
 

Figure 5-21 Details of banding pattern of the X chromosome (also called "idiogram"). Note the nomenclature of arms, regions, bands, and sub-bands. On the right side, the approximate 
locations of some genes that cause disease are indicated. 



 

Figure 5-22 Fluorescence in situ hybridization (FISH). Interphase nuclei of a childhood hepatic cancer (hepatoblastoma) stained with a fluorescent DNA probe that hybridizes to 
chromosome 20. Under ultraviolet light, each nucleus reveals three bright yellow fluorescent dots, representing three copies of chromosome 20. Normal diploid cells (not shown) have two 



fluorescent dots. (Courtesy of Dr. Vijay Tonk, Department of Pathology, University of Texas Southwestern Medical Center, Dallas, TX.) 

 

Figure 5-23 FISH. A metaphase spread in which two fluorescent probes, one for the terminal ends of chromosome 22 and the other for the D22S75 locus, which maps to chromosome 22, 
have been used. The terminal ends of the two chromosomes 22 have been labeled. One of the two chromosomes does not stain with the probe for the D22S75 locus, indicating a 
microdeletion in this region. This deletion gives rise to the 22q11.2 deletion syndrome. (Courtesy of Dr. Nancy Schneider, Department of Pathology, University of Texas Southwestern 
Medical Center, Dallas, TX.) 

 

Figure 5-24 Chromosome painting with a library of chromosome 22-specific DNA probes. The presence of three fluorescent chromosomes indicates that the patient has trisomy 22. 
(Courtesy of Dr. Charleen M. Moore, The University of Texas Health Science Center at San Antonio, TX.) 



 

Figure 5-25 Spectral karyotype. (Courtesy of Dr. Janet D. Rowley, University of Chicago Pritzker Medical School, Chicago, IL.) 

 

Figure 5-26 Types of chromosomal rearrangements. 



 

Figure 5-27 G banded karyotype of a male with trisomy 21. (Courtesy of Dr. Nancy Schneider, University of Texas Southwestern Medical Center, Dallas, TX.) 



 

Figure 5-28 Clinical features and karyotypes of selected autosomal trisomies. 





 

Figure 5-29 Clinical features and karyotypes of Turner syndrome. 



 

Figure 5-30 Turner syndrome critical regions and (candidate) genes. SHOX, short homeobox gene; EIF1AX, eukaryotic initiation factor 1A; ZFX, zinc finger X (transcription factor); USP9X, 
homologue of Drosophila gene involved in öogenesis; DBX, dead box polypeptide 3,X, a spermatogenesis gene; UTX, ubiquitously transcribed tetratricopeptide repeat gene, X chromosome; 
SMCX, homologue of the Y-encoded male antigen HY; RPS4X isoform of ribosomal protein S4 involved in lymphatic development. (Courtesy of Dr. Andrew Zinn, University of Texas 
Southwestern Medical School, Dallas, TX.) 



 

Figure 5-31 Fragile-X, seen as discontinuity of staining. (Courtesy of Dr. Patricia Howard-Peebles, University of Texas Southwestern Medical Center, Dallas, TX.) 



 

Figure 5-32 Fragile-X pedigree. Note that in the first generation all sons are normal and all females are carriers. During oogenesis in the carrier female, premutation expands to full mutation; 
hence in the next generation, all males who inherit the X with full mutation are affected. However, only 50% of females who inherit the full mutation are affected, and only mildly. (Courtesy 
of Dr. Nancy Schneider, Department of Pathology, University of Texas Southwestern Medical Center, Dallas, TX.) 



 

Figure 5-33 A model for the action of familial mental retardation protein (FMRP) in neurons. (Adapted from Hin P, Warren ST: New insights into fragile-X syndrome: from molecules to 
neurobehavior. Trends Biochem Sci 28:152, 2003.) 



