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Part 1: Homeostasis
The word homeostasis originates from the ancient Greek ὁμοιοστάσις (homoiostásis), a combination of ομος (hómos, meaning similar) and ιστημι (histe¯mi, meaning standing still or stasis, in this case from στα´σις). The Latin word homeostasis means equal stage. Homeostasis is an equilibrium state and a law of nature. Every system has its own self-regulatory mechanisms to attain, achieve, and maintain homeostasis. 
In the sciences, homeostasis has largely been ignored [1], despite being among the most regulated biological processes. The concept of homeostasis, from approximately 160 years ago, is attributed primarily to Claude Bernard (1813–1878) [2, 3] and Walter Bradford Cannon (1871–1945) [4]. Bernard was one of the father’s of modern experimental medicine. In contrast to Hermann Ludwig Ferdinand Helmholtz (1821–894) and Emil Heinrich Du Bois Reymond (1818–1896), Bernard did not believe that biological phenomena were reducible to physics or chemistry [5, 6]. 
Origin of homeostasis
In ancient times, medicine (or science) was inseparable from philosophy and religion, both of which were also inseparable from each other. Available ancient written records (3,500 BC to 300 AD) can be divided into those from Egypt (3,500 BC), China (2,700 BC), Babylon (2,300 BC), India (1,500 BC), and ancient Greece and Rome (1,200 BC to 300 AD). Ancient philosophy (600 BC to 500–600 AD) can be divided into the pre-Socratic (600–350 BC), classical Greek (420–300 BC), Hellenistic (323–30 BC), Roman (0–230 AD) and late antiquity (300–600 AD; a modern term describing the transition from antiquity to the early Middle Ages) periods. Examining the times at which concepts or approaches regarding homeostasis originated is of interest and might suggest that medicine and science were always, and still remain, inseparable from philosophy. The origin of the idea of balance, equilibrium, or homeostasis might therefore be much older than 160 years, running like a thread through medical and scientific history. The origin of balance or equilibrium, currently known as homeostasis, is much older, and dates to the originators of medicine, science, and philosophy in ancient times, more than 2,600 years ago. 
Homeostasis was not investigated scientifically until the 18th century 
In 1754, Albrecht Haller wrote about equilibrium in various contexts, including arteries and venules, tissue, respiration, speech, muscle contraction and relaxation, and muscle motion [7].
In 1795, William Nisbet described how a morbid disposition can occur after 6–7 years, depending on the particular time as well as changes in the balance [8]. 
Xavier Bichat (1771–1802), in 1801, used the terms “milieu” and “equilibrate” [9], and described how parts of the body are shared and connected (“Leur équilibré détermine l’état stationnaire du corps …,” page 6). Bichat also described how the atmosphere of the milieu determines not only the condition of the body, but also its organs and activities (“atmosphère au milieu de laquelle ils se trouvent plongés …,” page 22). Subsequently, Bichat stated that cells in tissues achieve a balance with the parts in which they are located (“en général, à se mettre en équilibre avec celle des parties où il se trouve …,” page 87), and that inflammation is necessary for life and its environment [9], thereby suggesting that inflammation is under a regulatory process. Bichat therefore used equilibrium as an explanation for not only the macro but also the micro milieu. 
The parish priest Friedrich Faber (1784–1869), in 1820, described that the human body is healthy when the necessary balance is not disturbed [9, 10]. For Johann Friedrich Dieffenbach (1792–1847), in 1845, establishing a balance was critical [11].
Claude Bernard (1813–1878) rejected analogical thinking as an inadmissible and non-exact science, given that experiments were necessary. In 1854, Bernard coined the term “internal milieu” (French: milieu intérieur) as a prerequisite for maintaining life, by providing a stable internal environment (French: fixité du milieu intérieur) [12, 13]. 
As discussed above, the concept of homeostasis is very old but was not explored in any detail. When interactions among factors maintaining homeostatic balance are dysregulated, homeostasis is disrupted.
Part 2: Metastasis theories
Bernhard Rudolf Konrad von Langenbeck (1810–1877) claimed, on the basis of autopsies, that cancer spread is due to cancer cell dissemination through the blood from the primary tumor, and cancer cells become lodged in the fine vascular end branches. Langenbeck had injected a cancer cell emulsion intravenously in dogs and, 2 months later, after necropsyng the animals, observed cancer nodules within the lungs [14 reviewed in 15]. 
Metastasis was assumed to occur as secondary foci of pus [Page 8 in 16] and was also called “dyscrasia“ [Page 54 in 17]. Carl Joseph Wenzel Prokop Rokitansky (1804–1878) reported that peritoneal cancer (M1 PER) occurs secondarily to cancer or rarely as primary M1 PER [Page 175 in 17]. 
Shrinking of the omentum or peritoneum [Page 176 in 17] was frequently observed with gastric, colon, or ovarian cancer, and gastric cancer was found to spread to the surrounding lymph nodes, the pancreas, the liver, transverse colon, and omentum [Page 204 in 17], primarily with pyloric localization and very rarely within the cardia [Page 205 in 17]. Gastric cancer usually spreads to the distal part of the esophagus, but pyloric cancer usually does not spread into the duodenum.
Vascular hematogenous theory
The concept of vascularization is believed to date to John Hunter (1728–1793) in 1787, as ‘angiogen-esis” [18]. Florence Rena Sabin (1871–1953) coined the term “angioblast” in a book on lymphatic embryology [19, 20] in 1913, citing Wilhelm His (1831–1904), who, in 1868, named the first structure of blood formation, according to its physiological properties, as the hematoblast (German: Hämatoblast) [21] and subsequently described it greater detail [22 reviewed in 23].
Beyond coining the term “metastases,” Joseph-Claude-Anthelme Récamier (1774–1852) was convinced that cancer cells escape primary tumors through the veins [24]. Wilhelm von Waldeyer-Hartz, in 1872, suggested that cancers develop from normal cells and spread through the blood and lymph [25, 26]. Carl Weigert (1845–1904) reported cancer invasion through the venous system [Page 497 in 27].
In 1891, Friedrich Daniel von Recklinghausen (1833–1910) first proposed that cancer metastasizes through blood vessels [28]: an autopsy of 75-year-old Heinrich Morand led von Recklinghausen to conclude that the prostate cancer had first spread through the lymph vessels and subsequently through the prostate veins to the bone, with multiple bone metastases [Case 13 in 28]. In case 14, he reported the same condition in 77-year-old Ludwig Kleitz, who had prostate cancer, and regional lymph node and multiple bone metastases, and coined the term “osteoblastic carcinoma.” Case 15 reports the autopsy of a 72-year-old man with prostate cancer, paravertebral lymph node metastasis, simultaneous back and bone metastases and lung metastasis; consequently, von Recklinghausen stated that this was related to retrograde transport within the pulmonary lymph nodes of the bronchial glands, thus resulting in miliary lung cancer. Moreover, von Recklinghausen indicated that bone metastasis in the infiltrative form of breast cancer is osteoblastic. In each, he observed a high rate of spindle cells and giant cells, together with chronic inflammation. The heterogeneity in connective tissue in inflammation was described in detail in 1902, including how different cells, including amoeboid stromal cells, adopt various polymorphic structures [29].
Sir John Bland-Sutton (1855–1936) believed that cancer dissemination occurred mainly through the veins [30]. Franz Saxer (1862–1903) reported that migratory cells in early embryogenesis originally emerged from a common blood and vascular system, probably originating in the mesoderm [31]. Cancer spread via the vascular system was also described by Edwin Ellen Goldmann (1862–1913) in 1897 [32]. One basis for vascular spread is the presence of circulating tumor cells, which were reported in 1869 by Thomas Ramsden Ashworth (1830–1876) [33] but recognized not to be synonymous with metastasis [32].
Vascular lymphatic theory
Charles Émile Troisier (1844–1919) stressed that cancer spreads through lymph nodes, as proposed by Auguste Gabriel Maurice Raynaud (1834–1881) and Jean Baptiste Hillairet (1815–1882) [34–37], but not through the blood vessels, as previously reported. Lymph node metastasis was observed to occur in a retrograde manner through lymph transport. Von Recklinghausen assumed that the muscles were immune to cancer cell spread, because of the rarity of such observations [38], but this idea was refuted by Coman in 1949 [39]. 
Axillary lymph node metastasis in breast cancer, which "consisted of nothing but fibrous tissue studded with minute cysts," was reported in a 38-year old woman [40]. Creighton reported that such tumor findings were comparable to skin tumors in dogs and observed heterogeneity in glands and glandular tubes filled with homogeneous mucous fluid. In the dog’s tumor, Creighton also observed transformation of connective tissue into epithelium with cubical nuclei, but with maintenance of a glandular structure. In 1882, Formad reported a walnut-sized breast cancer with liver and lymphatic metastasis in a female dog [41]. Autopsy revealed metastasis throughout the chest and abdomen, but each nodule had very high heterogeneity, including within the thyroid. Later, an adenoma in a dog’s breast was reported [42]. 
Combined vascular hematogenous and lymphatic theory
Takahashi suggested that cancer dissemination by both the lymphatic and vascular systems spreads in a stepwise fashion [43] involving 1) cancer cell penetration of the endothelial layer with spread by fluid transportation, followed by 2) adaption (which he denoted “organic union’) with the vessel wall after arrest and re-penetration of the endothelial layer. Furthermore, he reported malignant cancer cell emboli in vessels and even the vessel stroma. 
Kettle, in a very advanced cancer autopsy case, described the possibility of small stroma vessels, comparable to the embryology of the ovum, thus resulting in cancer cell infiltration and the formation of a cistern in the blood, “from which it oozes into the vacuoles already prepared in the tumour cells” [44]. Kettle termed this type of infiltrative lymphatic metastasizing cancer “malignant endothelioma,” because of the endothelial cell structure. Currently, this condition is called vascular invasion.
Embolic theory
Embolic theory states that metastatic cancer cells, after distribution (through the vascular theory), ultimately form cancer emboli in very small vessels. Therefore, vascular theory is a precondition for embolic theory. Gustav Hauser (1856–1935) reported gastric cancer spread to the liver, including extensive details regarding both early and late events in liver metastases [45]. 
