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However, after the first meeting of The Epithelial-Mesenchymal Transition International Association [TEMTIA] the concept changed from "transformation" to "transition" and developing the idea of plasticity and transitional states. It is therefore not surprising that more pag. 2

Background and rationale

Tumor spread is responsible for the prognostic worsening and the poor outcome in most cases. Currently, the pathomechanistic model considers all metastatic cells both detected and under suspicion as the result of spreading from the bulky tumor. Inside the tumor mass, several cell populations become responsible for the local growth, lymphatic spread, perineural invasion, and distant metastasis following dissemination through bloodstream and long distance seeding.

These migrating cells can be detected in the blood and are called circulating tumor cells (CTCs). Their detection and dosing demonstrated a prognostic value in some cases, breast tumor, for example. Among CTCs, stemness traits can be detected in some cases. In fact, only a rare fraction of CTCs which harbor a stem cell profile have tumor initiation capacities and is thought to possess the clonogenic potential to seed new lesions.

These stem like cells could be part of the "epithelial-to-mesenchymal" (EMT) process. According to this model, the cellular phenomena that tumor spread is based on are EMT transition and its counterpart, mesenchymal-to-epithelial transition (MET), necessary for the "landing" tissue seeding.

Hay et al. in 1995 described EMT as the transformation of epithelial cells into mesenchymal cells, and the process appeared as a shift between two alternative states, mesenchymal or epithelial.

recent work points to greater flexibility in this transitional process, and cells are no longer thought to oscillate between the full epithelial and full mesenchymal states, but rather, they move through a spectrum of intermediary phases.

According to this point of view, EMT can be considered as a continuum, whereby cells exhibit epithelial (E), intermediate (EM), and mesenchymal (M) phenotypes. As cells make the transition, they sequentially lose apico-basal polarity and cell-cell adhesions , and they gain front-back polarity and enhanced cell-matrix interactions.

The regulation of this process includes transcription factors (SNAI1/2, ZEB, TWIST1, GRHL2, OVOL1/2, and PRRX1), post-transcriptional regulators (miRNAs), and the proposed epigenetic controls at the promoters of epithelial genes. Importantly, although full reversibility is evident during embryonic development , it is not clear whether there is a "point of no return" in the EMT undertaken by adult cells.

Therefore, these subclones' detection and functional characterization may offer insight into mechanisms underlying CTC tumorigenicity and inform on the complex biology behind the metastatic spread.

In decades past, two distinct models, the clonal evolution model and the cancer stem cells (CSCs) model, have been proposed to explain tumor origin, tumor cells heterogeneity and the dissemination of tumors through CTCs whose stream plays a pivotal role according to both the two models.

The clonal evolution model was proposed by [START_REF] Nowell | The clonal evolution of tumor cell populations[END_REF]. According to this model, a normal cell becomes neoplastic due to an irreversible genetic change or a heritable epigenetic change and gives rise to a neoplastic cell clone. The clones accumulate further genetic changes and evolve into new clones; selective pressure favors one or more of these clones and ultimately leads to cancer and its inherent tumor cells heterogeneity.

According to this idea, tumor initiation takes place once multiple mutations occur in a random single cell, providing it with a selective growth advantage over adjacent normal cells. As the tumor progresses, genetic instability and uncontrolled proliferation allow the production of cells with additional mutations and hence new characteristics. These cells may leave a large number of offspring by chance, or the new mutations may provide a growth advantage over other tumor cells, such as resistance to apoptosis. In either case, primarily the latter, new subpopulations of variant cells are born, and other subpopulations may contract, resulting in tumor heterogeneity. Through this process, which occurs throughout the lifetime of a tumor, any cancer cell can potentially become invasive and cause metastasis or become resistant to therapies and cause recurrence.

