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4 CHAPTER 1 Cell Injury and Cell Death

In s paway o ce dea, enzymes acvaed by specc sgnas  

dsmane e nuceus and cyopasm, generang ragmens a are 

recognzed and rapdy ceared by pagocyes.

Causes of Apoptosis

Apoposs occurs n many pysoogc suaons and serves o em-

nae poenay armu ces and ces a ave ouved er use-

uness (Tabe 1.2). I aso occurs as a paoogc even wen ces are 

damaged, especay wen e damage afecs e ce’s DNA or pro-

ens; us, e rreparaby damaged ce s emnaed.

• Pysoogc apoptoss

 • Dea o ces durng e deveopmen o organsms, suc as 

ces o prmorda ssues a are repaced by maure ssues

 • Dea o eukocyes (neurops and ympocyes) aer 

nammaory and mmune responses ave emnaed 

oendng agens

 • Emnaon o dysuncona or auoreacve ympocyes or 

ympocye precursors, parcuary n e bone marrow and e 

ymus

A B

Fig. 1.2 Morphologic changes in reversible and irreversible cell injury (necrosis). (A) Normal kidney tubules 

with viable epithelial cells. (B) Early (reversible) ischemic injury showing surface blebs, increased eosinophilia 

of cytoplasm, and swelling of occasional cells. (C) Necrotic (irreversible) injury of epithelial cells, with loss 

of nuclei and fragmentation of cells and leakage of contents. (Courtesy of Drs. Neal Pinckard and M.A. Ven-

katachalam, University of Texas Health Sciences Center, San Antonio.)
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Fig. 1.3 Coagulative necrosis. (A) A wedge-shaped kidney infarct (yellow). (B) Microscopic view of the edge 

of the infarct, with normal kidney (N) and necrotic cells in the infarct (I). The necrotic cells show preserved 

outlines with loss of nuclei, and an inflammatory infiltrate (dark nuclei interspersed between necrotic tubules) 

is present.

Fig. 1.4 Liquefactive necrosis. An infarct in the brain showing dissolu-

tion of the tissue.
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agng, e “naked” cromosome ends acvae e DNA damage 

response, causng e ces o ener a sae o repcave senescence.

• Defectve proten omeostass, due o ncreased urnover and 

decreased syness o nraceuar proens, ogeer w accu-

muaon o msoded proens.

• Atered sgnang patways a may afec responses o grow ac-

ors. ere as been grea neres n denng ese paways, n 

par because o e nrgung observaon a caore resrcon 

proongs e. One possby s a caore resrcon reduces sg-

nang by nsun-ke grow acor, so ces cyce ess and sufer 

ewer DNA repcaon–reaed errors.

• In addon o ese nrnsc abnormaes, damaged and dyng 

ces nduce ow-eve nlammaton, and cronc nlammaon pre-

dsposes o many dseases, suc as aerosceross, ype 2 dabees, 

and some ypes o cancer.

CELLULAR ADAPTATIONS TO STRESS

Adaptations are reversible changes in the number, size, phenotype, 

metabolic activity, or functions of cells in response to changes in 

their environment.

Ceuar adapaons may be par o pysoogc ceuar responses or 

may be paoogc. Pysoogc adaptatons usuay represen responses 

o ces o norma smuaon by ormones or endogenous cemca 

medaors (e.g., e ormone-nduced enargemen o e breas and 

uerus durng pregnancy), or o e demands o mecanca sress (n 

e case o bones and musces). Patoogc adaptatons are responses o 

sress a aow ces o moduae er srucure and uncon and us 

escape njury, bu a e expense o norma uncon. Pysoogc and 

paopysoogc adapaons can ake severa dsnc orms.

• Hypertropy s an ncrease n e sze o ces resung n enarge-

men o e organ (Fg. 1.14). I can be pysoogc or paoogc and 

s caused eer by an ncreased uncona demand or by ormona 

smuaon. For exampe, pysoogc enargemen o e uerus durng 

pregnancy s caused by ncreased esrogen eves. Musce yperro-

py oowng weg tng s an adapaon o ncreased mecanca 

sress. Cardac yperropy n yperenson or aorc vave dsease s 

an exampe o paoogc yperropy resung rom ncreased work 

oad. In a orms, ormones and mecanca sensors acvae sgnang 

paways a ead o ncreased proen syness and assemby o more 

organees, and us enargemen o e ce. Aoug an adapaon 

o sress, yperropy can progress o unconay sgncan ce or 

organ njury  e sress s no reeved. For exampe, cardac yper-

ropy can cause myocarda scema due o reave ack o oxygen 

devery, and evenuay gve rse o cardac aure.

