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Glossary

NK cell: Natural Killer cells

Tregs: Regulatory T-cells

c-Myb: MYB proto-oncogene, transcription factor

YS: yolk sac

Mac-CFC: Macrophages-Colony Forming Cells

C57BL/6 mice: a common inbred strain of laboratory black mouse

BALB/c mice: an albino, laboratory-bred strain of the house mouse from which a number

of common substrains are derived
Thl: T-helper 1 cells

Th2: T-helper 2 cells

LPS: lipopolysaccharide

IFN: Interferons (IFNs), proteins, key part of the body’s innate immune response to pathogens,

including viruses, bacteria, parasites, and tumor cells

Slc7a2: solute carrier family 7 (cationic amino acid transporter, y+ system), member 2
NO: nitric oxide

STAT1: signal transducer and activator of transcription 1

STATG: signal transducer and activator of transcription 6



IL-1: interleukin 1, IL-2: interleukin 2, IL-4: interleukin 4, IL-10: interleukin 10, IL-12:

interleukin 12, I1-23: interleukin 23, IL-27: interleukin 27 (cytokines)

TNF: Tumor Necrosis Factor, a protein that plays a central role in the immune response and

inflammatory reactions

iNOS: Inducible nitric oxide synthases (iNOS), key enzymes involved in generation of nitric

oxide (NO) that is produced by respiratory burst to develop a cytotoxic environment

Rtnla: Resistin-like molecule alpha, induced during Th2 cytokine immune responses

VEGEF': Vascular endothelial growth factor, signal protein that stimulates the growth of
blood vessels, produced by many cells, including tumor cells, macrophages, platelets, and

keratinocytes

Yml: rodent-specific chitinase-like protein (CLP) lacking catalytic activity, whose cellular

origins are mainly macrophages, neutrophils and other cells

CXCL11: C-X-C motif chemokine 11, is a protein that is part of the CXC chemokine family

(as CXCL9, CXCL10)

MMP-1, -2, -7, -9, -12: Matrix metalloproteinase-1, -2, -7, -9, -12 | also known as inter-
stitial collagenase or fibroblast collagenase, is an enzyme that breaks down proteins in the

extracellular matrix

CyTOF: cytometry by time-of-flight, technology that analyzes single cells by measuring the

metal isotope labels on antibodies and other tags

PU.1: transcription factor that plays a key role in the differentiation of immune cells and in

the regulation of cellular communication in the immune system



MafB: transcription factor, regulates macrophage polarization by promoting anti-inflammatory

M2 polarization and suppressing pro-inflammatory M1 polarization

F4/80: antigen involved in the generation of antigen-specific efferent regulatory T (T reg)

cells that suppress antigen-specific immunity

MERTK: MER proto-oncogene tyrosine kinase

CSF1: colony-stimulating factor 1, is a cytokine that regulates the survival, differentiation,

and proliferation of cells in the mononuclear phagocytic lineage

BMP7: Bone morphogenetic protein 7, growth factor that plays a role in many physiological
processes in the body, including bone and kidney development, and brown adipose tissue

differentiation
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Abstract

Introduction: Pleomorphic adenomas of the parotid gland are benign but challenging tumors due
to their potential for recurrence post-surgery. The tumor microenvironment, particularly tumor-
associated macrophages (TAMs), may influence tumor behavior and recurrence risk. This study
explores the relationship between macrophage infiltration and tumor characteristics in pleomor-
phic adenomas.

Methods: A cohort of 19 patients with pleomorphic adenomas was analyzed, with macrophage
infiltration quantified through CD163 and CD68 markers. Tissue sections underwent staining
and antigen retrieval processes, followed by microscopic examination to determine the density
and distribution of CD163™ and CD68™ cells. Statistical analysis evaluated correlations between
macrophage markers, lesion size, and recurrence.

Results: The cohort consisted primarily of female patients (84%), with a mean age of 49.9 years.
Recurrence was observed only in female patients, with a higher macrophage presence (both CD163™
and CD68™) in non-recurrent cases. CD163" macrophages were more prevalent than CD68™, with
the CD68" /CD163™ ratio suggesting a predominance of immunosuppressive M2-like macrophages
in the tumor microenvironment. No significant correlation was found between macrophage density
and lesion size.

Discussion: The predominance of CD163% macrophages suggests an immunosuppressive envi-
ronment that may facilitate immune evasion. The association between smaller lesion size and
recurrence highlights potential surgical challenges in excision. Overall, the findings indicate that
TAMs composition in pleomorphic adenomas may play a role in recurrence, emphasizing the need

for further exploration of TAMs-targeted therapies.
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Perblhyh

Eisagwg : Ta pleiimorfa aden mata tou parwtidikoO adéna ePnai kalo jeic igkoi, pou parilo

to gamhli metastatiki dunamiki touc, emfanbzoun uyhli kindOno upotrop ¢ met™ th geirourgik
ektom . To mikroperib”llon tou igkou, idiabtera o riloc twn makrof’gwn pou sgetbzontai me ton
igko (TAMS), mporeb na ephre”sei th sumperifor” tou igkou kai ton kbnduno upotrop c. H paroOsa
meléth diereun” th sqésh metaxO thc di jhshc makrof°'gwn kai twn garakthristik, n tou igkou se
pleiimorfa aden, mata tou parwtidikoO adéna.

Mejodologba : AnalOjhke mia om"da 19 asjen,n me pleiimorfa aden mata, se b’joc 12-etbac
(2009-2021), me thn posithta di jhshc makrof’gwn na kajorbzetai mésw twn deikt,i€D163 kai
CD68. Ta tm mata istoO upobl jnkan se gr sh kai an“kthsh antiginwn, akoloujoOmena api mi-
kroskopik exeétash gia ton kajorismi thc puknithtac kai katanom c twn kutt'rvn  CD163" Kai
CD68". Pragmatopoi jhke statistik axiolighsh kai exétash twn susgetbsewn metaxO twn ma-
krof"gwn, tou megejouc thc bl"bhc/igkou kai twn upotrop,n thc nisou.

Apotelésmata : To debgma apoteloOntan kurbwc api gunabkec (84%) me meésh hlikba 49,9 et n.
Upotrop parathr jhke mino se gunabkec, en, h parousba makrof’ gwnGD163 kai CD68")

tan uyhliterh stic peript,seic qwrbc upotrop . Ta makrof\ga CD163 tan perissitera api ta
CD68", upodhl nontac éna perib’llon anosokatastol ¢ api makrof°ga tOpou M2. Den bréjhke
shmantik susgeétish metaxO thc puknithtac makrof°gwn kai tou megejouc thc bl"bhc.

Suz thsh : H epikr'thsh twn makrof'gwn CD163" upodhl nei éna anosokatastaltiki perib”l-

lon pou mporeb na dieukolOnei thn anosodiafug . H sqésh metaxO mikriterou megéjouc bl"bhc kai
upotrop ¢ anadeiknOei geirourgikéc prokl seic sthn ektom tou igkou. Ta eur mata upodeiknOoun

iti h sOnjesh twn TAMSs se pleiimorfa aden mata mporeD na sgetbzetai me thn upotrop , epishmabno-

ntac thn an“gkh gia peraitérw diereOnhsh twn jerapeutik_n paremb“sewn pou stogeQounTaMs.
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1 Introduction

1.1 Pleomorphic Adenomas of the Parotid Gland: Epidemiology and

Clinical Entity

Salivary gland tumors are relatively rare, accounting for approximately 2% to 4% of all head and
neck neoplasms (Jones et al. (2008); Kadletz et al. (2017); Mantsopoulos and Iro (2020)). Approx-
imately 75% of these tumors are benign, with the majority (70%) arising in the parotid gland.
Pleomorphic adenoma is the most prevalent benign epithelial tumor, making up 81% of cases.
Additionally, 50% to 70% of all salivary gland tumors are of this type, while cystadenolymphoma
(Warthin's tumor) represents about 25% (Guerra et al. (2014)).

Pleomorphic adenomas, also referred to as \benign mixed tumors," are encapsulated, rounded,
and nodular lesions that occur more frequently in women, typically in adulthood. While generally
benign, they can develop malignancy in a small percentage of cases (such as carcinoma ex pleomor-
phic adenoma), with reported rates ranging from 3% to 12% based on available data (Bonavolont

et al. (2019); Guerra et al. (2014)).
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Figure 1: Coronal MRI scan of the head showing a pleomorphic adenoma in the left parotid gland. The

tumor appears as a well-de ned, contrast-enhanced mass in the deep lobe of the parotid gland, located

near the base of the skull. The image provides a clear view of the tumor's size and position in relation to
adjacent structures, aiding in the assessment of its impact on surrounding tissues (Middleton and

Strelow (2022)).

16



Figure 2: Axial T2-weighted FLAIR MRI scan showing a pleomorphic adenoma in the left parotid
gland. The tumor is visualized as a bright, well-demarcated mass located in the deep lobe of the parotid
gland, extending laterally and abutting adjacent soft tissues. This axial view provides additional detail
on the tumor's spatial orientation and its relationship to surrounding anatomical structures (Middleton

and Strelow (2022)).

17



1.2 Surgical Treatment Options

Surgical treatment for benign parotid gland tumors initially involved enucleation in the late 1800s.
However, by the late 1900s, surgical techniques evolved to include the removal of the tumor along
with some surrounding healthy parotid tissue to reduce the risk of recurrence (Donovan and Conley
(1984)). This shift, however, led to an increase in complications. Parotid gland surgery continues
to be challenging due to the lack of consensus on the optimal approach, with the two most com-
monly used techniques being extracapsular dissection (ECD) and super cial parotidectomy (SP)
(Guntinas-Lichius et al. (2004); Kadletz et al. (2017)).