As supporting evidence, Nowell observed that tumors generally seem to lose properties of differentiation as they progress and interpreted this removal of specialized functions as a way for them to maximize their proliferation and invasiveness. Such a task could be accomplished by selective pressures within a tumor. The idea of clonal evolution is supported by several other general cancer phenomena. One of these is the instability of cancer cell genomes, a feature broadly recognized as an "enabling characteristic" of cancer. Other tumor traits can be accounted for by clonal evolution, including their monoclonality, unlimited proliferative capacity, heterogeneous make-up with cells with various morphologies and metabolic differences, and interplay with the microenvironment. These observations could be explained by tumors originating from a single cell and undergoing continuous alterations that select the fittest cells under local conditions. Clonal evolution is also supported by findings that various drug-resistant clones are observed after some cancer therapies, such as treatment with the alkylating agent temozolomide or the tyrosine kinase inhibitor imatinib. Finally, several studies of various cancers have shown that the patterns of genetic alterations seen between primary tumors, metastases, and recurrences match what is expected from clonal evolution. Within individual patients, most mutations in the primary tumor and metastases are identical, but some are specific for one or the others. Increasing degree of tumor cell chromosomal aberration correlates with more malignant properties; and recurrences contain the mutations seen before in primary tumors along with additional ones. Studies of premalignant lesions,such as colorectal adenomas, have similarly found that more mutations tend to occur in more advanced neoplasms, indicating that clonal evolution likely occurs during tumorigenesis and may therefore continue during tumor progression.

Perhaps the most convincing evidence for clonal evolution comes from studies of cancer cells taken from various regions within a single tumor using laser microdissection. Such work reveals that every major type of human cancer and histological subtype contains at least several cell subpopulations with differing heritable abnormalities. The separation of these clones in distinct areas of a tumor occurs because sister cells usually remain contiguous in solid tumors. Examples of mutational heterogeneity that have been found are diploid and aneuploid clones within a tumor and different allelic losses in cells from the same tumor. Genetic differences are also observed between cells in different regions of individual premalignant lesions. For instance, this has been seen in Barrett's esophagus, a condition associated with increased risk of developing esophageal adenocarcinoma.

The alternative idea that cancers originate from rare stem cells was first proposed over a century ago by Cohnheim. Though originally proposed several decades ago, the alternative pag. 4 CSC model , did not gain traction until the late 1990s, most likely due to a lack of appropriate tools such as flow cytometry, cell-surface markers, and suitable immunocompromised host mice. These techniques are needed to purify and test the tumorigenicity of CSCs. In 1997, John Dick's group reinvigorated the CSC hypothesis through their seminal study on hematopoietic cells and leukemogenesis. Using an acute myeloid leukemia (AML) model, they identified a human AML-initiating cell with the capability to initiate leukemia in non-obese diabetic mice with severe combined immunodeficiency disease. They further demonstrated that this cell has the potential for self-renewal, possesses exclusively a CD34+CD38-surface phenotype and can differentiate into leukemic blasts.

In fact, the cancer stem cell hypothesis states that a particular subset of tumor cells with stem cell-like properties, called "cancer stem cells," drive tumor initiation, progression, and recurrence. By definition, these cells have the ability to self-renew indefinitely and to differentiate, characteristics of normal adult stem cells. Their self-renewal and differentiation lead to the production of all cell types of a tumor, thereby generating tumor heterogeneity. Meanwhile, the other cells in a tumor do not have unlimited self-renewal capacity and cannot differentiate to produce all tumor cell types. Cancer stem cells are widely believed to arise from a normal stem or progenitor cells of an organ and are thought to persist as a small fraction of the cells in a tumor. Also, according to the cancer stem cell hypothesis, tumor progression is a result of the metastatic spread of these cells, and cancer recurrence is caused by their resistance to therapy.