Epithelial cancer cells first spread along the intimal surface before breaking through. Subsequently, small venous capillary epithelial cancer cell thromboses form emboli. Where breakthrough of the intima occurs, epithelial infiltration of lymphatics is accompanied by small venous trunks, and venous cancer cell thrombosis generally occurs thereafter. In cases of larger vessel involvement, the carcinoma thrombus is located in the wall. Furthermore, early cancer cell findings indicated embolic filling of the hepatic lobe capillaries or smaller vein branches, with no histological endothelial reaction. In early metastasis, the hepatocytes around this area appeared completely normal. Because the capillary bed of the liver was initially open, carcinomatous growth began between the liver cell bars, in anastomosing rows and strands. In cases of lymph node involvement, the structure of metastasized lymph nodes was found to be the same as that of the primary tumor. Regional cancer spread occurred via young cancer cells, and lymphatic epithelial cancer cells first spread within the lymphoid follicles at the cortical structure. Friedrich Wilhelm Zahn (1845–1904), an assistant to Theodor Albrecht Edwin Klebs (1834–1913) and, in 1871–1875, himself an assistant to Friedrich Daniel von Recklinghausen (1833–1910), stated that cancer cells can pass through pulmonary capillaries without causing metastasis to the lungs [46–48]. Zahn described the structure of a thrombus in thrombosis [49].
Tumor emboli were suggested to have influence if cancer metastasis occurred [50]. Otherwise, the embolic cancer cells introduced to systemic veins in mice led to very high mortality [51]. 
Work preceding seed and soil theory
In the mid-1800s, Rudolf Ludwig Karl Virchow (1821–1902) postulated that cancer develops from chemical or physical irritation and originates in the extracellular matrix (ECM) [52]. This proposal was concordant with earlier work in scrotal cancers in chimney sweeps (this was by Percoival Potts in 1876), and workers in the tar, pitch, and paraffin industry; bladder carcinomas in the dye industry; and bilharziasis in Kashmiri natives with abdominal epithelioma, arsenic exposure, and skin cancers [53]. However, cancer was not experimentally produced by irritants until 1912. 
Existing or absent primary conditions important for metastasis were observed by Rudolf Virchow, who reported a type of lymph node immunity in melanoma (German ”häufige Immunität der Lymphdrüsen“) [Page 257 in 54]. Intriguingly, Virchow, in 1864, stated that primary conditions for metasasis existed at the tissue of the metastatic organ (German: “an Ort und Stelle wieder die vorhandenen Gewebe erkranken und aus ihnen erst durch örtliche Wucherung die sogenannten Metastasen erzeugt werden”) [Page 55 in 55]. 
Seed and soil theory
According to a theory based on the idea that seeds grow only if sown on fertile ground, metastatic cancer cells metastasize to regions where the local conditions favor growth. 
Virchow’s observations were reproduced by Ernst Fuchs (1851–1930), who found that lymph node spread was very rare in a malignancy that he described as immunity of lymph nodes (“fast absolute Immunität der Lymphdrüsen“) [56]. Fuchs also indicated that recurrence depends on tumor size and occurs early, whereas metastasis occurs because cancer cells enter the vascular system (and consequently stated that recurrence and metastasis do not occur together: “Man könnte sage, Recidive und Metastasen haben gar Nichts miteinander zu tun”) [Page 277 in 56]. Thus, even cancer surgery performed early might not prevent later metastasis. 
Fuchs, in 1882, suggested that the metastatic target organ might play an important role in metastasis location, thus providing a foundation for the seed and soil theory, which is usually attributed to Stephen Paget (1855–1926) from 1899 [57]. Paget analyzed the autopsy reports of 735 women with breast cancer, in whom cancer cells (seeds) that were distributed through the vascular system, and assumed these developed metastases only in areas where favorable conditions (soil) were present. 
Paget stated that his ideas were based on the work of Fuchs. Therefore, this theory should be attributed to both Fuchs and Paget. Fuchs, a pupil of Theodor Billroth, first described sarcoma of the uveal tract, now known as uveal melanoma, and reported cancer progress per continuitatem and metastasis via nerves, lymphatics, and vessel distribution, and with liver metastasis in approximately 60% of patients [56]. Fuchs, in 1887, founded the journal Wiener Klinische Wochenschrift together with Heinrich von Bamberger (1822–1888). Although early cancer surgery was long believed to prevent metastasis [57], clinical data revealed that even after one or two decades, patients with breast or prostate cancer developed various forms of heterogeneous metastasis. 
Fuchs also noted, in 1882, that metastasis depends on whether favorable conditions exist within the primary tumor, such that cancer cells can be torn loose and carried away by the bloodstream (German: “Sie (Metastasierung) hängt daher wesentlich davon ab, ob in der primären Geschwulst günstige Bedingungen dafür vorhanden sind, dass Geschwulstzellen durch den Blutstrom losgerissen und fortgeführt werden” [Page 200 in 56]). He indicated that a disposition elsewhere where metastasis occurred might also be required to provide favorable conditions (German: “Diesen Organen u. zwar besonders der Leber, müssen wir demnach eine Disposition zur Production sekundärer Geschwülste zu erkennen“ [Page 201 in 56]). Therefore, Fuchs concluded that “whether metastases develop depends on the nature of the primary tumor and the individual disposition of the patient; their localization in certain organs is due to the special disposition of these organs for secondary tumor formation” (German “Ob sich überhaupt Metastase entwickeln, hängt somit ab von der Beschaffenheit des primären Tumors, sowie von der individuellen Disposition des Kranken; die Localisation derselben in bestimmten Organen ist bedingt durch die specielle Disposition dieser Organe für die secundäre Geschwulstbildung“).
Cancer implantation
Possible cancer implantation into the surgical wound was reported to be successfully treated by introducing zinc chloride solution into the wound in 1866 [58]. The report included a breast cancer case by Mr. Moore in 1864 from Middlesex and another case from De Morgan in 1865, in accordance with an earlier report [59].
According to Charles Moore (1821–1870), cancer recurrence was “due to local conditions,” but “these conditions are not regional, so as to belong to structures out of continuity with the first tumour,” and the recurrence of cancer is determined by “centrifugal dispersion, not organic origin” [60]. He associated recurrence with “the scar” (fibrosis), because he also used zinc chloride (40 grams per ounce of water), yet the wound required 13 weeks to heal, “but with doubtful thickening of the scar,” and local recurrence occurred 4 months later. However, Moore, in 1867, in describing possible dormant cancer, stated that a “residual fragment of the original disease should remain quiescent for years,” and asserted that “whatever be the method of operating, the one important point, both for practice and theory, is to remove the whole.” He even reported that the injection of acetic acid into cancer nodules for several weeks “obtained the completest dissolution of a subcutaneous cancerous nodule,” although the nodule later grew again. This case can be considered the first use of neoadjuvant therapy.

In 1896, the risk of cancer wound infection was reported [61]. Sir Charles Ryall (1869–1922) wrote, in 1907, that surgeons must “endeavour to cut wide of the primary disease, cutting into healthy tissues some distance around the growth and, at the same time, removing possibly infected lymphatic vessels and glands.” He believed that cancer was highly infectious [62]. His experience came from performing biopsies in women or cutting into breast cancer, and he stated that “a scalpel which has been used for mere incision into a cancerous growth has as a result cancer cells almost invariably changing to the blade” [63–64].
Viable living cancer cells on the blades of knives used in surgery, specifically scalpel blades used for breast cancer biopsies, were demonstrated in 1936 by Otto Saphir (1896–1963). He wrote: “In view of the findings here presented it is imperative to change the knives not only after removal of the biopsy but also after excision of a malignant tumor before radical operation” [64]. Moreover, he stated that “examination of the blades of knives used for removal of biopsies from malignant tumors or for removal of seemingly well circumscribed malignant tumors revealed a varying number of apparently viable tumor cells” [64]. Saphir thus described the danger of transferring cancer cells from a used scalpel and consequently suggested that every cancer biopsy carries a risk of transferring and transplanting cancer cells into healthy tissue. Therefore, changing scalpels after not only biopsies but also excisions or removals was necessary. Furthermore, using the same gloves, even after washing both the hands and gloves in distilled water, was associated with skin graft cancer implantation [65].
This finding might explain why “Ewing has drawn the attention to variations of tumor cells in metastatic lesions and in recurrent tumors he stated in metastases the original tumor structure might not be recognizable” [66, 67]. Saphir critically reviewed the histogenesis of malignant tumors and stated, in accordance with his investigations in 1938, that “it would appear that the findings here presented, namely the presence of various types of tumor cells, indicate that these tumors arose not from individual cells or certain cell groups but rather from one area which a priori contained the various cells of which the tumors consist, or derivations of these cells” [67]. Ewing, in 1928, held the same opinion, wherein cancers spread to areas as directed by the vascular system (in blood and lymph) [66]. For Ewing, the vascular anatomy was an important aspect of the seed and soil hypothesis. 
Thomas Ramsden Ashworth (1830–1876) reported circulating cancer cells in a patient with cancer in 1869 [33]. The vascular system was included in early explanations of metastasis. The view approximately 120 years ago was that sarcomas first spread primarily via the blood, and carcinomas spread primarily via the lymph nodes; however, the latter view was subsequently withdrawn, and vascular tumors were widely understood to spread through blood vessels and lymphatics [32].
Part 3: Metastasis models
In 1851, Joseph Leidy (1823–1891) collected human breast cancer material and, 4 hours later, implanted it beneath the integument of the back of a large frog, as well as in the vicinity of the ear, thus demonstrating how scirrhous fragments formed vascular attachments [68]. Leidy repeated the experiment and observed grown capillaries and tumors in sizes that “rendered it exceedingly probable that cancer was inoculable” [69].
Russian veterinarian, Mstislawus Alexandrowitsch Nowinsky (1841–1914), transplanted small pieces of a medullary nasal cancer into dogs, only two of which developed tumors. After transplanting pieces to both inflammatory skin and normal skin (n=15 each), he observed only one case of tumor growth in normal skin after 14 days [70 reviewed in 71]. Histopathology indicated epithelial cancer growth with infiltration of the surrounding stromal tissue, including subclavian lymph node metastasis. The second dog died because of pestis, and an autopsy revealed cancer growth within the transplantation scar. 
The cancer transplantation experiments from Lviv have largely been forgotten. Dr. Wehr, with his supervisor, Professor Henryk Kadyi (1851–1912), performed experiments on dogs at the Lviv Veterinary School (German: Lemberg), which were comparable to experiments by Nowinsky [72]. Kadyi was a professor of descriptive anatomy and histology at the Academy of Veterinary Medicine in Lviv (Lemberg) from 1881–1890 [73]. Dr. Wehr collected pinhead-sized pieces of carcinoma from the vaginas of female dogs and transplanted them into the subcutaneous tissue in healthy dogs. After 8 days, cancer nodules appeared, which were initially small, but grew to the size of a hazelnut after 6–8 weeks, then disappeared again. During his speech at the 17th Congress of the German Society of Surgery on April 6, 1888, he described the histological examinations performed, each indicating the same finding of carcinoma medullare as the primary tumor in the female dogs. 