 

TABLE 5-9 -- Summary of Trinucleotide Repeat Disorders

Disease Gene Locus Protein Repeat Normal Disease

Expansions Affecting Noncoding Regions

Fragile-X syndrome FMRI(FRAXA) Xq27.3 FMR-1 protein (FMRP) CGG 6–53 60–200 (pre) >230 
(full)

Friedreich ataxia X25 9q13-21.1 Frataxin GAA 7–34 34–80 (pre) >100 
(full)



Myotonic dystrophy DMPK 19q13 Myotonic dystrophy protein kinase 
(DMPK)

CTG 5–37 50-thousands

Expansions Affecting Coding Regions

Spinobulbar muscular atrophy (Kennedy disease) AR Xq13-21 Androgen receptor (AR) CAG 9–36 38–62

Huntington disease HD 4p16.3 Huntingtin CAG 6–35 36–121

Dentatorubral-pallidoluysian atrophy (Haw River 
syndrome)

DRPLA 12p13.31 Atrophin-1 CAG 6–35 49–88

Spinocerebellar ataxia type 1 SCA1 6p23 Ataxin-1 CAG 6–44 39–82

Spinocerebellar ataxia type 2 SCA2 12q24.1 Ataxin-2 CAG 15–31 36–63

Spinocerebellar ataxia type 3 (Machado-Joseph 
disease)

SCA3 (MJD1) 14q32.1 Ataxin-3 CAG 12–40 55–84

Spinocerebellar ataxia type 6 SCA6 19p13 α1A -Voltage-dependent calcium channel 

subunit

CAG 4–18 21–33

Spinocerebellar ataxia type 7 SCA7 3p12-13 Ataxin-7 CAG 4–35 37–306
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Figure 5-34 Sites of expansion and the affected sequence in selected diseases caused by nucleotide repeat mutations. UTR, untranslated region. *Although not strictly a trinucleotide repeat 
disease, progressive myoclonus epilepsy is caused, like others in this group, by a heritable DNA expansion. The expanded segment is in the promoter region of the gene. 

 

Figure 5-35 Pedigree of Leber hereditary optic neuropathy, a disorder caused by mutation in mitochondrial DNA. Note that all progeny of an affected male are normal, but all children, male 
and female, of the affected female manifest disease. 



 

Figure 5-36 Diagrammatic representation of Prader-Willi and Angelman syndromes. 



 

Figure 5-37 Direct gene diagnosis: detection of coagulation factor V mutation by polymerase chain reaction (PCR) analysis. A G→A substitution in an exon destroys one of the two Mnl1 
restriction sites. The mutant allele therefore gives rise to two, rather than three, fragments by PCR analysis. 

 

Figure 5-38 Diagnostic application of PCR and Southern blot analysis in fragile-X syndrome. With PCR, the differences in the size of CGG repeat between normal and premutation give rise 
to products of different sizes and mobility. With a full mutation, the region between the primers is too large to be amplified by conventional PCR. In Southern blot analysis the DNA is cut by 
enzymes that flank the CGG repeat region, and is then probed with a complementary DNA that binds to the affected part of the gene. A single small band is seen in normal males, a higher-
molecular-weight band in males with premutation, and a very large (usually diffuse) band in those with the full mutation. 



 
With this background, we can discuss how RFLPs can be used in gene tracking. Figure 5-39 illustrates the principle of RFLP analysis. In this example of an autosomal recessive disease, both 
of the parents are heterozygote carriers and the children are normal, are carriers, or are affected. In the illustrated example, the normal chromosome (A) has two restriction sites, 7.6 kb apart, 
whereas chromosome B, which carries the mutant gene, has a DNA sequence polymorphism resulting in the creation of an additional (third) restriction site for the same enzyme. Note that the 
additional restriction site has not resulted from the mutation but from a naturally occurring polymorphism. When DNA from such an individual is digested with the appropriate restriction 
enzyme and probed with a cloned DNA fragment that hybridizes with a stretch of sequences between
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the restriction sites, the normal chromosome yields a 7.6 kb band, whereas the other chromosome (carrying the mutant gene) produces a smaller, 6.8 kb, band. Thus, on Southern blot 
analysis, two bands are noted. It is possible by this technique to distinguish family members who have inherited both normal chromosomes from those who are heterozygous or homozygous 
for the mutant gene. PCR followed by digestion with the appropriate restriction enzyme and gel electrophoresis can also be used to detect RFLPs if the target DNA is of the size that can be 
amplified by conventional PCR. 