The first supporting evidence to this model is the existence of normal stem cells in many tissues from which cancer often develops, such as blood, brain, lung, and prostate. These cells are also long-lived, making them more likely than other cells to acquire the multiple mutations needed to become cancer. Second, the tumor traits of monoclonality, unlimited proliferative capacity, and phenotypic heterogeneity that includes a variety of differentiation states with some non-dividing cells could be explained by tumors originating from a self-renewing, multipotent, and slow-cycling cell. Third, normal stem cells and cancer cells are both believed to be regulated by epigenetic mechanisms and their microenvironments, and they share many abilities, including induction of angiogenesis, resistance to apoptosis and drugs, and cell migration, implicating stem cell-like cancer cells in initiation, recurrence, and metastasis. In addition, cancer cells often have pathways associated with stem cell function, such as Wnt, Hedgehog, and Notch, either activated or deregulated. Fourth, some other results show that normal stem cell function may play a role in metastasis. For example, the chemokine receptor CXCR4, which is found on normal hematopoietic stem cells as well as on many cancer cells, promotes metastasis in a variety of tumors. Also, metastases of most carcinomas recapitulate the organization of their primary tumors. Finally, the observed requirement of a large number of tumor cells to transplant tumors, even between syngeneic mice with identical immune systems, suggests that only a fraction of tumor cells are tumorigenic. Cancer stem cells have been reported in many tumor types such as lung, brain, skin, prostate, and colon.

There are a few points on which the cancer stem cell hypothesis and the clonal evolution model agree. In each case, tumors originate from a single cell that has acquired multiple mutations and has gained unlimited proliferative potential. Also in each case, the specific cell of origin, particular genetic alterations involved, and microenvironmental factors can influence the make-up of a tumor and determine its physical characteristics and clinical properties. In addition, both the cancer stem cell hypothesis and the clonal evolution model may involve tumorigenic cells with stem cell-like properties since these characteristics may be either traits of the tumor cells of origin or impose a selective growth advantage over other tumor cells.

Despite significant progress made during the last decade, the CSC hypothesis is still bogged down by occasional controversies. One of the main objections is the usage of the term "cancer stem cell" itself. Critics argue that since the origin of CSCs is not clearly understood and CSCs do not always seem to be originating from normal stem cells, the usage of the term CSC leads to ambiguity and confusion. Instead, the term tumor-initiating cell (TIC) has been suggested since seeding the growth of a tumor is one of the defining properties of CSCs. However, originally the term "cancer stem cell" was not coined based on the cancerous cell-of-origin, but rather due to similarities between stem cells and CSCs in terms of their ability to self renew, regenerate organs/tumors and give rise to more differentiated progeny.
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To date, the origin of CSCs with the power of TIC is not completely understood. A better understanding of tumor heterogeneity obtained by the continued careful analysis of normal and tumor cell subpopulations and the identification of the structure of the cell hierarchy may provide clues useful to detect the earliest stages of tumorigenesis and a TIC hypothetically, in order to design ways to prevent the disease from occurring and to identify new targets for therapy.

Useful information concerning the hierarchy of tumor cells might be derived from the data available on tumors developed in transplant patients who are chimera subjects.

In fact, the chimerism studies of tumors in transplant recipients get to identify chimeric cells within these neoplasms. This identification enables a discussion on (1) the migration of the chimeric cells into the cancer, and particularly on what the triggering factor initiating this migration could be and (2) which type of cell is at the origin of the chimeric cells.

In kidney transplant recipients, donor-derived cells were first identified in a basal cell carcinoma occurring in sun-exposed areas of the skin. The method used was the detection of the Y chromosome in female recipients of male kidney transplants. Conversely, recipient-derived cells have been identified in renal cell carcinomas that developed in a kidney transplant. In two different studies, the method used was a comparison between recipient blood and renal-cell carcinoma microsatellites to confirm the recipient origin of neoplastic cells.

The identification of chimeric cells in cancers in transplant recipients, either in the recipient's skin or in the kidney transplant, demonstrates that a migration of stem-/progenitor cells has occurred.

In cancers occurring in bone marrow transplant recipients, hematopoietic stem cells are infused. These can be the origin of rare but authentic donor-derived post-transplant leukemia. Since the original description in 1971, more than 50 cases of donor-cell leukemias have been reported and considered to be the result of the oncogenic transformation of apparently normal donor hematopoietic cells in the transplant recipient. The occurrence of epithelial carcinoma of donor origin after bone marrow transplantation implies ann additional step of transdifferentiation of marrow stem cells in normal epithelial cells.

Even if the migration of a progenitor cell is demonstrated by the identification of chimeric cells in cancers of transplant recipients, the type of progenitor cell involved has still to be established.