Professor Ernst Gustav Benjamin von Bergmann (1836–1907) expressed doubts in the discussion (page 53): “Then some legitimate doubts will probably be allowed“ (German “dann werden wohl einige berechtigte Zweifel erlaubt sein”). At the time, any physician in a senior position was considered an authority. However, Kadyi had been educated at Jagiellonian University in Krakow, Poland, and the University of Vienna, Austria, by Karl Langer (1819–1887), Carl Ferdinand Ritter von Arlt (1812–1887), Christian Albert Theodor Billroth (1829–1894), and Ludwik Karol Teichmann (1823–1895), and he was well known for his masterpieces of anatomical specimens. Kadyi, Wehr’s supervisor, interacted with Carl Toldt (1840–1920), Karl Georg Friedrich Rudolf Leuckart (1822–1898), and Wilhelm His (1831–1904). Someone so well educated and trained, and even supervised by Wehr, would not have learned the necessary precision for experiments. 
Arthur Nathan Hanau (1858–1900) successfully transplanted vulvar squamous cell carcinoma from a rat into two other rats in 1888 and published the findings a year later [74]. Hanau was disappointed that his work was often neglected. Unrelatedly, he died by suicide at the age of 43 years, after two operations for rectal cancer, an additional chronic gastric illness, and rectal cancer recurrence: his autopsy revealed a large gastric carcinoma next to the rectal cancer [75].
In 1890, Anton von Eiselberg (1860–1939) transplanted spindle cell carcinoma (then believed to be rat sarcoma) from the back of an adult rat into the abdomen in two younger rats; after 3 months, one rat showed no growth, whereas after 5 months, the second rat died because of a rapidly growing cancer, which was examined by histopathology 1 day later [76]. Eiselsberg subsequently transplanted a cat thyroid into the abdomen and observed tetany after abdominal exstirpation of it [77]. Transplantation of human cancer tissue into the brain in rabbits revealed that the cancer persisted, but without growth, as reported by Geissler in 1891 [78]. In 1894, Morau transplanted spontaneous breast cancer from a mouse into healthy mice; the adenocarcinoma was successfully transplanted over several generations for 5 years [79]. In this murine model, no metastasis occurred, but if the cancer was removed, recurrence occurred with greater intensity. 
Ernst von Leyden (1832–1910), with his student Ferdinand Blumenthal (1870–1941), was unsuccessful in transplanting human cancer into animals; both tried to elicit active immunity in patients, by using a cancer emulsion from two patients with cancer in 1902 [80]. This study was among the first to apply anticancer immunotherapy approaches. Later, with the Leyden-Blumenthal approach, tumor regression was observed, as reviewed by Jacob Wolff (1861–1938) [81–83 reviewed in 84]. After repeated injection of an emulsion containing large numbers of cancer cells at 2-week intervals, only 1 of 79 cases revealed cancer regression [85].
For Levin, the immunological reaction of the stroma became a focus [86], which was clearly important in transplantation experiments. In 1903, Jensen, from Copenhagen, transplanted tumors to the same species (white mouse), with success rates of 40–50% over 19 generations, thus demonstrating that immunity in mice could be propagated [87]. Loeb successfully transplanted submaxillary gland tumors from a Japanese waltzing mouse into other mice for two generations [88–91].
Fundamental understanding of immunology, transplantation, and cancer transplantation models was gained from Marie Rywosch, at the Institute of Hygiene and Bacteriology, under the supervision of Richard Friedrich Johann Pfeiffer (1858–1945), University of Konigsberg. Rywosch showed significantly diminished bactericidal power in chicken embryos and indicated that the immune response depends on the organism’s stage of development (fetus, embryo, or adult) [92].
In 1910, Francis Peyton Rous (1879–1970) transplanted an avian neoplasm and, a year later, showed a sarcoma of the pectoral muscle in a hen, thereby demonstrating cancer transmission [93, 94]. These experiments were followed by various methods that were often unsuccessful [95–101]. James Bumgardner Murphy (1884–1950) demonstrated that mouse and rat cancers can grow after inoculation in chick embryos [102].
In 1912, Edgar Hartley Kettle (1882–1936) reported that rare spleen metastasis is a diffuse malignant infiltration of the organ, although the normal appearance of the spleen pulp itself suggested that the spleen might have been the source of hepatic metastasis in cases of primary cancer outside the portal area [103]. Kettle stated that “metastases may remain latent in the tissues for long periods though still retaining their vitality” [104].
In 1915, William Ewart Bullock (1889–1952) successfully transplanted mouse sarcoma and carcinoma into newborn rats, and interpreted the findings to suggest that the immunity of immature and newborn animals was not fully developed [105]. A review of the literature led to a genetic theory of transplantation described by Little and Strong in 1924, wherein the success of cancer transplants was suggested to depend on the degree of genetic similarity between the graft and the host [106].
Putnoky, in 1938, and DeBalogh, in 1940, propagated virulent strains of Ehrlich carcinoma, which resulted in cancer deaths in approximately 60% of rats within 2 weeks [107, 108]. In 1950, Patty and Moore intraperitoneally transplanted mouse sarcoma 180 cells into newborn rats, which died of peritoneal carcinomatosis and lung metastasis within a week [109].
Experiments in the 1960s importantly described what later became known as cancer immunology [110, 111]. Greene successfully transplanted human breast cancer into the chamber of the eye [112–115]. The brain and the eye were less immune affected, as indicated by the growth of sarcoma 37 cells in the subdural space in a guinea pig. Toolan, in 1951, grew human tumors in previously irradiated rats and observed cancer regression after the rats recovered from radiation [116]. 
In 1952, Green and Whitely successfully transplanted human lung cancer cells into cortisone-treated mice [117]. This experiment was repeated in 1953 in cortisone-treated rats and hamsters [118]. Circulating cancer cells in the blood were observed in animals 72 hours after intravenous cortisone administration [119].
Dogs are one of three known species with transmissible cancers [120, 121]. Contagious undifferentiated Schwann cell cancers, denoted devil facial tumor 1 (DFT1) and devil facial tumor 2 (DFT2), have been reported in Tasmanian devils (Sarcophilus harrisii) [122, 123]. DFT1 was associated with approximately 60% decimation of the species, while DFT2 arose. In this species, spontaneous regression has been observed without any mutation but was assumed to be likely to be associated with the immune response [124]. Cancer spread here relies on the immune system, particularly the major histocompatibility complex (MHC) [125, 126].
In 1960, melanoma S91 Cloudman—a tumor that frequently metastasizes to the lungs and less often to the liver, kidneys, adrenal glands, and lymph nodes—was implanted as tissue fragments via the trocar technique into the right thigh. After 10 days, each animal received intravascular inoculation of 200,000–400,000 tumor cells (into the tail vein, the left ventricle, or forcibly into the tail artery in a retrograde direction) [127]. Subsequently, 92.5% (37 of 40 animals) developed melanotic tumors in the transplanted DBA pulmonary tissue; 50% (4/8) of the animals receiving inoculation via the left ventricle developed metastatic lung lesions, and 25% of animals (2/8) receiving inoculation via the tail vein developed lung metastasis. The authors therefore concluded that a preferential site of metastasis exists.
Various phenotype transplantable rat hepatocellular carcinomas have shown striking pattern diversity unrelated to tumor metastatic ability, growth rate, size, chromosome composition, and other functional characteristics [128], in a tumor model with comparable vascular (hematogenous and lymphatic) spread. 
Vascular cancer cell inoculation in mice resulted in lymph node spread in more than two-thirds of the animals: intravenous inoculation in athymic mice (LS174T xenografts) was investigated through lymphoscintigraphy, and cancer spread was investigated through histology [129]. The results indicated 100% multiple tumors, together with 79% lung metastasis, but without evidence of cancer spread into the liver, kidneys, or spleen; notably, the axillary lymph node metastasis rate was 66%. 
Part 4: Metastasis injection models
In 1773, French surgeon Bernard Peyrilhe (1735–1804) injected material from a human breast cancer under the skin in dogs, thus forming wounds with abscess and infection [130–132]. Peyrilhe’s findings underscored the need for new directions in cancer research “from the need to abandon known routes” [French “de la néceflité d’abandonner les routes connues”] [131]. He further stated: “This disease is as difficult to define as it is to cure” [French: “Cette maladie est aussi difficile à définir qu’à guérir”] [132, 133]. Martin Benno Schmidt (1863–1949), from Strassbourg, in 1903, showed that cancer cells that reach the blood usually disappear without giving rise to metastases [134 reviewed in 48].
Injection of cancer cell emulsions (from adenoma or adenocarcinoma of the uterus) into 83 normal rabbits in the subcutaneous tissue, muscle, peritoneal cavity, testicles, and anterior chamber of the eye (under local anesthesia) [135] was found to result in cancers. The cancer percentage rates varied according to the age of the rabbit: 0% in animals < 2 years old, 20% in animals 3 years old, 44% in animals 4 years old, 25% in animals 5 years old, 9% in animals 6 years old, and 1% in animals 7 years old. The average animal age at which cancer growth was observed was 45 months. On the basis of a comparison of rat ages with age equivalents in mice—although using mice instead of rabbits is certainly not entirely correct—a better comparison would have been 12 months, 18 months, 24 months, and 30 months of age, which would be approximately equivalent to ages of 40 years, 70 years, 80 years, and 90 years in humans [Table 3 in 136].
However, nodular metastasis contained scant stroma, and the nodules consisted largely of epithelial elements. Substantial variation was observed in necrosis, invasiveness, structural changes, irregularity in size, and large vesicular nuclei at the leading edge of growth. In contrast, epithelial cells in the peripheral zone tended to be flattened, and to have small hypochromatic nuclei and eosinophilic cytoplasm. Metastasis was observed in all organs of the abdomen and thorax. Strikingly, hyperplastic stroma and sarcomatous proliferation were observed. The findings provided “no indication that the susceptibility to transplantation varies with breed or genetic constitution.” The pathological structures were microscopically determined to be comparable between women and mice.
In one study, injection of Shope rabbit papilloma V2 carcinoma cells into the femoral artery was found to result in muscle metastasis [39]. Consequently, the authors rejected the assumption that muscles would not be a favorable “soil.” After injection of the cells into the left heart, metastasis occurred, preferentially in the muscles, skin, and myocardium, followed by the liver, lungs, spleen, intestines, and kidneys. Thus, left vascular arterial system inoculation led to metastases in most locations but rarely to the lungs and lymph nodes. Injection of the cells into the femoral vein or the right heart resulted in many lung metastases in the lungs but not any other organs, thus suggesting that the cancer cells did not pass into the lungs. 