• Hyperpasa s an ncrease n e number o ces n an organ a sems 

rom ncreased proeraon, eer o ess-dferenaed progenor 

ces or, n some nsances, dferenaed ces. Hyperpasa occurs 

 e ssue conans ce popuaons capabe o repcaon and may 

occur concurreny w yperropy and oten n response o e 

same smu. Hyperpasa can be pysoogc or paoogc and, n 

bo suaons, ceuar proeraon s smuaed by ormones and 

grow acors a are produced by a varey o ce ypes. Posparum 

enargemen o e breas due o ncreased proeraon o ducuar 

epeum s an exampe o pysoogc yperpasa nduced by or-

mones. Grow acors are responsbe or smuang proeraon o 

survvng ces ater dea or remova o some o e ces n an organ 

(e.g., grow o resdua ver oowng para epaecomy, caed com-

pensatory yperpasa). Paoogc yperpasa s ypcay e resu o 

napproprae and excessve smuaon by ormones and grow ac-

ors, as n endomera yperpasa resung rom a dsurbed esrogen–

progeserone baance. Bengn prosac yperpasa s nduced by 

androgens and can cause obsrucon o e low o urne and preds-

pose o urnary rac necons. I s mporan o dsngus yperpa-

sa rom neopasa: Unke neopasc grows, yperpasa s reversbe 

wen e grow sgnas abae. In some cases, perssen paoogc 

yperpasa, suc as a afecng e endomerum, ses e sage or 

e deveopmen o cancer because proerang ces are suscepbe o 

muaons and oncogenc ransormaon.

• Atropy s a decrease n e number o ces and, ence, may cause an 

organ o srnk. I s caused by decreased proen syness (due o 

reduced meaboc acvy) and ncreased proen breakdown med-

aed by e ubqun–proeasome paway. Causes ncude a decreased 

workoad (as n mmobzaon or denervaon o musce, eadng o 

dsuse aropy), progressve scema, reduced nuron, and reduced 

ormone smuaon (as n menopause). Faced w manuron, 

ces undergo aropy raer an dea as an adapaon o reduced 

energy suppy. I s oten assocaed w ncreased auopagy.

• Metapasa s a cange o one adu ce ype o anoer. I s a 

response o sress n wc a ce a s sensve o a sress s 

repaced by anoer ce ype a s beer abe o survve e adverse 

envronmen. e mecansm s oug o be reprogrammng o 

ssue sem ces o dferenae aong a new paway. Exampes 

ncude squamous meapasa o e bronca coumnar epeum 
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Fig. 1.13 Mechanisms of cellular aging. DNA damage, replicative senescence, and decreased and misfolded 

proteins are among the best-described mechanisms of cellular aging. Some environmental stresses, such as 

calorie restriction, counteract aging by activating various signaling pathways and transcription factors. IGF,

Insulin-like growth factor; ROS, reactive oxygen species; TOR, target of rapamycin.
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Pentraxns are pasma proens a ncude C-reacve proen 

(CRP) and serum amyod proen (see beow). ey recognze pos-

popds expressed on bacera membranes (and apopoc ces) and 

promoe pagocyoss or acvae e compemen sysem, us causng 

e emnaon o ese mcrobes and dead ces. e pasma eves o 

ese proens ncrease durng e acue-pase response a accompa-

nes nlammaory reacons, dscussed aer. Knns are produced rom 

crcuang precursor proens and conrbue o vascuar daon and 

pan a e se o nlammaon. 

he our major eaures o nlammaon (nay descrbed n e 

1s cenury AD by e Roman encycopeds Cesus), rubor (redness), 

caor (warm), tumor (sweng), and door (pan), can be expaned 

by e acons o parcuar medaors (Tabe 2.6). A it sgn, oss o 

uncon, was added aer.

