive breast tu-
mours {56}. The expression of NK cell activation and
signalling-associated markers, as well as NK cell in-
teractions with dendritic cells and macrophages, were
related to longer overall and recurrence-free survival
in breast cancer patients in the study by Ascierto ez
al. {12}. In contrast, the activity of genes for CD56,
which was considered by some authors as a marker
of immature NK cell subgroup {571, did not exhib-
it any relationship with cancer progression {12}. It
is worth noting that the NK cell function is highly
dependent on tumour-derived molecules {12, 13},
and the existence of several distinct NK cell sub-
sets was postulated by some authors {58]. In certain
studies, their cytotoxicity was suggested to increase
in the presence of mammary cancer cells {58], while
other studies pointed out that breast cancer cells
may considerably inhibit the NK cell cytolytic func-
tion, and thus promote immune escape {57]. Sever-
al explanations were proposed for this phenomenon:
an alteration in the expression of receptors and their
ligands on NK cells with their shift towards the in-
hibitory phenotype; an increased expression of can-
cer-derived molecules, which negatively influences
NK cell activity; and a blockade in their terminal
maturation at the tumour site [57].

In summary, our results point out the relation-
ships between lymphoid infiltrate and adverse clin-
icopathological factors in invasive breast cancer, par-
ticularly with its less favourable molecular subtypes.
Moreover, the differences obtained in our study varied
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with reference to immune cell subsets and their lo-
cation within tumour tissue. The latter observation
was most apparent for the NK cells, whose number
differed significantly only at the invasive margin,
when breast cancer intrinsic subtype or proliferation
status were concerned. This might be due to the poor
immune cell penetration or the intratumoural popu-
lation being influenced more by cancer-derived mole-
cules. Considering their “native” properties, either T,
B, or NK cell functions appear to be altered within
the cancer microenvironment, both intratumourally
and in tumour stroma. It is suggested that changes
in quantities of the respective immune cell popula-
tions may reflect an increase in total TILs {7]. Our
previous study on mast cells, however, challenges
these results because higher mast cell numbers were
observed in luminal breast cancers {28}, which are
usually regarded as less infiltrated tumours {8, 21,
24}. Thus, further research concerning the tumour
microenvironment is needed to elucidate its complex
relationships with breast cancer molecular subtypes.
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Abstract

T lymphocytes are the most numerous immune cells in tumor-associated infiltrates and include several subpopulations of either
anticancer or pro-tumorigenic functions. However, the associations between levels of different T cell subsets and breast cancer
molecular subtypes as well as other prognostic factors have not been fully established yet. We performed immunohistochemistry
for CD8 (cytotoxic T cells (CTL)), FOXP3 (regulatory T cells (Tregs)), and GATA3 (Th2 cells) in 106 formalin-fixed paraffin-
embedded invasive breast cancer tissue samples and analyzed both the numbers and percentages of investigated cells in tumor-
associated infiltrates. We observed that triple-negative breast cancer (TNBC) and HER2+ non-luminal breast tumors were
associated with more numerous CTLs and Tregs and a higher Treg/Th2 cell ratio as compared with luminal A subtype. A higher
Treg percentage was related to a decreased hormone receptor expression, an increase in the Ki67 level, a greater tumor size of
luminal tumors, and the presence of lymph node metastases. Moreover, differences in the composition of T cell infiltrates were
associated with HER?2 status and histologic grade and type, and a distinct immune pattern was observed in tumors of different
phenotypes regarding pT stage and nodal status. The results of our work show the diversity of T cell infiltrates in primary invasive
breast cancers of different phenotypes and suggest that progression of luminal or non-luminal tumors is related to distinct tumor-
associated T cell composition.

Keywords Breast cancer - Microenvironment - Cytotoxic T cells - Regulatory Tcells - Th2 cells - Tumor-infiltrating lymphocytes

Introduction subpopulations differing in their function. Among them,

CD8+ cytotoxic T lymphocytes (CTLs) are particularly
In tumor microenvironment, lymphocytes predominate in ~ known for their cytolytic activity against cancer cells. On the
mononuclear infiltrates and represent an adaptive antitumor  contrary, GATA3+ T helper 2 (Th2) cells and FOXP3+ regu-
immune response. The most abundant population of tumor-  latory T lymphocytes (Tregs) downregulate antitumor im-
associated lymphocytes is T cells, which include many  mune response by impairing antigen presentation, activity,
and cytotoxicity of other immune cells, thus promoting tumor
growth and immune tolerance. Tregs originate from naive T
Preliminary results from this study were presented at the 8th Jagiellonian cells both in the thymus and at the periphery, and the process
University Medical College Doctoral Students’ Conference (Cracow, of their differentiation is orchestrated by a specific cytokine
19th May 2018) - . K

milieu. Molecules secreted by tumor-infiltrating lymphocytes
(TILs), cancer cells, and other components of tumor microen-
vironment affect the composition and function of the cancer
milieu, and, thereby, modulate the course of breast cancer