Injection of sarcoma 241 cells into C57 mice was performed to identify the “quantitative relationship between the number of viable cells artificially introduced into the circulation and the number of metastatic tumors so produced” [137]. A proportional correlation between the number of injected cancer cells and pulmonary metastasis was observed, but large numbers of cells were required; consequently, the mass of injected cancer cells (>100,000) did not result in tumor emboli. Only 6% of cancer cells were viable.
However, the likelihood of metastasis was attributed to the number of tumor emboli released by the primary tumor. Unidentified variables associated with primary tumors were considered to explain the wide variation in numbers of metastases, because few tumors arose with respect to the number of tumor cells injected, a finding interpreted to suggest high mortality of the injected cancer cells. 
Everett Van Dyke Sugarbaker (1940–2006) injected 233 rats with a tumor suspension (Flexner Jobling carcinoma versus Walker carcinosarcoma versus sarcoma R39) into the left ventricle. Death after puncture of the hemato-pericardium (n=16) or anesthesia (n=22) occurred in 16% (38/233); 25% (59/233) showed no evidence of tumors; and 9% (21/233) showed lung metastasis with the assumption of puncture of the right ventricle. In 30% (69/233), tumors were found in only the mediastinum or left pleural space, but not within the heart, and 20% (46/233) were declared as “hits” [138]. After arterial injection, the cancer spread, and distant metastasis within the “hits” group occurred in the lungs: 18/46 Flexner Jobling tumor, 18/46 Walker carcinosarcoma, and 10/46 sarcoma R39. Tumor type was therefore concluded to influence metastasis location. 
Intraportal injection (into the large mesenteric vein) of Walter carcinosarcoma 256 in 1,354 Sprague-Dawley rats resulted in hepatic metastasis, according to the number of tumor cells introduced [139], in agreement with findings after injection of sarcoma 241 cells into the tail in C57 mice and lung metastasis [137]. Injection of 50 cells resulted in 15% hepatic growth. A small number of intraportally injected Walker 256 carcinosarcoma cells revealed no tumor growth [139].
The finding that hepatic metastases did not occur in all instances after cancer cell injection indicated that tumor cell emboli are not synonymous with metastases. 
Intravenously introduced cancer cells revealed transpulmonary passage through the lungs and appeared in the peripheral blood [140], a finding that was later reproduced [141].
Induced hepatic trauma in this case was associated with induced hepatic metastasis [142]. Together, Fisher’s experiments revealed that if approximately 50 Walker 256 carcinosarcoma cells were intraportally injected, no tumors were evident, even 5 months later. However, if the rats were subjected to repeated laparotomy and liver examination at 7-day intervals, 100% had tumors within several weeks. This result was in line with applied surgical trauma findings, e.g., associating leg amputation with increased metastasis rate [143, 144]. Intriguingly, after injection of the serum of partially hepatectomized rats with cancer into normal rats, mitosis significantly increased, in accordance with findings after intraperitoneal inoculation of a tumor-bearing mouse emulsion mixture [145, 146]. Consequently, a surgical procedure was considered to trigger tumor growth and metastasis. 
Experiments from approximately 60–70 years ago involving injection of cancer cells showed that metastasis depends on the number of injected tumor cells [137, 139], surgical trauma [143–146], and intravascular dissemination [147]; moreover, metastasis increases with application of nitrogen mustard [148].
After intravenous injection of cancer cells (Walker 256), no metastases were noted in the scars of 520 incisions made in rats, 40 incisions made in mice, and 16 incisions in rabbits [149]. A similar experiment that intra-arterially introduced C2 carcinoma cells revealed four tumors in 24 incisions made in nine rabbits.
At 10 days after injection of cells from Hodgkin's-like reticulum cell neoplasm into the kidney (nonpreferred site), which selectively metastasized to the spleen (preferred site), tumors were evident in the spleen. The authors therefore concluded that migration of cancer cells from a non-preferred organ is important in selective metastatic behavior, and “the differential rate of cell division is not the controlling factor in producing selective metastasis” [150]. 
Cancer cell injection into the mouse tail artery resulted in bone metastasis [151, 152]. Injecting lung cancer cells (LLC/luc) into the tail artery (CA) and observation under video-rate fluorescence imaging indicated rapid appearance of cancer cells within the capillary bed in the lower body, whereas intravenous injection resulted in slow and modest illumination [152]. At 30 min after intraarterial injection, cancer cells showed 3-fold more efficient bone marrow accumulation. Intra-cardiac cancer cell installation resulted in cancer cell dissemination to various tissues. Cancer cells were found predominantly in the bone marrow of the hind-limb bones (and approximately vesicular glands). Even non-bone-metastasis, the breast cancer cell line MCF7 resulted in bone metastasis after CA injection. This finding was reproduced with other cancer cell lines, such as breast (MDA-MB-231 and E0771), prostate (PC-3), kidney (786-O), and osteosarcoma (143B) cells. 
After intravenous introduction of cancer cells, a moderate number of cancer cells was observed, but decreased rapidly, whereas after intraarterial inoculation, the number of cancer cells in the area supplied by the artery was extremely high [153].
Part 5: Circulating tumor cells (CTC)
The detection of tumor DNA or RNA in the blood should not be considered evidence of metastatic potential. Without clinical evidence of metastases, the detection of tumor DNA distant from the primary tumor cannot be used meaningfully. Application of the seed and soil model to understanding of how metastasis occurs is lacking. To achieve this application, earlier findings should be examined in greater detail. Isaiah Josh Fidler (1936–2020), in 1970, in describing metastasis, stated that “information on many aspects of this process is largely lacking” [154]. This issue remains unresolved.
No single cancer cell property, such as growth rate or chromosome number, predicts or correlates with metastatic potential; even highly metastatic clones do not necessarily grow more rapidly [155]. However, the data differ: depending on the condition, host immunity suppression was found to have no effect [156], to increase metastasis [157, 158], or prevent metastasis [159, 160]. Various barriers must be overcome before lung metastasis occurs after intravenous cancer cell injection such as defined barriers first, e.g. as detachment from the primary malignant cancer, or invasion of the blood or lymph [161, 162].
Disseminated cancer cells use a copper-binding protein, antioxidant protein 1 (Atox1), that transports copper; breast cancer cells with Atox1 at the leading edge show enhanced cell movement over long distances, via Cu2+ delivery by Atox1 to the transporter ATP7A and lysyl oxidase (LOX) [163]. Atox1 is also required for breast cancer cell migration [164]. Moreover, it modifies the cell cycle: Atox1 knockout results in prolonged G2/M phases and decreased proliferation [165]. This finding explains some aspects of how blocking copper has anticancer activity [166, 167], and inhibiting chaperones decreases cell proliferation [168, 169] and induces apoptosis in aggressive breast cancer cells with suppression of angiogenesis [170].
Shear stress-induced free cancer cells show high levels of direct and programmed cell death [171], thus potentially explaining why the barrier to cancer cell entry into the circulation is a major obstacle, in accordance with Fidler’s research. 
Part 6: Fibroblast heterogeneity
Single-cell transcriptomic analysis in tumor-derived fibroblasts and normal tissue-resident fibroblasts has indicated high heterogeneity in fibroblasts in 4T1 mammary tumors of mice [172]. This finding was reproduced in pancreatic cancer, on the basis of ten clusters identified in mice (Pi16+, Col15a1+, Ccl19+, Cxcl12+, Comp+, Npnt+, Hhip+, Adamdec1+, Cxcl5+, and Lrrc15+) [173]. Moreover, a comparison with orthologues in human signatures of pancreatic cancer, rheumatoid arthritis, interstitial lung disease, IPF, and ulcerative colitis yielded six clusters, as follows, in which clusters 0 and 1 contained 79% of fibroblasts: 
(0)	Ly6c1high regulates immune responses in the tumor microenvironment
Cluster 0 included cells with high levels of lymphocyte antigen 6 complex, locus C1 (Ly6c1) containing dermatopontin (Dpt), plasminogen-binding C-type lectin tetranectin (Clec3b), hyaluronan synthase 1 (Has1), stem cell antigen (Sca-1) (Ly6a/Sca-1), serum amyloid A3 (Saa3), collagen 14a1 (Col14a1), a small leucine-rich proteoglycan osteoglycin (Ogn), proteoglycan 4 (Prg4), prolargin (Prelp), EGF-containing fibulin-like extracellular matrix protein 1 (Efemp1), and HtrA serine peptidase 3 (Htra3), as well as immune modulatory cytokines, such as interleukin-6 (IL-6), interleukin 33 (IL-33), chemokine (C-X-C motif) ligand 1 (Cxcl1), C-X-C motif chemokine 12 (Cxcl12), monocyte chemoattractant protein-1 (MCP-1/Ccl2), monocyte-chemotactic protein 3 (MCP3/Ccl7), C3, C4b, C1s1, C1s2, and platelet derived growth factor receptor alpha (Pdgfra) (a CAF marker).
(1)	a-SMA/Acta2high, similar to myofibroblasts associated with remodeling in wound healing, and promoting tumor growth and progression
Cluster 1 contained transforming growth factor (Tgfb1 and Tgfb2), connective tissue growth factor (CCN2/Ctgf), placental growth factor (Pgf), vascular endothelial growth factor a (Vegfa), Wnt5a, and platelet-derived growth factor receptor beta (Pdgfrb).
(2)	Cyclin-dependent kinase 1 (Cdk1high)
Cell cycle genes including Cenpa and Cenpf identified “dividing cells.” These cells also included cells from clusters 0 and 1. 
(3)	Cd53high
Leukocyte surface antigen Cd53 was highly expressed in these cells, together with desmin (Des); matrix glycoprotein fibronectin 1 (Fn1); integrin alpha 1 (Itga1); syndecan 1 (Sdc1); the matrix metalloproteinase inhibitors Timp1, Timp2, and Timp3; and galectin 3 (Lgals3) (a regulator of migration, proliferation, epithelial-mesenchymal transition [EMT], and apoptosis).
(4)	Crabp1high	
Cluster 4 included basement membrane collagens, such as Col4a1, Col4a2, and Col18a1; laminin A2 (Lama2); and Mmp19, a protease degrading several basement membrane proteins; perlecan (Hspg2), a component of basement membranes; the ECM proteins lumican (Lum), decorin (Dcn), and spondin 1 (Spon1); and insulin-like growth factor 1 (Igf1).