A signi cant portion of the literature emphasizes the importance of preserving a margin of
healthy parotid tissue around a pleomorphic adenoma (Mantsopoulos and Iro (2021)). However,
long-term recurrence rates for these lesions remain considerable and should not be overlooked
(Valstar et al. (2020)). The absence of e ective treatment options explains why the most frequent
multifocal recurrence of a parotid pleomorphic adenoma is often referred to as a \benign tragedy"

(Vander Poorten (2015)).

1.3 Histology of Pleomorphic Adenomas

The term \pleomorphic" highlights the architectural diversity of these lesions, which results from
highly variable combinations of epithelial and myoepithelial components, mixed with an equally
variable mesenchymal component that may be mucoid, myxoid, or chondroid in nature.

A review of the literature reveals considerable variation in the reported incidence of di erent
subtypes (myxoid, mixed, hypercellular) (Seifert et al. (1976)) of parotid pleomorphic adenomas,
likely attributable to inconsistencies in classi cation systems (Dulguerov et al. (2017)).

Microscopic histological studies reveal that pleomorphic adenoma (PA) is marked by the pres-
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ence of a capsule however, there are areas where the capsule is partially absent (Zbaren and Stau er
(2007)). The delicate and incomplete pseudo-capsule permits the formation of pseudopodia, satel-
lite nodules, capsule in ltration, and tumor herniation (Patey and Thackray (1958); Stennert et al.
(2001, 2004); Zbaren et al. (2013)). Pleomorphic adenoma is the only benign lesion in the parotid
gland characterized by a frequently unstable capsule, often leading to herniation of tumor material
into the surrounding healthy glandular parenchyma (Zbaren and Stau er (2007)). The capsule of
pleomorphic adenomas consists of a thin layer of brous connective tissue, with variable morphol-
ogy in terms of thickness and integrity. In a study of 100 cases, Stennert et al. observed that the

capsule's maximum thickness was 2ff (Stennert et al. (2001)).
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Figure 3: Histological section of a pleomorphic adenoma. The image shows a well-demarcated tumor
(indicated by the arrow) in Itrating into the surrounding parotid gland tissue. The tumor exhibits typical
features of pleomorphic adenomas, including a mixture of epithelial and stromal components. The arrow

points to the clear boundary of the tumor. Hematoxylin and eosin (HE) stain, original magni cation,

(40x).

1.4 Immune Surveillance in Tumor Defense

In 1909, Paul Ehrlich proposed the hypothesis that the body's defense mechanisms might pre-
vent neoplastic cells from progressing into tumors (Ehrlich (1908)). At that time, this hypothesis
could not be experimentally validated because of limitations in the available research tools and
understanding. Subsequently, some biologists proposed the existence of an \immunological surveil-

lance mechanism" against tumor cells. Lewis Thomas suggested that the immune system could
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Figure 4. Histological section of a pleomorphic adenoma specimen. The image shows characteristic
features of the tumor, including ductular structures embedded within an abundant extracellular stroma.
The stromal component is prominent, with a mix of myxoid and chondroid areas. This heterogeneity is

typical of pleomorphic adenomas, re ecting the biphasic nature of the tumor. Hematoxylin and eosin

(HE) stain, original magni cation (100x) .

recognize newly formed tumors through the expression of tumor-speci ¢ neo-antigens on tumor
cells and eliminate them, similar to the process of homograft rejection, thereby maintaining tissue
homeostasis in complex multicellular organisms (Lawrence (1959)).

The rst de nitive evidence of the speci ¢ ability to stimulate an immune response was pre-
sented by Gross in 1953, who conducted intradermal immunization of C3H mice|bred through
continuous brother-sister mating for over 20 years|against a sarcoma (Gross (1943)). This was
followed by Foley in the same year, who studied immune responses in tumors induced by methyl-

cholantrene (Foley (1953)). Sir Frank Macfarlane Burnet hypothesized that neo-antigens on tumor
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cells trigger an immune response against cancer, leading him to develop the theory of immune
surveillance (Burnet (2014)).

In transplantation experiments, tumors are rejected by syngeneic hosts, while normal tissues are
accepted, thereby demonstrating the existence of antigens speci c to tumors (Burnet (2014)). Pro-
fessional antigen-presenting cells process and present tumor-associated antigens|possibly through
cross-presentation of debris resulting from spontaneous tumor cell lysis, natural killer (NK) cell de-
struction, or mechanisms like \nibbling”|to immune cells. This leads to the generation of memory
and e ector cells that patrol the body in search of tumor cells. In various types of human tumors,
including melanoma, breast, bladder, colon, prostate, ovarian, rectal cancers, and glioblastoma,
patients with a higher presence of lymphocytes and NK cells have shown improved survival rates
(Clemente et al. (1996); Deligdisch et al. (1982); Epstein and Fatti (1976); Jass (1986); Lippo-
nen et al. (1993); Nacopoulou et al. (1981); Rilke et al. (1991)). The latter do not need prior
sensitization for e ective tumor cell lysis; following activation with interleukin-2 (IL-2), NK cells
can e ectively eliminate tumor cells (Waldhauer and Steinle (2008)). Regulatory T cells (Tregs)
can have both harmful and bene cial e ects on the host (Facciabene et al. (2012); Nishikawa and
Sakaguchi (2010)). Tumor antigens can be recognized by T cells in conjunction with major histo-
compatibility complex (MHC), facilitating the interaction between T cells and antigen-presenting
cells (Boon and van der Bruggen (1996)).

Thus, the immune system can speci cally detect and destroy tumor cells based on their ex-
pression of tumor-speci c antigens or molecules produced in response to cellular stress (Swann
et al. (2007)). Despite the presence of tumor immune surveillance, tumors still develop within
a functioning immune system. Consequently, the more comprehensive concept of tumor immu-
noediting provides a better explanation of the immune system's role in tumor progression (Dunn

et al. (2002)).
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The concept of tumor immunoediting is divided into three phases: elimination, equilibrium,
and escape (Dunn et al. (2004)). The elimination phase of cancer immunoediting mirrors the
original tumor immune surveillance theory, where the immune system identi es and destroys tumor
cells that arise due to failed intrinsic tumor suppression mechanisms. This elimination can be
either complete, clearing all tumor cells, or incomplete, removing only a portion. In cases of
partial elimination, the immunoediting theory suggests that a temporary equilibrium can develop
between the immune system and the remaining tumor cells. During this equilibrium phase, tumor
cells may either stay dormant or continue to evolve, acquiring further changes|such as DNA
mutations or alterations in gene expression|that a ect the tumor-specic and stress-induced
antigens they express. As this process unfolds, the immune system applies selective pressure,
attempting to eliminate vulnerable tumor clones. While this pressure can control tumor progression
for some time, if the immune system cannot fully eradicate the tumor, resistant tumor cell variants
eventually emerge. These variants evade, suppress, or resist the immune response, leading to the
escape phase, during which the immune system can no longer control the tumor, resulting in
unchecked tumor growth (Dunn et al. (2004)). The concept of cancer immunoediting provides a
more comprehensive interpretation of various clinical and experimental ndings, supporting the

immune system's protective role in controlling tumor development.

1.5 Monocyte-Macropahe Lineage Origins and Diversity

Macrophages are the rst immune cells to emerge during an organism's development and are vital
in early developmental stages (Chitu and Stanley (2017)). In addition, tissue macrophages are
essential for maintaining homeostasis (Hulsmans et al. (2017)), promoting wound healing (Nicohs-
Avila et al. (2020); Wynn and Vannella (2016)), and facilitating tissue regeneration (Godwin et al.

(2013); Lavine et al. (2014)). Their diverse functions are largely due to their ability to sense and
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respond to the local tissue environment, as well as their expression of speci ¢ transcription factors
and enhancer-associated histone modi cations that are tailored to the unique characteristics of
the surrounding microenvironment (Gautier et al. (2012); Lavin et al. (2014); Tabas and Bornfeldt
(2020)). Macrophages can also undergo signi cant alterations in their intracellular metabolism in
response to environmental and in ammatory signals. However, dysregulated macrophage function
is closely linked to the development of diseases such as brosis, obesity, and cancer (Wynn et al.

(2013)).

1.5.1 Embryonic Macrophages

Myeloid cells, including macrophages, originate from three consecutive waves of hematopoiesis
known as the primitive, pro-de nitive, and de nitive phases (Dzierzak and Bigas (2018)). The
primitive phase, which is independent of the transcription factor c-Myb, begins between embry-
onic days 6.5 (E6.5) and E8.5 in the blood islands of the extraembryonic yolk sac (YS). This
phase produces bipotent progenitors for nucleated erythrocytes and megakaryocytes, as well as a

progenitor speci ¢ to the macrophage lineage, known as Mac-CFC (Bertrand et al. (2005)).
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Figure 5: Stages of hematopoietic development and macrophage di erentiation across embryonic and
fetal stages. The gure depicts three distinct waves: Primitive, Pro-de nitive, and De nitive

hematopoiesis. In the Primitive wave (Day E6.5{E8.5), the yolk sac produces nucleated erythrocytes,

megakaryocytes, and macrophage colony-forming cells (Mac-CFC), giving rise to microglia, Langerhans

cells, and Kup er cells. The Pro-de nitive wave (Days E8.5 and E10.5) occurs in the yolk sac,

allantois, and embryo proper, generating erythro-myeloid progenitors (EMPs) that di erentiate into

precursor macrophages (pPMACs). In the De nitive wave (from Day E10.5 onward), hematopoietic stem
cells (LT-HSCs) emerge from the aorta-gonad-mesonephros (AGM) region, fetal liver, and eventually
the bone marrow, giving rise to long-term tissue-resident macrophages such as Kup er cells, alveolar
macrophages, and macrophages in cardiac, skeletal muscle, dermal, and gut tissues (Bertrand et al.

(2005)).