>4 Krzysztof Okon
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' Department of Pathomorphology, Jagiellonian University Medical progression [1-6]. It was observed that TILs rich in Tregs
College. ul. Grzegorzecka 16, 31-531 Krakéw, Poland interact with cancer-associated fibroblasts, contributing to
> Department of General, Oncological, and Gastrointestinal Surgery, stromal remodeling, that presumably promote tumor growth
Jagiellonian University Medical College, Krakow, Poland and invasion [7]. The density of T cells was reported to in-
*  Department of Internal Medicine, Jagiellonian University Medical crease as mammary tumor progresses from normal breast tis-
College, Krakow, Poland sue, through benign and in situ lesions, to invasive ductal
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cancers; this finding was interpreted as a stepwise increase in
immunity with the course of mammary tumorigenesis [5-8].
An antitumoral immunity shows plasticity (immunoediting)
and changes in time from tumor elimination (based highly
on CTLs), through the equilibrium phase to immune escape
(characterized by immunosuppressive profile of tumor micro-
environment and generation of Tregs). The process of
immunoediting is thought to result from the shifted balance
between respective T cell phenotypes and selection of non-
immunogenic clones [9, 10]. In line with these, the immune
response appears to be dysfunctional and skewed toward sup-
pression in invasive breast tumor tissue [2, 11].

Since the discovery of the intrinsic molecular subtypes that
differ in their genetic pattern and clinical aggressiveness, in-
vasive breast cancer has become regarded as a heterogeneous
disease [12, 13]. To a certain extent, the interplay between
malignant breast tumor and TILs is dependent on tumor ge-
netics and biology [10]. Moreover, there is growing evidence
that prognostic and predictive relevance of TILs varies in
breast cancer of different intrinsic subtypes [1, 4, 5, 10, 11].
Nonetheless, the relationships between composition of lym-
phocytic milieus and breast cancer molecular subtypes have
not been fully elucidated so far. Relationships between cancer
and its microenvironment are of great interest, as some che-
motherapeutic agents may elicit or enhance antitumor immune
reactions, and innate, adaptive, cellular, and humoral path-
ways may be involved in cancer cell killing [14].
Simultaneously, new therapeutic approaches that aim at induc-
ing potent immune response are sought. This includes an in-
crease of tumor immunogenicity, inhibition of immune eva-
sion [10, 11], and enhancement of cytotoxic and Thl re-
sponse, as well as a reduction of regulatory and Th2 cell im-
pact on neoplastic breast tissue [5].

In our study, we investigated the lymphocyte infiltrate
composition in order to assess its relationships with invasive
breast cancer molecular subtypes and the occurrence of other
prognostic and predictive markers for this disease. For this
purpose, we evaluated both numbers of CTLs, Tregs, and
Th2 cells and their percentages in tumor-associated immune
infiltrates. Moreover, we also calculated proportions of inves-
tigated cells to assess differences in their relative quantities
with regard to clinico-pathological indicators in breast cancer.

Material and methods

Material

The material comprised 106 routinely processed, formalin-
fixed paraffin-embedded tissues of primary invasive breast
carcinomas diagnosed between 2002 and 2015. The patients

who received presurgical chemotherapy were excluded from
the study. The archival hematoxylin-eosin—stained slides were
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re-evaluated and representative, well-preserved specimens
were chosen for immunohistochemistry. The Nottingham
Histologic Grade system was used for grading, and the 8th
edition of the AJCC system was used for staging [15].

Immunohistochemistry

Immunohistochemistry (IHC) for CD8, FOXP3, GATA3,
estrogen receptor (ER), progesterone receptor (PR), and
Ki67 protein was performed according to the protocol
routinely used in our laboratory. The selected blocks were
cut into 4-pm-thick sections. Antigen retrieval was per-
formed by incubating the slides in a citrate buffer (pH 6.0;
0.01 M) or EDTA (pH 8.0; 0.01 M) at 97 °C in a water
bath for 40 and 30 min, respectively. The UltraVision
Quanto Detection system (Lab Vision, Thermo Fisher
Scientific, USA) and 3,3'-diaminobenzidine as chromogen
were used, and the slides were counterstained with Mayer
hematoxylin (Thermo Fisher Scientific, Waltham, USA)
and coverslipped. Immunohistochemistry for HER2
(PATHWAY 4B5, Ventana Medical Systems Inc., USA)
was performed on a BenchMark BMK Classic autostainer
(Ventana, USA) using an UltraView DAB Detection Kit
(Ventana Medical Systems Inc., USA). The primary anti-
bodies used are listed in Table 1.

For specimens with HER2 status 2+ in immunohistochem-
istry, fluorescence in situ hybridization (FISH) was conducted.
FISH was performed using a PathVysion HER-2 DNA Probe
Kit IT (Abbott Molecular, USA) according to the manufac-
turer’s protocol. The red Locus Specific Identifier (LSI)
HER-2/neu and green Centromere Enumeration Probe (CEP
17) signals were counted on a fluorescence microscope
equipped with specific filter sets and HER-2/neu to CEP17
ratio > 2.0 was considered as HER2/neu amplification [16].