(5)	Cd74high
Cluster 5 included high levels of MHC class II genes (e.g., H2-Aa, H2-Ab1, H2-Eb, and Cd74), which are normally expressed by antigen-presenting cells; frequently used CAF markers, such as Pdpn, Pdgfra, Thy1, Col1a1, Col3a1, and Dcn; fibroblast-specific protein 1 (FSP1/S100a4); the keratins Krt7, Krt8, Krt14, and Krt18; and the claudins Cldn3, Cldn4, and Cldn7.
These results were found to be reproducible in attempts to create a fibroblast atlas based on single-cell transcriptomic data from approximately 230,000 fibroblasts across 17 tissues, 50 datasets, 11 disease states, and 2 species [174]. 
Part 7: CAF interaction with Neuropilin-1 (NRP1) and EGF-like domain-containing protein 7 (Egfl7)
Neuropilin-1 (NRP1) 
CAFs upregulate Neuropilin-1 (NRP1) [175], which in turn facilitates cancer progression and metastasis by EMT via multiple pathways, such as the TGF-β, Hedgehog, and HGF pathways. NRP1 is a receptor for VEGF, and influences migration and angiogenesis [176]. Application of an NRP1 transmembrane domain-interfering peptide has been found to inhibit breast cancer growth and metastasis [177]. NRP1 is a cell surface protein and co-receptor for the tyrosine kinase receptor expressed in neuropils, which are mostly unmyelinated axons, dendrites, and glial cells in the nervous system, found at the neocortex and olfactory bulb. NRP1 was discovered in the 1980s and was previously named MAbA5, but was later found to be a type I membrane protein [178–182]. MAbA5 was named Neuropilin, and the antigen for MAbB2 was named Plexin [183]. NRP1 is a co-factor for vascular endothelial growth factor (VEGF) and semaphorins, a class of secreted and membrane proteins with various receptors important in neovascularization, re-myelination, and immunological functions after neurological trauma [184].
NRP1 is overexpressed in colon cancer [185], esophageal cancer [186]; gastric cancer [187, 188], pancreatic cancer [189, 190], hepatocellular carcinoma (HCC) [235–237191–193], breast cancer [194], prostate cancer [195], and leukemia and lymphoma [196, 197].
NRP1 expression is also upregulated during megakaryocytic differentiation and subsequently forms a complex with PDGF receptors (PDGFRs), particularly PDGFRα and PDGFRβ, which are found on megakaryocytes, the precursors of platelets [198, 199]. NRP1 acts as a co-receptor for TGFβ via SMAD2/3 signaling in carcinogenesis [200], and promotes cancer nuclear factor (NF)-κB activation [201]. In contrast, soluble NRP1 (sNRP1) suppresses VEGF [202].
EGF-like domain-containing protein 7 (Egfl7)
EGF-like domain-containing protein 7 (Egfl7; also known as NEU1, VE-STATIN, and ZNEU1) was identified in the late 1990s [203, 204] and was later re-named [205] after cloning and characterization [206]. During early embryogenesis, this protein is localized in the mesoderm progenitors (yolk sac mesoderm) and the developing vascular system.
Egfl7 is similar to alpha-fetoprotein (AFP) and carcinoembryonic antigen (CEA), which increase during embryogenesis and is later downregulated. Therefore, Egfl7 is differentially expressed in normal tissues, and has high expression in the lungs, heart, brain, and retinal tissues; moderate expression in the in thyroid, pancreas, spleen, ureters, bladder, prostate, testicles, muscles, portal vein, and aorta tissues; and low expression in digestive system tissues including the liver, stomach, duodenum, intestines, and colon [207]. After embryogenesis, Egfl7 is downregulated in almost all mature tissues except the lungs, heart, and kidneys, but is strongly upregulated in many proliferative tissues. Egfl7 increases FAK and Akt phosphorylation via the receptor ανβ3 integrin, and both recruit and activate liver fibroblasts to adopt the CAF phenotype [208].
High levels of Egfl7 are associated with poor survival in breast cancer [207, 209], HCC [207, 210, 211], esophageal cancer [207], gastric cancer [207], glioblastoma [207, 212, 213], giant-cell tumor of bone and osteosarcoma [214], ovarian cancer [215], prostate cancer [207, 216], renal cancer [207], lung cancer [207, 217], laryngeal squamous cell carcinoma [218], oral squamous cell carcinoma [219], leukemia [220], and colorectal cancer [207, 221]. Furthermore, Egfl7 allows cancer cells to evade the immune system by repressing endothelial activation [209] and decreasing T- and NK-cell infiltration in tumors [222].
Part 8: Sal-like protein 4 (SALL4) and miR-33
Recently, hypomethylating agents by CRISPR have been shown to induce Sal-like protein 4 (SALL4) overexpression [223]. This finding is important because epigenetic approaches have been considered a key future of cancer therapy. SALL4 was isolated in 1996 [224], and the SALL proteins belong to a group of C2H2 zinc finger transcription factors. SALL4 activates bisindolylmaleimide 1 (Bim-1) [225], a target gene in leukemia as well as epithelial cancers, such as gastric cancer [226].
Inflammation increases the NF-κB/miR-497/SALL4 axis with increased SALL4 [227]. SALL4 is directly activated by T cell factor/lymphoid enhancer factor family (TCF/LEF) in the canonical Wnt signaling pathway [228]. SALL4 overexpression is associated with downregulation of Fancl, Caspase 6, Notch1, Foxo3a, and E-cadherin [229, 230].
SALL4 is overexpressed in various cancers, such as HCC [231], gastric cancer [226], breast cancer [232], lung cancer [233], ovarian cancer [234], and leukemia [235]. SALL4 is essential for cancer cell proliferation and is overexpressed in early clinical stages of breast cancer. The sensitivity and specificity of SALL4 are 80.4% and 80.0% [232]. Overexpression of SALL4 in a myelogenous leukemia cell line [235] increases BCL2, thus promoting cell survival via downregulation of FOXO3a, Fancl, Caspase 6, and Notch1 [236]. This finding is concordant with the MDS-like features and subsequent leukemic progression observed in transgenic mice via activation of the Wnt/beta-catenin pathway in myelodysplastic syndromes [237]. SALL4 expression promotes pancreatic cancer both in vitro and in vivo, and SALL4 knockdown results in decreased cell migration and invasion [238].
These findings are consistent with the signaling pathways and consequences in the cancer paradigm “Epistemology of the origin of cancer”: during carcinogenesis, FOXO3a is decreased via the TGF/PIK3 pathway, thereby increasing Bim-1 and decreasing apoptosis [52, 239, 240]. SALL4, together with HMGA2 and Twist 1, is decreased by miR-33b, and breast cancer proliferation, migration, and invasion are consequently inhibited [241].
The noncoding RNA (also termed microRNAs; miRNAs) miR-33 is located within the intronic sequences of the Srebp genes in organisms including Drosophila and humans [242–245 reviewed in 246]. Two miR-33 sequences are present in humans: miR-33b in intron 17 of the sterol regulatory element-binding protein SREPB-1 gene on chromosome 17 and miR-33a in intron 16 of the SREBP-2 gene on chromosome 22. Mice have only one miR-33 gene (conserved with respect to human miR-33a). Both miR-33a and miR-33b are important in cholesterol homeostasis [245, 247], and regulate fatty acid metabolism and insulin signaling [246].
miR-33 inhibits fatty acid oxidation, cholesterol, and HDL via decreasing ATP-binding cassette transporter (Abca1) [242]. However, a high fat diet downregulates miR-33b [248]. High miR-33b levels decrease MMP-9 [249], and inhibit fibrosis [250, 251] and inflammation [252, 253]. Furthermore, increased miR-33b decreases the tumor suppressor p53, p53 mRNA, and the p53 target genes p21 and bax, as well as p53 mediated apoptosis [254].
These findings explain why low or silenced miR-33b is associated with the progression of leukemia [255], breast cancer [241], colorectal cancer [256], and lung adenocarcinoma [257, 258]; increased proliferation, migration, and invasion in gastric cancer [259]; and the promotion of peritoneal carcinomatosis [260]. Therefore, miR-33b is cancer suppressive and inhibits cell proliferation, as well as migration and invasion, in gastric cancer [261]; breast cancer, by targeting SALL4, HMGA2, and Twist 1 in vitro and in vivo [241]; and lung cancer, via suppressing Wnt/β-catenin/ZEB1 signaling [257]. Upregulation of miR-33b expression arrests lung cancer A549 cells in G1 phase of the cell cycle [247]. Furthermore, lovastatin increases miR-33b, which in turn inhibits medulloblastoma cell proliferation and decreases c-Myc expression [262]. This finding is concordant with observed associations between increased miR-33b and suppression of melanoma [263], gastric cancer [259], ovarian cancer [264], and HCC (with facilitation of apoptosis) [260], as well as suppression of cell transition via downregulation of ciliary rootlet coiled coil protein (CROCC) [257].
Sterol regulatory element-binding protein 1c (SREBP-1c) regulates gene transcription involved in fatty acid metabolism by fatty acid synthase (FASN) [265, 266]. SREBP-1c is often co-expressed with miR-33b [267]. MiR-33b increases FADS2 in the rabbitfish Siganus canaliculatus [268, 269], and many target genes of miR-33b participate in regulating the cell cycle, cell proliferation, various metabolic pathways, EMT, and cancer cell invasion and migration [270]. Consequently, one anti-tumor strategy involves silencing miR-33b through hypermethylation. 
Part 9: Carcinoma in situ 
Carcinoma in situ (CIS) was first reported in 1932 by Albert Compton Broders (1885–1964) as a noninvasive carcinoma in the breast [271]. Furthermore, Broders, in 1920, introduced cancer grading [272]. Highly variable occurrence of CIS and consequent invasive cancer was reported from 10 months to 37 years [273, 274]. Furthermore, multiple CIS locations were observed and even reported to be required for the occurrence of CIS [275].
However, noninvasive means non-migrating, which is concordant with actin findings. CIS does not show lymph node or other metastasis. The next clinical stage, T1, has a recurrence rate of 7% in breast cancer [276], thus revealing a different cancer biology.
However, CIS is a precancerous lesion. The heterogeneity of cancer with pre-cancerous lesions in parallel with advanced and metastatic disease is known. Advanced cancers are present in invasive stages together with CIS in approximately 60% of breast cancer cases [277], and CIS in the periphery with multifocal or multicentric localization is present in approximately 40% of breast cancer cases [278, 279].
In 1896, William Dubreuilh (1857–1935) introduced actinic keratosis, xeroderma pigmentosum, and keratosis senilis as precancerous lesions, and coined the term “precancerosis” [280]. He had previously associated malignant skin cancer under the influence of sun exposure [281]. Later, Dubreuilh reported 33 cases [282 reviewed in 283]. Dubreuilh reported skin observations indicating malignant transformation after various time periods. 
