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Abstract: Recent advances in immunology and histopathology have highlighted the 

critical role of stromal-immune cell interactions in shaping tissue-specific immune 
responses and influencing disease progression. Stromal cells, including fibroblasts, 
endothelial cells, and pericytes, once considered passive structural components, are now 
recognized as active players in immune regulation. Through direct cell-cell contact and the 
secretion of cytokines, chemokines, and extracellular matrix components, stromal cells 
orchestrate the recruitment, activation, and retention of immune cells within tissues. This 
dynamic interplay is essential for maintaining immune homeostasis but can also contribute 
to pathological outcomes in chronic inflammation, autoimmunity, fibrosis, and 
tumorigenesis. Histological studies using advanced staining techniques and tissue imaging 
have revealed distinct spatial patterns of stromal-immune interactions across different 
organs, highlighting their tissue-specific nature. For instance, cancer-associated fibroblasts 
(CAFs) in tumors create immunosuppressive microenvironments, while in autoimmune 
diseases like rheumatoid arthritis, stromal cells perpetuate inflammation by sustaining 
pathogenic immune cell niches. Understanding these cellular crosstalk mechanisms from 
a histological perspective allows for precise identification of key cellular players and their 
microenvironmental contexts. Moreover, targeting stromal components and their signaling 
pathways holds promise for novel therapeutic approaches that modulate local immunity 
without broadly suppressing systemic immune functions. This review emphasizes the 
importance of integrating histological insights with immunological research to uncover the complex network of stromal-immune 
interactions in health and disease. Such integration could lead to more accurate disease models and personalized treatment strategies 
tailored to the tissue-specific immune landscapes. 

Keywords: Stromal cells, Immune cell interactions, Tissue-specific immunity, Histological analysis, Disease progression, Tumor 
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Introduction to Stromal-Immune Cell 

Interactions 

Over the years, it has become increasingly clear that a 

complex, dynamic, and reciprocal network of cellular 

interactions, in which various cell types including stromal, 

immune, endothelial, and epithelial cells play prominent roles, is 

orchestrating tissue-specific immunity [1]. As the most abundant 

cell type in tissues, fibroblasts can sense the immediate 

environment and either initiate the immune response by 

producing inflammatory cytokines and chemokines or maintain 

tissue homeostasis by secreting immunosuppressive signals. 

Their dual roles are implicated in the pathogenesis of many 

human diseases including cancer and autoimmunity. Despite 

heightened interest, understanding of tissue-specific functional 

heterogeneities of fibroblasts remains limited [2]. As non-

hematopoietic cells, unlike hematopoietic cells, tissue-resident 
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fibroblasts arise at early embryonic stages from several distinct 

progenitor cell sources that are atypical among tissues. The 

subsequent morphogenetic and signaling cues in the different 

tissues define pertinent fibroblast populations that are crucial for 

organogenesis, tissue homeostasis, and stress responses [3]. 

The immune components interact with tissue-resident fibroblast 

populations during tissue development (initial phase), 

inflammation (immunogenic phase), and resolution 

(immunosuppressive phase) and shape the identities and 

functional profiles of fibroblasts in a number of ways [4,5]. 

The precise interactions between immune and stroma cells 

may involve several specific receptors, ligands, and effector 

molecules such as cytokines or chemokines. If this can be 

deciphered at single-cell resolution, with as many tissues or 

conditions as possible, it may ultimately lay the foundation for the 

exploration of drug targets. Investigating the emerging roles of 

stroma-immune cell interactions in tissue-specific immunity and 
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disease progression across major organ systems would be a 

valuable endeavor [6]. To achieve this, interdisciplinary 

collaborations among different disciplines—such as 

immunology, chemistry, bioimaging, biomedical engineering, 

and artificial intelligence—may be particularly important [7,8]. A 

more sophisticated and innovative approach is essential to 

understand the complexities of immune-stroma cell interactions 

in tissue homeostasis and its dysregulation in disease settings. 

The need for diverse cellular model systems that can faithfully 

recapitulate tissue microenvironments in vivo or ex vivo is 

obvious at this point [9]. 

Histological Techniques in Immunology 

The emerging field of 'histological immunology,' the 

application of advanced tissue histology techniques and tools to 

the study of immunity and immunology, has seen a renaissance 

over the past decade with young faculty providing new 

perspectives, technical advances, and compelling models. In this 

review, a conceptual overview of tissue histology as relevant to 

immune studies is provided, with an emphasis on practical 

approaches and pitfalls for those interested in applying 

histological techniques [10]. In addition, a sampling of recent 

advances in each general approach—tissue histology, imaging, 

and systems histology—is presented to illustrate the scope of the 

current 'golden age' of histological immunology. As emerging 

histological immunology techniques are applied in new systems, 

a wealth of details relevant to immune system function will be 

revealed [11,12]. It has become easier than ever to visualize 

tissues and the cells within them using methods ranging from 

classic staining protocols to new molecular imaging techniques. 

For many years, the demonstration of the presence of cells 

reactive for specific immune markers has been used as 

convincing evidence for the involvement of particular tissues or 

cellular populations in immunity [13,14]. Systemic immunity 

studies have been aided by advances in flow cytometry and 

FACS, which allow rapid quantification and obtaining of 

functional reagents against rare subpopulations, especially in 

blood. However, flow and cell suspension assays have 

limitations. For tissues and interactions spanning greater spatial 

scales than flow cytometry allows, scrutiny of the resident 

immune cells and/or pathogens in situ is more informative [15]. 

By analyzing the same tissue or cellular materials with 

complementary methods, the many phenomena and factors 

directing system vascularization, cellular recruitment, and 

immune function through time and space can be 

comprehensively assessed and modeled, yielding greater 

understanding and predictive power [16,17]. More tissues can be 

detected by different CD markers, are summarized in table 1. 

Table (1): Quantification of immune cells in tissue samples. 

Tissue type CD markers Purpose References 

Lymph node 
CD_3, 
CD_20 

Lymphoma 
detection 

]18 [ 

Spleen CD_4, CD_8 
Retention and 
equilibrium in 

lymphoid tissue 
]19 [ 

Gut 
Associated 
Lymphoid 

Tissue 

CD_3, 
CD_4, 

CD_8, Bu_1, 
TCRγδ 

Immune cell 
composition 

]20 [ 

Lymphoid 
tissue in the 

small 
intestine 

RORγ 

Homeostasis of 
the mucosal 

immune system’s 
function 

]21 [ 

Lymphoid 
tissue 

CD4IFNγ 
Chronic HIV 

infection 
]22 [ 

The Immune Microenvironment 

The tumor microenvironment (TME) is largely composed of 

non-tumor cells, including a myriad of immune cells with pro- and 

anti-tumorigenic behaviors. In fact, most cell types in the TME 

are not tumor cells, and these stromal components also undergo 

a variety of cellular changes and may possess diverse physical 

or chemical functions [23]. These tumor-associated cell types 

arguably convey pathology-inducing characteristics and thus 

ascribe multifaceted regulatory functions on tumor cells [1]. 

Stromal cells are categorized into three major cell types: cancer-

associated fibroblasts (CAFs), immune cells, and endothelial 

cells. The TME is thus composed of tissue-resident or -infiltrating 

stromal cells, recruited immune cells, and tissue architecture-

supporting endothelial cells (ECs) [24,25]. Each stromal 

component either directly or indirectly influences tumor 

development and progression in a variety of ways from the 

initiation of tumorigenesis. Interest in tumor-associated 

fibroblasts began as an offshoot of a long-standing interest in the 

secretion of extracellular matrix (ECM) proteins to fulfill tumor-

stimulating or inhibiting activities [26]. The secretion of growth 

factors or cytokines to influence tumor growth or progression, 

respectively, is a well-explored topic area. Stromal signaling to 

immortalize normal epithelial cells is also a well-studied field of 

investigation to uncover the early events in tumorigenesis [27]. 

Immune components of the TME have received increased 

and more prominent attention. This attention came about due to 

the successful demonstration of therapeutic efficacy with 

checkpoint inhibitor-based immunotherapy at the early stage of 

clinical application. Prior to this successful demonstration, most 

basic research on immune-oriented tumor biology had been 

devoted to the question of how tumor cells escape from immune 

surveillance or education. In contrast, the immune standpoint of 

TME research has become very popular and will likely expand 

broadly over the course of time [28,29]. In addition to immune 

cell types, non-immune cell types within the stroma have been 

overlooked, and thus substantially less is known about their 

contribution to the TME [30]. Nonetheless, the investigation of 

these relatively novel cell types and their functional roles is still 

at its infancy stage. Many stromal components likely work 

concertedly to shape a permissive TME for immune escape and 

tumor progression [31,32]. Thus, major unanswered questions 

remain regarding the collaborative interplay within the triad of 

tumor cells, immune cells, and non-immune stroma, and how this 

interplay is altered in terms of structure, heterogeneity, function, 

and spatiotemporal context during the progression of cancer 

[33]. 

Stromal Cells: Types and Functions 

Stromal cells are a heterogeneous tissue-resident cell 

population which comprises the major components of the stroma 

in tissues and organs. While anatomy varies, stromal cells often 

include specialized cells such as endothelial cells, smooth 

muscle cells, fibroblasts, pericytes, immune cells, and 

mesenchymal stem cells, as well as the extracellular matrix 

(ECM) [34] (fig. 1). They are specialized for tissue health, 

homeostasis, and repair. The dominant stromal cell type of many 

tissues, interstitial fibroblasts, and their derived myofibroblasts 

are crucial mediators of tissue health and disease [35]. For 

example, fibroblasts are critical for maintaining normal 

architecture and function of skin, heart, and lung. They provide 

signals which promote epithelial differentiation and organization, 



 

3 
An - Najah Univ. J. Res. (N. Sc.) Vol. ××××         Published: An-Najah National University, Nablus, Palestine. 

and secrete the ECM, the structural scaffold for tissues and the 

microenvironment from which many modulators and effector 

molecules are secreted [36,37]. Studies demonstrate that tissue 

resident fibroblasts or their precursors secrete a variety of 

molecules which modulate T cell development, trafficking, 

activation, and APC function, thus acting in induction and 

maintenance/expansion of adaptive immune responses [38]. 