Evaluation of immunostaining and lymphocytic
infiltrates

The immunostained slides were initially scanned on a
Nikon Labophot-2 optical microscope (Tokyo, Japan) at
low magnification (x 100), and the areas with the highest
number of positive cells were chosen. Then, for CD8+
and FOXP3+ T cell populations, positively stained cells
were counted in 5 high-power fields (HPFs; x 400, 0.2-
mm?® field area) and added together, which represented
cell counts in 1 mm? of the examined tissue. The positive
cells located in tumor-surrounding stroma, no further than
1 HPF from the tumor edge, were regarded as invasive
margin or tumor edge, while positive cells located within
neoplastic tissue (i.e., in contact with cancer cells) were
considered intratumoral or intraepithelial population
(Fig. 1). Additionally, for CD8+, FOXP3+, and GATA3+
cells, the percentages of positively stained cells were
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Table 1 Antibodies used in the study

Clone Dilution Antigen retrieval Incubation time Manufacturer

CD8 C8/144B 1:100 Citrate 60 min Dako, USA

FOXP3 236A/E7 1:100 EDTA 30 min Abcam, UK

GATA L50-823 1:100 EDTA 30 min Cell Marque, USA

3

ER 6F11 1:100 Citrate 30 min Novocastra (Leica Biosystems, Germany)
PR PgR636 1:100 Citrate 60 min Dako, USA

Ki67 MIB-1 1:100 Citrate 30 min Dako, USA

visually evaluated in mononuclear infiltrate at the inva-  Statistical analysis
sion front. The percentages of investigated cells were
evaluated in 5 HPFs and averaged. Finally, the ratios of  To assess the differences between groups, the ANOVA
examined T cell populations were calculated separately  Kruskal-Wallis and Mann—Whitney U tests were performed.
for their numbers in the intratumoral area and at the tumor A ¢ test was applied for normally distributed variables. The
edge, as well as for their percentages in tumor-  correlations between groups were evaluated by using the
surrounding stroma. In the study, CD8+, FOXP3+, and  Spearman rank test. All analyses were performed using
GATA3+ were considered CTLs, Tregs, and Th2 cells, Statistica 13 (StatSoft Inc., USA). In brackets, the data are
respectively. expressed as mean values + standard deviations; p values <
Additionally, evaluation of TILs was performed in tu-  0.05 were considered statistically significant.
mor stroma, in the whole tissue section, according to the
recommendations of the International TILs Working
Group 2014 [17]. Results
Positive ER and PR expression thresholds were set when >
1% of neoplastic cells showed positive immunostaining. The
threshold for discriminating between low and high Ki67 ex-
pression was set at >20% of positive cells. Scoring of the
HER? staining was performed by the standard method [16].

A detailed description of the study group is shown in Table 2.

Lymphocyte infiltrate composition in different breast
cancer molecular subtypes

Definition of breast cancer molecular subtypes We noted that both TNBC and HER2+ non-luminal tumors

were more abundantly infiltrated by lymphocytes, as seen on
The cases were classified into molecular subtypes according ~ H&E sections, in comparison with luminal A lesions
to the St Gallen 2015 International Expert Consensus [13]:  (p<0.001). Moreover, the HER2+ non-luminal subtype was
luminal A (ER+ and PR >20%, Ki67 <20%, HER2-), lumi- also associated with a higher TIL level than lesions of luminal
nal B/HER2— (ER+, HER2— with PR <20% and/or Ki67 > B phenotype (p <0.007). With reference to the numbers of
20%), luminal B/HER2+ (ER+ or PR+, HER2+), HER2+  individual lymphocyte populations, we observed significantly
non-luminal (ER—/PR—/HER2+), and triple-negative breast ~ more CTLs at the invasive margin of TNBC and HER2+ non-
cancer (ER—/PR—/HER2-). luminal cancers than in luminal A tumors (p < 0.001 for both

TN
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Fig. 1 Representative infiltration of T cell subpopulations in investigated invasive breast cancer tissues; a CTLs, b Tregs, ¢ Th2 cell infiltrates (at
invasive margin); immunostaining for CD8, FOXP3, and GATA3, respectively: light microscopy, magnification used: x 200 (a, b) and x 400 (c)
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Table 2 Characteristics of the study group