In 1912, Bowen reported two cases of chronic atypical skin epithelial proliferation as precancerous lesions [284] and also not reported as precancerous lesions, in 1917, grouping of vacuolated cells in the outlets of lacteal ducts in breasts was reported [285].
In 1927, pseudo-epitheliomatous hyperplasia at the margins of cutaneous ulcers was reported and described as potentially grade 1, in accordance with Broders CIS. The authors also stated that “we learned long ago that a malignant condition microscopically was not necessarily a malignant condition clinically” [286].
In 1941, carcinoma in situ was reported to be an early cancer stage, despite frequently not being diagnosed in principle [287]. At that time, no pre-surgery biopsies were performed. Furthermore, carcinoma in situ was often overlooked and was not determined to be malignant by clinicians or pathologists. 
Among 300 reported primary mammary cancer cases examined retrospectively in 1941, two were moderately developed, five were very marked, and another five were noted but scant in amount, thus indicating an incidence of 12/300 (4%). Overall, only two cases (0.7%) were recognized [288]. In the 1980s and 1990s [reviewed in 288], the incidence was 1–2% [289, 290], but subsequently increased to 15–20% [291, 292], probably because of greater sensitization, and is currently estimated to be approximately 20% [293, 294]. 
The CIS incidence was more common, than the incidence would appear, but that was dependent on pathologist’s experience. CIS was detected within outlying areas where lobular carcinomatosis was highly apparent [287]. Furthermore, these cells are easily confused with large mast cells, or periductal myoid or reticular cells with a desmoplastic response. The patterns of CIS differ in histology appearance: some have multiple papillary adenomatosis, whereas others have dissimilar comedo-carcinoma, or tubular adenocarcinoma, each without lymph node involvement. The authors named it noninfiltrative phase, without any clinical signs of cancer; no retraction, skin dimpling, fixation, discharge, or nipple bleeding; and with a movable mass and erect nipple. 
In histopathology, abrupt alterations in lobular cytology, large cells (approximately twice the size of normal lobules), nuclei in proportion rather clear without hyperchromatism and acidophilic cytoplasm, occasionally vacuolated with loss of cohesion and the cells were displaced toward the lumina and rarely mitosis were seen but with loss of polarity, varying in shape and unexpectedly uniform size with a loose reticular structure. Because this stage is short, these cells were named “pagetoid cells.” Because multiple foci were observed, not just within the mass, radical mastectomy was proposed. In cases treated with local excision, patients developed infiltrating cancer with axillary and skeletal metastasis. 
CIS was previously classified [295] according to microscopy and growth patterns into comedo, cribriform, solid, micropapillary, and papillary subtypes [296], or by differentiation [297, 298]. 
Although CIS is considered a precursor to cancer, hyperplastic lesions were believed to potentially regress and never undergo malignant transformation [299 reviewed in 288]. In 1997, another term for carcinoma in situ, “mammary intraepithelial neoplasia,” was suggested [300]. In situ lobular carcinoma is usually an incidental finding and is currently often not considered malignant. The risk of developing malignant disease within approximately 30 years is 25% [301]. Despite a questionnaire/survey and consensus in 1998, the knowledge during that time did not substantially change [302].
Part 10: CAF, Transgelin-2, and cluster of differentiation 74 (CD74)
Transgelin-2 (TAGLN2, HA1756, WS3-10), a marker of smooth muscle differentiation [303] first purified in 1993 [304], is a target of TGF-beta dependent epithelial cell migration in lung fibrosis [305] and has relevance in CAF. In 1997, fibroblast TAGLN and smooth muscle SM22alpha were shown to be the same protein and to be present in normal mesenchymal cells [306]. With higher matrix stiffness, calponin 2 (CNN2) and transgelin expression increase [307]. TAGLN is an actin cross-linking/gelling protein regulating contractile properties [308].
TAGLN is overexpressed in upper gastrointestinal cancers (of the esophagus and stomach) and liver cancer [309–311 reviewed in 308], but contrary findings of decreased expression in breast and colon cancer were previously reported [312, 313 reviewed in 308]. Whether the stromal matrix or cancer cell tissue alone is investigated is important, because transgelin is normally expressed in fibroblasts and normal smooth muscle cells [306], and its expression is markedly elevated in cancer-associated stroma [308]. In cancer, TAGLN can be silenced by hypermethylation [314].
However, transgelin of stromal origin and Transgelin-2 (TAGLN2) of epithelial origin must be differentiated. Through laser microdissection, TAGLN2 has been shown to be overexpressed in colon cancer [315] and breast cancer [316]. In pancreatic cancer, TAGLN2 has been shown to be a target of kRas and ERK signaling [317]. Transgelin is also expressed together with CXCR4, and actively triggers migration, invasion, and metastasis [318]. TAGLN is induced by TGFβ and kallikrein-related peptidase-4 (KLK4), which induces CAF differentiation in precancerous tissue, and subsequently induces FGF1, TAGLN, LOX, IL8, and VEGFA [319]. Thus, KLK4, TAGLN, and FGD1 are involved in stromal remodeling and induction of the CAF phenotype. Intriguingly, KLK4 is elevated in pre-neoplastic hyperplastic prostate tissue. Another fibroblastic growth factor, FGF2, which induces fibroblast growth and promotes breast cancer growth and metastasis [320], induces pluripotent stem cells’ transition into cancer stem cells via the integrin/focal adhesion/PI3K/AKT axis [321].
More detailed information about CD74 is provided in the Supplemental Material (Supplemental Material, Part 6).
A subset of antigen presenting CAFs express CD74 [322], which is associated with metastasis [323]. CD74, as well as HLA-DPa1, HLA-DQb1, HLA-DRa, HLA-DRb1, and HLADRb3, has been found to be 2.6-fold lower in CXCR4+ cells than CXCR4- cells [324]. Ly6c1high and Cd74high CAFs have been reported to be present in normal and healthy tissue subpopulations [172], thus again reflecting the previously discussed dual role of CAFs in homeostasis. 
These Cd74high CAF clusters represent approximately 79% of investigated fibroblasts. CD74 was discovered in 1979 [325] and cloned in 1983 [326, 327 reviewed in 323]. Its antigen presentation function was discovered in 1989 [328], and it was observed to be present in macrophages, dendritic cells, and T-cells. CD74 is a cell surface receptor for the cytokine macrophage migration inhibitory factor (MIF). MIF was first reported in 1966 [329] and was later found to bind and phosphorylate CD74 [330], which in turn activates CD44 and subsequently non-receptor tyrosine kinase, PI3K-Akt, NF-κB, AMP-activated protein kinase (AMPK) [331 reviewed in 332], and T-cells. CD74 is expressed on monocytes, B cells, activated T cells, and fibroblasts [333 reviewed in 334].
CD74 is overexpressed in epithelial cancers such as gastric cancer [335], colon cancer [336, 337], pancreatic cancer [338, 339], lung cancer [340, 341], prostate cancer [342], bladder cancer [343], renal cell carcinoma [344], breast cancer [345], ovarian cancer [346], papillary thyroid cancer [347], head and neck cancer [348], melanoma [337], myeloma [349], anaplastic lymphoma [350, 351], thymic neoplasm [352], and mesothelioma [353].
CD74 is expressed in pre-cancerous conditions such as Crohn’s disease and ulcerative colitis [354], and is induced by Helicobacter pylori in gastric tissue and cancer [355–357]. CD74 has lower expression in small intestinal and colonic Apc(Min/+) mouse adenomas than histologically normal mucosa. However, CD74 is elevated in dysplastic epithelial cells up to 85% in human colorectal adenomas, and CD74 plus MIF protein levels have been found to predict increasing dysplasia in individual adenomas [358]. In early mouse intestinal carcinogenesis, CD74 is downregulated, in contrast to findings in early colorectal carcinogenesis in humans. However, in pre-cancerous PanIN lesions, but not colon adenomas, greater CD74 expression was demonstrated to be associated with higher grade of cancer [359]. 
Stromal gene expression signatures have been investigated in benign and malignant breast tumor tissues in mice. C3, CD74, HLA-DR, STRA6, IGFBP4, and PIGR were speculated to be downregulated in breast carcinoma but were found to be elevated in breast adenoma; therefore, these factors appear to be  carcinoma-protective and responsible for immune-tumor control, but to be lost later in malignancy [360]. In carcinoma, invasiveness is associated with EMT-associated genes, such as COL11A1, COL8A2, and ADAM12. The later is found in humans in regard to pancreas as well [361]. Investigations of breast cancers and breast carcinoma in situ have revealed that collagen, type XI, alpha 1 (COL11A1) differentiates infiltrative versus noninvasive breast cancer lesions, as well as breast carcinoma in situ versus non-invasive CIS [362].
CD74-MIF activates C-X-C motif chemokine receptor 4 (CXCR4). CXCR4+ is expressed in benign breast tissue, and shows increasing expression with malignant breast cancer and progression to metastasis in many epithelial cancers [324, 363–365]. CXCR4 directs migration to the bone marrow, lungs, and liver [366, 367]. CXCL12 secreted by stromal cells [368, 369] activates the CXCR4 receptor, has chemotactic effects on most cancer cells, and increases metastasis to the lymph nodes and bone [370].
CD74 is necessary for the chemotaxis of macrophages [371–373] and metastasis [374, 375]. Expression of CD74 and MMP-9 correlates with advanced colon cancer stages and metastasis [376]. Knockdown of CD44 downregulates CD74 and induces both cancer growth and metastasis via RhoA mediated cofilin in breast cancer [376–378].
Part 11: Alpha-1-B glycoprotein (A1BG)
Alpha-1-B glycoprotein (A1BG), also known as orosomucoid (ORM), a glycosylated single chain protein and member of the acute phase protein (APP) family, was first reported in 1950 [379, 380]. A1BG is a plasma protein secreted into the blood by cells such as hepatocytes, plasma cells, oligodendrocytes, and Kupffer cells; this protein has high expression in human (and fetal) liver, is not found in the brain, and is not detected in immune cells [381]. Its half-life is 2–3 days [382 reviewed in 383]. A1BG acts downstream of 1,25-dihydroxyvitamin D3 (1,25(OH)2 D3), the active form of vitamin D, by inhibiting LPS induced M1 macrophage activation [384], and upregulating the M2 macrophage marker CD163 [385], which induces M2 polarization [386].