1.6 Macrophages' Subtypes

Macrophages represent a highly heterogeneous population of cells. The initial classi cation of
macrophages into M1 and M2 subsets was derived from studies involving macrophages isolated
from C57BL/6 and Balb/c mice (Mills et al. (2000)). Macrophages from C57BL/6 mice exhibit
a Thl-dominated immune response and, when stimulated with LPS and IFN-, generate nitric
oxide (NO) from arginine through the action of inducible nitric oxide synthase (iNOS) (Sans-Fons
et al. (2013)). In contrast, macrophages from Balb/c mice demonstrate a Th2-dominated response,
producing ornithine via arginase when exposed to LPS and IFN-.

C57BL/6 mice have a deletion in the promoter region of Slc7a2, which encodes a key argi-
nine transporter in macrophages, leading to signi cant di erences in arginine utilization be-
tween C57BL/6 and Balb/c mice. The classi cation of macrophages into M1 and M2 subsets

based on arginine metabolism aligns well with their roles in in ammation versus resolution. M1
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macrophages, which produce NO, play a role in inhibiting or killing pathogens and nearby cells,
while M2 macrophages, which generate ornithine, promote cell proliferation and wound healing.
The M1/M2 classi cation is also used to de ne states of macrophage polarization. M1 macrophages

are induced by LPS and IFN- in a manner dependent on STAT-1 signaling and aerobic glycolysis
(Haschemi et al. (2012)), while M2 macrophages are generated by IL-4 in a STAT-6 and fatty
acid oxidation (FAO)-dependent fashion (Huang et al. (2014); Vats et al. (2006)). Currently, M1

and M2 macrophages are distinguished by speci ¢ marker expression: M1 macrophages typically
express CD68, TNF-, INOS, IL-1, and IL-12, while M2 macrophages express arginase 1, transform-
ing growth factor (TGF)-, CD163, mannose receptor 1, CD206, Rtnla, IL-10, VEGF, and Ym1

(Mosser and Edwards (2008); Murray and Wynn (2011b); Sreejit et al. (2020)).

Figure 6: The Cancer Immunoediting Process: A three-phase model showing how cancer cells interact
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with the immune system. Elimination: ~ Immune cells (e.g., NK cells, CD8 T cells) detect and destroy
transformed cells via immune responses (e.g., IFN-, TRAIL). Equilibrium:  Surviving tumor cells
coexist with the immune system, undergoing genetic changes and immune selectidEscape: Tumor
cells evade immune detection by secreting immunosuppressive factors (e.g., TGF-, IL-10) and recruiting
suppressive cells (e.g., MDSCs, Tregs), leading to cancer progression and chronic in ammation (Dunn

et al. (2004)).

M1 macrophages produce pro-in ammatory cytokines (TNF-, IL-12, IL-27, and IL-23), chemokines
(CXCL11, CXCL9, and CXCL10), and matrix metalloproteinases (MMP-1, 2, 7, 9, and 12),
and exhibit enhanced antigen presentation and reactive oxygen species generation. Conversely,
macrophages activated by IL-4 and IL-13 display an anti-in ammatory and reparative pro le (Sica
et al. (2012)). M2 macrophages produce anti-in ammatory cytokines (such as IL-10), chemokines
(like CCL17), and growth factors (including VEGF and TGF-), which together facilitate tissue
remodeling and repair by stimulating extracellular matrix production by broblasts, promoting
cell proliferation, and enhancing angiogenesis (Geissmann et al. (2003); Hanna et al. (2011)).

The classi cation of macrophages into M1 and M2 groups based on speci c stimuli does not
accurately re ect the far more complex tissue environment where macrophages, potentially of dif-
ferent origins, are exposed to multiple signals in varying sequences. Nevertheless, macrophages
have been further subdivided within the M1-M2 spectrum into categories such as M2a, M2b, M2c,
and Mox macrophages (Mantovani et al. (2004); Martinez and Gordon (2014); Murray and Wynn
(2011b); Xue et al. (2014)). Given the phenotypic diversity of macrophage populations in vivo, the
signi cance of the M1-M2 paradigm may be limited. For instance, one study compiled a dataset
of 299 macrophage transcriptomes in response to various activation signals (Xue et al. (2014)).

Another study employing CyTOF analysis of renal cancer macrophages identi ed 17 distinct sub-
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sets (Chevrier et al. (2017)). Numerous recent publications utilizing single-cell RNA sequencing
have revealed previously unrecognized macrophage populations with unique gene expression pro-
les (Cochain et al. (2018); Hill et al. (2018); Jaitin et al. (2019); Lin et al. (2019); Mould et al.
(2019)). These new subtypes may indicate how macrophages adapt to speci ¢ microenvironments
within di erent organs.

Macrophage subtypes are also categorized based on the expression of select cell surface markers;
however, M1 or M2 macrophages can acquire characteristic markers of the opposing subset in
vitro (Czapla et al. (2016); Martinez et al. (2013)). Although the M1/M2 classi cation model is
recognized as an oversimpli cation, it remains widely used in research (Nahrendorf and Swirski
(2016)). To address these complexities, a standardized experimental framework for macrophage
subtype classi cation|considering the source of macrophages, the activators employed, and the
macrophage markers|has been proposed (Murray et al. (2014)). Techniques such as single-cell
RNA sequencing, mass cytometry, and advanced clustering algorithms are expected to provide
deeper insights into macrophage heterogeneity in the future (Adlung and Amit (2018); Rozenblatt-

Rosen et al. (2017)).

1.7 Macrophage Niche

Tissue-resident macrophages develop alongside the organs in which they reside, adapting to per-
form not only immune functions but also homeostatic roles essential to their speci ¢ environment
(Gautier et al. (2012); Gosselin et al. (2014)). Circulating monocytes that migrate into tissues
also acquire a tissue-speci c identity that closely resembles that of resident macrophages, if not
entirely identical (van de Laar et al. (2016)). The concept of specialized niches for macrophages
within individual tissues has been proposed. These niches may support and modify macrophages

by providing a physical sca old and trophic factors that promote their survival and proliferation.
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The nature of this physical sca old can in uence the di erentiation and function of macrophages
by inducing speci c transcription factors tailored to meet the temporal homeostatic needs of the

tissue.

1.8 Formation and Flexibility of Mononuclear Phagocytes

Until recently, tissue-resident macrophages (Trms) were believed to originate solely from blood
monocytes derived from bone marrow stem cells, constantly recruited to tissues to di erentiate
into speci ¢ macrophage populations. However, fate mapping studies in mice have transformed this
understanding. Under normal conditions, circulating monocytes contribute to tissue macrophages
in select organs, like the dermis, intestine, and heart, with this contribution increasing with age.
In other organs, such as the skin, brain, liver, and lungs, macrophages derive from embryonic
precursors that in Itrate during embryogenesis and self-replicate throughout adulthood. There-
fore, macrophages like Langerhans cells, microglia, Kup er cells, and alveolar macrophages main-
tain themselves independently of adult bone marrow input (Beriot et al. (2020); Guilliams et al.
(2018)). Some tissues, however, contain macrophages of both embryonic and bone marrow origins,
depending on the tissue and pathological context. During infection or in ammation, bone marrow-
derived cells can replace embryonic macrophages, undergo gene reprogramming, and adopt similar
characteristics to those of embryonic origin, a process primarily driven by the local environment.
These tissue-speci ¢ macrophage populations exhibit unique transcriptional and epigenetic pro les
shaped by the tissue they inhabit (Amit et al. (2016); Gosselin et al. (2014); Lavin et al. (2014);
Okabe and Medzhitov (2014); Sica et al. (2012); Zhang et al. (2021)).

Macrophages exhibit remarkable plasticity, undergoing various forms of functional activation
in response to distinct environmental signals. Traditionally, they have been categorized into two

main activation states: M1 (classical) and M2 (alternative). M1 macrophages are typically induced
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in vitro by bacterial products and interferons, produced during type 1 immune responses driven
by type 1 T helper and innate lymphoid cells. In contrast, M2 macrophages are activated by
cytokines like IL-4 and IL-13, produced during type 2 immune responses involving type 2 T helper
and innate lymphoid cells (Murray (2017)). M1 macrophages are linked with tissue damage and
tumor cell destruction, whereas M2 macrophages are involved in tissue repair, remodeling, and
parasite resistance. In vivo, macrophage activation is highly dynamic, with M1 cells driving the
onset and maintenance of in ammation, while M2 or M2-like cells contribute to the resolution of
in ammation or chronic low-level in ammation in various disease contexts (Locati et al. (2020);

Sica et al. (2012)).

1.9 Niche Adjustment of Macrophages

All tissue macrophages undergo a lineage determination process directed by a speci c set of tran-
scription factors, including PU.1 and MafB, which allows them to acquire a common set of functions
(such as phagocytosis and immune surveillance) and cell surface markers (like F4/80, CD64, and
Mertk) (Heinz et al. (2010); Kelly et al. (2000); Soucie et al. (2016)). Ultimately, the local tissue
microenvironment tailors the macrophage population to meet its homeostatic requirements.

As organogenesis progresses, the unique di erentiating environment of each organ guides resi-
dent macrophages to develop phenotypes and functions suited to that speci c organ. The expres-
sion of a limited set of transcription factors endows macrophages with tissue-speci ¢ characteristics.
For instance, the nuclear factor of activated T cells 1 (NFATCL1) is essential for the di erentiation
and functional specialization of osteoclasts (Takayanagi et al. (2002)). Similarly, signaling path-
ways such as transforming growth factor- (TGF-), Notch, and bone morphogenetic protein (BMP)
contribute to the specialization of various macrophage subsets (Butovsky et al. (2014); Fuller et al.

(2000); Kaplan et al. (2007); Schridde et al. (2017); Yu et al. (2017)).
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It appears that all macrophage subsets are active phagocytes, and the materials they ingest
signi cantly in uence their fate. Tissue macrophages encounter speci ¢ metabolites in di erent
organs, such as heme (Haldar et al. (2014)), oxysterol (A-Gonzalez et al. (2013); Haldar et al.
(2014); Janowski et al. (1996)), and retinoic acid (Buechler et al. (2019); Okabe and Medzhitov
(2014)), which can induce functional polarization. Additionally, macrophage interactions with
other immune cells are critical for de ning their di erentiation. For example, the development of
alveolar macrophages involves crosstalk with pulmonary innate lymphoid cell type 2 (ILC2) and
basophils, which produce CSF2 and IL-13 (Cohen et al. (2018)), whereas the replenishment of
Langerhans cells requires CSF1 produced by neutrophils (Wang et al. (2016)).