“Stromal vascular fibroblasts recruited and activated by IFNγ are 

essential for the production of CXCL10 and CX3CL1, which are 

critical mediators in recruitment, retention, and activation of T 

cells in maintaining the CD4+ T cell memory pool”. However, 

fibroblasts are often viewed as a homogeneous population and 

the predominant cellular component of fibrotic lesions [39]. Type 

1 collagen-producing tissue-resident fibroblasts are essential 

orchestrators of tissue fibrosis. A significantly expanding 

population of tissue-resident fibroblasts activated and converted 

into myofibroblasts via myofibroblast differentiation, the 

epithelial-mesenchymal transition, and apoptosis. Moreover, 

myofibroblasts promote TGFβ- or PDGF-dependent collagen 

deposition, resulting in loss of organ function and ultimately 

organ failure [40]. 

Integrins are a major family of adhesion receptors involved 

in the maintenance and remodeling of the extracellular matrix 

and epithelial-mesenchymal transition. Interactions between 

integrins and extracellular matrix proteins broadly affect mucosal 

immunity [41,42]. For example, knockout of the β1 integrin chain 

in epithelial tissues disrupts the localization of dendritic cells at 

the epithelial-mucosal interface and inhibits induction of adaptive 

immunity. Furthermore, a novel role for the αvβ8 integrin has 

recently been uncovered in regulating production of active 

transforming growth factor β from latent precursors in Th17-

mediated colitis [43]. Understanding the stromal compartment of 

tissues and organs will shed light on in vivo immune mechanisms 

that have previously been difficult to interrogate in traditional 

experimental models or human systems [44,45]. 

 
Figure (1): Stromal cells differentiation. 

Fibroblasts 

Fibroblasts, the main cells of connective tissue, are often 

considered as merely structural scaffolds that maintain physical 

integrity and provide cues to neighboring cells [46]. Fibroblasts, 

however, not only form the physical backbone of tissues but also 

display a wide spectrum of location-specific functions. 

Constantly sensing the tissue microenvironment, fibroblasts act 

as mediators of tissue homeostasis and pathology by receiving 

and transmitting cues from the immune system, the vasculature, 

and neighboring cells [47]. The plasticity of fibroblasts poses the 

question whether the implications of such interactions on tissue 

homeostasis and immunity differ across tissues. Primary 

resident fibroblasts have been long appreciated as the most 

abundant non-hematopoietic stromal cells in all tissues and the 

main source of extracellular matrix (ECM). They exert diverse 

functions, ranging from physical support for other cell types to 

paracrine signaling to meet specific needs of the tissue 

microenvironment [48]. While fibroblasts are similar in functions 

and phenotypes regardless of their tissues of origin, tissues do 

contain specialized and location-specific fibroblasts [49]. Along 

with immune cells and endothelial cells, fibroblasts actively 

participate in setting up the tissue microenvironment and are 

required for the organization of primary and secondary lymphoid 

organs as well as for post-natal development. Based on the 

mode of interaction with immune cells, fibroblasts can be 

classified as lymphoid, splenic, and tertiary [50]. The dynamic 

and adaptive properties of fibroblasts are crucial for the 

maintenance of tissue integrity, immunity, homeostasis, and 

repair processes [51]. Dysregulated activities of fibroblasts have 

been found to contribute to pathological conditions originating 

from diverse tissues. Understanding the organization and 

interactions of resident fibroblasts is essential to decipher how 

differences in tissue composition and organization of the 

fibroblast network influence tissue- and organ-specific immunity 

and tolerance [52]. 

Single-cell transcriptomic studies have unveiled the 

heterogeneity of fibroblasts both spatially and temporally. 

Fibroblast populations have been classified based on shared 

transcriptional programs and designed as FBNs, largely divided 

into universal, ubiquitous population’s cross-talk, and specialized 

fibroblasts. The life-long persistence and plasticity of resident 

fibroblasts suggest the presence of phenotypically and 

transcriptionally expansive populations at steady-state that 

support maintenance of tissue integrity [53]. Resident fibroblasts 

have also specialized in tissue- and organ-specific functions. 

Multi-dimensional classification of fibroblast populations and 

comparison across tissues have revealed conserved signatures, 

such as ECM-gathering and growth-factor-producing states, 

which change with age. Fibroblasts are capable of adopting 

“myofibroblast” phenotypes. Ultimately, the consistent and 

parallel program shared across distinct tissues, could represent 

a progenitor-like, omnipotent state [54]. Despite the non-

redundant functions, an impressive functional plasticity exists 

within the fibroblast lineage. During inflammatory stresses, non-

immune cells, including fibroblasts, can up-regulate genes 

normally expressed by immune cells and acquire an activated 

state [55,56]. 

Endothelial Cells 

Inflammation involves the interaction between infiltrating 

cells and tissue-resident stromal cells [57]. Technical 

development over the last two decades has led to the discovery 

of new stromal cell populations and innovative ways to study 

them. The stroma has acquired the role of director of the immune 

response, regulating leukocyte recruitment and organization 

within the tissue [58]. In physiological conditions, the stroma 

consists of a number of cell types, including fibroblasts, 

adipocytes, vascular networks, lymphatic vessels, epithelial 

cells, and extracellular or matrix components, which provide an 
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important structural component for tissues [59]. However, there 

is considerable controversy regarding their role in regulating 

immunity and tissue inflammation. During inflammatory or 

immune responses, non-hematopoietic stromal cells play 

diverse roles in regulating the recruitment, egress, and 

organization of leukocytes within tissues [60]. They also possess 

memory characteristics, that is, they are hyper-trophically and 

functionally altered during secondary or chronic inflammation. In 

the past few years, there has been a revival of interest in the role 

of non-hematopoietic stromal cells in leather graft and the 

retention of memory T cell responses, but most of this research 

is still in infancy [61,62]. 

Blood vessels had long been viewed as passive bystanders, 

rapidly constructing a network to supply tissues with oxygen and 

nutrients and draining metabolites and waste products. 

However, analysis of gene expression profiling data sets 

revealed that endothelial cells (ECs) share a common ancestor 

with leukocytes, supporting a role for ECs in immune responses 

[63,64]. Early work demonstrated the ability of ECs from the liver, 

spleen, and other organs to absorb and degrade antigens, acting 

as scavenger cells and complementing the activity of 

macrophages and DCs [65]. They took up circulating immune 

complexes (ICs), clearing the viral pathogen and generating 

protective antibodies. Scavenger ECs were proposed to be “an 

integral component of the innate immune system [66,67].” Liver 

draining lymph nodes were targeted via lymphatic EC-induced 

retention of co-expressed peripheral CD4 T cells. Reciprocally, 

these cells induced specific systemic IgM responses via 

lymphatic EC-mediated retention of B cells and favored the 

differentiation into IgA+ B cells via a microbiota-dependent 

mechanism [68]. ECs interact with the innate and adaptive 

immune systems both directly and indirectly and are influenced 

by a plethora of secreted molecules, such as cytokines, 

chemokines, neuropeptides, and hormones, secreted by 

neighboring cell types or entering the tissue from the 

bloodstream [69]. 

Adipocytes 

Adipose tissue is a connective tissue specialized in lipid 

storage in the form of triglycerides [70]. Adipose tissue can be 

categorized as either visceral or subcutaneous. White adipose 

tissue (WAT) is the main type of adipose tissue in the adipose 

organ. Brown adipose tissue (BAT) is a much smaller 

metabolically active adipose organ that is responsible for the 

thermogenic function of adipose tissue. Excessive development 

of adipose tissue can lead to obesity, which is associated with a 

substantial decline in health and a variety of metabolic 

syndromes [71,72]. Adipose tissue has an abundance of resident 

immune cell types, and the composition of these immune cells 

markedly shifts upon the development of obesity. The resident 

immune cells consist of both the innate and adaptive immune 

systems. Innate immune resident cells include macrophages, 

dendritic cells, mast cells and natural killer cells [73]. Immune 

cells of the adaptive immune system include both T and B 

lymphocytes that are also found in adipose tissue. One of the 

significant features of obesity-induced inflammation is the 

accumulation of macrophages in adipose tissue. These immune 

cells can be further divided into various subsets, including 

CD11c-expressing pro-inflammatory M1 macrophages and their 

alternatively activated M2 counterparts with anti-inflammatory 

properties [74]. A growing number of studies suggest that the 

interplay of adipocytes with tissue-resident immune cells could 

regulate adipose tissue inflammation and metabolic homeostasis 

in obesity. Surface molecules produced by adipocytes may have 

systemic and local effects on immune cells, which will be 

discussed in the first part of this review [75]. Alternatively, 

immune-resident cells in tissues can regulate the function of 

adipocytes and the entire adipose microenvironment. Although 

still at a nascent stage of this research field, recent studies 

utilizing innovative organoid techniques have identified several 

novel mechanisms of the crosstalk between immunocytes and 

adipocytes, and their roles in obesity-related metabolic 

syndromes will be discussed in the second part of this review 

[76]. 

Immune Cell Types and Their Roles 

Stromal fibroblasts and myofibroblasts have been involved 

in inflammation, immunity, and tissue repair. Macrophages have 

been suggested to acquire the myofibroblast phenotype and to 

grow into tissue-resident macrophages after pro-inflammatory 

activation in tissues. Fortuitous interactions between resident 

fibroblasts and infiltrating macrophages may lead to long-lasting 

functions, of which some may be appropriate to control 

referencing organismal homeostasis, while others may promote 

inflammatory havoc and usually chronic disease [77]. 