In 1988, A1BG was shown to be induced by inflammation in horses [387]. A1BG has a molecular weight of 41 kDa and is integrated as an externally located membrane glycoprotein in human lymphocytes, granulocytes, monocytes, and alveolar macrophages, but is not found on erythrocytes, platelets, or cultured human fibroblasts [381, 388]. Furthermore, A1BG is only a minor surface component of resting lymphocytes, but it is more abundant on activated and proliferating T and B cells. A1BG concentrations in the plasma increase with age and are sex-dependent [389]. Moreover, A1BG has been detected in dental caries [390] [de Soet 2003]. AGP, after membrane binding, undergoes a pH induced conformational structural transition from a β-sheet-rich to an α-helix-rich structure [391].
A1BG is synthesized after activation by cytokines (IL-1β, IL-6, and TNFα) and glucocorticoids, as well as in conditions associated with inflammation (infection, burn, trauma, and cancer) [389, 392–396 reviewed in 383]. 
A1BG is elevated in various cancers, such as stomach [397], colon [397, 398], pancreatic [399, 400], neuroendocrine [401], colorectal [402], breast [403, 404], cervix [405], lung [406], bladder [407], kidney [408], and head and neck cancers [409, 410].
Part 12: Tumor-associated macrophage (TAM) profiles and cluster of differentiation 47 (CD47)
Various expression profiles are associated with cancer and have prognostic value. Examples include high CD206+CD68+ expression in ovarian cancer [411] and the CD68+NOS2+ (M1)/CD68+CD163+ (M2) ratio in gastric cancer [412]. Protease tissue-type plasminogen activator, through annexin A2-mediated NF-κB signaling, can result in a phenotype shift in the polarization of M2 macrophages, including loss of markers such as arginase 1, Ym1, and IL-10, and transformation and accumulation of M1 macrophages [413]. Immunosuppression by M2 macrophages can occur via PD-1 expression [414] or indirectly, e.g., through exosome transmitted podoplanin from cancer cells and consequent M2 macrophages mediated immunosuppression [415]. 
M2 macrophages promote tumor-facilitating stroma [416, 417], whereas M2 macrophages increase tumorigenicity through immunosuppression, increase metastatic stroma [418], and promote cancer cell spread [419]. M2 macrophages and CAF are present in high numbers in CRC tissue, and are found in higher numbers in metastatic than non-metastatic tissue [420]. Cancer cells can reprogram macrophages to M2 macrophages [421] and release miRNAs, thus hijacking circulating or tumor-localized monocytes/macrophages [422]. M2 macrophages are mobile [423], can form complexes with cancer cells [424, 425], and can even transform into “tumor-like” M2 macrophages (TM2, so-called tumoacrophages) [426].
Expression of cluster of differentiation 47 (CD47) inhibits phagocytosis in cancers of the head and neck [427], esophagus [428], stomach [429], colon [430], liver [431], pancreas [432], breast [433], ovar [434], and lungs [435], as well as metastasis [436, 437].
Part 13: Thrombocytes
Bartolomeo Eustachi (1520–1574) named the thoracic duct “vena alba thoracis” in 1564 [438]. In 1651, Jean Pecquet (1622–1674) discovered the thoracic duct (ductus thoracicus) and separated lymph from veins; his findings were published under his scientific pseudonym, Joannis Pecquet [439]. Pecquet confirmed the circulation of blood described by William Harvey (1578–1657) and questioned Galen’s physiology [440]. William Hewson (1739–1774), in 1771, reported very small-undefined blood particles: “I have found sometimes one, and sometimes two or three small particles about the size of a pin's head, which are part of the blood coagulated. When opened later than this period, a larger and larger coagulum was observed” [441]. Hewson has been reported to have published this in 1780 [reviewed in 442–445]. 
Thrombosis was associated with cancer in 1823 by Jean-Baptiste Bouillaud (1796–1881). Subsequently, Armand Trousseau (1801–1867), in 1865, observed thrombophlebitis in epithelial cancer [446, 447]. Neovascularization in cancer had been suggested in 1832: “a central vascular system appears to develop within the tumor itself” (German: es scheint sich ein centrales Gefäfssystem in der Geschwulst selbst zu entwickeln, page 14) [448]. Therefore, in 1872, the association between solid tumors and thrombocytosis was standard knowledge [449].
In 1842, “beads” were reported in the blood plasma by Alfred Donné (1801–1878) but were incorrectly interpreted as fat globules rather than platelets [450]. Rudolf Virchow, in 1856, reported that thrombi constitute only fibrin and leukocytes [451]. Max Schultze (1825–1874), in 1865, reported “clumps of irregular shape and different size … related to blood clotting” [452], but he did not recognize these findings as a separate cell type, and the observations were assumed to be degenerated leukocytes or fibrin clots [453]. Georges Hayem (1841–1933), in 1878, reported small corpuscles “among red and white cells,” which showed rapid shape modification and adhered to glass (blood clotting), and named them hematoblasts [454].
The discovery of platelets (thrombocytes) as a component of blood is generally attributed to Giulio Bizzozero (1846–1901) in 1882. He believed that the blood platelets were completely independent structures of the blood [455]. However, Bizzozero had many opponents during these times, such as Jaroslav Hlava [453].  Bizzozero, in 1873, stated, ”The teacher should not present science as a series of dogmas supported by the prestige of a name … but instead expose it in its true condition, with its doubts and its questions” [456]. Giulio Bizzozero used the German form of his first name, Julius, in his publications. The rapid platelet change in shape was denoted “viscerous metamorphosis” in 1886 [457].
In 1893, thrombocytes centrifuged from non-clotting blood were demonstrated to retain their identity without fusing [458]. According to Recklinghausen, the spindle-shaped colorless cells reported by Hayem and Bizzozero were transitional forms of red blood cells [459 reviewed in 460, 461]. Louis-Antoine Ranvier (1835–1922) initially believed that these observations indicated detached vascular endothelial cell components in frog blood [462 reviewed in 460, 461] and later small fibrin granules in circulating blood [463 reviewed in 460, 461]. Moritz Löwit (1851–1918), in 1884, reported that the observed granula were concordant with platelets [460].
Because platelets are 1–3 µm in diameter, their precursor cells, with a diameter of 50–100 µm, in the bone marrow were called giant cells. These cells were described in 1849 by Charles-Philippe Robin (1821–1885) and named myeloplacques [464]. Subsequently, they were studied intensively by Rudolf Albert von Koelliker (1817–1905) [465]. In 1869, Friedrich Albin Hoffmann (1843–1924) and Paul Langerhans (1847–1888) stated that the giant cells in the bone marrow differed from other previously described giant cells [466] and instead comprised a core tubular structure [467], a finding further supported by Bizzozero in 1871 [468].
The term megakaryocyte, derived from the previously reported giant cells, was coined by William Henry Howell (1860–1945) in 1890 [469]. Megakaryocytes are myeloid cells, but are also found in the lungs and peripheral blood [470 reviewed in 471, 472]. Deetjen considered platelets to be independent form elements, particularly because he demonstrated their amoeboid movement behavior and revealed the presence of nuclei through staining [473].
The precursor cells of thrombocytes are megakaryocytes. James Homer Wright (1869–1928), in 1906, suggested that “blood plates are detached portions of the cytoplasm of those giant cells of the bone marrow and spleen which have been named megakaryocytes” [474]. This was demonstrated in 1909 [475], and megakaryocytes were found to derive from pre-megakaryocytes in the bone marrow, spleen, and blood [476]. Transitional leukocytes, a persistent form of embryogenic pre-megakaryocytes, are circulating homologues of megakaryocytes [470]. However, the exact platelet formation of pro-platelets and megakaryocytes still need being elucidated [471, 472]. The main source for platelet development in mice is the bone marrow in comparison to the spleen or lung and even the fetal liver together with the bone marrow has the highest megakaryocyte concentration.
In 1917, a factor was suggested to be responsible for changes in thrombocytes [477] and was later demonstrated in the plasma in 1953 [478].
Part 14: Thrombocytosis, Thrombospondin-1 (TSP-1), and Prosaposin (PSAP, Psap)
Thrombocytosis (high platelet count) and/or megakaryocytosis is associated with cancers and poor survival [479–481], epithelial cancers [482–500], sarcoma [501], and leukemia [502–504].
Inhibiting platelets decreases metastasis [505–507].
Thrombospondin-1 (TSP-1) increases tumor cell adhesion and promotes cancer growth [508]. However, TSP-1 alone does not increase cancer cell formation, because the effect of TSP-1 on metastasis depends on the presence of platelets [509]. This finding might explain why not only the tumor cell environment but also the stroma must be considered. Tumor cell TSP-11 secretion is inversely correlated with tumorigenicity and/or metastatic potential [510]. Metastatic breast cancer cells secrete less TSP-1 in vivo than non-metastatic cells, thus decreasing the metastatic potential after TSP-1 transfection [511].
Prosaposin (PSAP or Psap), the precursor protein to saposin A–D, stimulates TSP-1 in fibroblasts in the cancer microenvironment, which is inversely associated with the metastatic phenotype [512]. PSAP inhibits lymph node and lung metastasis via paracrine p53, but TSP-1 is mandatory for this anti-metastatic PSAP effect. This finding was reproduced in a study indicating that PSAP decreases cancer cell adhesion, migration, and invasion [513]. Moreover, PSAP promotes MAPK1 (ERK) and Akt with increased malignancy in breast or prostate cancer [514].
Part 15: Desialylation and thrombocyte clearance
Desialylation 
In 1936, Gunnar Blix (1894–1981) isolated a crystalline compound from bovine submaxillary mucin [515]. This neuraminidase and later named sialic acid was found in 1941 to be the cellular receptor for influenza by George Hirst (1909–1994) [516, 517] and was isolated by Ernst Klenk (1896–1971) in 1941 [518]. Burnet coined the term “receptor-destroying enzyme” in 1948, because influenza viruses demonstrate sialidase activity and release of sialic acids [519] from macromolecules [520]. Alfred Gottschalk (1894–1973), who markedly contributed in this area, suggested the name “neuraminidase” to describe the enzyme performing this activity in 1957 [521–523]. Subsequently, an international nomenclature was described by Blix, Gottschlak, and Klenk in 1957 [524]. Currently, many members of the sialic acids are known [525, 526].