While a speci c set of transcription factors largely determines macrophage identity, a series
of sequential signals is necessary to prime these cells and establish the epigenetic landscape that
allows them to adopt a tissue-speci c identity. Naturally, these signals are tailored to specic
locations or macrophage niches. For instance, the engraftment of monocytes into the liver involves
interactions with endothelial cells, hepatocytes, and stellate cells, with TGF- and desmosterol
playing crucial roles in this process (Bonnardel et al. (2019); Sakai et al. (2019)).

Another example of the multistep imprinting of macrophage identity by the niche can be
observed in the di erentiation of mucosal Langerhans cells. In this case, precursor cells must rst
be exposed to BMP7 in the lamina propria, followed by TGF- from endothelial cells, to complete
their di erentiation (Capucha et al. (2018); Yasmin et al. (2013)). Thus, a distinctive combination
of tissue niche factors can induce reversible activation of gene expression programs, leading to the

functional polarization of macrophages within various tissues.
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1.10 Control of Macrophage Density in Tissues

Resident macrophages are found in every organ, typically exhibiting similar densities and arranged
in a regular spatial pattern (Hume et al. (2019); Uderhardt et al. (2019)). This uniform ar-
rangement has been attributed to mechanisms of self-avoidance or self-repulsion (Avetisyan et al.
(2018)). Macrophages are thought to actively monitor their surroundings (Pocte et al. (2015))
through highly motile lopodia (Avetisyan et al. (2018)), and when they encounter neighboring
macrophages, they may repel them, thereby establishing distinct territories in a cell-autonomous
manner.

However, this theory of mutual repulsion may not fully account for macrophage distribution,
as some tissues, like the splenic red pulp and the subcapsular sinus of lymph nodes (Guilliams
et al. (2020); Mondor et al. (2019)), show densely packed macrophages. In contrast, macrophages
in the T-cell zones of these organs display a more regular spacing, suggesting that other factors
may in uence macrophage arrangement in certain tissues (Baratin et al. (2017)).

Therefore, the repulsion hypothesis alone may not fully account for macrophage density in
certain tissues. Other factors, such as tissue-specic conditions or in ammatory status, likely
contribute to macrophage regulation. Zhou et al. (Zhou et al. (2018)) introduced the concept of
carrying capacity, borrowed from evolutionary biology, to explain this regulation. They proposed
that each tissue has a carrying capacity determined by factors like the availability of glucose, oxy-
gen, space, and growth factors. This carrying capacity helps regulate the numbers of abundant cell
types, such as broblasts, which in turn negatively regulate accessory cell populations, including
macrophages. Fibroblasts interact with macrophages through a growth factor exchange, forming
a cell-circuit that further in uences macrophage density in tissues (Adler et al. (2020); Zhou et al.

(2018)).
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Fibroblasts produce the macrophage survival factor CSF-1, while macrophages, in turn, secrete
PDGFs, which promote broblast growth. Upon binding, both CSF-1 and its receptor (CSF1R)
are rapidly internalized, providing a mechanism for negative feedback regulation of macrophage
numbers. This simpli ed model could serve as a framework for more complex systems that include
multiple cell types, secreted factors, and physical interactions, all contributing to the regulation of
macrophage density in tissues.

Additionally, because macrophage numbers are typically below the tissue's carrying capacity,
in ammatory events can temporarily disrupt this balance, leading to an increase in macrophage
populations.

During in ammation, apoptotic macrophages may release chemotactic signals to attract mono-
cytes, which then clear the dying cells and occupy the vacated space (Askew et al. (2017); Gold-
mann et al. (2016); Mildner et al. (2007)). Alternatively, the local concentration of tropic factors,
such as CSF-1, could increase after macrophage death, stimulating nearby macrophages to divide
and Il the available space (Hume et al. (1988)). Another possibility is that in ammation might
downregulate the macrophage-repulsion mechanism, thereby allowing their numbers to increase
within tissues. The e ciency of monocyte engraftment is also linked to the intensity of the in am-
matory response, with higher in ammation leading to more e ective monocyte recruitment and

integration.

1.11 Macrophages as Therapeutic Tools and Targets in Cancer Treat-
ment

The tumor microenvironment (TME) serves as a critical ecological niche that supports cancer

initiation and progression (Balkwill and Mantovani (2001); Cassetta and Pollard (2018); DeNardo
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and Ru ell (2019); Engblom et al. (2016); Jahchan et al. (2019); Locati et al. (2020); Mantovani
etal. (2008, 2017)). The in Itration of myelomonocytic cells, particularly monocytes, macrophages,
and dendritic cells, is a common feature across cancers, regardless of their origin or location
(Cassetta et al. (2019)).

Among myelomonocytic cells, macrophages act as double-edged swords in cancer due to their
remarkable plasticity in response to environmental cues (Cassetta and Pollard (2018); Locati et al.
(2020); Mantovani et al. (2017)). On one hand, they possess the capacity to kill tumor cells,
mediate antibody-dependent cellular cytotoxicity and phagocytosis, induce vascular damage and
tumor necrosis, and activate both innate and adaptive immune mechanisms that promote tumor
resistance. On the other hand, in most established tumors, macrophages support cancer progression
and metastasis through mechanisms like enhancing cancer cell survival and proliferation, promoting
angiogenesis, and suppressing both innate and adaptive immune responses (Cassetta and Pollard

(2018); Locati et al. (2020); Mantovani et al. (2017); Murray et al. (2014)).

Figure 7: Pro-tumoural functions and immunosuppressive activity of TAMs. The pro-tumour functions

of tumour-associated macrophages (TAMs) are diverse and act at di erent phases of tumour
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development. TAMs release nitric oxide (NO) and reactive oxygen intermediates (ROI), which cause
DNA damage and genetic instability during the initiation phase. TAMs produce epidermal growth factor
(EGF) and several mediators such as IL-6, hepatocyte growth factor (HGF) and GPNMB, which support
cancer stem cell expansion. At later stages, TAMs contribute to metastatic spread by releasing IL-1 and
transforming growth factor- (TGF), which are also involved | together with several proteases | in
extracellular matrix (ECM) remodelling and pathological brosis. TAMs are a critical source of
angiogenic factors: vascular endothelial growth factor (VEGF) and pro-angiogenic chemokines. TAMs
are drivers of immunosuppression in the tumour microenvironment. Secretion of IL-10, TGF,
prostaglandins and indoleamine 2,3-dioxygenase (IDO) promote the expansion of regulatory (Treg) cells,
inappropriate skewing of dendritic cells towards an immature and tolerogenic state, and T cell metabolic
starvation. Immunosuppressive TAMs are characterized by a high expression of immune-checkpoint
molecules (PDL1, PDL2, B7-H4) causing T cell exhaustion. EMT, epitheliafmesenchymal transition;

ILC3, type 3 innate lymphoid cell; TH17, T helper 17 (Murray et al. (2014)).

Macrophages play a critical role in enhancing the anti-tumor e ects of chemotherapy, radio-
therapy, and monoclonal antibodies (mAbs) (DeNardo and Ru ell (2019); Mantovani et al. (2017))
by mediating tumoricidal activities and triggering adaptive immune responses. Furthermore, they
serve as key targets in current checkpoint blockade immunotherapies. By expressing inhibitory
counter-receptors like PD-L1 and PD-L2, macrophages contribute to the suppression of adaptive
Immune responses, which can be reversed through these therapies, thereby enhancing the overall
anti-tumor immune response (Cassetta and Pollard (2018); DeNardo and Ru ell (2019); Engblom
et al. (2016); Kim et al. (2019); Kryczek et al. (2006); Mantovani et al. (2017)).

Strategies that speci cally target macrophages, including the engineering of mononuclear phago-

cytes for cell therapy, such as chimeric antigen receptor macrophages (CAR-M), are now in clinical
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trials (Klichinsky et al. (2020)). These therapeutic approaches encompass a wide variety of tactics,
from inhibiting macrophage recruitment and altering their di erentiation pathways to reprogram-
ming their functions. Functional reprogramming often involves engaging either activating or in-
hibitory (checkpoint) receptors, with some of these therapies yielding promising results in clinical

assessments (Advani et al. (2018); Siu et al. (2022); Virtakoivu et al. (2021)).

1.12 CD163 * and CD68 * Macrophages Role

In 2000, Mills and colleagues introduced the M1/M2 terminology to describe macrophage polariza-
tion (Sica et al. (2012)). M1 macrophages were identi ed as classically activated, pro-in ammatory
cells, while M2 macrophages were classi ed as alternatively activated, anti-in ammatory cells.
Their research focused on L-arginine metabolism in macrophages, revealing a metabolic dichotomy
similar to that observed in T helper cells. This study demonstrated that murine macrophages, when
exposed to either Thl or Th2 stimuli, adopt two distinct and competitive metabolic states (Gos-
selin et al. (2014); Lavin et al. (2014)). Thl-stimulated macrophages (in response to IFN- and/or
lipopolysaccharide (LPS)) upregulate inducible nitric oxide synthase (iNOS), which metabolizes
L-arginine into nitric oxide (NO) and L-citrulline, contributing to the pro-in ammatory response.