Taken together all these data, we hypothesize that in some cases, the first bulky lesions may originate from a seeding process of CTCs born elsewhere. Suppose such pathogenesis could be reliable regarding aggressive tumors with basic high metastatic potential for which the bulky derives from an undetected first lesion, it is more difficult to imagine this option for disease from less aggressive to properly benig.

Objectives

The aims of this project are to test the parental origin of all both benign and malign tumors diagnosed in transplanted patients outside the graft and on the graft; to detect CTCs and CSCs in transplanted patients diagnosed with oncological diseases and, if detected, these cells will be tested concerning their parental origins. To this end, we will define the predictive value of detecting CTCs and CSCs and their best markers based on a systematic review of literature and meta-analysis.

Methods

1. We will perform a systematic review of literature on the topics concerning CSCs and CTCs to select the most recent markers of CTCs, EMT, and stemness, with meta-analysis concerning the predictive value of their detection compared with conventional staging.

2. We will carry out a retrospective study on a cohort of transplanted patients in order to a. populate a computerized database that will collect all transplanted patients who developed tumors; b. perform a histopathological re-examination of available surgical specimens with microscopic examination, stemness markers detection, EMT (epithelial mesenchymal transition) markers detection and microsatellite analysis.

3. We will carry out a prospective study on patients that underwent solid organ transplantation which develop both benign and malign tumors. On these patients, we will check: a. the parental origin of tumoral cells: donor vs recipient; b. the presence of CTCs; c. the presence of CSCs; d. the genetic origin of CTCs: donor vs recipient; e. origin of CSCs: donor vs recipient.

Chimerism analysis

Chimerism analyses of tumors in transplant recipients require methods suited to tissue samples and gender matching between transplant and recipient.

1. In gender-mismatched transplantation, the XY chromosomes can be explored using fluorescent in situ hybridization on whole-tissue sections or Y-sequence-specific PCR after the laser microdissection of tumor cells.

2. For neoplasms occurring after gender-matched transplantation, laser microdissection of tumor cells enables studies of microsatellite markers and high-resolution melting analysis of mitochondrial DNA on genes with marked polymorphism. The results of different studies address the neoplasmsthat develop in both recipients and transplants. The presence of chimeric cells in the neoplasms of these two types population implies an exchange of progenitor/stem-cells between transplant and recipient, and the plasticity of these progenitor/stem-cells contributes to epithelial cancers. The presence of chimeric cells in concomitant cancers and pre-neoplastic lesions implies that the oncogenesis of these cancers progresses through a multistep process.

3. After hematopoietic stem-cell transplantation, tests for chimerism are used in the patient's follow-up, and different methods for chimerism studies in blood and tissue have been validated. When applied to the cancers developing in transplant recipients, these methods can identify the donor/recipient origin of the different cellular components of the tumor. When these methods are applied to preneoplastic and neoplastic lesions, they offer clues to the complex process of these tumors' oncogenesis.

Methods to identify and characterize CSCs

Several methods have been proposed to identify, isolate, and characterize CSCs. The two main strategies that are employed for the detection and characterization of CSCs include pag. 9 marker-dependent (or marker-based) and marker-independent strategies. Both methods have inherent advantages and disadvantages. Marker-dependent strategies still occupy the center stage in the CSC field, despite marker-independent strategies gaining prominence recently. Owing to the similarities between normal stem cells and CSCs, CSCs have been identified in several cancers using the same sets of cell surface markers that identify normal stem cells. For example, in acute myeloid leukemia (AML), the CD34+CD38 marker combination was used to identify AML CSC, and the same combination also identifies normal hematopoietic stem cells (HSCs). According to CSC's definition, a cell can be classified as a CSC only when it is prospectively isolated and implanted into an immunocompromised mouse to show that the cell can induce serially transplantable tumors. Due to this limitation, although several techniques, such as immunohistochemistry (IHC), can be used to detect CSCs in various tissues, they cannot be used to prospectively purify CSCs and test their stem cell properties. The two most predominant methods that are used to prospectively purify and characterize CSCs include flow cytometry (FACS) and magnetic activated cell sorting (MACS) . FACS has played a critical role in identifying CSCs both by marker-dependent and by marker-independent strategies such as side population and aldefluor assay. In solid tumors, CSCs were initially identified in breast cancer (BCa) using a CD44+CD24 marker combination; these CD44+CD24 cells were purified from BCa samples using FACS and shown to possess stem cell properties.