In cancer, the myofibroblast phenotype has been suggested 

to derive from several cell types, including fibroblasts and 

macrophages. Yet in premises, the contribution of this recruiting 

process to the fate of tumor cells has not been capitalized on. It 

has been one of the prominent unexplored areas in cancer 

research. The difficulty of describing stable interactions 

conditioning either the fate of myofibroblasts or adjacent tumor 

cells in physiological conditions has hampered knowledge of 

proper strategies to counteract gynecological tumors with high 

epithelial-to-mesenchymal transition (EMT) features [78]. This is 

particularly true in basal-like breast cancers, and serous high-

grade ovarian cancers, where understanding tumor and stroma 

interactions are urgent areas of investigation to avoid the demise 

of patients and high recurrence rates [79]. 

This structural support has earned them the name of 

“stroma” (literally that which is spread thickly), whilst the isolated 

and parenchymal cells are denoted as “stroma-free.” Immune 

cells comprise a heterogeneous population of innate and 

adaptive cells, either bone marrow-derived or tissue-resident 

[80]. The immune system acts as the guardian of multicellular 

organisms, monitoring and responding to environmental 

changes impacting homeostasis and viability. This entails 

protecting against the infiltration of foreign entities and unwanted 

elements inside the body, as well as appropriately resetting the 

response following its completion [81]. However, a growing body 

of evidence indicates that immune cells are actively involved in 

the development and progression of disease rather than only 

serving a protective role [82], and is summarized in table 2. 

T Cells 

The studies of the three-dimensional structure of TME have 

recently emphasized that most of the immune active cells in the 

TME are heterogeneous and integrated with different ECM 

structures in 3D texture. The results of histological research 

focused on the spatial location and 3D texture pattern of each 

histological structure revealed the hidden roles of stroma 
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structure for tissue-specific immune activities, tumor invasion, 

and T cell retention [83]. 

Scaffold structure of normal tissues was found to be pro-

tumor immune structure that positively regulated local immune-

reactive T cells in cancer patients. Some immune active cells 

were confirmed to interact with each stromal structure to regulate 

local tissue-specific immunity activities, and further emergence 

of tumor-immune structural conditions [84]. Recent single-cell 

RNA sequencing of fresh tissue dissociation of different TME 

disclosed a new immunegap in high-grade type-based cancer 

patients, which was further detected by a panel of histological 

assays and a new immune-typing. The correlations of new 

histological immune-typing and breast cancer disease 

progression and therapy response were convincingly 

investigated [85, 86]. 

The numbers of single-cell transcriptome data-based studies 

on multi-omics rich TME analyses for pancreatic cancer are 

rapidly increasing in the recent 3 years, and are intensively 

focused on the localization and cellular interactions of various 

immune cells with macrophages and T cells [87]. Meantime, 

interrogating heterogeneous cellular states of macrophages or T 

cells revealed subtypes closely related to clinical significance, 

requiring further experimental validation in histological 

immersion [88,89]. 

B Cells 

B cells comprise a variety of specialized cell populations 

regulating humoral immunity, contributing to the maintenance of 

tissue homeostasis, and maintaining tissue health [90]. For some 

time, B cells were considered tissue-resident immune cells, but 

we now know they have to be strictly controlled due to their less-

known regulatory functions that may contribute to tolerogenic 

states or promote tissue autoimmunity [91,92]. Tissue immune 

niches offer appropriate local conditions for the recruitment, 

maturation, maintenance, and training of immune cells [93]. 

These immune niches play an instructive role in the development 

of immune responses and regulating local immune homeostasis, 

maintaining immune tolerance to harmless antigens as well as 

contributing to antigen-specific proinflammatory immune 

responses [94,95]. 

B cells co-localize with T cells, dendritic cells, and other 

immune cells in organized structures in tissues, immune niches 

called tertiary lymphoid structures (TLS). TLSs are generally 

referred to as lymphoid aggregates developed in non-lymphoid 

tissues during pathological conditions, consisting of antigen-

specific B follicles and CD4 and CD8 T cell zones, and play an 

important role in mediating adaptive immunity by recruiting and 

activating naive T and B lymphocytes [96,97]. However, the 

capacity of B cells to mediate immune responses and their 

involvement in the evolution of adaptive immunity depend not 

only on their absolute numbers but largely on their spatial 

localization within tissues [98]. Both B and T lymphocytes can 

segregate and form distinct microenvironments to orchestrate 

the timing and quality of immune responses [99]. The collection 

of these spatially organized events influences how incoming 

antigens are processed, presented, and responded to by T and 

B lymphocytes to accomplish effective anti-tumor immunity or 

tissue injury [100,101].  

Macrophages 

Macrophages are the most plastic and morphologically 

diverse phagocytes in mammalian systems. Their morphology is 

closely related to their function, and tissue-resident and 

infiltrating macrophages were once viewed in simple terms as 

metallophilic versus matricellular [102]. Following the 

groundbreaking study of the early development of the CD45^+ 

mononuclear phagocyte lineage, it became evident that 

mononuclear phagocytes could be divided not only into these 

two-bearing distinct fetal origins but also into classes based on 

their cellular embryonic origin and histogenic development [103]. 

Recent studies employed flow cytometry, single-cell RNA-seq, 

and other advanced analytical tools have substantially advanced 

their subclassification, it is still impossible to generate a 

comprehensive database of resident and infiltrating tissue 

macrophages because nearly every tissue examined, with the 

exception of the brain and bone, has been reported to contain 

distinct populations of macrophages. Brain macrophages called 

microglia are derived from the yolk sac, while bone marrow 

resides osteoclasts. Macrophages present in other tissues of the 

adult animal, however, can be originated from both the yolk sac 

and the circulating monocytes from bone marrow [104]. 

Moreover, macrophages can move between the circulation and 

tissues in the processes of tissue homeostasis and immune 

responses. Notably, ley bodily tissues may harbor one to three 

macrophage populations, each serving unique tissue and 

immune functions. Due to their plasticity and heterogeneity, 

many macrophage-related diseases, including atherosclerosis, 

diabetes, asthma, pulmonary fibrosis, neurodegenerative 

disorders, and cancer and metastasis, have been defined [105]. 

To equate the embryonic origins of resident tissue 

macrophages does not consider the possible existence of 

distinct ontogeny or subclasses. It is not uncommon to find 

resident tissue macrophages at either embryo or adult, or both 

origins, bearing functional relevance [106]. For example, surface 

expression of the anchored Class-A scavenger receptor (Mrc1) 

is usually used to define alternatively activated and steady-state 

phagocytic macrophages; however, circulating monocyte-

derived macrophages also expressed it in mineralized tissues, 

pulmonary mucosa, and even the intestine following pathologic 

stimuli [107,108]. In humans, neonatal pulmonary alveolar 

macrophages are progeny of localized fetal monocytes 

harboring embryonic origins. Whether these newly formed lung 

macrophages ever contribute to alveolar macrophages or fetal 

monocytes cease their dynamic migration into the lung remains 

unresolved. In many cases, the functional relevance of distinct 

embryonic macrophage origins was not analyzed along with their 

ontogeny [109,110]. For example, nascent Ca^2+ influx-

regulated neutrophil bactericidal maturation occurs before the 

development of the bone marrow resident neutrophil population; 

therefore, resident tissue macrophages and tissues are heavily 

influenced by their ontogeny even in the adult stage [111]. It is 

possible that some phenotypic and functional differences 

between tissue macrophage origins may fade or be modified with 

time after birth or in steady-state circumstances. To provide 

effector differentiation type that is relevant to coordinate tissue 

microenvironment, neutralization of non-specifically activated 

macrophages is required [112]. 



 

6 
An - Najah Univ. J. Res. (N. Sc.) Vol. ××××         Published: An-Najah National University, Nablus, Palestine. 

Dendritic Cells 

DCs were first described in the early 1980s as a potent 

antigen-presenting cell population distinct from macrophages 

and B lymphocytes. Humans have both myeloid and 

plasmacytoid DCs, which upon encountering antigens undergo 

maturation and migration processes that optimize their ability to 

prime naive T-cells. After extensive loss of the initial DCs that 

arrive at the inflamed tissue site, some DCs can persist for 

considerable periods, especially by migrating via the lymphatics 

to draining lymph nodes in which they promote effector T-cell 

proliferation [113]. These tissue-resident DCs are critical for 

tissue-specificity of T-cell activation. Whereas, initiation is 

directed by inflammatory signals, the tissue-resident DCs remain 

in peripheral tissues and migrate to draining LNs, where they can 

further support effector T-cell proliferation. CD103+ DCs are 

found in the majority of epithelial tissues, with the exception of 

skin [114]. On the contrary, mucosal tissues are specially 

enriched in various DC subtypes. In heart, brain, indices, and 

lungs, resident CD103+ DCs have been shown to withstand 

most acute inflammation, potentially acting to limit tissue 

damage [115]. Moreover, tissue-resident DCs can shape the 

peripheral T-cell repertoire, thus in the long run, tissue-specific 

immunity. Enteric, CD103+ DCs maintain the functional 

competence of IL-10-producing Treg cells and particularly 

promote Treg-cell differentiation fate in the gut, whereas few of 

them can induce T-cell differentiation into Th17 in the presence 

of microbial signals [116]. 

Systemic inflammation led to activation of tissue-resident 

DCs across diverse tissues, with substantial induction of type III 

interferon signaling. Different tissue-resident DCs respond 

differently. However, upon establishment of DC-steering 

inflammation, they become active participants in disease 

progression [117]. Despite growing evidence indicating a pivotal 

function of most tissue-resident DCs in shaping T-cell immunity 

in a tissue-specific manner, the specific roles of tissue-resident 

DCs in chronic inflammation remain less explored. Likewise, how 

phototherapy influences the differentiation, and activation states 

of tissue-resident DCs remains unclear. Most of current 

techniques applied to study the in vivo function of DCs in chronic 

inflammation are injurious and unintendedly affect DCs in 

several aspects [118,119]. 

Table (2): Immune cells and their roles. 