In contrast, Th2-stimulated macrophages (triggered by IL-4 or IL-13) upregulate arginase-1, which
metabolizes L-arginine into L-ornithine and urea, promoting tissue repair and anti-in ammatory
functions. However, other M2 stimulants, such as IL-10, TGF-, and glucocorticoids (Zhang and
Wang (2014)), did not t neatly into this Th1/Th2 dichotomy, as they don't correspond to a
Th2 response. To address this complexity, M2 macrophages were further subdivided into specic
categories: M2a (induced by IL-4 and IL-13), M2b (induced by immune complexes and Toll-like
receptor (TLR) ligands or IL-1R), M2c (induced by IL-10 and glucocorticoids), and M2d (induced

by IL-6 and adenosine) (Gordon and Pleddemann (2019); Mackaness (1962)).
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The transmembrane scavenger receptor CD163 is exclusively expressed in monocytes (with low
expression) and macrophages (with high expression) (Kristiansen et al. (2001)). Its expression
Is upregulated by anti-in ammatory cytokines like IL-6 and IL-10, while in ammatory signals
such as IL-4, TNF-, IFN-, and LPS suppress CD163 expression (Etzerodt and Moestrup (2013)).
LPS can also trigger ADAM17, which mediates the shedding of CD163 from the cell surface,
resulting in the release of soluble CD163 (sCD163) into plasma and other tissue uids (M ller
(2012)). CD163 macrophages are linked to anti-in ammatory functions, as they are stimulated by
anti-in ammatory cytokines and contribute to the production of anti-in ammatory heme metabo-
lites through CD163-mediated hemoglobin scavenging. Additionally, CD163 has been reported to
bind and degrade the in ammatory cytokine tumor necrosis factor-like weak inducer of apoptosis
(TWEAK) (Liu et al. (2017)), as well as to recognize bacteria (Fabriek et al. (2009)) and me-
diate a local immune response, including the internalization of viruses (Burkard et al. (2017)).
While CD163 is commonly used as a marker for M2 macrophages, it appears that only a specic
subpopulation of M2 macrophages are CD163 suggesting that this receptor de nes a distinct
subpopulation of macrophages rather than being universally expressed across all M2 macrophages
(Barros et al. (2013)).

Soluble CD163 (sCD163) is a marker of macrophage activation (M ller (2012)) and has been
associated with several in ammatory diseases, including atherosclerosis (Aristoteli et al. (2006);
Moreno et al. (2009)), hemophagocytic lymphohistiocytosis (Cui et al. (2019); Nishino et al. (2019);
Sakumura et al. (2018)) , and diabetes mellitus (Llaurado et al. (2012); M ller et al. (2011)). In
diabetes, sCD163 is linked to complications such as diabetic polyneuropathy (Kallestrup et al.
(2015)), diabetic ketoacidosis (Svart et al. (2019)), and proliferative diabetic retinopathy (Abu
El-Asrar et al. (2020); Kobayashi et al. (2015)). A recent review also highlighted sCD163 as a

potential biomarker for both acute and chronic liver disease, with levels correlating to disease
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severity (Nielsen et al. (2020)). Interestingly, long-term physical activity increases sCD163 levels,
possibly re ecting a counteractive role of CD163 macrophages in mitigating exercise-induced
pro-in ammatory e ects (Schenbauer et al. (2020)).

Beyond serum and plasma, sCD163 has been detected in other tissue uids. In rheumatoid
arthritis and spondyloarthropathy, sCD163 is elevated in synovial uid and correlates with disease
activity and progression (Baeten et al. (2004); Greisen et al. (2011)). Elevated sCD163 has also
been observed in sputum, urine, cerebrospinal uid, and vitreous uid, where it is associated with
disease activity and treatment responses in asthma (Kowal et al. (2014); Zhi et al. (2018)), lupus
nephritis (Mejia-Vilet et al. (2020); Zhang et al. (2020)), multiple sclerosis (Stilund et al. (2014)),
and proliferative diabetic retinopathy (Kobayashi et al. (2015); Stilund et al. (2014)), respectively.

Additionally, CD163 has commonly been used as a marker to identify tumor-associated macrophages
(TAMS) in various malignancies. High levels of CD163-expressing TAMs have been linked to poor
prognosis, reduced overall survival, and increased metastasis in several cancers. Although the
exact mechanisms are not fully understood, it is hypothesized that the strong anti-in ammatory
environment within aggressive tumors may contribute to this association.

Moreover, CD163 macrophages have been shown to play an angiogenic role in the vascular
system, a function observed in both cancer and atherosclerosis (Guo et al. (2018)). In tumors,
these macrophages may promote tissue oxygenation and nutrient supply, thus supporting tumor
growth and metastasis. For example, in gastric cancer, CDI63AMs are signi cantly correlated
with higher microvessel density and poorer overall survival, suggesting that their angiogenic and
Immunosuppressive roles may drive tumor progression (Park et al. (2016)).

In a comparative study of 13 human malignancies, Jung et al. (Jung et al. (2015)) found
that pancreatic, lung, and gallbladder cancers had the highest levels of CD168imor-associated

macrophages (TAMs), correlating with the shortest ve-year relative survival rates. Interestingly,

38



the expression of CD163 is not limited to TAMs; some malignant cells themselves express CD163,
likely as a result of cell fusion (Maniecki et al. (2012); Manjunath et al. (2020); Shabo and Svanvik
(2011); Shabo et al. (2020)). This CD163 expression on tumor cells has been linked to a more
invasive and metastatic phenotype, which worsens prognosis, as observed in cancers such as bladder
(Maniecki et al. (2012)), breast (Garvin et al. (2018); Shabo et al. (2015, 2008)), and colorectal
cancer (Shabo et al. (2014, 2009)).

M1-like macrophages, which express the marker CD68, are known to produce free radicals,
such as reactive oxygen species (ROS) and nitrogen species. These free radicals can induce DNA
damage in tumor cells, potentially contributing to their tumoricidal activity (Murray and Wynn
(2011a)). This characteristic allows M1-like macrophages to play a role in the immune system's

response against tumors by directly targeting and damaging cancer cells.

1.13 Conclusion of Macrophages' Role in Immunosurveillance

Macrophages are vital components of the immune system, but their signi cance extends beyond
defense; they also play an essential role in development and maintaining homeostasis. Although
they begin with a relatively uniform gene expression pro le during embryogenesis, macrophages
progressively adapt to perform specialized functions in various tissues. This functional diver-
sity challenges the notion of macrophages being classi ed as a single cell type. Despite their
specialization across di erent environments, macrophages exhibit remarkable plasticity, maintain-
ing a exible and adaptable identity. Monocyte-derived macrophages add further complexity by
functionally replacing embryo-derived macrophages, although they retain a lower threshold for in-
ammatory activation and do not fully assume the reparative roles of tissue-resident macrophages.
There remains much to uncover about the origin and maintenance of tissue-resident macrophages,

particularly their reparative properties, which diminish with age, and the reasons why monocyte-
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derived macrophages lack equivalent regenerative capabilities. Understanding these di erences
holds potential for therapeutic strategies that harness the diverse functions of macrophages in

treating various diseases.

1.14 Aim of Study

This study aimed to investigate not only the demographic pro les, clinical presentations, and sur-
gical outcomes of patients with pleomorphic adenomas but also to examine the prevalence and po-
larization of tumor-associated macrophages (TAMs) within these tumors. Speci cally, we assessed
the polarization of TAMs into M1 and M2 subtypes|where M1 macrophages are typically asso-
ciated with pro-in ammatory and tumoricidal functions, and M2 macrophages with tissue repair
and tumor-promoting activities. We then analyzed the associations between these macrophage
subtypes and key epidemiologic and clinical variables, including patient demographics, clinical
characteristics, postoperative complications, and tumor recurrence rates.

Understanding the distribution and behavior of TAMs within the tumor microenvironment
of pleomorphic adenomas may yield new insights into the pathophysiology of this rare tumor
type. By examining correlations and patterns in TAMs subtype prevalence and their potential
prognostic signi cance, this study seeks to identify biomarkers that could enhance risk strati cation
and inform therapeutic approaches. This comprehensive approach not only contributes valuable
epidemiologic data to the existing literature on parotid tumors but also advances our understanding
of how the immune landscape within these tumors may in uence patient outcomes, potentially

guiding targeted interventions and improving prognostic assessment in this population.
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2 Materials and Methods

2.1 Sample size, Patient selection, and Study Population

This study was approved by the Institutional Review Board at Hygeia Hospital, Athens (protocol
#68815). In this retrospective cohort study we aimed to analyze patients who underwent surgical
removal of head and neck tumors at the Department of Plastic Surgery, Hygeia Hospital, Athens,
Greece, from 2009 to 2021. Over this 12-year period, a total of 132 patients with various head
and neck pathologies were identi ed. Our study initially identi ed 49 patients with pleomorphic
adenoma of the parotid gland who had undergone surgical removal of the tumor. Given the need
for strict adherence to bioethical standards, particularly regarding patient consent, we followed a
multi-step process to ensure compliance with both national guidelines and international protocols,
such as the Declaration of Helsinki, which governs ethical principles for research involving human
subjects (Goodyear et al. (2007)).

After identifying the eligible patients, we initiated a thorough informed consent procedure.
This began with an initial phone interview, during which we provided patients with detailed
information about the study's purpose, methods, and potential risks and bene ts, ensuring that
they fully understood their role in the research and their rights to privacy and data protection.
Following this, patients were mailed a formal consent package, including an agreement statement,
outlining their rights to withdraw at any stage, the con dentiality of their health data, and the
handling of their tissue samples for scienti ¢ analysis (Mitani and Haneuse (2020)).

Despite an initial sample of 49 patients, after this meticulous informed consent process, we
obtained full approval from 19 individuals who completed and returned the necessary documenta-
tion. This reduction in sample size is not uncommon in retrospective cohort studies, particularly

those involving rare conditions and the need for explicit patient consent for tissue handling and
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analysis.