Side population (SP) , a marker-independent strategy, was initially used to enrich normal HSCs and leukemia stem cells (SCs) but was later used extensively to improve CSCs in several solid tumors. The SP technique is based on the ability of stem cells to exclude Hoechst 33342 dye and appear as a side population compared with the normal differentiated cells, which take up the dye and emerge as the main population. The ATP binding cassette (ABC) transporter family proteins such as MDR1 and ABCG2 are responsible for dye exclusion and the side population phenotypic profile. These markers are highly expressed on normal SCs as well as CSCs and usually the SP population overlaps with CSCs in several cancers.

Both marker-based strategies and SP analyses have played an invaluable role in identifying CSCs and advancing the field of CSCs. In contrast to SP, a novel approach based on the stem cells' ability to retain PKH26 , a lipophilic fluorescent dye that stains quiescent cells, was used to isolate human normal mammary stem cells and to further characterize breast CSCs.

The aldefluor assay is yet another marker-independent strategy originally employed for the isolation of HSCs, but has recently been used to identify and characterize CSCs in various cancers. Stem cells have been identified to show increased aldehyde dehydrogenase (ALDH) activity, which can be measured by the aldefluor assay. ALDH+ cells can be identified using the aldefluor assay by measuring the conversion of an ALDH substrate (BODIPY aminoacetaldehyde) to its fluorescent reaction product (BODIPY aminoacetate).

For the purposes of this project a marker-based method is adequate. The other methods may be necessary for histological subtypes for which there were no adequate markers.
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Expected results

According to our hypothesis, CSCs play a pivotal role in the development of a tumor. We expect to detect stemness markers both in the tumors' specimens and among CTCs.

First and foremost, these findings may have an interesting prognostic value of worth if it is brought together with TNM stage and cellular grading.

Secondly, according to the hypothesis of CSCs as tumor initiating cells, the detection of CSCs of recipient origin into a tumor on the transplanted graft or CSCs of donor origin in the recipient' tumors , may contribute to better understanding the pathomechanism of bulky tumor development and metastatic process.

In fact, the detection of cells from different parental origins into a tumor can certify the role of CSCs as tumor initiating cells and shed light on early and diffuse metastases manifested by such tumors, responsible for their poor prognosis.

The detection of cells from different parental origins into a benign or mildly aggressive tumor may support the CSCs model, as a worthy and credible model concerning tumorigenesis, alternative or parallel to the traditional clonal evolution model proposed by Nowell in 1976.

Resources

In order to complete this project, we will evaluate the records of transplant patients from our institution and external transplant centers. The collaboration of several laboratories will be necessary: pathology laboratory for histopathological re-examination and laser microdissection of the specimenshemical laboratory for flow cytometry analysis with antibody markers of CTCs, EMT and stemness; genetic lab for microsatellite genotyping; informatic lab for database realization and statistical analysis.

Scientific importance e dissemination of results

A better understanding of pathomechanisms of tumorigenesis is fundamental for progressing in the prognostic categorization of different neoplastic diseases.

In addition, the evidence of populations of cells with the capability of tumor seeding is of worth for neoplastic risk assessment before solid organ transplantation. In fact, detecting CTCs may be very helpful for fast diagnosis of occult or diagnosed neoplasm, which contraindicates the transplantation.

The results of this project could advance knowledge on the dynamics of CSCs, which could be the basis for sustaining the implementation of 3D organoid systems. Organoids are in-vitro derived 3D cell aggregates derived from primary tissue or stem cells that are capable pag. 11

of self-renewal, self-organization and exhibit organ functionality. In fact, the identification of the cell at the apex of the hierarchy of a tumor could led to develop a system that best recapitulate the biological features of that tumor and may be amenable to pharmacological assays for the development of new and promising targeted therapy.
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