TABLE 2-7 -- Examples of Diseases with Granulomatous | nflammations

Disease Cause Tissue Reaction

Tuberculosis Mycobacterium tuberculosis Noncaseating tubercle (granuloma prototype): afocus of epithelioid cells, rimmed by fibroblasts, lymphocytes,
histiocytes, occasional Langhans giant cell; caseating tubercle: central amorphous granular debris, loss of al cellular
detail; acid-fast bacilli

Leprosy Mycobacterium leprae Acid-fast bacilli in macrophages; non-caseating granulomas

Syphilis Treponema pallidum Gumma: microscopic to grossly visible lesion, enclosing wall of histiocytes; plasma cell infiltrate; central cells are
necrotic without loss of cellular outline

Cat-scratch disease Gram-negative bacillus Rounded or stellate granuloma containing central granular debris and recognizable neutrophils; giant cells
uncommon

fibroblasts and connective tissue. Frequently, epithelioid cells fuse to form giant cellsin the periphery or sometimes in the center of granulomas. These giant cells may attain diameters of 40
to 50 um. They have alarge mass of cytoplasm containing 20 or more small nuclei arranged either peripherally (Langhans-type giant cell) or haphazardly (foreign body-type giant cell) ( Fig.
2-33). Thereis no known functional difference between these two types of giant cells, afact that does not deter students from remembering the morphologic differences!

There are two types of granulomas, which differ in their pathogenesis. Foreign body granulomas are incited by relatively inert foreign bodies. Typically, foreign body granulomas form when
material such astalc (associated with intravenous drug abuse) ( Chapter 9), sutures, or other fibers are large enough to preclude phagocytosis by a single macrophage and do not incite any

specific inflammatory or immune response. Epithelioid cells and giant cells form and are apposed to the surface and encompass the foreign body. The foreign material can usually be
identified in the center of the granuloma, particularly if viewed with polarized light, in which it appears refractile.

Immune granulomas are caused by insoluble particles, typically microbes, that are capable of inducing a cell-mediated immune response ( Chapter 6 ). This type of immune response does not
necessarily produce granulomas but it does so when

Flgure 2-33 Typi cal tuberculous granuloma ShOWI ng an area of central necrosis, epithelioid cells, multiple Langhans-type giant cells, and lymphocytes.
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Chapter 3 - Tissue Renewal and Repair: Regeneration, Healing, and Fibrosis
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The body's ability to replace injured or dead cells and to repair tissues after inflammation is critical to survival. When injurious agents damage cells and tissues, the host responds by setting in
motion a series of events that serve to eliminate these agents, contain the damage, and prepare the surviving cells for replication. The repair of tissue damage caused by surgical resection,
wounds, and diverse types of chronic injury can be broadly separated into two processes, regeneration and healing ( Fig. 3-1 ). Regeneration results in restitution of lost tissues; healing may
restore original structures but involves collagen deposition and scar formation.

Definitions




The mechanisms of regeneration and healing will be discussed later in this chapter, but it isimportant from the outset to establish some important distinctions between these processes and to
become familiar with terms used to describe them.

Figure 3-1 Tissue response to injury. Repair after injury can occur by regeneration, which restores normal tissue, or by healing, which leads to scar formation and fibrosis.
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Figure 3-2 Mechanisms regulating cell populations. Cell numbers can be altered by increased or decreased rates of stem cell input, by cell death due to apoptosis, or by changes in the rates of
proliferation or differentiation. (Modified from McCarthy NJ et al: Apoptosisin the development of the immune system: growth factors, clonal selection and bcl-2. Cancer Metastasis Rev
11:157, 1992.)
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Figure 3-3 Cell-cycle landmarks. The figure shows the cell-cycle phases (Gg , G1 , G, , S, and M), the location of the G, restriction point, and the G, /S and G, /M cell-cycle checkpoints.
Cells from labile tissues such as the epidermis and the gastrointestinal tract may cycle continuously; stable cells such as hepatocytes are quiescent but can enter the cell cycle; permanent cells