Characteristic No. of cases Percentage
Total 106 100.0
Mean patient age 55.7 (range 29-87)
Tumor size
pT1 56 52.8
pT2 46 43.4
pT3 3 2.8
pT4 1 0.9
Nodal involvement
pNO 53 50.0
pN1 32 30.2
pN2 8 75
pN3 12 113
Stage of discase
1 40 377
Il 42 39.6
111 22 20.7
1\Y 2 1.9
Nottingham histologic grade
Gl 16 15.1
G2 34 32.1
G3 56 52.8
Histological type
NOS 93 87.7
Lobular 11 10.4
Other 2 1.9
Molecular subtype
Luminal A 33 31l
Luminal B 14 132
Luminal B/HER2+ 12 11.3
HER2+ non-luminal 20 18.9
Triple negative 27 255

comparisons). The same observation was made for Tregs of the
tumor edge (TNBC vs. luminal A: p <0.006; HER2+ non-
luminal vs luminal A: p <0.001), and this population was more
abundant in luminal B cancers, as compared with luminal A
tumors (p < 0.050). The intratumoral Treg level was also sig-
nificantly higher in TNBC than in luminal A tumors
(»<0.003). No statistically significant differences were ob-
served for CTL/Treg number ratio both within neoplastic epi-
thelium and at the invasive margin (Fig. 2, Tables 3 and 4).
Regarding the percentages of analyzed T cell populations in
tumor-associated infiltrates, we observed higher Treg/Th2 cell
percentage ratio at the tumor edge of HER2+ non-luminal as
compared with luminal A lesions (p < 0.040; Fig. 2, Table 4).

According to St Gallen 2015 distinction between luminal A
and B molecular subtypes, the latter was characterized by
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higher numbers of CTLs (723.2+406.4 vs. 445.8 £303.6,
p<0.025) and Tregs (252.2+140.9 vs. 127.0+110.8,
p<0.005) located at the invasive margin of a tumor.

As far as the HER2 status was concerned, we found that
more abundant TILs as well as more numerous CTLs and
Tregs at the invasion front were associated with HER2 over-
expression (p <0.001, p<0.010, and p <0.001, respectively;
Tables 3 and 4).

The expression of hormone receptors showed a negative
correlation with CTL counts at the tumor edge (ER: R=—
0.46, PR: —0.47, p < 0.001), intratumoral and invasive margin
Treg numbers (ER: R=—0.26, p<0.008 and R=—0.44,
p<0.001; PR: R=—0.26, p<0.007 and R=-10.45,
p <0.001 respectively), the percentage of Tregs at tumor edge
(ER: not significant, PR: R=—10.21, p<0.035), TIL level
(ER: R=—0.57, PR: R=—0.54, p<0.001), and the Treg/
Th2 cell percentage ratio (ER: R=—0.34, p<0.002; PR:
R=-0.31 p<0.001) as well as a positive correlation with
both Th2 cell percentage (ER: R=0.25, p<0.015; PR: R=
0.19, p <0.050) and CTL/Th2 cell percentage ratio (ER: R=
0.21, p<0.035; PR: R=0.22, p<0.030) at tumor edge.
Expression of Ki67 in neoplastic cells correlated positively
with CTL and Treg counts both within tumor and at the inva-
sive margin (CTLs: R=0.28, p<0.005 and R=0.41,
p<0.001; Tregs: R=0.42 and R =0.38, p < 0.001, respective-
ly), Treg percentage at invasion front (R=0.27, p <0.007),
TIL infiltrate (R = 0.46, p < 0.001), and Treg/Th2 cell percent-
age ratio (R =0.29, p <0.004).

The relationships between lymphocyte infiltrate
composition and other prognostic indicators in breast
cancer

With regard to the tumor size, we stratified the analyzed sam-
ples into small tumors (pT1) and the lesions of diameter great-
er than 2 cm (pT > 1). We observed that the latter was charac-
terized by more abundant TIL infiltrates (33.6 =20.7 vs. 23.8
+18.2, p < 0.007), higher intratumoral CTL number (172.7 +
146.8 vs. 131.3+179.9, p<0.007), and higher Treg/Th2 cell
percentage ratio at the invasion front (0.25+0.12 vs. 022+
0.18, p<0.045). When cancers of different phenotypes were
analyzed separately, in cases of luminal cancers, a greater
tumor diameter was associated with more numerous
intratumoral CTLs (90.2 £67.0 vs. 170.1 +123.0, p <0.006)
and Tregs (35.9 £39.8 vs. 66.5+57.9, p < 0.010), higher Treg
percentage at the tumor edge (8.9 +4.1 vs. 11.2+4.1,
p<0.020), TIL level (16.4 £ 14.8 vs. 26.4+18.4, p <0.025),
and Treg/Th2 cell percentage ratio at invasive margin (0.18 £+
0.12 vs. 0.23+£0.09, p<0.015). No significant differences
were observed between the composition of lymphocytic infil-
trate and tumor size in the non-luminal group.