Cells types Diseases Function references 

T cells Cancer 

Regulate 

local tissue-

specific 

immunity 

activities 

]84 [ 

B cells Tissue injury 
Anti-tumor 

immunity 
]100, 101 [ 

Macrophages 

Many diseases: 

atherosclerosis, 

diabetes, asthma, 

pulmonary fibrosis, 

neurodegenerative 

disorders, cancer 

tissue 

homeostasis 

and immune 

responses 

]105 [ 

Dendritic 

cells 
Inflamed tissue 

promote 

effector T-cell 

proliferation 

]113 [ 

Interactions between Stromal and Immune 

Cells 

Interactions between immune and stromal cells play a pivotal 

role in the maintenance of tissue homeostasis, tissue 

development and repair, as well as in the progression or 

resolution of chronic inflammatory processes and diseases. 

Stromal cells are defined as non-hematopoietic, non-epithelial, 

and non-endothelial cells present in most tissues and organs of 

multicellular organisms [120]. Immune cell types and their 

effector functions display a remarkable continuum of changes 

depending on the tissue context, cellular interactions, and local 

cues that are comprehensively integrated initially examined as 

mere bystanders of immune responses and developmental 

processes, tissue-resident stromal cells are now recognized as 

complex and dynamic micro-organisms in their own right. Global 

analysis of the cell types present in mammalian and human 

tissues has uncovered an impressive cellular diversity [121]. 

With ground-breaking histological and imaging approaches, 

some of which were pioneered by early scientists studying tissue 

development and effector functions of the immune system in 

vivo, it has become clear that, in addition to immune cell 

compartments, tissues are also composed of a remarkably 

diverse range of non-immune cells collectively referred to as 

stroma [122]. Stromal cells include both structural cells and a 

large number of different defined and undefined cellular 

subtypes with profound and diverse immune-related functions 

[123]. Whereas bone marrow, liver, and skin stroma have long 

been studied, efforts to characterize tissue-resident stromal cells 

in other organs and at fine resolution are still in their infancy. 

Recent studies have revealed important and diverse immune-

related functions of stroma, including the capture and transport 

of antigens, regulation of tissue- and site-specific immunity, 

pharmacologic modulation of immune responses and responses 

to immunotherapy, as well as dysregulation in settings of chronic 

inflammation, maladaptive immune responses, autoimmunity, 

and cancer [124]. However, our understanding of how the 

various stroma-immune cell interactions are established in naïve 

tissues, how they are recast during development after 

perturbation or in disease, and how they in turn modulate the 

spatio-temporal organization of immune cells and their functional 

responses is still very limited. Nonetheless, it is now clear that a 

close interplay between stroma and a diverse array of immune 

cells is crucial for the dynamic maintenance of different tissue 

microenvironments [125]. 

Cytokine Signaling 

Cytokines are small signaling proteins produced by a variety 

of cells including leukocytes and non-immune cells that modulate 

immune responses and tissue homeostasis [126]. Autocrine and 

paracrine interactions mediated by the cytokine networks are 

believed to play a major role in directing the function, 

proliferation, and survival of stromal and immune cells. It is now 

widely recognized that chemokine gradients control the first 

steps in the recirculation of immune cells through tissues and 

lymphatics [127]. The functional roles of cytokines in cell 

positioning or stabilization of lymphocyte interactions were 

investigated in the context of either immune cell function in tissue 

immunity or the role of cellular behavior in the gross structure of 

the immune system [128]. However, the range of functions and 

organizations that regulated cellular communication with the use 

of a common set of signaling pathways are explored more 
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generally. Just as periphery tissues continuously produce 

chemokines that control T cell recirculation and presentation of 

antigens, it was proposed that peripheral tissues respond to 

tissue damage by secreting a host of cytokines that bring many 

of the effector T cells from the tumors into the circulation [129]. 

Flattened tissue-resident fibroblasts embedded in the 

extracellular matrix rapidly lose their flat morphology and 

develop a semi-circular shape. On a time, scale of hours, the 

dynamics of stable connections between the migrating 

fibroblasts are found to cause a striking expansion in the area of 

the tissue subjected to tissue damage. NET-derived chemokines 

attract the precursors of blood vessels greatly increasing the 

concentration of the vehicles of another set of signaling 

pathways that suddenly hit and totally re-organize the original flat 

tissue [130,131]. Only a small number of matured endothelial 

cells will serve as conduits for the newly sprouting blood vessels 

to form further from fibroblast monolayers. During cancer 

progression, it is believed that different sorts of profibrotic factors 

lead to the chronic activation of fibrobasts which conceptually 

resemble the fast-invasive fibroblasts in response to an acute 

damage [132]. Massive communication among the fibroblasts 

and other irrelevant cells that were just a part of a unitary tissue 

less than a day before will render the tissue patchy or 

desmoplastic. Figuratively the organ is eaten away and fibrous 

or stony lumps will ultimately remain. Long-lasting low-grade 

inflammation mediated by a variety of the polymorphonuclear 

cells are believed to be the main instigator of fibrotic changes 

even in cancers [133]. 

Cell-Cell Interactions 

The tumor microenvironment (TME) is known to be 

composed of heterogeneous populations of each component, 

exhibiting distinct phenotypes and functional states [134]. 

Cancer cell heterogeneity affects anti-cancer treatments, and 

individual differences in tumor-associated normal stromal cells 

and infiltrating immune cells can influence tumor progression 

and radiotherapy response [135]. Cells within the TME 

communicate with each other through various ways, including 

direct membrane-membrane contact, release of soluble factors 

such as cytokines, growth factors, exosomes, and microvesicles 

containing proteins and RNAs. Recent advances in single-cell 

RNA sequencing technologies have enabled dissection of 

stromal cell phenotypes and states within the TME, and have 

propelled the field into the omics era [136]. However, much less 

attention has been directed to the study of cell-cell or cell-matrix 

interactions within the TME. How TME cells interact with each 

other, how their phenotype changes with proximity, and how 

physical interactions alter cell behaviors are among the 

questions to be investigated for a more comprehensive 

understanding of the TME [137,138]. 

Only a limited number of approaches have been developed 

and applied to tackle these questions forming a fruitful area of 

future research. The best-known methods for the study of cell-

cell interactions are functional assays [139]. Immune-tumor 

interaction has been studied using co-cultures of different cell 

types with readouts such as cytokine secretion and TCR 

sequencing, however, the readout must be statistically analyzed 

and interpreted with great caution. While some small molecules 

are potent cell-cell communication inhibitors, they remain largely 

unexplored due to feasibility constraints [140,141]. Indeed, for 

the above approaches, potential technical solutions should be 

pursued. As an experimental belonging to the “benchtop” family, 

bioengineering-based methods, such as microfluidics, cellular 

barcoding, and iChip, for high-throughput screening, have the 

potential to affordably access multiple parameters of TME 

interactions [142]. 

Tissue-Specific Immune Responses  

Tissue-specific immunity exists in healthy tissues, which are 

associated with an abundance of effector memory and T follicular 

helper (Tfh) cells and an absence of T-regulatory subtypes [143]. 

Tissue prestige immunity is often downregulated with age or 

upon infection. When scheming the context of vaccination or 

therapy, relevant tissues are key and homing motifs or salting 

out signals may be useful design considerations [144]. Tumors 

include large antigen landscapes that may elicit broad responses 

if accessible via lymphoid conduits. Recently, tissue context was 

incorporated into systems vaccinology approaches that inform 

vaccine-based prime-boost strategies. Such ongoing effects are 

anchored to dynamic cellular networks involving non-immune 

cells that are frequent and dense in the periphery. A context-

specific dynamic balance of type I interferons and TGF-β 

emanating from the niche was also harnessed to cue antigen-

specific immunity in a translational autoimmune setting [145]. 

The stress-activated signaling machinery, which models 

how threshold levels of involvement in cellular transmigration 

elicit tissue-quenched immunity, is being investigated together 

with an in-situ imaging strategy. When model tissues are 

inflamed, intrinsic tissue properties partially cripple immunity at 

early times and later activate context-appropriate tropisms [146]. 

These effects are partially reversible. Continuing interaction with 

readiness and viewing platform user groups ensures up-to-date 

relevance and open-ended potential. Importantly accurate 

heralds of internal state need validation from longitudinal pilot 

human studies. In addition to standard vaccine measurements, 

the next generation of models will manifest effects on the 

immune milieu, gauge long-term immunological feedbacks, and 

predict time-dependent locations of immune alterations [147]. 

Consent and ethics are key facets of dealings with human 

tissues properly constrained collaboration with hospitals and 

strategies to gain consent are needed, as are internal review 

boards and guidance. Non-standard data on the patient's side 

benefits predictive capabilities and deep machine learning 

approaches. The results of cancer therapies or modulating 

immune therapy or risk will be tested to confirm the translational 

potential of the new models [148]. 

Lymphoid Tissue 

An important step forward in our understanding of tissue-

organised immunity has come from the recognition of lymphoid 

tissue structures as complex, dynamic microenvironments 

designed to promote effective immune responses. 

Understanding how to translate/restore stroma-organised 

immunity will provide opportunities for therapeutic gain in a 

variety of diseases including cancer and chronic inflammatory 

disorders [149]. Analysis of cardiac or other solid tissues in 

health and disease reveal the remarkable heterogenicity of 

tissue stroma, both structurally and functionally. For example, 

fibrotic scars after myocardial infarction contain myofibroblast 

cells that differ morphologically and functionally from cells in the 

healthy cardiac interstitium [150,151]. Analysis of different 

skeletally/viscerally-associated tissues reveals both shared, 
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evolutionarily conserved features with lymphoid tissues as well 

as differences that may account for their varied immunological 

roles [152]. Each lymphoid or lymphoid-associated organ 

encompasses distinct groups of resident cells and a unique 

microenvironment that together perform organ-specific functions 

and guide immune responses [153]. The relative importance of 

these synergistic microenvironmental mechanisms will dictate 

the type/intensity of immune response and also how the stroma 

influences the early and subsequent stages of pathogen 

control/set-point immunity versus infection persistence. An 

emergent understanding of diseases affecting the lymphoid 

system are also being highlighted and how modified structures 

may be targeted for outcomes in the immunotherapeutic 

treatment of a variety of immune-related diseases [154]. The 

definitions and concepts of lymphoid tissue that were introduced 

with an emphasis on the histological perspective, are also 

recognised as having relevance for non-lymphoid tissues in 

health, infection and chronic inflammation [155]. 