such as neurons and cardiac myocytes have lost the capacity to proliferate. (Modified from Pollard TD and Earnshaw WC: Cell Biology. Philadelphia, Saunders, 2002.)
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Figure 3-4 Steps involved in therapeutic cloning, using embryonic stem cells (ES cells) for cell therapy. The diploid nucleus of an adult cell from a patient is introduced into an enucleated
oocyte. The oocyteis activated, and the zygote divides to become a blastocyst that contains the donor DNA. The blastocyst is dissociated to obtain ES. These cells are capable of
differentiating into various tissues, either in culture or after transplantation into the donor. The goa of the procedure is to reconstitute or repopul ate damaged organs of a patient, using the
cells of the same patient to avoid immunologic rejection. (Modified from Hochedlinger K, Jaenisch R: Nuclear transplantation, embryonic stem cells, and the potential for cell therapy. N

Engl J Med 349: 275286, 2003.)
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Figure 3-5 Stem-cell nichesin various tissues. A, Epidermal stem cells located in the bulge area of the hair follicle serve as a stem cells for the hair follicle and the epidermis. B, Intestinal
stem cells are located at the base of a colon crypt, above Paneth cells. C, Liver stem cells (commonly known as oval cells) are located in the canals of Hering (thick arrow), structures that
connect bile ductules (thin arrow) with parenchymal hepatocytes (bile duct and Hering canals are stained for cytokeratin 7; courtesy of Tania Roskams, M.D., University of Leuven). D,
Corneal stem cells are located in the limbus region, between the conjunctiva and the cornea. (Courtesy of T-T Sun, New York University, New York, NY.)
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Figure 3-6 Differentiation pathways for pluripotent bone marrow stromal cells. Activation of key regulatory proteins by growth factors, cytokines, or matrix components leads to
commitment of stem cells to differentiate into specific cellular lineages. Differentiation of myotubes requires the combined action of several factors (e.g., myoD, myogenin); fat cellsrequire
PPARY, the osteogenic lineage requires CBFA1 (also known as RUNX2), cartilage formation requires Sox9, and endothelial cells require VEGF and FGF-2. (Adapted and redrawn from
Rodan GA, Harada S The missing bone. Cell 89:677, 1997.)
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Figure 3-7 Differentiation of embryonic cells and generation of tissue cells by bone marrow precursors. During embryonic devel opment the three germ layers—endoderm, mesoderm, and
ectoderm—are formed, generating all tissues of the body. Adult stem cells localized in organs derived from these layers produce cells that are specific for the organs at which they reside.
However, some adult bone marrow stem cells, in addition to producing the blood lineages (mesodermal derived), can also generate cells for tissues that originated from the endoderm and
ectoderm (indicated by thered lines). (Modified from Korbling M, Estrov Z: Adult stem cells for tissue repair—a new theropeutic concept? N Engl J Med 349:570-582, 2003.)
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TABLE 3-1 -- Growth Factors and Cytokines Involved in Regeneration and Wound Healing
Cytokine Symbol Source Functions
Epidermal growth factor EGF Platelets, macrophages, saliva, urine, milk, Mitogenic for keratinocytes and fibroblasts; stimulates keratinocyte migration and
plasma granulation tissue formation
Transforming growth factor TGF-a Macrophages, T lymphocytes, keratinocytes, | Similar to EGF; stimulates replication of hepatocytes and certain epithelial cells
alpha and many tissues
Hepatocyte growth factor/scatter | HGF Mesenchymal cells Enhances proliferation of epithelial and endothelia cells, and of hepatocytes; increases
factor cell motility
Vascular endothelial cell growth | VEGF Mesenchymal cells Increases vascular permeability; mitogenic for endothelial cells (see Table 3-3)
factor (isoforms A, B, C, D)
Platelet-derived growth factor PDGF Platelets, macrophages, endothdlial cells, Chemotactic for PMNs, marcrophages, fibroblasts, and smooth muscle cells; activates
(isoforms A, B, C, D) keratinocytes, smooth muscle cells PMNs, macrophages, and fibroblasts; mitogenic for fibroblasts, endothelia cells, and
smooth muscle cells; stimulates production of MMPs, fibronectin, and HA; stimulates
angiogenesis and wound contraction; remodeling; inhibits platelet aggregation;
regulates integrin expression
Fibroblast growth factor-1 FGF Macrophages, mast cells, T lymphocytes, Chemotactic for fibroblasts; mitogenic for fibroblasts and keratinocytes; stimulates
(acidic), -2 (basic) and family endothelial cells, fibroblasts, and many tissues | keratinocyte migration, angiogenesis, fam wound contraction and matrix deposition
Transforming growth factor beta | TGF-B Platelets, T lymphocytes, macrophages, Chemotactic for PMNs, macrophages, lymphocytes, fibrablasts, and smooth muscle
(isoforms 1, 2, 3); other endothelial cells, keratinocytes, smooth cells; stimulates TIMP synthesis, keratinocyte migration, angiogenesis, and fibroplasia;
members of the family are BMP muscle cells, fibroblasts inhibits production of MMPs and keratinocyte proliferation; regulates integrin
and activin expression and other cytokines; induces TGF-3 production
Keratinocyte growth factor (also | KGF Fibroblasts Stimulates keratinocyte migration, proliferation, and differentiation