Primary breast cancers that developed nodal metastases
showed more prominent TILs (32.9+19.3 vs. 24.6+19.7,
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Fig. 2 The significant differences in T cell subpopulation infiltrates of
primary breast cancer tissue with reference to molecular subtypes. Lum
A, luminal A; Lum B, luminal B/ HER2—; Lum B/HER2+, luminal

p<0.015), higher Treg percentage (11.2+4.2 vs. 9.4£3.7,
2 <0.020), and Treg/Th2 cell percentage ratio at the invasion
front (0.25+0.13 vs. 0.21 £0.18, p <0.030) in comparison

B/HER2+; HER2+, HER2+ non-luminal; TNBC, triple-negative sub-
type. Central point is the arithmetic mean, box is the arithmetic mean +
standard error, and whisker is the arithmetic mean + standard deviation.

with metastasis-free cases. After stratification into luminal
and non-luminal cancers, we noted that a higher intratumoral
CTL/Treg number ratio was associated with regional lymph
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5 z z z node metastases (p <0.035) in the latter group. For luminal
o gy mnoses paes tumors, there was a tendency toward higher Treg/Th2 cell
E 2 Sanrxe gan 493 percentage ratio at the edge of tumors of positive nodal status
o (p=0.051; Fig. 3).
% § agaay =Zge oo In terms of tumor histologic grade, we observed that tumor-
O = By WY e associated infiltrates differed in numbers of CTLs in
_ . w intratumoral area and tumor edge (p <0.002 and p <0.001, re-
§ § § spectively) as well as in both populations of Tregs (intratumoral
x v v v 2<0.003, invasive margin p <0.001) and TIL abundance
(»<0.001) as well as in the percentage of Treg lymphocytes
A ; :c:r E E E 2 ; § E % (p <0.008) and the Treg/Th2 cell percentage ratio at the invasion
i Sha e front (p <0.035), with their increased levels in G3 as compared
§ g SERSE  evE S to G1 tumors. Additionally, for Treg numbers, both in
o2 SaRIS =S8t 88 intratumoral and invasive margin location, CTL numbers at
the tumor edge, and TIL infiltrates, significantly higher levels
3 3 = were noted in G3 than in G2 cancers (p <0.040, p <0.006,
- - 5 S S p<0.001, and p < 0.001, respectively; Tables 3 and 4).
£ As far as the histologic type was concemed, NOS cancers
% GRnodar woun A were characterized by more abundant TILs (30.3 +20.3 vs.
2] B 89293 8¢ I9 13.1+9.3, p <0.003), more numerous CTLs of invasive mar-
z«i 2|z gin (793.1£461.7 vs. 380.0+286.1, p <0.003) and Tregs at
S| 8z 242532 S22 =23 the tumor edge (256.4+180.8 vs. 101.0+96.2, p <0.002),
8 S| BR TEBsE Fask SR and a higher Treg percentage at invasion front (10.6+4.1 vs.
2 A - & 8.6+3.9, p<0.050) as well as decreased intraepithelial CTL/
4 B W ~ = Treg number ratio (3.27 +2.43 vs. 7.09 +3.86, p <0.001) as
& SR BE T compared with CLI lesions.
2 o8 S2E28 TAd Z= The tumor tissue excisions obtained from stage 1 patients
go E were related to a significantly lower TIL level (19.7 + 15.1 vs.
g 2 g Y2z 9228 82 36.1+22.5, p<0.001), lower counts of CTLs (596.8 +449.8
3 o= EHasie NE e vs. 864.3+472.1, p<0.015), and Tregs at invasive margin
—?—2 s -y (176.3 +152.8 vs. 288.7 £206.7, p < 0.015) as well as a lower
3 g = % Treg percentage (9.0 4.1 vs. 10.5+2.8, p <0.045) and Treg/
2 & VY v 4 Th2 cell percentage ratio at the tumor edge (0.20+0.20 vs.
% e e = 0.24+0.12, p<0.035) in comparison with stage II cancers;
El _a gogivy Sy ¢ for the two latter parameters, such a difference was also ob-
g- = served between stage I and stage 11I/IV cancers (stage 1II/IV:
E % E menng gon o9 Treg percentage — 12.3+5.0, p <0.009, Treg/Th2 cell per-
. > ~83I0ER STYE QR centage ratio — 0.26+0.12, p < 0.020).
5 &
§ [77) § 2] . .
E N z v z Discussion
2
3:13;) - A g 5 = E E S e § 59 g CTLs are commonly considered as a part of cancer immune
2, g = R 8 surveillance. Some research into breast cancer-linked CTLs
g g < g —=sme _wma eq E _é revealed their lytic and proapoptotic activity [18] as well as
2| £|85¢2 E388F 28 23 “é z a memory phenotype in the majority of this cell population,
'2 z @ particularly when high-grade lesions were concerned [19].
% Y + 8 £ .i = Tsang et al. [20] observed that CD8+ and FOXP3+ expres-
g £ & E 3 % - sions were mutually exclusive in double immunohistochemi-
2 pa 2 d iy g E ii" g E g cal staining of breast cancer microenvironment. On the con-
- E :3) qEEL, ;;’u z 4 ‘%D trary, the existence of fractions of CTLs that express FOXP3
= SEEEERE N R g 2 secrete immunosuppressive interleukin (IL)-10 [21] and co-
e o SeRREReeEE | 8 B express molecules associated with anergy, exhaustion, or
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Fig. 3 The significant differences in T cell subpopulation infiltrate of
primary breast cancer tissue with reference to nodal status, after
stratification upon breast cancer phenotype. Central point is the

unresponsiveness in tumor-infiltrating lymphocytes [22] was
reported.