Tissue-embedded immune compartments can be broadly 

defined as being organised (lymphoid, lymphoid-like) or 

disorganised (lymphoid-uncertain). Lymphoid tissue is defined 

as cell aggregates that can be recognised in histological sections 

as dense, multi-cell-cohabitating foci frequently encapsulated 

and displaying cellular zoning [156]. The types of functions that 

can be attributed peripheral lymphoid tissues are then outlined. 

Lymphoid-like tissues, in contrast to organised lymphoid groups, 

also perform immune functions. Lymphoid structures can be 

either intrinsic to the tissue or, as is also recognized in the case 

of lymph nodes draining tissues [157]. Data is presented 

focusing initially on lymph nodes (and the lymphatic system) 

where the immune interactive role of stroma and the bi-

directional interplay with advancing leukocytes are strongly 

evident. The lymphatic system is also highlighted as an organ 

that is intimately ontogenically and functionally associated with 

lymphoid tissues. Emerging aspects of both embryonic and post-

natal acquisition processes, along with a staging of lymphoid 

tissue maturation, development and structural refinement in 

development, are discussed [158]. 

Non-Lymphoid Tissue 

Non-lymphoid T cell homeostasis is primarily orchestrated 

by non-hematopoietic stroma cells (types 1-3) forming unique 

environments where mature T cells constantly recirculate. These 

cells were partly notorious for their small number, considering 

the popularity of other cell types mainly involved in antigen 

presentation [159]. However, other components of T cell-homing 

tissue need to be taken into consideration: High Endothelial 

Venules (HEVs) are the anatomical gateways for T cells residing 

in lymphoid tissues or flowing in the blood stream to enter into 

the stroma of non-lymphoid tissues; Additionally, to enter into the 

tissue proper, T cells need to leave the HEVs to shear stresses 

rapidly decaying in the cortical tissue; T cells need to interrogate 

the stroma geometry for the presentation of specific cognate 

costimulatory signals, and Flexible communication enables 

some of them to interact with stroma cells themselves [160,161]. 

These cytoskeleton-induced dynamical interaction processes 

are believed to work as a spatio-temporal bandpass filter that 

regulates the retention and function of T cells across the scales 

in space and time, ultimately defining the precision of tissue 

microenvironments. Such spatio-temporal filtering processes 

were found to be partially dysregulated in the cases of chronic 

inflammation and cancer initiation, prompting the emergence of 

novel rules of T cell retention. Spatio-temporally elastic 

microenvironments defining local tissue T cell immunity is 

discussed [162]. 

The regulation of the mechanisms enabling immune cells 

egress from the tissue into the lymphatic system is poorly 

understood. Some immune cells utilize different lymphatic exit 

routes [163]. For example, in addition to the lymphatic pore, 

dendritic cells and monocytes access the lymphatics via the 

mesenteric lymphatic vessel. With the aid of techniques to study 

interstitial flow and ex vivo imaging of this poorly accessible 

immune system, additional understanding of the directional 

migration and entry into lymphatics of B cells, macrophages, and 

plasma cells was gained. Additionally, directionality in egress to 

the lymph node may depend on differential signaling by S1P 

receptors and translocalizing the competitive role of the CD4 dim 

subset of Tfh cells via PD-1 [164]. 

Role of Stromal-Immune Interactions in 

Disease 

Interactions between immune cells and stroma cells in the 

tumor microenvironment (TME) are highly complex and 

structurally and chemically heterogeneous. These interactions 

include direct mechanisms mediated by cell-surface receptors, 

indirect ones mediated by secreted factors, and the bidirectional 

nature of the relationship. Tumor necrosis factor (TNF) potently 

stimulates the production of chemokines (CXCL5) in 

mesenchymal stem cells via TNF receptors (TNFRs). 

Neutrophils infiltrate inflamed tissues and secrete TNF, thereby 

recruiting mesenchymal stem cells from the bone marrow [165]. 

The consequent mesenchymal stem cell-secreted CXCL5 then 

sustains neutrophil traction within tissues and forms a positive 

feedback loop. Moreover, studies in breast cancer and peritoneal 

mesothelioma models have uncovered the non-autonomous 

roles of immune cells in promoting cancer-associated fibroblasts. 

These studies suggest tackling stroma activation as a tractable 

strategy in combination with immunotherapy [166]. 

Recent evidence suggests the stroma as an important 

orchestrator of immunity associated with “scar-like” tissue. 

Hematopoietic cells, such as macrophages and mast cells, 

infiltrate the stroma before the onset of adaptive immunity [167]. 

The tissue-resident fibroblasts at the disease site become 

activated and proliferate when exposed to the mediators 

secreted by infiltrating innate immune cells. Retaining immune 

cues, stroma-derived factors promote the recruitment and 

activation of cytotoxic T lymphocytes (TCs) at later times. 

Stroma-derived immune-activating cytokines and chemokines 

further mediate the recruitment and retention of TCs, thereby 

fueling atopic dermatitis-like inflammation in tissues [168]. 

Studies have revealed that the TME and its components are 

highly heterogeneous and complex. In this context, a more 

systematic and structural understanding of TME constituents is 

necessary to boost the effectiveness of targeted therapy against 

the TME components. Additionally, preclinical validation is 

regarded essential for candidate therapeutics, which is currently 

mostly validated on genetically engineered mouse models. 

However, such approaches are limited in their ability to replicate 

the heterogenic features of human tumors [169]. Hence, a 3D-

servible platform for culturing human TME assembloids is 

developed to systematically investigate the TME and its 
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agonistic action during tumor growth and target-tissue 

remodeling. This method allows for the unbiased generation of 

assembloids composed of both tumor cells and TME 

components, permitting sequencing-based characterization of 

their spatial organization and multi-cellular signaling mapping. 

Furthermore, a 3D serviceable TME assembloid approach is 

presented for screening chemical and biological candidates to 

enhance anti-cancer efficacy [170] 

Cancer Progression 

Tumors affect the surrounding tissues and can alter the 

identities and functions of tissue resident cells and the 

orchestrating signaling pathways. As a result of bi-directional 

cell−cell cross-talk, malignant cells can create a tissue-specific 

tumor microenvironment (TME) that exhibits distinct 

histopathological features in different organs, contributing to 

malignant, chemoresistant, and metastatic behavior [171]. 

Immunotherapy targeting immune infiltration or activation is 

being widely investigated in recent years, including the 

application of immune checkpoint inhibitors against cytotoxic T 

lymphocyte antigen-4 (CTLA-4) or programmed cell death 

1/programmed cell death-ligand 1 (PD-1/PD-L1) for systemic 

solid tumors [172]. The immune cell component of TME is 

intricately dependent on the tissue type. In many cases, tissue-

resident and extrinsic innate immune cells, including 

macrophages, natural killer (NK) cells, and mast cells, establish 

a tissue-specific immune response that suppresses tumor 

progression. However, tumor progression and drug resistance 

may also be driven by the activation of tissue-specific immune 

cells [173]. 

Emerging concerns arise regarding the targeting of immune 

responses in TME. Much of the effort is enlisted to bolster the 

natural immune responses for the treatment of tumors. However, 

some mechanisms of tumor immune evasion have been 

neglected, especially in the discovery of new drugs class or by 

precision medicine approaches [174]. Tumor cell-intrinsic drivers 

and/or specific epigenetic changes often dictate these immune 

evasion mechanisms, resulting in histologically identical tumors 

exhibited various responses to immune checkpoint inhibitors 

(ICIs) and/or immune activating agents. To address these 

issues, a deeper understanding of tissue-specific immunity and 

its interactions with malignant cells would be essential, 

encompassing an understanding of cell types, signaling 

pathways, and landscape changes along with patient response 

types [175, 176]. 

Potential mechanism studies providing histological 

perspectives with novel models examining the interactions of 

tissue-resident immune cells with malignant cells are highlighted. 

There is much to be learned from how the identity of stromal-

immune cells is maintained during tumor progression, and how 

tissue recruitment or involvement is shaped [177]. This absolute 

focus on malignant cells will lead to undervaluing the role of non-

cell-intrinsic mechanisms in tumor biology. Consequently, tumor 

progression and drug resistance cannot be fully understood by 

crediting them solely to actual driver variants. Instead, it would 

be far more logical to take tissue context into consideration [178]. 

Autoimmune Diseases 

For many years, it was widely accepted that in the course of 

autoimmune diseases, monocyte recruitment is the decisive 

parameter for the prognosis of the outcome of the disease. 

However, very recently a new histotopographic analysis strategy 

was introduced to study the spatiotemporal coordination of cells 

in a wide variety of tissue inflammatory responses [179]. 

Surprisingly, the analyses revealed that tissue-resident 

macrophages play a much larger role than expected previously. 

Notably, this histotopographic perspective is provided by the 

application of cellular tracing technology wherein specific types 

of immune cells are traced in different niches using genetically 

encoded, florescent proteins [180]. The analysis is applicable on 

a wide spectrum of inflammatory diseases including autoimmune 

diseases and provides an entirely new perspective of cellular 

plasticity over both phases of immunomodulatory responses, the 

first step wherein the immune response is initiated and adjusted, 

and a later phase wherein persistent inflammation is resolved or 

peripherally tolerated [181]. The new perspective opens both 

exciting opportunities and challenges for future clinical and 

fundamental research in immunology. Between these challenges 

is how to develop novel imaging modalities to study these 

interactions in human tissue samples from patients with 

autoimmune diseases. The rapidly advancing imaging 

technologies offer numerous new opportunities to deep-dive into 

the complex immune regulation in chronic inflammation in situ 

[182]. The challenge lies to bring this knowledge into 

immunotherapy. An obvious next step will be using biologics 

against specific immune cell types. However, innovative 

strategies will need to be developed to target the network 

interactions of multiple immune cell types in a tissue-local or 

even niche-specific context. The latter can be achieved using a 

combination of key features such as passive cellular traps or 

scaffolds together with bioactive drugs targeting the immune cell 

types of interest [183]. An even more exciting challenge will be 

to catch the cells off-guard in unstimulated tissues, using 

radiolabeling strategies or genetically encoded effector functions 

to precisely target the interactions of interest at their moment of 

activation. Human genetic studies have identified several key 

immune pathways involved in autoimmunity. Understanding how 

these pathways impact cell-tissue interactions in the early 

phases of disease induction is needed to identify new 

therapeutic target classifications [184]. 