called FGF-7)




Insulin-like growth factor-1 IGF-1 Macrophages, fibroblasts and other cells Stimulates synthesis of sulfated proteoglycans, collagen, keratinocyte migration, and
fibroblast proliferation; endocrine effects similar to growth hormone

Tumor necrosis factor TNF Macrophages, mast cells, T lymphocytes Activates macrophages; regulates other cytokines; multiple functions
Interleukins IL-1, etc. Macrophages, mast cells, keratinocytes, Many functions. Some examples: chemotactic for PMNs (IL-1) and fibroblasts (I1L-4),
lymphocytes, and many tissues stimulation of MMP-1 synthesis (IL-1), angiogenesis (IL-8), TIMP synthesis (I1L-6);

regulation of other cytokines

Interferons IFN-a, etc. Lymphocytes and fibroblasts Activates macrophages; inhibits fibroblast proliferation and synthesis of MMPs;
regulates other cytokines

BMP, bone morphogenetic proteins; PMNs, polymorphonuclear leukocytes, MM Ps, matrix metalloproteinases;, HA, hyaluronic acid; TIMP, tissue inhibitor of matrix metalloproteinase.

Modified from Schwartz 9: Principles of Surgery, McGraw Hill, New York, 1999.
those that have mgjor roles in these processes. Other growth factors are alluded to in various sections of the book.
Epidermal Growth Factor (EGF) and Transforming Growth Factor-a (TGF-a).

These two factors belong to the EGF family and share a common receptor. EGF was discovered by its ability to cause precocious tooth eruption and eyelid opening in newborn mice. EGF is
mitogenic for avariety of epithelial cells, hepatocytes, and fibroblasts. It iswidely distributed in tissue secretions and fluids, such as sweat, saliva, urine, and intestinal contents. In healing
wounds of the skin, EGF is produced by keratinocytes, macrophages, and other inflammatory cells that migrate into the area. EGF binds to a receptor (EGFR) with intrinsic tyrosine kinase
activity, triggering the signal transduction events described later. TGF-a was originally extracted from sarcoma
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virus-transformed cells and isinvolved in epithelial cell proliferation in embryos and adults and malignant transformation of normal cells to cancer. TGF-a has homology with EGF, binds to
EGFR, and produces most of the biologic activities of EGF. The "EGF receptor” is actually afamily of membrane tyrosine kinase receptors that respond to EGF, TGF-a, and other ligands of

the EGF family.[44] The main EGFR isreferred to as EGFR1, or ERB B1. The ERB B2 receptor (also known as HER-2/Neu) has received great attention because it is overexpressed in breast
cancers and is atherapeutic target.

Hepatocyte Growth Factor (HGF).