• Length polymorphisms: Human DNA contains short repetitive sequences of noncoding DNA. Because the number of repeats affecting such sequences varies greatly between 
different individuals, the resulting length polymorphisms are quite useful for linkage analysis. These polymorphisms are often subdivided on the basis of their length into microsatellite 



repeats and minisatellite repeats. Microsatellites are usually less than 1 kb and are characterized by a repeat size of 2 to 6 base pairs. Minisatellite repeats, by comparison, are larger (1 to 3 
kb), and the repeat motif is usually 15 to 70 base pairs. It is important to note that the number of repeats, both in microsatellites and minisatellites, is extremely variable within a given 
population, and hence these stretches of DNA can be used quite effectively to distinguish different chromosomes ( Fig. 5-40A ). Figure 5-40B illustrates how microsatellite polymorphisms 
can be used to track the inheritance of autosomal dominant polycystic kidney disease (PKD). In this case, allele C, which produces a larger PCR product than allele A or B, carries the disease-
related gene. Hence all individuals who carry the C allele are affected. Microsatellites have assumed great importance in linkage studies and hence in the development of the human genome 

map. Currently, linkage to all human chromosomes can be identified by microsatellite polymorphisms.[86] 

 
Figure 5-39 Schematic illustration of the principles underlying restriction fragment length polymorphism analysis in the diagnosis of genetic diseases. 

 

Figure 5-40 Schematic diagram of DNA polymorphisms resulting from a variable number of CA repeats. The three alleles produce PCR products of different sizes, thus identifying their 
origins from specific chromosomes. In the example depicted, allele C is linked to a mutation responsible for autosomal dominant polycystic kidney disease (PKD). Application of this to 
detect progeny carrying the disease gene is illustrated in one hypothetical pedigree. 
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General Features of the Immune System

Although vital to survival, the immune system is similar to the proverbial two-edged sword. On the one hand, immunodeficiency states render humans easy prey to infections and possibly 
tumors; on the other hand, a hyperactive immune system may cause fatal disease, as in the case of an overwhelming allergic reaction to the sting of a bee. In yet another series of 
derangements, the immune system may lose its normal capacity to distinguish self from non-self, resulting in immune reactions against one's own tissues and cells (autoimmunity). This 
chapter considers diseases caused by too little immunity as well as those resulting from too much immunologic reactivity. We also consider amyloidosis, a disease in which an abnormal 
protein, derived in some cases from fragments of immunoglobulins, is deposited in tissues. First, we review some advances in the understanding of innate and adaptive immunity and 
lymphocyte biology, then give a brief description of the histocompatibility genes because their products are relevant to several immunologically mediated diseases and to the rejection of 
transplants.

INNATE AND ADAPTIVE IMMUNITY

The physiologic function of the immune system is to protect individuals from infectious pathogens. The mechanisms that are responsible for this protection fall into two broad categories 
( Fig. 6-1 ). Innate immunity (also called natural, or native, immunity) refers to defense mechanisms that are present even before infection and have evolved to specifically recognize microbes 
and protect multicellular organisms against infections. Adaptive immunity (also called acquired, or specific, immunity) consists of mechanisms that are stimulated by (adapt to) microbes and 
are capable of also recognizing nonmicrobial substances, called antigens. Innate immunity is the first line of defense, because it is always ready 

 
Figure 6-1 Innate and adaptive immunity. The principal mechanisms of innate immunity and adaptive immunity are shown. 