The data on associations between lymphocytic infiltrate
and breast cancer molecular subtype are inconclusive. In line
with our study, some authors reported that increased CTL
counts were associated with ER and PR negativity, HER2
overexpression [23-25], and higher Ki67 level [25, 26] in
breast cancer, while the results from other publications ques-
tion these findings [20, 26, 27]. Liu et al. hypothesized that the
location of immune infiltrates (intraepithelial or peritumoral)
may influence activation of its cells, as cell populations within
a tumor are dispersed and their interactions are impeded [23].
In the Miyan et al. study, a significantly increased number of
CTLs was observed at the invasive margin of basal-like and
luminal B/HER2+, with their lowest counts in luminal A le-
sions [25]; however, the authors applied St Gallen 2013 mo-
lecular subtype classification in their research. Tsang et al.
suggested that the mechanism of intratumoral recruitment
and survival of lymphocytes may differ between subtypes,
and that in HER2-positive tumors, CTL migration is preferred
over Treg influx [20]. Our observation of high CTL counts in
HER2+ non-luminal and triple-negative phenotypes was
made for a population of these cells located at tumor edge,
exclusively. On the other hand, the percentages of CTLs in
tumor-associated infiltrates at invasive margin did not differ
between subtypes. Therefore, the increased numbers of CTLs
may reflect more abundant TILs noted in these breast cancer
subtypes rather than a shift in immune response toward more
potent cell killing. A favorable prognostic value of high levels
of breast cancer-related CTLs was attributed to ER-negative as
well as ER+/HER2+ phenotypes [28]. Moreover, high FAS
protein expression in ER-negative cancers was proposed to be
one of the contributing factors to beneficial impact of CTL on
patient survival. Of note, their adverse effect on ER-positive
FAS-high patient outcome indicated different functions of
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arithmetic mean, box is the arithmetic mean + 2*standard error, and
whisker is the arithmetic mean + 0.95*standard deviation.

tumor-infiltrating CTLs with respect to breast cancer subtypes
[29].

Literature data on relationships between CTLs and other
prognostic factors in invasive breast cancer are also ambigu-
ous. Some authors [14, 19, 23-25], but not all [23, 27, 30],
report higher CTL counts in tumors of higher histological
grade and size, which is in line with our findings. We noted
that relationships between more numerous CTL infiltrates and
higher grades concerned both intraepithelial area and tumor
edge, while tumors of greater diameter were characterized
only by a more abundant intraepithelial population. After
stratification, the latter finding remained significant for lumi-
nal lesions, exclusively. Regarding lymph node metastases,
higher counts [26, 27, 31] as well as a higher frequency of
CTLs [19] were observed in primary tumors with nodal
spread, but such association was not observed by other groups
[23, 32]. In our study, the CTL infiltrates did not differ accord-
ing to nodal status.

FOXP3 is a transcription marker expressed in a vast ma-
jority of breast cancer-infiltrating Tregs [33]. Similar to CTLs,
Tregs were observed to accumulate in breast tumor and its
immediate milieu, in comparison with normal tissue.
Moreover, tumor-infiltrating Tregs were more frequently char-
acterized by activated, strongly immunosuppressive but
exhausted phenotype, which may correspond with immune
tolerance [22]. As far as the breast cancer intrinsic subtypes
were concerned, the most numerous regulatory T cell infiltrate
is frequently associated with either TNBC or HER2+ non-
luminal phenotype of tumors, while the lowest Treg numbers
are observed in luminal A lesions [23, 25, 34], which is in
accordance with our results. Moreover, the stronger Treg in-
filtrate of TNBC concerns both the surrounding stroma and
tumor center. Such findings indicated associations between
tumor biological features and immunological response in in-
vasive breast cancers [25] as well as more immunosuppressive
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microenvironment of clinically aggressive subtypes [23].
Moreover, the increased proportion of Tregs in a lymphocytic
milieu [35], as well as their higher quantities, was noted in
TNBC and hormone receptor (HR)-negative and HER2-
overexpressed breast tumors [23, 34], which supports our re-
sults. We also observed slight correlations between Treg per-
centage in immune cell infiltrates of invasive edge and either a
drop of PR or an increase in Ki67 expression that suggest a
shift toward a more immunotolerant milieu in PR-negative or
intensively proliferating breast cancers. More abundant Tregs
were found in the center of ER-positive and in the peritumoral
area of ER—/HER2+ cancers, while a lower number of cells
infiltrated the intratumoral site of ER—/HER2+ tumors in
Tsang et al. research [20]. Some authors did not observe any
differences in Treg infiltrates regarding breast cancer intrinsic
subtypes [36]. In ER-negative tumors, more intensive Treg
infiltration was associated with better disease-free survival
[33]. Similar to CTLs, higher levels of Tregs were often ob-
served in high-grade cancers [14, 23, 35], but their relation-
ship with tumor size and nodal status is controversial [22, 23,
26, 34]. We found increased Treg numbers and percentages in
luminal breast tumors of greater size, as well as a higher pro-
portion of Tregs in the microenvironment of node-positive
invasive tumors, that suggests a regulatory bias in TILs of
more advanced cancers.