HGF was originally isolated from platel ets and serum. Subsequent studies demonstrated that it isidentical to a previously identified growth factor known as scatter factor (HGF is aso
referred to as HGF/scatter factor). It has mitogenic effectsin most epithelial cells, including hepatocytes and cells of the biliary epithelium in the liver, and epithelial cells of the lungs,

mammary gland, skin, and other tissues[*™ Besidesits mitogenic effects, HGF acts as a morphogen in embryonic devel opment and promotes cell scattering and migration. This factor is
produced by fibroblasts, endothelial cells, and liver nonparenchymal cells. The receptor for HGF is the product of the proto-oncogene c-MET, which is frequently overexpressed in human
tumors. HGF signaling is required for survival during embryonic development, as demonstrated by the lethality of knockout mice lacking c-MET.

Vascular Endothelial Growth Factor (VEGF).

VEGF isafamily of peptides that includes VEGF-A (referred throughout as VEGF), VEGF-B, VEGF-C, VEGF-D, and placental growth factor. VEGF is a potent inducer of blood vessel




formation in early development (vasculogenesis) and has a central role in the growth of new blood vessels (angiogenesis) in adults (see Table 3-3). [0 1t promotes angiogenesis in tumors,
chronic inflammation, and healing of wounds. Mice that lack a single alele of the gene (heterozygous VEGF knockout mice) die during embryonic development with defective
vasculogenesis and hematopoiesis. VEGF family members signal through three tyrosine kinase receptors: VEGFR-1, VEGFR-2, and VEGFR-3. VEGFR-2 islocated in endothelial cells and
is the main receptor for the vascul ogenic and angiogenic effects of VEGF. Therole of VEGFR-1 isless well understood, but it may facilitate the mobilization of endothelial stem cells and
has aroleininflammation. VEGF-C and VEGF-D bind to VEGFR-3 and act on lymphatic endothelial cellsto induce the production of lymphatic vessels (lymphangiogenesis). VEGF-B
binds exclusively to VEGFR-1. It is not required for vasculogenesis or angiogenesis, but may play arole in maintenance of myocardial function.

Platelet-Derived Growth Factor (PDGF).

PDGF isafamily of several closely related proteins, each consisting of two chains designated A and B. All three isoforms of PDGF (AA, AB, and BB) are secreted and are biologically
active. Recently, two new isoforms—PDGF-C and PDGF-D—have been identified. PDGF isoforms exert their effects by binding to two cell-surface receptors, designated PDGFR a and 3,
which have different ligand specificities.[47] PDGF is stored in platelet a granules and is released on platelet activation. It can also be produced by avariety of other cells, including activated

macrophages, endothelial cells, smooth muscle cells, and many tumor cells. PDGF causes migration and proliferation of fibroblasts, smooth muscle cells, and monocytes, as demonstrated by
defects in these functions in mice deficient in either the A or the B chain of PDGF. It also participates in the activation of hepatic stellate cellsin theinitia steps of liver fibrosis ( Chapter 18 ).

Fibroblast Growth Factor (FGF).

Thisisafamily of growth factors containing more than 10 members, of which acidic FGF (aFGF, or FGF-1) and basic FGF (bFGF, or FGF-2) are the best characterized. FGF-1 and FGF-2
are made by avariety of cells. Released FGFs associate with heparan sulfate in the ECM, which can serve as areservoir for storing inactive factors. FGFs are recognized by a family of cell-
surface receptors that have intrinsic tyrosine kinase activity. A large number of functions are attributed to FGFs, including the following:

» New blood vessel formation (angiogenesis): FGF-2, in particular, has the ability to induce the steps necessary for new blood vessel formation both in vivo and in vitro (see below).
« Wound repair: FGFs participate in macrophage, fibroblast, and endothelial cell migration in damaged tissues and migration of epithelium to form new epidermis.