Thrombocyte clearance
The asialoglycoprotein receptor 1 (ASGR1) was identified approximately 55 years ago and is located primarily at hepatocyte surface binding galactose (Gal) or N-acetylgalactosamine (GalNAc) followed by clathrin-mediated endocytosis and lysosome degradation of glycoproteins. Although ASGR1 functions in fat metabolism, and is involved in various signaling pathways, ASGR1 inhibition alone might not be possible [527]. The sialic acid ASGR1 participates in platelet clearance in the liver, functions as a tumor suppressor, and is often downregulated in hepatocellular carcinoma compared with normal liver tissue with poorer prognosis; moreover, ASGR1 knockout promotes HCC development [528, 529]. ASGR1 increases NLK-STAT3 binding and subsequent suppression of GP130/JAK1-mediated STAT3 phosphorylation [530]. ASGR1 increases platelet elimination in the liver by Kupffer cells [531], which appears to be associated with integrin αMβ2 (Mac-1, CD11b/CD18), C-type lectin 4F, or the macrophage galactose lectin [532].
In contrast, asialoglycoprotein receptor 2 (ASGR2) acts as a tumor promoter in gastric cancer [533] and is involved in recurrence [534]. Higgher ASGR2 expression is associated with gastric lymph node metastasis and venous invasion [535]. To better understand and apply current knowledge of thrombocytes (platelets), past conditions and findings are important to clarify their roles in metastasis and cancer (Supplemental Material, Part 13). 
Part 16: Butyrophilin molecules
Butyrophilin molecules are decreased in chronic inflammation and cancer [536–538], or by b-catenin induction [539]. Butyrophilin-like molecules, e.g., butyrophilin 3A1 (BTN3A1) protein, mediate the activation of human γδ T-cells and Vγ9 and Vδ2 chain T-cell receptor (Vγ9Vδ2 T-cells), which suppress cancer cell formation. Consequently, increases in butyrophilin-like molecules are associated with anti-cancer effects. 
Therefore, understanding of T-cell immunosurveillance escape is important in carcinogenesis and cancer growth, and also includes various CXCL12 (stromal cell-derived factor 1, SDF-1) signaling and its distinction in immunosuppressive (CXCL12+/CXCL9–) or immune-activating (CXCL12–/CXCL9+) phenotypes. 
Decades ago, milk fat globules from various species [540] were characterized and found to be tightly associated with the epithelial cell membrane: between the “milk fat globule membrane (MFGM) and the outer shell of the fat droplet” [541]. Electrophoresis of human and bovine MGM fractions revealed increased polypeptide bands, such as band 12, an acidic and insoluble glycoprotein located at the cytoplasmic face of the surface membrane, with a molecular weight of 67,000 kDa and an unusual chemical structure [542, 543]. This protein was suggested to be “a specific marker for the apical cortex of milk secreting epithelial cells” [544]. The proposed name, “butyrophilin,” means “having affinity for butter acid,” and derives from the Greek “butyros” and “philos” [544 reviewed in 545]. This protein was observed to be a cell-type-specific cytoskeleton component and was later identified as a protein in skim milk [546]. Immunolocalization by monoclonal antibodies indicated that it is “concentrated in the apical pole of secretory-epithelial cells in mammary tissue during lactation” [547].
In 1990, sequencing of bovine butyrophilin revealed high homology between the C-terminal domain of butyrophilin [548] and the “ret finger protein” reported in mouse embryos and testes, as well as in various cancer cell lines [549] and milk fat globule membranes [550]. Butyrophilin is a transmembrane glycoprotein with its carboxy-terminus in the cytoplasm [551] and amino-terminus in the exoplasmic space [552]. Human cloning and sequencing indicated its receptor function [553]. New members of the butyrophilin gene family were subsequently identified [554]. Butyrophilin has been suggested to be a possible lipid receptor and to be a member of the immunoglobulin superfamily [555].
The intracellular B30.2 domain of butyrophilin is conserved in a family of zinc-finger proteins [556]. This domain in the butyrophilin 3A1 (BTN3A1) protein mediates the activation of human γδ T-cells, which detect cancer cells or microbial infections through phosphoantigen binding [557]. Circulating Vγ9Vδ2 may increase under infection or malignancy [558], and human Vγ9Vδ2 T-cells detect cancer cells [559–562]. In vitro experiments have revealed that Vγ9Vδ2 T-cells target cancer cell lines after exposure to microbial precipitates [563]. These T-cells, denoted Vγ9Vδ2 T-cells, express a T-cell receptor (composed of Vγ9 and Vδ2 chains) and suppress cancer cell formation.
Part 17: Chemokine CXCL12 (stromal cell-derived factor 1, SDF-1)
CXCL12 induces cancer progression, migration, and cell mobility
CXCL12/CXCR4 signaling drives the progression of proliferation, migration, and invasion in epithelial cancer, e.g., esophageal [564–566], stomach [567, 568], colon [569–571], pancreatic [572-573], liver [574], lung [575], breast [576, 577], cervical [578], prostate [579], kidney [580], and leukemia [581].
Chronic inflammation induces CXCL12
CXCL12 in stimulated monocytes and macrophages, as in chronic inflammation, increase CXCR4 [582] and cancer progression [583]. Endothelial cells produce CXCL12, which is important for intravasation and entry into the bloodstream and subsequent circulation. The heterogeneity of cancer associated fibroblasts is increased by the CAFs themselves, such as through release of CXCL12, which in turn induces EMT [584, 585].
Hydrogen peroxide-inducible clone-5 (Hic-5, transforming growth factor beta-1-induced transcript 1 protein, Tgfb1i1) increases in CAFs in CRC with increasing TGF-β1, IL-1β, and CXCL12, thus consequently increasing lysyl oxidase [586]. COX/prostaglandin E2 (PGE2)-dependent mammary fibroblast activation increases TGF-β1, CXCL12, and lysyl oxidase, and consequently results in breast cancer development after involution [587].
CXCL12 and CXCR4 
CXCL12 expression via CXCR4 promotes the nuclear localization of LIM and SH3 protein 1 (LASP-1) [588]. The actin-binding protein LIM and SH3 protein 1 (LASP-1) are expressed in epithelial cancers of the breast [589, 590], esophagus [591], stomach [592], colon [593], pancreas [594], liver (HCC) [595], ovary [596], prostate [597], and brain [598].
CXCL12 binds CXCR4, which is expressed on neutrophils, monocytes, macrophages, T- and B-lymphocytes, and stem and endothelial cells, and guides hematopoietic stem and progenitor cells during embryogenesis from the liver to the bone marrow; this chemokine is chemotactic for lymphocytes [599–601]. CXCR12 and CXCR4 increase RhoA signaling [602]. The small GTPase RhoA induces loss of apical-basal polarity and cell junctions; intravasation and vascularization [603]; cell mobility by blebbing [604]; and, together with Rac1, Cdc42 protrusive lamellae formation with increased cell mobility [605].
CXCL12 induces immunosuppression
CAFs secrete CXCL12 and, via CXCR4, induce differentiation to cancer-promoting M2 macrophages [606]. The CXCR4-binding chemokine CXCL12, when overexpressed, repels effector T cells and results in selective local retention of immune suppressive Tregs in cancer as well as in transplantation models; its inhibition has shown effective anticancer effects [607, 608].
CXCL12 gradient migration	
Cancer cells can follow CXCL12 gradients [370, 609, 610], which are present in the major areas of metastasis, such as the liver [610], lung [611–614], peritoneum [567, 615], and bone marrow [616–618]. Furthermore, CXCR4 and its ligand CXCL12 are highly expressed in lymph nodes [619]. Keratin 19 (KRT19), which is important in metastasis, is a marker of micrometastases in lymph nodes in various epithelial cancers, particularly cancers of the prostate [620], breast [621–623], stomach [624], and liver, as well as HCC [625].
Part 18: E-, P-, and L-selectin
E-selectin
E-selectin (CD62, endothelial leukocyte adhesion molecule 1, ELAM-1, leukocyte-endothelial cell adhesion molecule 2, LECAM2) is a transmembrane protein and receptor that is expressed in endothelial cells, bone marrow microvessels, and promyeloblasts after induction by IL-1, TNFα, leukotrienes, and lipopolysaccharide (LPS), and subsequently binds polymorphonuclear leukocytes [626–628]. The ligand of E-selectin is sialy-CD15 [629]. E-selectin binds to colon carcinoma cells [630–632], preferentially at the leading edge with the highest expression [632]. In gastric cancer [633], it preferentially is found in intestinal subtype [634], but also in cancers of the pancreas [635, 636] and ovary [637], and in breast cancer induced lung metastasis [638]. High levels of E-selectin are also observed in liver metastasis of gastric, colon, and gallbladder cancers [639]. Ligands [640] of E-selectin include sialyl-Lewis X (sLeX) on monocytes, neutrophils, and dendritic cells; E-selectin-ligand-1 (ESL-1) on myeloid cells; CD44 (HCELL) on monocytes and hematopoietic stem cells; and CD43 (leukosialin and sialophorin) on hematopoietic cells [641]. E-selectin binds P-selectin glycoprotein ligand-1 (PSGL-1), which also binds P-selectin [642], and furthermore, next to leukocyte adhesion on endothelium with rolling, 
P-selectin
P-selectin (CD62P, granule membrane protein 140, GMP-140, platelet activation-dependent granule to external membrane protein, or PADGEM) is stored in the Weibel-Palade bodies of endothelial cells [643–645] and the α-granules of platelets [645–648]. Activation occurs by induction of IL-12, IL-4, thrombin, histamine, and leukotrienes, and is followed by fusion with the membrane, and rapid translocation to the external membrane in endothelia and platelets [649]. Its ligand, P-selectin-glycoprotein-ligand-1 (PSGL-1), is expressed on monocytes, neutrophils, lymphocytes, and eosinophils, and can serve as a ligand for E- and L-selectin [640]. Binding results in adhesion and rolling of leukocytes [650]. P-selectin enables the adhesion of cancer cells to platelets as well as the endothelium, through sialyl-Lewis X [651].
L-selectin
L-selectin (CD62L, leukocyte adhesion molecule 1, or LAM-1) is expressed on neutrophils, monocytes, and B- and T-cells [640]. L-selectin is a receptor for high endothelial veins [652], and its ligands are the E-selectin ligands sialyl Le (x) and sialyl Le (a) [653], CD34 on the endothelium, GlyCAM-1 on venules of lymph nodes, and MAdCAM-1 in lymphatic endothelial cells of the gastrointestinal tract [654]. L-selectin is involved in lymphocyte homing in lymph nodes and enables cancer spread into lymph nodes [655, 656]. lncRNA SELL by human papillomavirus positive (HPV+) head and neck squamous cell carcinoma induce L-selectin which promotes lymph node and distant metastasis [657]. This carcinoma metastasizes predominantly to lymph nodes, and nucleolin mediates cancer cell L-selectin binding [658].
Ongoing secretion of S100A8/A9 (MRP8/14, calprotectin) is important for neutrophil recruitment [659] and is considered a potential therapeutic target to decrease neutrophil recruitment [660].
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