 
 

Box 6-1. Toll-like Receptors

The Toll-like receptors (TLRs) are membrane proteins that recognize a variety of microbe-derived molecules and stimulate innate immune responses against the microbes. The first protein 
to be identified in this family was the Drosophila Toll protein, which is involved in establishing the dorsal-ventral axis during embryogenesis of the fly, as well as mediating antimicrobial 
responses. Ten different mammalian TLRs have been identified based on sequence homology to Drosophila Toll, and they are named TLR1-10. All these receptors contain leucine-rich 
repeats flanked by characteristic cysteine-rich motifs in their extracellular regions, and a conserved signaling domain in their cytoplasmic region that is also found in the cytoplasmic tails 
of the IL-1 and IL-18 receptors and is called the Toll/IL-1 receptor (TIR) domain. The TLRs are expressed on many different cell types that participate in innate immune responses, 
including macrophages, dendritic cells, neutrophils, NK cells, mucosal epithelial cells, and endothelial cells.

Mammalian TLRs are involved in responses to widely divergent types of molecules that are commonly expressed by microbial but not mammalian cells (see Figure ). Some of the 
microbial products that stimulate TLRs include Gram-negative bacterial lipopolysaccharide (LPS), Gram-positive bacterial peptidoglycan, bacterial lipoproteins, the bacterial flagellar 
protein flagellin, heat shock protein 60, unmethylated CpG DNA motifs (found in many bacteria), and double-stranded RNA (found in RNA viruses). The specificity of TLRs for microbial 
products is dependent on associations between different TLRs and non-TLR adapter molecules. For instance, LPS first binds to soluble LPS-binding protein (LBP) in the blood or 
extracellular fluid, and this complex serves to facilitate LPS binding to CD14, which exists as both a soluble plasma protein and a glycophosphatidylinositol-linked membrane protein on 
most cells. Once LPS binds to CD14, LBP dissociates, and the LPS-CD14 complex physically associates with TLR4. An additional extracellular accessory protein, called MD2, also binds 
to the complex with CD14. LPS, CD14, and MD2 are all required for efficient LPS-induced signaling, but it is not yet clear if direct physical interaction of LPS with TLR4 is necessary.



Signaling by TLRs results in the activation of transcription factors, notably NF-κB (see Figure). Ligand binding to the TLR at the cell surface leads to recruitment of cytoplasmic signaling 
molecules, the first of which is the adapter protein MyD88. A kinase called IL-1 receptor associated kinase (IRAK) is recruited into the signaling complex. IRAK undergoes 
autophosphorylation, dissociates from MyD88, and activates another signaling molecule, called TNF-receptor (TNF-R) associated factor-6 (TRAF-6). TRAF-6 then activates the I-κB 
kinase cascade, leading to activation of the NF-κB transcription factor. In some cell types certain TLRs also engage other signaling pathways, such as the MAP kinase cascade, leading to 
activation of the AP-1 transcription factor. Some TLRs may use adapter proteins other than MyD88. The relative importance of these various pathways of TLR signaling, and the way the 
"choice" of pathways is made, are not well understood.

The genes that are expressed in response to TLR signaling encode proteins important in many different components of innate immune responses. These include inflammatory cytokines 
(TNF, IL-1, and IL-12), endothelial adhesion molecules (E-selectin), and proteins involved in microbial killing mechanisms (inducible nitric oxide synthase). The particular genes 
expressed will depend on the responding cell type.

 
Figure 6- A, Different TLRs are involved in responses to different microbial products. B, Signaling by a prototypic TLR, TLR4, in response to bacterial LPS. An adapter protein links the 
TLR to a kinase, which activates transcription factors such as NF-κB and AP-1. TIR, Toll/IL-1 receptor domain. 
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of innate immunity, providing protection against inhaled microbes.