« Development: FGFs play arolein skeletal muscle development and in lung maturation. For example, FGF-6 and its receptor induce myoblast proliferation and suppress myocyte
differentiation, providing a supply of proliferating myocytes. FGF-2 is aso thought to be involved in the generation of angioblasts during embryogenesis. FGF-1 and FGF-2 are
involved in the specification of the liver from endodermal cells.[*®]

» Hematopoiesis: FGFs have been implicated in the differentiation of specific lineages of blood cells and devel opment of bone marrow stroma.

TGF-b and Related Growth Factors.

TGF-P belongs to afamily of homologous polypeptides that includes three TGF-3 isoforms (TGF-1, TGF-B2, TGF-33) and factors with wide-ranging functions, such as bone

morphogenetic proteins (BMPs), activins, inhibins, and mullerian inhibiting substance.[*%] TGF-1 has the most widespread distribution in mammals and will be referred to as TGF-B. Itisa
homodimeric protein produced by avariety of different cell types, including platelets, endothelia cells, lymphocytes, and macrophages. Native TGF-3s are synthesized as precursor proteins,
which are secreted and then proteolytically cleaved to yield the biologically active growth factor and a second latent component. Active TGF-f3 binds to two cell surface receptors (types | and
I1) with serine/threonine kinase activity and triggers the phosphorylation of cytoplasmic transcription factors called Smads. 9 TGF-f first bindsto atype Il receptor, which then forms a
complex with atype | receptor, leading to the phosphorylation of Smad 2 and 3. Phosphorylated Smad2 and 3 form heterodimers with Smad4, which enter the nucleus and associate with
other DNA-binding proteins to activate or inhibit gene transcription. TGF- has multiple and often opposing effects depending on the tissue and the type of injury. Agents that have multiple
effects are called pleiotropic; because of the large diversity of TGF-[3 effects, it has been said that TGF-[3 is pleiotropic with a vengeance.

* TGF-b isa growth inhibitor for most epithelial cell types and for Ieukocytes.[51] It blocks the cell cycle by increasing the expression of cell-cycle inhibitors of the Cip/Kip and INK4/
ARF families (see Chapter 7). Loss of TGF-[3 receptors
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frequently occurs in human tumors, providing a proliferative advantage to tumor cells.
« The effects of TGF-3 on mesenchymal cells depend on concentration and culture conditions, it generally stimulates the proliferation of fibroblasts and smooth muscle cells.
* TGF-b is a potent fibrogenic agent that stimulates fibroblast chemotaxis, enhances the production of collagen, fibronectin, and proteoglycans. It inhibits collagen degradation by
decreasing matrix proteases and increasing protease inhibitor activities. TGF-f3 isinvolved in the development of fibrosisin avariety of chronic inflammatory conditions particularly
in the lungs, kidney, and liver.
* TGF-b has a strong anti-inflammatory effect. Knockout mice lacking the TGF-b1 gene have widespread inflammation and abundant lymphocyte proliferation, presumably because
of unregulated T-cell proliferation and macrophage activation.

Cytokines.

Cytokines have important functions as mediators of inflammation and immune responses ( Chapter 6 ). Some of these proteins can be placed into the larger functional group of polypeptide
growth factors because they have growth-promoting activities for avariety of cells. These are discussed in the appropriate chapters.

SIGNALING MECHANISMS IN CELL GROWTH

All growth factors function by binding to specific receptors, which deliver signalsto the target cells. These signals have two general effects: (1) they stimulate the transcription of many genes
that were silent in the resting cells, and (2) several of these genes regulate the entry of the cells into the cell cycle and their passage through the various stages of the cell cycle. In this section
we review the process of receptor-initiated signal transduction as it applies to growth factors and signaling molecules in general, and their role in regulating the cell cycle.

Cdll proliferation is atightly regulated process that involves alarge number of molecules and interrelated pathways. The first event that initiates cell proliferation is, usually, the binding of a
signaling molecule, the ligand, to a specific cell receptor. Aswe shall see, typical ligands are growth factors and proteins of the ECM. We describe different classes of receptor molecules and
the pathways by which receptor activation initiates a cascade of eventsleading to expression of specific genes. We end this section with brief comments about transcription factors.