Table 2.5 Major Cytokines of Acute and Chronic Inflammation

Cytokine Principal Cell Sources

Principal Functions and Role in  

Inflammation Use of Therapeutic Antagonistsa

Cytokines in Acute Inflammation

Tumor necrosis 

factor (TNF)

Macrophages, dendritic 

cells, T cells

Endothelial cells: activation → expression of 

adhesion molecules, secretion of chemokines, 

reduced anticoagulant properties (inflammation, 

coagulation)

Neutrophils: activation

Hypothalamus: fever

Muscle, fat: catabolism (cachexia)

Rheumatoid arthritis, inflammatory 

bowel disease, psoriasis

Interleukin-1 (IL-1) Macrophages, dendritic 

cells, fibroblasts, endothe-

lial cells, keratinocytes

Endothelial cells: activation (inflammation,  

coagulation), similar to TNF

Hypothalamus: fever

Liver: synthesis of acute-phase proteins

T cells: Th17 differentiation

Rheumatoid arthritis, autoinflam-

matory syndromes (rare genetic 

diseases)

Interleukin-6 (IL-6) Macrophages, dendritic 

cells, T cells

Liver: synthesis of acute-phase protein

B cells: proliferation of antibody-producing cells

T cells: Th17 differentiation

Rheumatoid arthritis (juvenile and 

adult)

Chemokines (many) Virtually all cell types Recruitment of leukocytes from the circulation into 

tissues

Maintenance of lymphoid tissue architecture  

(segregation of T and B cells in secondary  

lymphoid organs)

Inflammatory bowel disease  

(in clinical trials)

Cytokines in Chronic Inflammation

Interleukin-2 (IL-2) T cells (mainly CD4+ helper  

T cells)

T cells: proliferation and differentiation into effector  

and memory cells; promotes regulatory T-cell  

development, survival, and function

Anti-IL-2 receptor used to prevent 

acute organ transplant rejection

Interleukin-4 (IL-4) CD4+ T cells (Th2), mast 

cells

B cells: isotype switching to IgE

T cells: Th2 differentiation, proliferation

Macrophages: alternative activation

Role in allergic inflammation

Asthma, atopic dermatitis

Interleukin-5 (IL-5) CD4+ T cells (Th2) Eosinophils: activation, increased generation

Role in allergic inflammation

Asthma

Interleukin-12 

(IL-12)

Macrophages, dendritic cells T cells: Th1 differentiation

NK cells and T cells: IFN-γ synthesis

Interleukin-17 CD4+ T cells (Th17) Epithelial cells, macrophages, and other cell types: 

increased chemokine and cytokine production; 

GM-CSF and G-CSF production → recruitment and 

activation of neutrophils

Psoriasis; some effect in multiple 

sclerosis

Interferon-γ (IFN-γ) T cells (Th1, CD8+ T cells), 

NK cells

Macrophages: classical activation (increased  

microbicidal functions)

T cells: Th1 differentiation

Hemophagocytic syndromes

Interleukin-10 

(IL-10)

Macrophages, T cells 

(mainly regulatory T cells)

Macrophages, dendritic cells: inhibition

Role in termination of inflammation

Transforming 

growth factor-β

(TGF-β)

T cells, macrophages, other  

cell types

T cells: inhibition of proliferation and effector  

functions; differentiation of Th17 and Treg

Macrophages: inhibition of activation; stimulation  

of angiogenic factors

Fibroblasts: increased collagen synthesis

aSpecific for the cytokine or its receptor.
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• Purpura are 3- o 5-mm beeds a may sem rom deecs n 

paee uncon, rauma, vascuar nammaon, or vascuar 

ragy.

• Eccymoses are 1-2 cm n sze and correspond o “bruses”; ey are 

usuay caused by rauma.

Hemostasis, the clotting of blood following blood vessel trauma, is 

essential for life.

Under norma crcumsances, bood cong occurs a ses were e 

was o bood vesses ave been pyscay dsruped. he na seps n 

co ormaon are wo muuay renorcng processes (Fg. 3.4):

• Prmary emostass s naed by e exposure o subendoea 

coagen and von Webrand acor (vWF) wn njured vesse 

was. hese acors ead o e adeson and acvaon o paees, 

wc orm a paee-rc pug.