From an epidemiological perspective, this sample size (n=19) still holds value, as pleomorphic
adenomas are a relatively rare entity, with an incidence rate of approximately 1 in 100,000 in-
dividuals (Andersen et al. (2019); Barnes (2005)). Although our nal sample size is small, it is
statistically signi cant within the context of studying rare diseases. Rare disease research often
grapples with small populations due to the low incidence and prevalence rates, but rigorous consent
and ethical standards are paramount to ensure patient autonomy, dignity, and safety. Additionally,
the challenge of small sample sizes requires careful consideration of statistical power and study
design to draw meaningful conclusions from the data.

Given the rarity of pleomorphic adenomas, the 19 cases within our study population re ect a
substantial cohort when considering the overall population incidence. Extrapolating from this, our
sample corresponds to an estimated population base of approximately 2 million people, reinforcing
the value of this dataset in providing insight into the clinical characteristics and outcomes of this

uncommon tumor.

2.2 Surgical and Pathological Specimen Collection

All pleomorphic adenomas included in this study were excised via super cial parotidectomy with
preservation of the facial nerve. The surgical approach was designed to achieve disease-free margins,
and this was con rmed through intraoperative assessment and postoperative histopathological
evaluation. The pathological analysis veri ed that all tumors were excised with healthy margins,

ensuring no residual disease in the resection sites.
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2.3 Immunohistochemistry - General Principles

Immunohistochemistry (IHC) is a widely utilized ancillary technique in anatomic surgical pathol-
ogy, primarily for cell classi cation and diagnostic purposes. This method employs antibodies
that are specic to certain antigens within tissues and cells, aiding in the identi cation of cell
types and the determination of their tissue or organ origin. IHC is most commonly performed
on formalin- xed para n-embedded (FFPE) tissue, which o ers the advantage of easy long-term
storage. While FFPE is the standard, IHC was originally developed using frozen tissue sections
and can also be performed on plastic-embedded tissue, allowing exibility in various research and
clinical contexts (Coons et al. (1941); Taylor (2014)).

In our study, we employed quantitative immunohistochemistry (qIMH) to analyze tissue sam-
ples, allowing for a detailed examination of immunohistochemical reactivity.

The sequential steps in immunohistochemistry (IHC) can be summarized as follows:

Antigen Retrieval (AR): This initial step involves pretreating the tissue to unmask antigens
that may have been masked by the xation process (usually formalin). This enhances the
accessibility of the antigens, enabling e ective binding of the primary antibody (Cregger et al.
(2006)).This technique, rst described by Shi et al., has signi cantly increased the sensitivity
of immunohistochemistry (IHC), making it possible to detect antigens that were previously
undetectable due to masking during tissue xation. This improvement in antigen retrieval
has greatly expanded the application of IHC in diagnostic pathology, enabling more accurate
identi cation of cell types, disease markers, and molecular signatures across a wide range
of tissues and conditions (Shi et al. (1991, 2011)). There are various methods of antigen
retrieval, each tailored to speci c target antigens and antibodies. These methods generally

work by breaking protein cross-links that are introduced during xation, such as those caused

43



by formalin, to expose the epitopes for antibody binding. The retrieval process can be
achieved through physical or chemical means. Physical treatments include heat application
and ultrasound, while chemical methods involve enzyme digestion or denaturant treatment.
Often, these methods are combined, such as using chemical treatments along with heat
for enhanced antigen unmasking. Currently, the most widely used method is heat-induced
antigen retrieval (HIAR) (D'Amico et al. (2009)), which involves the application of heat
via microwave ovens, pressure cookers, autoclaves, or water baths to reverse xation-related
cross-linking. HIAR has become the preferred approach due to its e ectiveness in preserving

tissue morphology while enhancing antigen availability for antibody binding.

Primary Antibody Addition: Once antigen retrieval is complete, a speci ¢ primary antibody
is applied to the tissue section. This antibody is designed to recognize and bind directly to

the antigen of interest within the tissue.

Secondary Antibody Application: A secondary antibody, which recognizes and binds to the
primary antibody, is then added. This antibody is typically conjugated to an enzyme or a

uorescent marker to allow for signal ampli cation and detection.

Detection Reagent Addition: A detection reagent (often a substrate for the enzyme attached
to the secondary antibody) is added. This generates a visible signal, such as a colorimetric
or uorescent reaction, which helps localize the primary antibody binding sites in the tissue,
allowing for visualization under a microscope. There are various labels that can be used,
such as uorescent molecules (that require a uorescence microscope) and enzymes such
as horseradish peroxidase or alkaline phosphatase which produce a colored product after

incubation with a chromogenic substrate such as diaminobenzidine (DAB) (Taylor (2014)).
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2.4 Quality Control in Immunohistochemistry

Quality control is essential in immunohistochemistry (IHC) to ensure reliable and accurate results.
This involves using both positive and negative controls with each experimental run. Positive
controls consist of tissues known to express the target antigen, stained with a speci ¢ antibody
to con rm that the staining process is working correctly. ldeally, the control tissue should be
placed on the same slide as the sample to ensure that both undergo identical reaction conditions,
enhancing comparability.

Negative controls, on the other hand, are designed to rule out nonspeci ¢ binding of the sec-
ondary antibody, which could result in false positives. This is achieved by subjecting the sample
tissue to the same staining protocol, minus the primary antibody, or by using a non-immune
immunoglobulin from the same species as the primary antibody. The absence of staining in the
negative control con rms that any positive signal in the experimental sample is specic to the
antigen-antibody interaction.

False positives or false negatives in IHC can result not only from issues within the IHC technique
itself but also from other factors such as tissue preparation, xation, antigen retrieval, and antibody
quality. Therefore, meticulous adherence to quality control procedures is essential to minimize

errors and ensure accurate interpretation of the staining results (Taylor (2014)).

2.5 Tissue Handling and Immunohistochemistry Stages
2.5.1 Slide Preparation

Cool blocks on ice or in a refrigerator at 4C and section at a thickness of 4{um (thickness
will vary depending on type of tissue, e.g. brain tissue is usually cut thicker compared to

other types of tissue) and mount on adhesion treated slides.
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Allow freshly cut para n sections to dry overnight or for at least several hours.

Place slides in a 68C oven for at least 2 hours (or overnight ideally).

2.5.2 Depara nization and Rehydration Using Standard Methods (protocol below)

Immerse slides in 3 washes of xylene, each for 10 min for a total of 30 minutes (change

solutions after they have been used for approximately 30 slides).

Dip slides (approximately 15 dips each) in graded alcohols sequentially from 100%, 100%,

80%, to 70%.

Immerse in two changes of deionized water.

Let sit in deionized water for 5 min (slides can remain in deionized water for up to 30

minutes).

2.5.3 Antigen Retrieval

In our methodology, we employed heat-induced antigen retrieval (HIAR) to restore antigenicity in
tissue samples. HIAR is widely regarded as a superior method compared to enzymatic retrieval
techniques, particularly when using a microwave oven or a pressure cooker, both of which o er a
higher success rate in recovering masked antigens after formalin xation.

We utilized HIAR with a microwave oven for our experiments. This technique is e ective due
to its ability to break protein cross-links formed during xation, thereby exposing the antigenic
sites and facilitating antibody binding. Below, we provide the detailed protocol used for HIAR
with a microwave oven.

Microwave Oven
Place depara nized and rehydrated slides in 3% hydrogen peroxide for 5 minutes.
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Wash slides with deionized water for 5 minutes.

Place slides in retrieval bu er (such as 1QuM citrate) and heat in the microwave at 100°C

for 5 to 10 minutes. Make sure the bu er level is adequate throughout the heating process.

Cool slides for 15 minutes at room temperature.

Wash slides with deionized water twice.

Wash slides in phosphate bu ered saline for 5 minutes.

2.5.4 Blocking Endogenous Peroxidase

Immerse slides in 3% hydrogen peroxide solution in Coplin jar for 5 minutes (can also use a

ready-to-use peroxidase blocking solution).

Rinse in 3 changes of 0.1% TBS-Tween.

2.5.5 Blocking with Serum or Universal Blocking Bu er (e.g. Biocare Background

Sniper) to Decrease Background Staining

Prepare diluted solutions of appropriate antibodies (Note: should spin down the antibodies

for approximately 3 seconds in small centrifuge prior to diluting)

Vortex the prepared antibodies for 2 seconds. Place iri@ until application.

Dry slide around the tissue using a kimwipe and using a hydrophobic pen (e.g. Dako Pap

Pen) draw a barrier around the tissue leaving some space between the tissue and barrier.

Each slide should get one quick dip in 0.1% TBS-Tween immediately after pap- penning.
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A

Apply 3{5 drops of blocking bu er to each slide for 15 minutes in trays containing deionized

water (close tray as soon as it is applied).

Rinse o blocking bu er with 0.1% TBS-Tween.

2.5.6 Antibody Application

A

The concentration of antibody that will provide the strongest staining of the target antigen
and lowest background staining must be determined by serial dilutions of a concentrated
antibody. Generally, it is easiest to start with the dilution recommended by the manufacturer
with one dilution above and one dilution below it. For example, if the recommended dilution
is 1:400, then testing serial dilutions of 1:200, 1:400, and 1:800 is likely to show optimal signal

to background staining on one of the dilutions.

Apply 200 ul of diluted primary antibody to slides and incubate at room temperature for 80
minutes (or time optimized for speci ¢ antibody) (Note: can also incubate primary antibody

overnight at 4°C and resume at next step).

Wash in 3 changes of 0.1% TBS-Tween using a di erent staining dish for each wash (leave

in each dish for 3 minutes for a total of 9 minutes washing).

Apply species speci ¢ secondary antibody onto slides according to manufacturer speci ca-

tions.

Wash in 3 changes of 0.1% TBS-Tween using a di erent staining dish for each wash (leave

in each dish for 5 minutes for a total of 15 minutes washing).
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2.5.7 Chromogen Application

Prepare NovaRED Chromogen (Vector Laboratories) or other chromogen depending on de-

tection system according to manufacturer speci cations.

Remove slides from 0.1% TBS-Tween and quickly pipette 3{5 drops NovaRED Chromogen

onto slide to entirely cover the tissue.