The ratio of CTL to Treg numbers is regarded as an indi-
cator of cytotoxicity. A higher CD8+/FOXP3+ ratio was ob-
served by Liu et al. in the peritumoral area of non-luminal
breast cancers and indicated greater cytolytic potential of the
lymphocytic milieu surrounding these tumors [23]. It was
postulated that the change of this parameter is rather due to
Treg reduction than CTL recruitment [14]. Complementary
FOXP3+/CD8+ cell ratio was suggested to reflect an immune
evasion of a tumor, with its higher values in tumor center as
compared with the peritumoral area. In breast tumor, it was
associated with ER negativity, higher proliferation rate, and
high histological grade, but not with tumor size or nodal in-
volvement [25]. In our study, increased intraepithelial CTL/
Treg number ratio was associated with lobular histology and
metastatic disease of non-luminal cancers. Thus, we hypothe-
size that, for breast tumors of non-luminal phenotype, their
spread is associated with cytotoxicity failure.

Information on tumor-associated Th2 cells in breast cancer
is scarce. Th2 was reported as a predominant population of T
helper cells in a mouse model of luminal breast cancer; their
lower counts in the tumor milieu were associated with de-
creased pulmonary metastasis by Zhang et al. [37].
Moreover, higher levels of Th2 cytokines—IL-10 [14] and
IL-5 [3]—were related to the lack of pathologic complete
response after chemotherapy and worse survival in breast can-
cer patients, respectively. In our study, tumor-associated Th2
cells showed a slight correlation with HR. On the contrary, the
expression of genes related to Th2 signaling was more
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prominent in basal cancers by Kristensen et al. [38]. Ghirelli
et al. showed that cytokines secreted by breast cancer tissue
resulted in regulatory Th2 bias of tumor-related immunity,
which supposedly was GATA3 independent [39]. To assess
immunoregulatory and suppressive potential of immune infil-
trates, we evaluated the Treg/Th2 cell percentage ratio. Its
high value was associated with adverse prognostic indicators:
HER2+ non-luminal subtype, decrease in HR expression, in-
creasing proliferation rate, and higher grade as well as greater
tumor size and positive lymph node status, particularly in
luminal cancers. In addition, the higher percentage ratio of
CTLs to Th2 at invasion front modestly correlated with HR
expression. Thus, we hypothesize that the bias of immunosup-
pressive microenvironment toward regulatory function is as-
sociated with clinically more aggressive breast cancers.

Our recent research studies aimed at evaluation of tumor
microenvironment in primary invasive breast cancer have
shown associations between higher quantities of mast cells
and beneficial prognostic indicators [40] and relationships be-
tween T cell, B cell, and NK cell infiltrates and adverse clinical
factors [41]. These findings induced us to presently investigate
infiltrates of several T cell subpopulations in this disease. In
conclusion, we observed that T cell infiltrates of primary inva-
sive breast tumors differ in numbers and percentages of its
individual populations regarding cancer molecular features
and prognostic markers. Moreover, the relationships between
lymphocytic composition and pT or nodal status vary according
to cancer phenotype, suggesting that distinct mechanisms gov-
ern cancer progression in luminal and non-luminal lesions. As
more numerous T cell subpopulations in breast cancer tissue
may result from higher TIL levels, we additionally evaluated
percentages of analyzed cells in tumor-surrounding infiltrates
that should be resistant to the number of TILs. Thus, further
investigation is needed to elucidate function of immune infil-
trates in breast cancers of different molecular subtypes.
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Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czgs¢ ww. pracy
wykazuje indywidualny wklad mgr Anny Glajear przy opracowywaniu koncepcji,
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artykulow opublikowanych w czasopismach naukowych.
O$wiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
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wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikéw tej pracy.
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OSWIADCZENIE
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o$wiadezam, iz moj wlasny wkiad merytoryczny w przygotowanie, przeprowadzenie
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(
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mgr Anna Glajcar
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OSWIADCZENIE
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i dr n. med. Joanna Szpor), ocena liczebnosci mastocytéw w materiale badawczym, analiza i

interpretacja uzyskanych wynikéw, tworzenie manuskryptu

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czgs¢ ww. pracy
wykazuje méj indywidualny wklad przy opracowywaniu koncepcji, wykonywaniu czgsci

eksperymentalnej, opracowaniu i interpretacji wynikow tej pracy.