• Secondary emostass s rggered by e exposure o ssue acor 

wn e subendoeum and ssues. Tssue acor acs n con-

juncon w acor VII (descrbed aer) o nae e coaguaon 

cascade, wc uses coacors a are presen on e suraces o 

acvaed paees and eads o e deposon o brn. Fbrn ren-

orces and sabzes e paee pug, seang e area o vascuar 

damage and prevenng urer beedng.

Once a co as ormed, s exen mus be med o e area o 

damage. hs s medaed by counerreguaory mecansms, wc we 

w dscuss aer n s caper.

Platelets

Platelets are anucleate fragments derived from megakaryocytes 

that form the primary hemostatic plug and provide a procoagu-

lant surface that promotes secondary hemostasis.

Paee uncon depends on surace gycoproen recepors, a con-

race cyoskeeon, and cyopasmc granues a conan a number 

o procoaguan subsances. In e seng o vascuar njury, paees 

undergo a seres o sereoypc evens:

• Adeson. Paee adeson s medaed argey by neracons w 

vWF, wc acs as a brdge beween exposed subendoea coa-

gen and paee surace recepor gycoproen 1b (Gp1b).

• Actvaton. Paees cange sape rom smoo dscs o spky 

speres and reease e conens o er granues, wc ncude 

coaguaon coacors (cacum, acor V) and paee acvaors 

suc as adenosne dpospae (ADP), wc recru oer paees 

o e growng paee pug.

• Aggregaton. he sape cange assocaed w acvaon exposes 

negavey carged pospopds, wc are requred by ceran 

coaguaon acors (descrbed aer), and aso aers e conorma-

on o surace gycoproen IIb/IIIa (GpIIb/IIIa), converng GpIIa/

IIIb o a g-ainy recepor or brnogen. Bvaen brdgng 

neracons nvovng GpIIa/IIIb recepors and brnogen en 

cause paees o cump no aggregaes.

Decences o GpIb, GpIIa/IIIb, or vWF are assocaed w abnor-

ma beedng (Fg. 3.5).

A

B

Fig. 3.2 Liver with chronic passive congestion and hemorrhagic necrosis. 

(A) In this autopsy specimen, central areas are red and slightly depressed 

compared with the surrounding tan viable parenchyma, creating “nutmeg 

liver” (so called because it resembles the cut surface of a nutmeg). (B) 

Microscopic preparation shows centrilobular hepatic necrosis with hemor-

rhage and scattered inflammatory cells. (Courtesy of Dr. James Crawford, 

Hofstra/Northwell School of Medicine, Hempstead, NY.)

B

A

Fig. 3.3 (A) Punctate petechial hemorrhages of the colonic mucosa, a 

consequence of thrombocytopenia. (B) Fatal intracerebral hemorrhage.
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he mmune sysem proecs us agans necons and cancers by wo 

ypes o mecansms: nnae mmuny and adapve mmuny.

Innate mmunty s e rapd response o necons medaed by 

ces and pasma proens a are aways presen and ready o aack 

(ence, nnate). he prncpa ces o nnae mmuny are myeod ces, 

ncudng macropages, neurops, and dendrc ces, bu ympo-

cyes, epea ces, and oer ce ypes aso possess nrnsc deense 

mecansms. hese ces express recepors suc as To-ke recepors 

a recognze mcroba producs and producs o necroc ces. hese 

recepors, unke e angen recepors o T and B ympocyes, are 

no paogen specc and ave med dversy. ey are rggered by 

moecues sared by many paogens (paogen-assocaed moecuar 

paerns [PAMPs]) and subsances reeased rom damaged ces (dam-

age-assocaed moecuar paerns [DAMPs]). e major reacon o 

nnae mmuny s acue nlammaon (see Caper 2).