The adaptive immune system consists of lymphocytes and their products, including antibodies. The receptors of lymphocytes are much more diverse than those of the innate immune 
system, but lymphocytes are not inherently specific for microbes, and they are capable of recognizing a vast array of foreign substances. In the remainder of this introductory section we 
focus on lymphocytes and the reactions of the adaptive immune system.

CELLS AND TISSUES OF THE IMMUNE SYSTEM

There are two main types of adaptive immunity—cell-mediated (or cellular) immunity, which is responsible for defense against intracellular microbes, and humoral immunity, which 
protects against extracellular microbes and their toxins ( Fig. 6-2 ). Cellular immunity is mediated by T (thymus-derived) lymphocytes, and humoral immunity is mediated by B (bone 
marrow-derived) lymphocytes and their secreted products, 

 



Figure 6-2 Humoral and cell-mediated immunity. 



 

Figure 6-3 Histology of a lymph node. A, The organization of the lymph node, with an outer cortex containing follicles and an inner medulla. B, The location of B cells (stained green, 
using the immunofluorescence technique) and T cells (stained red) in a lymph node. C, A germinal center. 

 



Figure 6-4 The T-cell receptor (TCR) complex. A, Schematic illustration of TCRα and TCRβ chains linked to the CD3 complex. B, Recognition of MHC-associated peptide displayed on 
an antigen-presenting cell (top) by the TCR. Note that the TCR-associated ζ chains and CD3 complex deliver signals (signal 1) upon antigen recognition, and CD28 delivers signals (signal 
2) upon recognition of costimulators (B7 molecules). 



 

Figure 6-5 Structure of antibodies and the B-cell antigen receptor. A, The B-cell receptor complex composed of membrane IgM (or IgD, not shown) and the associated signaling proteins 
Igα and Igβ. CD21 is a receptor for a complement component that also promotes B-cell activation. B, Crystal structure of a secreted IgG molecule, showing the arrangement of the variable 
(V) and constant (C) regions of the heavy (H) and light (L) chains. (Courtesy of Dr. Alex McPherson, University of California, Irvine, CA.) 



 

Figure 6-6 The morphology and functions of dendritic cells (DC). A, The morphology of cultured dendritic cells. (Courtesy of Dr. Y-J. Liu, M. D. Anderson Cancer Center, Houston.) B, 



The location of dendritic cells (Langerhans cells) in the epidermis. (Courtesy of Dr. Y-J. Liu, M. D. Anderson Cancer Center, Houston.) C, The role of dendritic cells in capturing microbial 
antigens from epithelia and transporting them to regional lymph nodes. 



 

Figure 6-7 A highly activated natural killer cell with abundant cytoplasmic granules. (Courtesy of Dr. Noelle Williams, Department of Pathology, University of Texas Southwestern 
Medical School, Dallas, TX.) 

 

Figure 6-8 Schematic representation of NK-cell receptors and killing. NK cells express activating and inhibitory receptors; some examples of each are indicated. Normal cells are not 
killed because inhibitory signals from normal MHC class I molecules override activating signals. In tumor cells or virus-infected cells, there is increased expression of ligands for 
activating receptors, and reduced expression or alteration of MHC molecules, which interrupts the inhibitory signals, allowing activation of NK cells and lysis of target cells. KIR, killer 
cell Ig-like recepors. 



 



Figure 6-9 The HLA complex and the structure of HLA molecules. A, The location of genes in the HLA complex is shown. The sizes and distances between genes are not to scale. B, 
Schematic diagrams and crystal structures of class I and class II HLA molecules. (Crystal structures are courtesy of Dr. P. Bjorkman, California Institute of Technology, Pasadena, CA.) 

 

Figure 6-10 Antigen processing and recognition. The sequence of events in the processing of a cytoplasmic protein antigen and its display by class I MHC molecules are shown at the top. 
The recognition of this MHC-displayed peptide by a CD8+ T cell is shown at the bottom. 




































































































