Infectious Diseases 

Sexually transmitted viral infections such as Human 

Immunodeficiency Virus (HIV) and herpes simplex virus (HSV) 

infection persist for many years in specific tissues. Preclinical 

and early clinical observations suggested that high local viral 

loads were associated with a local aggressive immunity. In 

addition to direct tissue pathology due to excessive 

inflammation, aggressive tissue immunity would lead to rapid 

invasion of the adjacent tissues, which would increasingly cause 

systemic antiviral immunity [185]. This would then further 

promote the emergence of quasi-species, death of T cells 

involved in tissue protection, rupture of sanctuaries, and even 

increase in viral load [186]. Despite the absence of a cure, the 

use of antiretroviral drugs has markedly decreased mortality and 

morbidity. Importantly, the dramatic decrease in peripheral HIV 

loads did not correlate with similar decreases in HIV loads in the 

tissues [187, 188]. Current consensus is that long-lived viral 

reservoirs persist in certain lymphoid tissues and the central 

nervous system and that the drugs cannot enter these tissues. 

To prevent these viral reservoirs and the development of AIDS, 

aggressive local HIV immunity in the genital tract and gut is 
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required very early after infection before widespread 

dissemination through the tissues [189]. 

Animal model development: The pathogenesis and host 

responses of HIV and SIV are exquisitely studied in the non-

human primate model, and several virus host systems have been 

developed. Based on the first non-human primate virus, the 

Macaque Simian Immunodeficiency Virus (SIV) model, several 

immunogenicity and prophylactic vaccine approaches are being 

pursued to prevent HIV infection [190,191]. However, advances 

in curative therapies have lagged behind, mostly due to therapy 

development complexity, late-stage diagnosis, and disinterest of 

pharmaceutical industries. This epidemic urgently warrants a 

parallel effort to develop effective HIV tissue antiviral drugs and 

therapies [192].  

Histological Changes in Disease States 

To facilitate the discussion of histological changes due to 

immune responses, recent advances in histological methods that 

allow high-throughput analysis and mapping of all cells in a 

sample have to be appreciated [193]. Approaches that allow the 

simultaneous visualization of up to hundreds of the proteins 

present in tissue, or 1000s of their transcripts, have recently 

been developed. These methods employ custom-built 

microscopes combined with sensitive imaging agents, tolerant 

image alignment algorithms and machine learning or statistical 

models [194, 195]. New methods are becoming accessible that 

allow for intense spatial analysis of data output using the low-

cost instruments present in most labs. These new techniques are 

set to allow important advancements in the field of tissue-

resident immune responses. Importantly, these rapidly 

expanding possibilities change the scale and nature of the 

analysis of the functioning of the immune response [196]. 

Instead of looking for larger scale patterns or focusing 

experimentally on a small number of components, the possibility 

of using multiple forms of systematic analysis can deliver 

observations at multiple scales [197]. At the same time, these 

new analyses will require careful development of theory and data 

organization formats. Consequently, it is likely that a revolution 

in the field will take place enabling, for better or worse, detailed 

visualizations of previously invisible phenomena. Recent key 

insights into the importance of the spatial arrangement of 

immune cells and the intention for visible phenomena to be 

analyzed systematically rather than picked apart piece by piece, 

are expected to trigger a renaissance in the field of tissue-

resident immunity [198]. Key genetic discoveries will provide 

tools to continuously visualize the same cell over long periods. 

The comprehensive mapping of all components of tissues, 

including those approached here from an immune side, will 

provide powerful insight into the processes and forces behind the 

development of immune processes and aberrations in health and 

disease [199]. 

Altered Cell Populations 

Alterations in immune cells and their capacity to signal to 

other cell types (stromal cells, aberrant mesenchymal cells, and 

tumor cells) are hallmarks of the cancerimmunoediting process. 

Accumulating evidence implicates aberrant signaling of 

oncogenic pathways in tumor cells, as well as of immune cells in 

the uptake of onco-fetal antigens, remodeling of the 

stroma/canalicular network, and neovascularization as hallmarks 

of malignant progression [200]. Modifications in antigen 

presentation machinery in immune cells and aberrant immunity 

against a new set of antigens derived from significantly mutated 

proteins are likely events that lead to immunoediting. Stromal 

and immune cells are critical components of the tumor 

microenvironment (TME). These cells can either collaborate with 

or oppose malignancies. This review focuses on recent studies 

of three such unusual stromal/immune cells: 1. dormant 

(quiescent) fibro-adipocytes, 2. Onco-fetal antigen-presenting 

MHC-IIhighCD74+ tumor macrophages, and 3. Eosinophil-lined 

aberrant lymphatics [201]. There is accumulating pathology and 

genetic evidence that alterations in mature myeloid cell 

functionality can augment malignancy. However, little is known 

about how additional genetic and social cues acting on non-

canonical cell types affect the ability of tissues to house diseases 

that otherwise would not occur [202]. 

Tissue Remodeling 

Tissue remodeling is a complex process involving 

interactions between stromal cells and immune cells in tissues. 

The immune system is usually regarded as separate from 

tissues, but stroma possesses antigen-presenting cells (APC) 

capable of initiating immune responses. Interactions between 

stroma and immune cells are universally regulated, though 

tissue specificity is crucial due to non-immune cell regulation of 

tissue-specific immune activities. Stromal cells come in various 

forms, like fibroblasts, epithelium, lymphatic vessels, and high 

endothelial venules (HEV), and can be distinguished by 

molecular, spatial, and structural features. Unique to tissues are 

specialized fibroblasts, chemokine expressors, and antigen-

retaining structures [203]. 

Immune-specific tissue remodeling occurs in many 

diseases. Inflammation involves swelling, and growth of blood 

and lymphatic vessels, which is crucial for leukocyte entry into 

tissues. Naïve lymphocytes enter tissues through HEVs, where 

they are activated by tissue-resident APC and undergo clonal 

expansion and differentiation to effector cells. Antigen-

expressing plasma cells leave via afferent lymphatic vessels 

[204]. Effector T cells return to blood vessels via efferent 

lymphatics. In chronic uncontrolled inflammation, aggravated by 

autoimmunity, cancer, or chronic infection, extensive remodeling 

of lymphatics and blood vessels occurs. The tissue architecture 

is distorted, and immune cells aberrantly migrate to the resident 

tissue. The knowledge of tissue remodeling mechanisms after 

immune responses is limited [205,206]. 

Solid organs with high cellularity undergo distinct remodeling 

after the resolution of antigenic stimulation. The secondary 

lymphoid organ tissue structure remains mostly intact, but 

immune responses can lead to significant changes in the stroma 

structure, cellularity, and function. HEV and SCS, both niche 

structures for T and B cell interaction, are heavily remodeled 

[207]. T-helping cells have diverse roles, including enhancing the 

function of amyloid-β (Aβ)-specific monoclonal antibodies 

through providing T-help in an aged 5xFAD mouse model of 

Alzheimer’s disease. Interaction of CD4+ T cells with APCs 

induces the expression of ICAM-1 on FDCs with Ipm, which is 

essential for triggering the catch-bond type interaction between 

memory BCRs and Ags [208]. 

Therapeutic Implications 

Exactly how to reverse or alter the protective behaviors of 

the stroma that contribute to therapy resistance remains unclear. 
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Maintaining active cross-talk between the epithelium and 

surrounding cells in an evolving process is likely vital for 

promoting developmental progression and limiting malignant 

conversion in healthy tissues. The identification of these 

mechanisms in cancer would provide a more precise 

understanding of how to target precisely this behavior without 

detrimentally affecting healthy tissues. Understanding how to 

design and implement therapeutic interventions targeting these 

mutually dependent relationships will be critical for the 

development of effective treatment approaches for more 

treatment-responsive diseases [209]. 

Although most cells within solid tumors are thought to be 

normal, non-cancerous cells, these host cells have vastly 

different functional capacities. Few of the biological interactions, 

spatiotemporal functional roles, or therapeutic contributions of 

the many different populations of stromal cells have yet to be 

comprehensively studied [210]. It may be that different types of 

stromal cells exhibit disparate contributions to tumorigenesis at 

various stages and within distinct niches in the pancreatic TME. 

Consequently, the channeled efforts to develop stroma-targeted 

therapies or drugs capable of turning off stromal growth factors 

require extensive understanding and consideration of the 

complexity of the TME [211]. 

Leveraging new tools and insights toward fully characterizing 

the diverse array of cellular and acellular components of the 

stroma, as well as the integrated mapping of cellular crosstalk 

and functional states across spatiotemporal scales, places 

scientists in a fortuitous position to tackle these important 

questions [212]. Considering that diverse components of the 

stroma participate in tumorigenesis at nearly every step in 

progression and response to therapy, refining and characterizing 

the underlying sources of this heterogeneity are challenges that 

beg for thorough consideration and investigation. In addition to 

its transformative impact on basic understanding, a clearer 

depiction of stroma heterogeneity may reveal previously 

unrealized therapeutic strategies and avenues for intervention 

[213]. 

Targeting Stromal Cells 

The development of stroma-targeting strategies is expected 

to induce unforeseen effects on immunity, which may create 

either overt risks or unexplored therapeutic opportunities. The 

stroma is an important yet often overlooked part of tissue, which 

together with the parenchyma constructs and maintains its 

function. The stroma is also a common site of alterations that 

drive diseases such as cancer and fibrosis. Multiple chronic 

inflammatory lesions in stroma tend to become indifferent from 

one another and eventually progress into organlicant tumors. 

Tumorigenesis models where parenchymal cells expressing 

oncogenes are engineered are well-studied; however, it remains 

largely unknown how diverse types of stroma with asymmetric 

alterations in cellularity and matrix components shape tissue and 

promote disease progression [214]. 