Based on the source of the ligand and the location of its receptors—in the same, adjacent, or distant cells—three general modes of signaling, named autocrine, paracrine, and endocrine, can
be distinguished ( Fig. 3-8).

« Autocrine signaling: Cells respond to the signaling molecules that they themselves secrete, thus establishing an autocrine loop. Several polypeptide growth factors and cytokines act
in this manner. Autocrine growth regulation plays arolein liver regeneration, proliferation of antigen-stimulated lymphocytes, and the growth of some tumors. Tumors frequently
overproduce growth factors and their receptors, thus stimulating their own proliferation through an autocrine loop.

« Paracrine signaling: One cell type produces the ligand, which then acts on adjacent target cells that express the appropriate receptors. The responding cells arein close proximity to
the ligand-producing cell and are generally of a different type. Paracrine stimulation is common in connective tissue repair of healing wounds, in which a factor produced by one cell
type (e.g., amacrophage) has its growth effect on adjacent cells (e.g., afibraoblast). Paracrine signaling is also necessary for hepatocyte replication during liver regeneration (see
below). A special type of paracrine signaling, called juxtacrine, occurs when the signaling molecule (e.g., tumor necrosis factor, TGF-a, and heparin-binding epidermal growth
factor) is anchored in the cell membrane and binds a receptor in the plasma membrane of another cell. In thistype of signaling, receptor-ligand
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interaction is dependent on and promotes cell-cell adhesion.
« Endocrine signaling: Hormones are synthesized by cells of endocrine organs and act on target cells distant from their site of synthesis, being usually carried by the blood. Growth




factors may also circulate and act at distant sites, asis the case for HGF. Several cytokines, such as those associated with the systemic aspects of inflammation discussed in Chapter
2, aso act as endocrine agents.

Figure 3-8 Generd patterns of intercellular signaling demonstrating autocrine, paracrine, and endocrine signaling (see text). (Modified from Lodish H, et al. [eds]: Molecular Cell Biology,
3rd ed. New York, WH Freeman, 1995, p. 855. © 1995 by Scientific American Books. Used with permission of WH Freeman and Company.)
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Figure 3-9 Examples of signal transduction systems that require cell-surface receptors. Shown are receptors with intrinsic tyrosine kinase activity, seven transmembrane G-protein-coupled
receptors, and receptors without intrinsic tyrosine kinase activity. The figure also shows important signaling pathways transduced by the activation of these receptors through ligand binding.
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Figure 3-10 Signaling from tyrosine kinase receptors. Binding of the growth factor (ligand) causes receptor dimerization and autophosphorylation of tyrosine residues. Attachment of adapter
(or bridging) proteins (e.g., GRB2 and SOS) couples the receptor to inactive RAS. Cycling of RAS between its inactive and active formsis regulated by GAP. Activated RAS interacts with
and activates RAF (also known as MAP kinase kinase kinase). This kinase then phosphorylates a component of the MAP kinase signaling pathway, MEK (also known as MAP kinase
kinase), which then phosphorylates ERK (MAP kinase). Activated MAP kinase phosphorylates other cytoplasmic proteins and nuclear transcription factors, generating cellular responses. The
phosphorylated tyrosine kinase receptor can aso bind other components, such as PI-3 kinase, which activates distinct signaling systems.
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Figure 3-11 Liver regeneration after partial hepatectomy. Upper panel, The lobes of the liver of arat are shown (M, median; RL and LL, right and |eft lateral lobes; C, caudate lobe). Partia
hepatectomy removes two thirds of the liver (median and left lateral |obes), and only the right lateral and caudate |obes remain. After 3 weeks, the right lateral and caudate |obes enlarge to
reach a mass equivalent to that of the original liver. Note that there is no regrowth of the median and |eft lateral obes removed after partial hepatectomy. (From Goss RJ: Regeneration versus
repair. In Cohen IK, Diegelman RF, Lindblad WJ (eds): Wound Healing. Biochemical and Clinical Aspects. Philadelphia, W. B. Saunders Co., 1992, pp. 20-39.) Lower panel, Timing of
hepatocyte DNA replication, hepatocyte mitosis, and expression of messenger RNAs during liver regeneration. DNA replication is shown as the incorporation of tritiated thymidine x 104
(right-side scale). Mitosis presented as the percentage of hepatocytes undergoing mitosis (right-side scal€). The expression of some of the many mRNASs in the regenerating rat liver is
presented as fold elevation above normal (left-side scal€). Expression of the proto-oncogenes c-fos, c-jun, and c-myc corresponds to the immediate early gene phase of gene expression during
liver regeneration.
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Figure 3-12 Regeneration of human liver. Computed tomography (CT) scans of the donor liver in living-donor hepatic transplantation. Upper panel, The liver of the donor before the
operation. The right lobe, which will be used as a transplant, is outlined. Lower panel, A scan of the liver 1 week after performance of partial hepatectomy to remove the right lobe. Note the
great enlargement of the left lobe (outlined in the panel) without regrowth of the right lobe (Courtesy of R. Troisi, M.D. Ghent University city; reproduced in part from Fausto; Liver
Regeneration. In Arias, et al: The Liver: Biology and Pathobiology, 4th ed. Philadelphia, Lippincott Williams & Wilkins, 2001.)