Incubate 6.5 minutes, using shorter incubations times if background staining is too high
or longer incubation times of up to 2 minutes longer depending on the age of the tissue,

antibody, or chromogen.

Immerse in 3 changes of deionized water or until water is clear, then let sit in deionized water

for 3 minutes.

2.5.8 Counterstaining, Dehydration, Clearing, and Mounting

Place slides in hematoxylin for 30 seconds.

Rinse in multiple changes of distilled water until clear and then let sit in distilled water for

2 minutes.

Incubate in Tacha's Bluing solution for 1.5 minutes.

Rinse in multiple changes of distilled water until clear and then let sit in distilled water for

2 minutes.

Oven dry for 10{15 minutes.

Immerse in 3 washes of Xylene (for 5 minutes each).

Mount in permount and coverslip.
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2.5.9

Important Notes in the Immunohistochemistry Process

Proper xation is crucial for ensuring optimal immunohistochemical (IHC) staining results.
Fixation for an inadequate duration, such as less than 12 hours, may result in under- xation,
while xation exceeding 48 hours can lead to over- xation. Both scenarios can cause false-
negative results or weak staining due to improper preservation of tissue structure and anti-
genicity. Additionally, care must be taken to avoid sampling necrotic areas, as these regions

can either stain nonspeci cally or fail to stain altogether (Taylor (2014)).

Another factor that can a ect antigen preservation is the use of a decalci cation procedure,
which is often required for bone samples. Decalcifying agents may degrade certain antigens,
leading to potential false negatives. Thus, alternative approaches or antigen retrieval methods

should be carefully considered when working with decalci ed tissues (Lin and Chen (2014)).

Drying out of tissue, air bubbles in the reagents, or incomplete dehydration during the pro-
cessing step can lead to false negative results. Expired reagents and reagents not stored
properly will also cause false negativity. Ensure that reagents are fresh and check for com-

patibility with other reagents when used together (Taylor (2014)).

Incorporating a blocking step using nonimmune serum from the same animal species as the
secondary antibody will help reduce false positive staining caused by nonspeci c protein

binding (Taylor (2014)).

A too high concentration or too long incubation time of the antibody or chromogen may also
result in false positive or excessive background staining. Conversely, a too dilute concentra-

tion or too short of an incubation time may cause false negatives (Magaki et al. (2019)).

Too thick tissue sections may cause an artifactual increase in staining or even a false positive;
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it is recommended to cut sections at 4m for most tissues (Taylor (2014)).

False negative staining is more common than false positive staining, and it is crucial to

examine both positive and negative controls, preferably internal (Lin and Chen (2014)).

2.6 Antibody Speci cations and Staining Protocols for Immunohisto-
chemistry Analysis

During immunohistochemistry procedures, the following solutions and kits were used:

Ethanol solutions (96% and 100%)
Xylene solution
Antibody Diluent solution (Dako)
H,0, peroxide blocking solution

" Wash Buer
EnVision— FLEX Kit, High pH (Dako)

" 1 VIEW DAB DETECTION Kit (Ventana)
EnVision— FLEX HRP MAGENTA CHROMOGEN solution (Dako)

The concentration, incubation time, and temperature of the antibody are closely interrelated
parameters. The primary monoclonal (mouse monoclonal) and polyclonal antibodies used in this
study, along with their source, clone, incubation time, and dilutions, are presented in the ta-
ble provided. The secondary antibody was supplied as part of the Envision Kit, ready for use

(Biotinylated Goat Anti-Polyvalent, Envision Kit, ready to use).
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Staining Protocol:  Cells marked by Anti-CD68 antibodies (using alkaline phosphatase as
the chromogen) exhibited red cytoplasmic staining, while Anti-CD163 marked cells showed brown
cytoplasmic staining, using DAB (3,3-diaminobenzidine) as the chromogen.

The primary antibody, NCL-L-CD163 from Leica Biosystems, was used at a 1:50 dilution with
BOND Primary Antibody Diluent and stained with DAB-chromogen for a brown color. The second
antibody, Monoclonal Mouse Anti-Human CD68, clone KP1 from Dako, was applied at a 1:5000
dilution with the same diluent and was stained with the EnVision FLEX HRP Magenta Substrate
Chromogen System (Dako Omnis) to produce a red color.

The following table outlines the steps involved in the immunohistochemistry protocol, detailing
each step, the reagent used, and the required time for each phase. This protocol is designed
to ensure precise staining and accurate visualization of target antigens. Each step, including
necessary rinses and blocking procedures, is carefully timed to optimize antibody binding and
signal detection. The reagents and timing guidelines are speci ed to maintain consistency across

samples and improve the reliability of results.
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Table 1: Extended Protocol Table for Immunohistochemistry

Step Reagent Time (minutes)
Rinse Buer 0
Endogenous Enzyme Block FLEX Peroxidase Block 5
Rinse Buer 0
Primary Antibody CD163 30
Rinse Buer 0
Secondary Reagent FLEX+Mouse (LINKER) 15
Rinse Buer 0
Labeled Polymer FLEX/HRP 20
Rinse Buer 0
Rinse Buer 5
Substrate-Chromogen FLEX DAB+ Sub Chromo 7
Rinse Buer 0
Rinse Buer 5
Endogenous Enzyme Block FLEX Peroxidase Block 5
Rinse Buer 0
Primary Antibody CD68 Kpl 30
Rinse Buer 0
Rinse Bu er 0
Labeled Polymer FLEX/HRP 20
Rinse Buer 0
Rinse Buer 5
Substrate-Chromogen Magenta 7
Rinse Buer 0
Rinse D.W. (Distilled Water) 5
Rinse Buer 0
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2.7 Quanti cation Immunohistochemistry

The assessment of immunohistochemical reactivity can be approached with varying degrees of
precision, ranging from meticulous quantitative counting to more subjective visual estimation,
often referred to as the \quick eye-ball" method (Walker (2006)).

In a rigorous analysis, quanti cation may involve counting up to 1,000 cells to determine the
percentage of positively stained cells, thereby providing a statistically signi cant representation of
the reactivity within the sample. Alternatively, the evaluation can include counting the number
of positive cells observed within a predetermined number of high-power elds (HPF), typically
focusing on 10 HPFs (Walker (2006)). This approach allows for a comprehensive assessment of
reactivity across the tissue section while considering spatial variations in antigen expression.

In our study, we employed quantitative immunohistochemistry (qIMH) to measure CD163and
CD68" cells, focusing on their presence within para n-embedded tissues. Speci cally, we assessed
the extent of reactivity by counting the number of positively stained cells in 10 high-power elds
(HPFs). This method allowed us to evaluate the density and distribution of these macrophage
subtypes, o ering valuable insights into their potential roles in the tumor microenvironment. By
utilizing this approach, we aimed to generate reliable, quanti able data that contributes to our
understanding of macrophage involvement in pleomorphic adenomas. By utilizing qIMH, we aim
to not only characterize the expression patterns of speci ¢ markers but also to establish potential
associations with patient demographics, clinical characteristics, and outcomes. This methodology
is pivotal in elucidating the complex interplay of cellular components within the tumor microen-
vironment and contributes to a more re ned understanding of the pathophysiology underlying

various conditions.
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2.8 Statistical Analysis

Statistical analysis was performed using R version 3.3.2 (R Core Team, GNU GPL v2 License).
We report the median and interquartile range for continuous and pseudo-continuous variables. We
report the frequency in count and percentage of each value for categorical variables. Pearsof's
test was used to compare categorical variables. The Student t-test was used for continuous and
pseudo-continuous variables. Statistical signi cance was set at a p-value of0.05; all the tests
were two-sided. This study was approved by the Institutional Review Board at Hygeia Hospital,

Athens (protocol #68815).

3 Results

3.1 Patient Demographics, Sample Characteristics

In this study, a total of 19 patients with pleomorphic adenomas of the parotid gland were analyzed.
The cohort consisted predominantly of female patients, accounting for 84% of the sample (n=16),
while males represented 16% (n=3). The mean age of the patients was 49.9 years (95% CI. 47.4,
52.5) (Table 2).

When comparing patients with and without tumor recurrence, certain demographic and clinical
trends emerged. All patients who experienced recurrence were female (100%), whereas among those
without recurrence, 81% were female and 19% were male. The average age of patients without
recurrence was 48.8 years (95% CI: 45.8, 51.7), slightly lower than the 47.9 years (95% CI: 36.5,
59.3) observed in the recurrence group (Table 2).

Lesion size also varied between these two groups. The mean lesion size in the non-recurrence

group was 25.7 mm (95% CI: 23.4, 28.0), while in the recurrence group, it was statistically signif-
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icantly smaller, with a mean of 19.0 mm (95% CI: 15.3, 22.7) (Table 2).

Table 2: Patient and Tumor Characteristics

All Without Recurrence With Recurrence

Gender

Male 3 (16%) 3 (19%) 0 (0.0%)

Female 16 (84%) 13 (81%) 3 (100.0%)
Continuous Variables: Mean (95% CI)

Age 49.9 (47.4, 52.5) 48.8 (45.8, 51.7) 47.9 (36.5, 59.3)

Lesion size (mm) 25.1(23.1, 27.2) 25.7 (23.4, 28.0) 19.0 (15.3, 22.7)

CD163 15.9 (11.3, 20.6) 16.7 (11.3, 22.0) 12.0 (5.6, 18.3)

CD68 4.2 (2.9,5.5) 45 (2.9, 6.0) 2.9 (1.9, 4.0)

CD68 + CD163 20.1 (15.4, 24.9) 21.1 (15.6, 26.6) 14.9 (9.6, 20.2)

CD68/CD163 0.4 (0.2, 0.6) 0.4 (0.2,0.7) 0.3 (0.1, 0.5)

Notes: The table summarizes demographic and clinical characteristics of patients with pleomorphic adenomas of the parotid gland. Gender
distribution shows a predominance of female patients (84%), with a smaller proportion of male patients (16%). The age range re ects a mean
age of 49.9 years, with 95% con dence intervals provided. Comparative analysis between recurrence and non-recurrence groups highlights key
di erences: all recurrence cases were observed in female patients, while the non-recurrence group included both female (81%) and male (19%)
patients. The mean age and lesion size were slightly lower in the recurrence group (mean age 47.9 years and mean lesion size 19.0 mm)
compared to the non-recurrence group (mean age 48.8 years, mean lesion size 25.7 mm). Con dence intervals (95% CI) are indicated for both

age and lesion size.