To comprehensively understand the function of 

differentiated stromal components, it is essential to classify 

ilstrosoma by their developmental origin and layer, and to 

analyze their role in tissue homeostasis and disease 

progression. These approaches are expected to reveal hitherto 

unknown aspects of the dynamic interactions between the 

parenchyma and stroma, as well as that between non-immune 

and immune tumor-associated cells. Progress in functional 

studies has highlighted the significance of non-immune cells in 

modulating tumor behaviors. Emerging roles of atypical 

fibroblasts in promoting cancer immunity may also offer 

opportunities to benefit from tumor targeting. However, for 

stromal cells to become a valid therapeutic target, a deeper 

understanding of their tissue-specificity and their complex and 

sometimes dual roles is still required. Comprehensive 

characterization and understanding of diverse stromal cells are 

expected to open up new frontiers in disease-targeted therapy 

[215]. 

The immune system plays a critical role in determining the 

progression and outcomes of various cancers. Various 

systemically delivered chemotherapeutic agents and immune 

checkpoint blockade antibodies to enhance immune responses 

against malignant cells have been actively used therapeutic 

strategies to counter the neoplastic growth. The tumor 

microenvironment (TME), composed of malignant cells, immune 

inflammatory cells, and non-immune stromal constituents, 

dictates both the efficacy and the resistance mechanisms of 

these therapies [216]. Deciphering the intricate interactions 

among their subtypes within the TME is, therefore, of paramount 

importance to efficiently develop and administer the appropriate 

therapeutic regimens. Intensive studies have begun to dissect 

the tumor- and tissue-specific heterogeneity of malignant cells 

and immune cells. However, despite the recent recognition of the 

context-dependent dynamics of diverse fibrous, vascular, and 

adipose tissue-resident non-immune stromal cell types, their 

dual relationship with immune cells remains elusive [217]. 

Immune Modulation Strategies 

In order to successfully apply immune modulation strategies, 

including immune checkpoint blockades or new immune-based 

therapies, specific knowledge on the extracellular matrix (ECM) 

and mechanisms of recruitment and regulation of immune cells 

including adaptive, innate and innate-like cells on the immune 

privileges, in different tissues or organs is essential. These 

knowledge gaps are especially prominent in tissues developed 

based on immune disregulation due to tissue-specific stromal-

immune crosstalk including but not limited to cancer, chronic 

infection, metabolic or sterile inflammation, and fibrosis [218, 

219]. 

Both innate and adaptive immune cells have plasticity. 

Although innate immune cells including innate-like lymphocytes 

are included in the initial events of immunity, they can have 

regulatory functions in return. Tissues with chronic immune- or 

inflammation would be hijacked by them with a regulatory 

function from a proinflammatory function at initial phase, 

consequently impacting disease progression [220]. With the 

sometimes-finding-infiltration of regulatory immune cells in 

proinflammatory diseases, they paradoxically have a steering 

function regulating disease progression and therefore require 

additional monitoring strategies according to the progressions 

[221]. Similar immune plasticity, paradigm shifting immune 

treatment from depletion or antagonization to reprograming 

immune cells would be necessary to resolve the questions of 

immune unavailable and poorly efficacious, or adverse effects 

including but not limited to invasion or enhanced metastasis of 

novel immune treatments. Therefore, strategies on systemic or 

tissue-targeting administration with temporal monitoring of the 

spatio-temporal dynamics of recruited immune cells are highly 

interesting for the resolution of aforementioned questions [222]. 
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Future Directions in Research 

Currently available gene expression datasets enable large-

scale studies of different aspects of organ immunity or cancer 

types to unveil broader trends in stromal-immune cell 

interactions. Such datasets can also be mined to study new 

histological specimens. Recent computational approaches 

harnessing the power of gene expression data to uncover 

luminal molecular subtypes offer one such application [223]. For 

tissues with previously studied immunity, multiplexed imaging 

techniques could be employed to study the relationship of 

stromal-immune cell interactions with the cellular and molecular 

context of the tissue. For example, intravital TCR sequencing in 

developing embryonic organs or using a barrier-healing model 

[224]. Defining developmental and barrier disruption contexts 

that rely on organized patterns of immune cell recruitment is an 

underexplored area that will complement the studies of other 

multicellular organisms that evolve monodirectional immune 

sweeps, such as flies [225]. 

How stroma-derived secreted proteins shape and regulate 

organ immunogenicity across multiple contexts is an important 

but challenging aspect to study. Insights into the roles of 

secreted components from the stroma could arise from 

overexpressing, knocking down, or modifying known signaling 

proteins in specific tissues or organoid models and combining 

this with multiplexed imaging and uncontrolled immunetic 

challenges [226]. In addition, employing chemical libraries or 

mutation datasets designed to probe the biochemical features of 

protein secretability could yield large insights into how complex 

stroma-derived signals from diseased tissues and organs shape 

immunity. It will also be important to devise models to study the 

composition and potential cooption of such signals within a 

mutant cell/disease foreground at later stages in multi-cellular 

organisms [227, 228]. 

Generating models to query specific aspects of stromal 

immunity both in isolation and with immune cells will also be a 

key aspect of future directions. Perhaps one further investigative 

direction on the possible function of “immune cells-stroma” 

synapse mimicking structures in organizing patterns of 

communication will link well understood aspects of these actor 

classes in other immune contexts to their roles in tissue 

homeostasis/disease [229]. Most of these areas are complex 

and challenging, yet the rewards will be gigantic in 

understanding how tissue specific immunity is built and coopted 

during disease progression [230,231]. 

Emerging Technologies 

Technological advances in imaging, manipulation, and 

analysis have opened new experimental avenues for studying 

the interactions of immune and stromal cells within the tissue 

microenvironment, with potential for enhanced understanding of 

the dynamic dialogue governing tissue-specific immunity [232]. 

Polyparametric flow cytometry enables the high-dimensional 

profiling of innate and adaptive immune cell populations within 

tissues, revealing their phenotypes and functional states. 

Multiplexed tissue imaging provides high-quality investigation of 

immune populations using histopathological assays, as well as 

newly developed imaging modalities. Combining these imaging 

capabilities with algorithms to detect, segment, and classify 

tissue-resident immune populations and quantifying their 

interactions and spatial organization has revealed knowledge 

about immune cells localizing to tissues [233]. Emerging 

adaptive manipulators allow the live-cell mechanistic analysis of 

interactions among multiple populations using opto, acousto, 

and electro-mechanical tools. Together these technologies 

permit quantitative imaging and manipulation of immune cells in 

tissues while maintaining tissue integrity and architecture over 

long time-scales, opening new avenues for studying the 

interactions of multiple immune populations which will combine 

depth of characterization with spatio-temporal quantitative 

information [234]. 

One advantage of the described methodologies is their 

flexibility, enabling the addition of imaging, analysis, 

manipulation, or readout modalities to target questions across 

diverse tissue types or cell populations [235]. Heterogeneous 

populations distributed throughout complex 3D tissue can be 

easily studied to assess how altered immune ontology or 

interactions affect tissue function and pathology. The choice of 

modality can be adapted to best answer questions of interest, 

from high-throughput interrogations of population state and 

organization, to mechanistic analysis of biophysical interactions, 

to quantifying effector function [236]. All modes can be easily 

automated to enable massive data collection efforts, increasing 

the scale at which knowledge can be gained [237]. Ongoing 

experimental and analysis developments will significantly 

enhance the capabilities and utility of these methodologies, 

paving the way towards a quantitative systems-level 

understanding of immune-stromal interactions in both health and 

disease. Ultimately, the hope is to define how the immune 

ontology of cells residing or trafficking within tissues shapes local 

tissue immunity, impacting disease severity and progression 

[238]. 

Clinical Applications 

The main challenge in translational research is the reliable 

determination of clinically relevant targets. Generally, 

immunotherapy targets are investigated using animal models of 

disease. However, models of inflammatory diseases often take 

several weeks to months to develop. For this reason, syngeneic 

tumor models are widely used for the evaluation of 

immunotherapy targets and strategies. Usually, cancer in a 

mouse model is modeled by injecting mouse tumor cell lines into 

the ear, footpads, or previously manipulated tissues [239]. 

Tumors grow within several days. By contrast, the acquisition of 

solid adult tissue explants and the preservation of cellular 

composition and spatiotemporal localization are difficult due to 

the tissue processing and culturing protocols. Reconstructing 

pathologic tissue-immune architecture from a small biopsy is 

clinically and experimentally significant as well. To mimic the 

tumor microenvironment ex vivo, healthy tissues before tumor 

development, tissues from individuals excluded from clinical 

studies, or tumors excised before medical treatments can be 

obtained. Introduced a method for the production of a histological 

tissue-immune architecture from FFPE or frozen tissue [240, 

241]. 

Concerning tissue types, cancers comprise breast, prostate, 

colorectal, liver, lung, and stomach cancers. Non-cancerous 

tissues comprise skin, heart, vessels, visceral fat, and brain-

collagen. Since tissue shapes can be adjusted to develop new 

organism structures, various directions of growth can be 

obtained [242]. Growth factors can also be easily added to media 

to affect organogenesis. Moreover, organismal changes, 



 

13 
An - Najah Univ. J. Res. (N. Sc.) Vol. ××××         Published: An-Najah National University, Nablus, Palestine. 

including shrinking and disintegration or shedding, can be 

simulated by manipulating a perfusion fluid with hyaluronidase or 

force < 20 mmHg, respectively. Direct mass multiplication of 

tissues is also possible [243]. Current research is focused on the 

impact of stroma-immune interactions in the treatment and 

progression of cancers such as colorectal, breast, and prostate 

cancers or diseases such as rheumatoid arthritis and diabetes 

with histological perspectives [244]. 