Figure 3-13 Priming and cell-cycle progression in hepatocyte replication during liver regeneration. Quiescent hepatocytes become competent to enter the cell cycle through a priming phase
mostly mediated by the cytokines TNF and IL-6 (upper panel). Growth factors, mainly HGF and TGF-a, act on primed hepatocytes to make them progress through the cell cycle and undergo
DNA replication (lower panel). Norepinephrine, insulin, thyroid hormone, and growth hormone act as adjuvants for liver regeneration. The factors that determine the termination of cell
replication are not known but are likely to involve cell cycle inhibitors, shut-off of growth factor production, and decreased metabolic demand on the liver.
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Figure 3-14 Major components of the extracellular matrix (ECM), including collagens, proteoglycans, and adhesive glycoproteins. Both epithelial and mesenchymal cells (e.g., fibroblasts)
interact with ECM viaintegrins. To simplify the diagram, many ECM components (e.g., €lastin, fibrillin, hyaluronan, syndecan) are not included.
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TABLE 3-2 -- Main Types of Collagens, Tissue Distribution, and Genetic Disorders

Collagen Type Tissue Distribution Genetic Disorders

Fibrillar Collagens

| Ubiquitous in hard and soft tissues Osteogenesis Imperfecta

Ehlers-Danlos syndrome—arthrochal asias type

I Cartilage, intervertebral disk, vitreous Achondrogenesis type |1, spondyloepiphyseal dysplasia syndrome
I Hollow organs, soft tissues Vascular Ehlers-Danlos syndrome

\% Soft tissues, blood vessels Classical Ehlers-Danlos syndrome

IX Cartilage, vitreous Stickler syndrome

Basement Membrane Collagens




v Basement membranes Alport syndrome

Other Collagens

VI Ubiquitous in microfibrils Bethlem myopathy

VIl Anchoring fibrils at dermal-epidermal junctions Dystrophic epidermolysis bullosa

IX Cartilage, intervertebral disks Multiple epiphyseal dysplasias

XVII Transmembrane collagen in epidermal cells Benign atrophic generalized epidermolysis bullosa
XV and XVIII Endostatin-forming collagens, endothelial cells Knaobloch syndrome (type XVII1 collagen)

Courtesy of Dr. Peter H. Byers, Department of Pathology, University of Washington, Seattle, WA

original size after release of the tension. Morphologically, elastic fibers consist of a central core made of elastin, surrounded by a peripheral network of microfibrils. Substantial amounts of
elastin are found in the walls of large blood vessals, such as the aorta, and in the uterus, skin, and ligaments. The peripheral microfibrillar network that surrounds the core consists largely of
fibrillin, a 350-kD secreted glycoprotein, which associates either with itself or with other components of the ECM. The microfibrils serve as scaffolding for deposition of elastin and the

assembly of elastic fibers. Inherited defectsin fibrillin(® result in formation of abnormal elastic fibersin afairly common familial disorder, Marfan syndrome, manifested by changesin the
cardiovascular system (aortic dissection) and the skeleton ( Chapter 5).