3.2 Macrophages Tumor In ltration

In this study, tumor-associated macrophages (TAMS) in ltration was quanti ed through the ex-
pression of CD163 and CD68 markers. The mean CD168ell count for the entire cohort was
15.9 (95% CI: 11.3, 20.6), while the mean CD®&8cell count was 4.2 (95% CI: 2.9, 5.5). CD163
and CD68 cells were measured in ten high-power elds (HPFs) from para n-embedded tissue
sections of pleomorphic adenomas (Table 2).

When strati ed by recurrence status, patients without recurrence showed higher levels of CD163

and CD68 expression. Speci cally, the mean CD163Xount in the non-recurrence group was 16.7
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(95% CI: 11.3, 22.0), and the mean CD68count was 4.5 (95% CI: 2.9, 6.0). In contrast, patients
who experienced recurrence had lower mean counts of CD1&hd CD68 cells, with values of
12.0 (95% CI: 5.6, 18.3) and 2.9 (95% CI: 1.9, 4.0), respectively (Table 2).

The combined expression of both markers (CD68CD163 ) was also assessed. The mean
combined count was 20.1 (95% CI: 15.4, 24.9) for the total cohort, with a mean value of 21.1
(95% CI: 15.6, 26.6) in patients without recurrence and 14.9 (95% CI: 9.6, 20.2) in patients with
recurrence (Table 2).

Additionally, the CD68* /CD163" ratio, which re ects the relative proportions of M1-like and
M2-like macrophages within the tumor microenvironment, was measured. The mean CD&8D163*
ratio for the entire cohort was 0.4 (95% CI: 0.2, 0.6). This ratio remained consistent between the
two groups, with a value of 0.4 (95% CI: 0.2, 0.7) in the non-recurrence group and 0.3 (95% CI:

0.1, 0.5) in the recurrence group (Table 2).
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Figure 9: Dual immunohistochemistry stain of a pleomorphic adenoma specimen. The staining
highlights the macrophage population using two speci ¢ markers: CD68 (red color) and CD163 (brown
color). The presence of CD68 indicates the total macrophage population, while CD163 highlights the M2
macrophage subset, typically associated with an immunosuppressive tumor microenvironment. The

distinct red and brown colors di erentiate the macrophage populations, providing insights into the

tumor's immune landscape. Original magni cation (200x) .
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Figure 10: Dual immunohistochemistry stain of a pleomorphic adenoma specimen showing macrophage

populations. The staining uses CD68 (red color) to identify general macrophage in Itration and CD163
(brown color) to highlight the M2 macrophage subset, which is associated with an immunosuppressive

tumor microenvironment. The higher magni cation (400x) provides detailed visualization of the cellular

distribution and marker expression within the tumor stroma. Original magni cation 400x .

3.3 CD163 " and CD68 * Expression in Tumor Microenvironment

The histograms of CD163 (Figure 11) and CD68 (Figure 12) highlight distinct expression patterns

of these macrophage markers in pleomorphic adenomas. CD163 expression exhibits a broader
distribution, with a signi cant proportion of cases presenting in the 5 to 25 range, while CD68 is
skewed towards lower values, with the majority of samples clustered below 10. This suggests a
potentially higher overall expression of CD163-positive macrophages compared to CD68-positive

macrophages within the tumor microenvironment.
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Figure 11: Histogram of CD163 expression levels across the patient cohort. CD163 is a
marker associated with M2-like tumor-associated macrophages (TAMs), which are typically linked
to tissue repair and pro-tumorigenic functions within the tumor microenvironment. The x-axis
represents the mean number of CD163cells observed across all 10 high-power elds (HPFs) per
patient, providing a quantitative measure of TAM in ltration within the tumor tissue. The y-
axis represents the percentage of patients in our cohort, indicating the proportion of cases with
speci c levels of CD163 cell in Itration. This visualization highlights the variation in TAM in |-
tration across the cohort and provides insight into the immunological heterogeneity of pleomorphic

adenomas.
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Figure 12: Histogram of CD68 expression levels among the patient cohort. CD68 is a marker
for macrophages, including both M1 and M2 subtypes, and its expression provides a general
measure of macrophage in Itration within tumor tissues. The x-axis represents the mean number
of CD68" cells observed across all 10 high-power elds (HPFs) examined per patient, providing a
guantitative measure of overall macrophage presence in the tumor microenvironment. The y-axis
represents the percentage of patients in our cohort, indicating the proportion of cases with specic
levels of CD68 cell in Itration. This distribution o ers insights into the variability of immune

cell presence across the cohort and its potential implications for tumor behavior.
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3.4 CD163 " and CD68 * Combined Expression

When combining the expression of CD163 and CD68 (Figure 13), the histogram demonstrates
that the distribution becomes slightly more evenly spread, but still concentrated around the lower
range, with most values between 10 and 25. The relative skewness in the data suggests that the
combined macrophage in Itration levels, while somewhat heterogeneous, are predominantly low in

the majority of cases.
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Figure 13: Histogram of CD163 +CD68" expression levels across the patient cohort. This
histogram displays the combined expression levels of CD16&8nd CD68 , providing insight into
the overall density of tumor-associated macrophages (TAMs) within the tumor microenvironment.
CD163 +CD68* cells represent a subset of macrophages with both M2-like (CDX§3and gen-
eral macrophage (CD68) characteristics, potentially re ecting a cumulative TAM presence. The
x-axis represents the mean total number of CD163and CD68 cells observed across all 10 high-
power elds (HPFs) examined per patient, o ering a combined quantitative measure of macrophage
in Itration. The y-axis represents the percentage of patients in the cohort, indicating the propor-
tion of cases with speci c levels of combined TAM in Itration. This combined metric allows for a
broader understanding of macrophage density and the immune landscape surrounding the tumors,

facilitating a comprehensive analysis of the tumor microenvironment.

63



3.5 CD68 */CD163 * Ratio

The histogram of the CD68 /CD163" ratio (Figure 14) demonstrates a pronounced skew towards
lower values, with a signi cant clustering of cases at ratios below 0.5. This suggests that in most
tumor samples, the proportion of CD68-positive macrophages is much lower compared to CD163-
positive macrophages, further supporting the predominance of CDI63nacrophages in this tu-
mor type. This nding is consistent with the phenotype of alternatively activated macrophages
(M2-like), which are typically marked by CD163 expression and are known to play an immuno-

suppressive role in the tumor microenvironment.
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Figure 14: Histogram of CD68 /CD163" ratio across the patient cohort. This histogram
shows the distribution of the CD68/CD163" ratio, representing the balance between M2-like
(CD163") and general macrophage (CD68 populations within the tumor microenvironment.
The CD68 /CD163" ratio serves as an indicator of macrophage polarization, with lower values
potentially re ecting a greater prevalence of M2-like, immunosuppressive TAMs. The x-axis rep-
resents the mean CD68/CD163" ratio, calculated as the average ratio of CD68to CD163" cells
across all 10 high-power elds (HPFs) examined per patient. The y-axis represents the percentage
of patients in the cohort, indicating the distribution of this ratio across the study population. This
metric provides insight into the immunological composition of the tumor microenvironment and

may correlate with tumor progression and immune response characteristics.
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3.6 Correlation Between CD163 * and CD68 * Expression

Scatterplots assessing the relationship between CD163 and CD68 expression (Figure 15 and Figure
16) reveal no signi cant correlation between these markers, with Spearman's rho) (values of -
0.03 (p = 0.900) and 0.07 (p = 0.305) in smaller and larger datasets, respectively. These results
indicate that the expression levels of CD163 and CD68 within pleomorphic adenomas are largely
independent of each other, suggesting distinct macrophage populations or functional states in the

tumor microenvironment.

66



Figure 15: Scatterplot depicting the relationship between CD163 and CD68 expression
levels across the patient cohort. Each point represents an individual patient's mean CD16a&nd
CD68" expression levels, calculated as the average number of cells observed across all 10 high-
power elds (HPFs) examined for that patient. The x-axis indicates the mean number of CD163
cells, and the y-axis indicates the mean number of CD6&ells. A tted trend line illustrates the
direction and strength of the association between these markers. The scatterplot provides insights
into the correlation between CD163 and CD68 expression, potentially re ecting the balance
and interaction between M2-like (CD163) and general macrophage (CD69 populations within
the tumor microenvironment. Understanding this relationship may o er valuable perspectives on

macrophage polarization and its role in shaping the immune landscape and behavior of the tumors.
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Figure 16: Scatterplot representing the relationship between CD163and CD68 expression
levels across all analyzed elds for each patient. Each point corresponds to a specic eld's
CD163 and CD68 expression, with the expression levels referring to the actual absolute cell
counts identi ed in each high-power eld (HPF). This provides a detailed view of variability across
di erent regions within the tumor microenvironment. The tted line shows the overall trend in this
association, highlighting the potential correlation between the densities of M2-like (CD16B8and
general macrophage (CD69 populations across all sampled elds. This comprehensive approach
o0 ers a deeper insight into the spatial distribution and interaction of macrophage subtypes within

the tumor.

3.7 Relationship Between Lesion Size and Macrophage In ltration

Scatterplots examining the relationship between lesion size and the combined expression of CD163

and CD68 (Figure 17), as well as the ratio of CD68/CD163 (Figure 18), demonstrate no signi cant
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