HYU“\.({‘Q\JQ/ ...............

(podpis ;wspo'lautora)
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Krakow, dnia..20..2%: 2043

Dr n. med. Joanna Szpor

(tytut zawodowy, imig i nazwisko)
OSWIADCZENIE

Jako wspétautor pracy pt. , The composition of T-cell infiltrate varies in primary
invasive breast cancer of different molecular subtypes as well as according to tumor size and

nodal status” (Virchows Archiv, 2019, https://doi.org/10.1007/s00428-019-02568-y)

oswiadczam, iz méj whasny wklad merytoryczny w przygotowanie, przeprowadzenie

i opracowanie badan oraz przedstawienie pracy w formie publikacji to:

opracowanie koncepcji naukowej pracy (wraz z mgr Anng Glajcar), nadzor
merytoryczny nad praca, udzial w redagowaniu manuskryptu, przygotowanie danych
klinicznych

Jednoczesnie  wyrazam  zgod¢ na  przedlozenie  w/w  pracy  przez
mgr Anng Glajcar jako cze$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru
artykuléw opublikowanych w czasopismach naukowych.

Oéwiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wkiad mgr Anny Glajcar przy opracowywaniu koncepcji,

wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikow tej pracy.

(podpis wspolautora)
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Krakéw, d1113330‘r.2015 r
Dr n. med. Diana Hodorowicz-Zaniewska

(tytul zawodowy, imi¢ i nazwisko)
OSWIADCZENIE

Jako wspotautor pracy pt. . The composition of T-cell infiltrate varies in primary
invasive breast cancer of different molecular subtypes as well as according to tumor size and
nodal status” (Firchows Archiv, 2019, https://doi.org/10.1007/500428-019-02568-y)

o$wiadczam, iz moj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie

i opracowanie badan oraz przedstawienie pracy w formie publikacji to:
przygotowanie danych klinicznych

Jednoczeénie  wyrazam  zgode na  przedlozenie w/w  pracy  przez
mgr Anne Glajcar jako czes$é rozprawy doktorskiej w formie spojnego tematycznie zbioru

artykutow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czgs¢ ww. pracy
wykazuje indywidualny wklad mgr Anny Glajear przy opracowywaniu koncepcji,

wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikéw tej pracy.

(podpis wspdlautora)
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Krakow, dmaq'olaQ“Op3

Lek. Katarzyna Ewa Tyrak

(tytul zawodowy, imi¢ i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. ,.The composition of T-cell infiltrate varies in primary
invasive breast cancer of different molecular subtypes as well as according to tumor size and

nodal status” (Virchows Archiv, 2019, https://doi.org/10.1007/s00428-019-02568-y)

o$wiadczam, iz méj wlasny wklad merytoryczny w przygotowanie, przeprowadzenie

i opracowanie badan oraz przedstawienie pracy w formie publikacji to:

udzial w redagowaniu manuskryptu

Jednoczesnie  wyrazam  zgod¢ na  przediozenie wiw pracy  przez
mgr Anng Glajcar jako czg$¢ rozprawy doktorskiej w formie spéjnego tematycznie zbioru
artykuldw opublikowanych w czasopismach naukowych.

Oéwiadczam, iz samodzielna i mozliwa do wyodrgbnienia czg$é ww, pracy
wykazuje indywidualny wklad mgr Anny Glajear przy opracowywaniu koncepcji,

wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikéw tej pracy.

—

g r,é,'&/‘:n’.l L / L-i/c/a\-

................................................

67



Krakow, dma300('?0’(9

Dr hab. n. med. Krzysztof Okon, prof. UJ

(tytut zawodowy, imig i nazwisko)

OSWIADCZENIE

Jako wspélautor pracy pt. ,,The composition of T-cell infiltrate varies in primary
invasive breast cancer of different molecular subtypes as well as according to tumor size and

nodal status” (Virchows Archiv, 2019, https://doi.org/10.1007/s00428-019-02568-y)

o$wiadezam, iz mo6j whasny wktad merytoryczny w przygotowanie, przeprowadzenie

i opracowanie badan oraz przedstawienie pracy w formie publikacji to:

opracowanie koncepcji naukowej pracy (wraz z mgr Anng Glajcar), nadzor

merytoryczny nad pracg, udzial w redagowaniu manuskryptu

Jednoczesnie  wyrazam  zgode na  przedlozenie w/w  pracy  przez
mgr Anne Glajcar jako cze$¢ rozprawy doktorskiej w formie spéjnego tematycznie zbioru

artykulow opublikowanych w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrgbnienia czes¢ ww. pracy
wykazuje indywidualny wklad mgr Anny Glajcar przy opracowywaniu koncepcji,

wykonywaniu czedci eksperymentalnej, opracowaniu i interpretacji wynikow tej pracy.

(podpis wspolautora)
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