CELL ADHESION PROTEINS

Most adhesion proteins, also called CAMs (cell adhesion molecules), can be classified into four main families: immunoglobulin family CAMs, cadherins, integrins, and selectins. These
proteins are located in the cell membrane, where they function as receptors, or they are stored in the cytoplasm. As receptors, CAMSs can bind to similar or different moleculesin other cells,
providing for interaction between the same cells (homotypic interaction) or different cell types (heterotypic interaction). Cadherins are generally involved in cal cium-dependent homotypic
interactions, while immunoglobulin family CAMs, because of the types of ligands they can bind, participate in both homotypic and heterotypic cell-to-cell interactions. The integrins have

broader ligand specificity and are responsible for many eventsinvolving cell adhesion.[81 €8]

Integrins bind both to matrix proteins such as fibronectin and laminin, mediating adhesiveness between cells and ECM, as well asto adhesive proteins in other cells, establishing cell-to-cell
contacts (see Box 2-1, Chapter 2). Fibronectin is alarger protein that binds to many molecules, such as collagen, fibrin, proteoglycans, and cell-surface receptors. It consists of two
glycoprotein chains, held together by disulfide bonds. Fibronectin mRNA has two splice forms, giving rise to tissue fibronectin and plasma fibronectin. The tissue fibronectin forms fibrillar
aggregates at wound healing sites. The plasma form binds to fibrin, forming the provisional blood clot that
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Figure 3-15 Stepsin collagen synthesis (see text).
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Figure 3-16 Mechanisms by which ECM (e.g., fibronectin and laminin) and growth factors can influence cell growth, motility, differentiation, and protein synthesis. Integrins bind ECM
components and interact with the cytoskeleton at focal adhesion complexes (protein aggregates that include vinculin, a-actin, and talin). This can initiate the production of intracellular
messengers or can directly mediate nuclear signals. Cell-surface receptors for growth factors may activate signal transduction pathways that overlap with those activated by integrins.

Collectively, these are integrated by the cell to yield various responses, including changes in cell growth, locomotion, and differentiation.
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Figure 3-17 A, Granulation tissue showing numerous blood vessels, edema, and aloose ECM containing occasional inflammatory cells. Thisisatrichrome stain that stains collagen blug;
minimal mature collagen can be seen at this point. B, Trichrome stain of mature scar, showing dense collagen, with only scattered vascular channels.
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Figure 3-18 Angiogenesis by mobilization of endothelial precursor cells (EPCs) from the bone marrow and from pre-existing vessels (capillary growth). EPCs are mobilized from the bone
marrow and may migrate to a site of injury or tumor growth (upper panel). The homing mechanisms have not yet been defined. At these sites, EPCs differentiate and form a mature network
by linking with existing vessels. In angiogenesis from pre-existing vessels, endothelia cells from these vessels become motile and proliferate to form capillary sprouts (lower panel).
Regardless of the initiating mechanism, vessel maturation (stabilization) involves the recruitment of pericytes and smooth muscle cells to form the periendothelia layer. (Modified from
Conway EM, Collen D, Carmeliet P: Molecular mechanisms of blood vessel growth. Cardiovasc Res 49:507, 2001.)




TABLE 3-3 -- Vascular Endothelial Growth Factor (VEGF)

Proteins Family members: VEGF (VEGF-A), VEGF-B, VEGF-C, VEGF-D

Dimeric glycoprotein with multiple isoforms

Targeted mutations in VEGF result in defective vasculogenesis and angiogenesis

Production Expressed at low levelsin avariety of adult tissues and at higher levelsin afew sites, such as podocytes in the glomerulus and cardiac myocytes

Inducing Agents Hypoxia

TGF-B































































































































































































