Case Studies 

Tumor-associated fibroblasts (TAFs) are often thought of as 

a histological curiosity—an unusual population of cells that 

segregate near blood vessels in the stroma as a characteristic of 

many human tumors. Tumor stroma is one of the original cancer 

hallmarks proposed more than a decade ago and has expanded 

to include then recognized causal connections between cancer-

associated fibroblasts and excessive collagen deposition and 

rigidity and, more recently, chemotherapeutic responses and 

immune evasion [245]. While compelling and pivotal discoveries 

have been made connecting TAF with specific cancer hallmarks, 

there remains clear need for additional insights focused on the 

broader involvement of stroma in non-malignant, pre-malignant, 

and advanced tumors. Application of contemporary analytical 

techniques combined with a broader perspective on the role of 

stroma in solid tumors will provide important details needed for 

many aspects of a more complete understanding of the tumor 

microenvironment (TME) [246]. 

Non-immune stromal cell types have important implications 

for tumor progression and therapeutic efficacy. The physical 

architecture of the stroma, especially the amount and 

composition of the extracellular matrix (ECM), is a hallmark of 

many solid tumors [247]. The stroma in normal tissues is 

physically organized and restricts cancer cell invasion. Tumors 

gain hypoxia, cell crowding, and aberrant growth, which mediate 

injury signals that remodel the ECM and promote chemo-

resistance. Overall, the late-reforming stroma guides the 

plasticity of tumor cells from an invasive toward another growth 

state, ultimately giving rise to multiple, quiescent, and resistant 

tumors. There are many implications for future studies focusing 

on ECM and non-immune cell interactions over a range of 

tumors. The opportunity to use or to discover inhibitors that 

interrupt the remodeling process will be exciting to pursue both 

for basic biological and for therapeutic purposes [248]. 

Breast Cancer 

Breast cancer is the most frequently diagnosed malignant 

tumor of women in North America, affecting more than 192,000 

annually [249]. Standard treatment modalities for breast cancer 

include surgical intervention and radiation therapy for localized 

disease and systemic chemotherapy, receptor targeting, and 

immunotherapy for advanced disease. Improvements in 

treatment options have resulted in a substantial reduction in 

breast cancer-associated mortality; nevertheless, these 

advances have plateaued and 40% of women diagnosed with 

breast cancer still succumb to disease [250]. Thus, there is an 

urgent need for new therapeutic approaches targeting the factors 

that influence disease pathogenesis and progression [251]. The 

majority of breast cancers are believed to arise from genetic and 

epigenetic changes in genes involved in the regulation of 

proliferation and differentiation. New blood or lymphatic vessels 

are formed in tissue through the closely regulated, sequential 

interactions of a variety of proangiogenic factors with their 

receptors [252]. Evidence supports the hypothesis that the initial 

disease-promoting alterations in stroma cell responses occur 

prior to the development of mammary neoplasia and may 

promote progression to malignancy. The differentiation of CSCs 

to tumor cells triggers a cascade of stromal cell responses 

leading to a supportive tumor microenvironment [253]. The tumor 

stroma is composed of a number of cell types including 

(myo)fibroblasts, vascular cells, infiltrating leukocytes, and 

specialized mesenchymal support cells. Tumor-infiltrating 

leukocytes (TILs) are the most frequent immune cells infiltrating 

solid cancer and have been implicated as causal players in the 

development of breast, prostate, pancreatic, and colorectal 

cancer [254]. Careful study of breast cancer histology has led to 

the discovery of an unexpected diversity in the cellular 

composition, molecular architecture, spatial distribution, and cell-

cell interactions within tumor microenvironments and their 

relationships to patient prognosis. Among these, a prominent 

role for TILs in breast cancer biology has emerged, and 

accumulation of specific subsets has been correlated with 

markedly improved prognosis [255, 256]. However, it is 

becoming clear that unambiguously defining the roles of immune 

cells in the regulation of tumor progression is a daunting task. 

This focuses on the roles of innate and adaptive leukocytes as 

regulators of breast carcinogenesis and describes experimental 

data indicating potentially large therapeutic advantages of 

targeting these immune cell types in patients with breast cancer 

[257]. 

Chronic Inflammation 

Chronic inflammation underlies many diseases in human 

medicine, such as rheumatoid arthritis, atherosclerosis, severe 

asthma, inflammatory bowel disease, or chronic skin 

inflammatory diseases. Cancer is a complication of chronic 

inflammation, which induces changes in the stroma leading 

ultimately to tumor progression. Chronic inflammation occurs 

when tissue-resident cells fail to resolve the immune response 

due to continuous exposure to a pathogen or aggravating factor. 

Chronic inflammatory disease progression is characterized by an 

accumulation of new immune effector cells recruited indirectly by 

altered stromal cells [258]. These chronic recruitment and 

activation mechanisms can feed back the process and recruit 

new classes of immune effectors. Alterations in the stroma also 

lead past a certain time point to the acquisition of cancer 

hallmarks, providing further aggravation loops. In this section 

cellular mechanisms underlying those events are discussed. 

Inflammation involves the complex interaction between 

infiltrating cells and tissue-resident cells. These non-

hematopoietic stromal cells (SCs) are now known to orchestrate 

the immune response by controlling leukocyte recruitment and 

organization within the tissue [259,260]. 

In healthy sites, the stroma provides an important structural 

component for tissues and emits factors like CCL21 and CCL19 

to promote the formation of secondary lymphoid organs such as 

lymph nodes. Those molecules also generate gradients for the 

attraction of naïve HEVs and leukocytes on new nodes. Under 

pathogen threat, tissue-resident fibroblasts and SCs rapidly 

produce a panel of chemokines and adhesion molecules. Those 

SC-derived factors recruit blood-derived leukocytes while 

providing organization for the newly inflamed tissue [261]. After 

pathogen clearance, the inflammation resolves, and the stroma 
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returns to a homeostatic state. However, in chronic inflammation, 

the stroma acquires novel features critical for the development 

of the pathological process [262]. First, inflammation persists as 

chronic tissue-resident SCs continue to secrete factors that 

indirectly but accurately recruit blood-derived leukocytes. 

Second, the SCs develop an activated phenotype and secrete 

factors that directly activate monocyte-derived cells. These new 

interactions feedback the process and recruit new classes of 

blood-derived effector cells [263]. 

Ethical Considerations in Immunological 

Research 

The immune system is complex with diverse capabilities, 

and as such, different aspects are being studied to identify paths 

for a better understanding of immune system processes and 

more effective therapies against immune system-associated 

diseases. Historically, immunology was the forte of very few 

investigators as it required technical capabilities and equipment 

that were not present in most laboratories. However, with 

technological leaps and improvements, it is now possible to 

investigate immune system-related processes and pathways in 

schools and laboratories that do not specialize in the field [264].  

Bretscher relates how difficult it was for him to get the attention 

of investigators to look at how the immune system can recognize 

ID markers of other species/objects and that this mechanism is 

central to activation, regulation and tolerance of the acquired 

immune response in protective and pathological situations. For 

those investigators, different questions were relevant and the 

current state of confusion in the field was not anticipated [265]. 

The focus of his research with Schloen has been to provide 

definitions of such ID tags and molecular descriptions of the 

molecular basis of recognition, something that usually takes 

much of the attention of a new graduate student. Bretscher 

points out that once the begging questions to pursue are 

identified, it is not often an issue to find suitable laboratories and 

advisors in what is happening in the discipline [266]. On the 

contrary, there are guards for the discipline and safety of 

students in many areas of focus not often encountered in life 

sciences. The isolation that can still happen in schools in far 

parts of the world can be problematic; how to be integrated in the 

global research environment in life sciences and still be capable 

of rational consideration of observations must be better 

considered and action taken [267, 268]. 

Estes et al. highlight that as the field of viral persistence 

matures, new areas of research into HIV/SIV infections are 

becoming more prominent. In an effort to disentangle some of 

the complexities of the virology, immunology, and molecular 

biology of these systems, researchers are asked to consider 

what tools are needed to effectively visualize the immune system 

[269]. On the subject of humanized mice in modeling human HIV 

infection, developing imaging reagents that can capitalize on 

recent improvements in two-photon video microscopy is 

essential [270]. 

Conclusion 

Tissue-resident stromal cells modulate the behavior of 

immune cells and in turn are also functionally modulated in 

immune responses. The historical view of immunology of the 

immune response focused on hematopoietic immune cells. Over 

the years it became evident that by producing cytokines and 

chemokines tissue-resident stromal cells essentially shape the 

immune response outcomes. On the contrary, they have been 

regarded as relatively inert cells mechanistically modified by 

immune cell interactions. However, tissue-resident stromal cells 

can also be actively modulated through immune modulatory 

signals produced by infiltrating immune cells during acute and 

chronic inflammation. This bidirectional interaction has been 

highlighted in many tissues and organs containing diverse types 

of stromal cells including fibroblasts, antigen presenting cells, 

pericytes, and endothelial cells. Nevertheless, in particular 

tissues, the action of specific immune-modulatory signals on one 

side and on specific types of stromal cells on the other side has 

remained largely unexplored. The recent advent of single-cell 

genomics technologies and sophisticated tools for single-cell 

manipulation have substantially extended our understanding of 

cellular interactions in health and diseases including the analysis 

of stroma-immune cell interactions at unprecedented resolution. 

Perhaps the best studied tissue in this regard is the lymphoid 

system, where critical and often complex cellular interactions 

have been dissected in detail. However, many of the lymphoid 

tissues share similarities in terms of cell types, differentiation 

states, and functional roles and hence findings in these tissues 

cannot always be simply translated to other non-lymphoid sites. 

During immune responses, besides recruiting and activating 

circulating immune cells, tissue-resident stromal cells profoundly 

re-organize at diverse levels and coordinate the immune 

responses taking place. Depending on the properties of the 

invading pathogens, the immune responses in terms of 

magnitude and qualitative, can be quite different, and 

consequently, the modifications of stromal cells might differ 

substantially and become more tissue-specific. Stromal cell-

immune cell interactions are likely to also change substantially 

during tumorigenesis and tumor progression, and additional 

histological analysis of virtually all solid tumors with respect to 

the presence and cellular interactions of the relevant immune 

and stromal cell types is likely to provide new insights into novel 

therapeutical strategies. 
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