Adaptve mmunty s e more poweru and specazed se o 

responses medaed by T and B ympocyes. hese ces express spe-

cc and gy dverse recepors or angens. Eac T and B ym-

pocye and s cona progeny express a unque recepor and, ence, 

ave a unque speccy. he dversy o e recepors s creaed by 

rearrangemens o angen-recepor genes a occur durng e ma-

uraon o e ympocyes. hus, e presence o rearranged an-

gen-recepor genes s a reabe marker o T and B ympocyes and 

o umors derved rom ese ces. Lympocyes are normay sen 

and are acvaed by (adap o) angens (ence, e erm adapve 

mmuny). Foowng acvaon, e ympocyes produce efecor 

ces a possess mecansms a uncon o emnae mcrobes 

and umor ces. hese mecansms ncude:

• Humora mmunty medaed by anbodes, wc are produced 

by B ces and er dferenaed progeny, pasma ces. Anbodes 

neuraze mcrobes, opsonze em or pagocyoss, and acvae 

e compemen sysem.

• Ce-medated mmunty medaed by T ces. T ces are acvaed 

by proen angens dspayed by angen-presenng ces (APCs), 

and requre repea angen smuaon o perorm er unc-

ons. Two major ypes o T ces, CD4+ and CD8+, uncon d-

ereny n os deense and paoogc reacons. CD4+ eper 

T ces secree cyoknes a acvae macropages o desroy 

pagocyosed mcrobes, ep B ces o make poen anbodes, 

and smuae nlammaon. Heper T ces conss o severa sub-

ses a produce dferen cyoknes and nduce dferen ypes 

o nlammaory reacons: h1 ces acvae macropages, h2 

ces acvae eosnops, and h17 ces smuae neurop-rc 

nlammaon. CD8+ cyooxc T ympocyes (CTLs) k neced 

and ransormed ces.

Aoug e mmune sysem evoved as a proecve orce, a mes 

 can go awry and cause ssue njury and cnca dsease. In s cap-

er, we dscuss e mos mporan paoogc reacons and dseases a 

are caused by mmune responses, many adapve mmune responses, as 

we as decences o e mmune sysem and er consequences.

HYPERSENSITIVITY DISORDERS

Persistent, misdirected, or inadequately regulated immune reac-

tions against a variety of antigens may cause tissue injury.

An ndvdua wo as been exposed o and reacs agans an angen 

s sad o be senszed, so njurous mmune reacons are caed yper-

senstvty reactons. Hypersensvy dseases end o be cronc and 

dicu o conro, and are ereore mporan cnca probems. hese 

dseases may be caused by reacons o ree man ypes o angens.

• Reactons aganst sef antgens are caed auommuny, and e 

dseases ey cause are autommune dseases. As we sa dscuss 

aer, ndvduas are normay oeran o er own (se) an-

gens, and auommuny resus wen se-oerance breaks down.
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Supplemental eFig. 4.1 Lupus nephritis. (A) Focal proliferative glomerulonephritis, with two focal necrotizing lesions at the 11 o’clock and 

2 o’clock positions (H&E stain). Extracapillary proliferation is not prominent in this case. (B) Diffuse proliferative glomerulonephritis. Note the marked 

increase in cellularity throughout the glomerulus (H&E stain). (C) Lupus nephritis showing a glomerulus with several “wire-loop” lesions represent-

ing extensive subendothelial deposits of immune complexes (periodic acid-Schiff stain). (D) Electron micrograph of a renal glomerular capillary loop 

from a patient with SLE nephritis. Subendothelial dense deposits (arrowheads) on basement membrane (arrow) correspond to “wire loops” seen 

by light microscopy. (E) Deposition of IgG antibody in a granular pattern, detected by immunofluorescence. (A to C, Courtesy of Dr. Helmut Rennke, 

Department of Pathology, Brigham and Women’s Hospital, Boston, Massachusetts. D, Courtesy of Dr. Edwin Eigenbrodt, Department of Pathology, 

University of Texas, Southwestern Medical School, Dallas, Texas. E, Courtesy of Dr. Jean Olson, Department of Pathology, University of California, 

San Francisco, California.)
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Fig. 4.16 Pathogenesis and clinical course of HIV infection. (A) The initial infection starts in mucosal tissues, 

involving mainly memory CD4+ T cells and dendritic cells, and spreads to lymph nodes. Viral replication leads 

to viremia and widespread seeding of lymphoid tissue. The viremia is controlled by the host immune response, 

and the patient then enters a phase of clinical latency. During this phase, viral replication in both T cells and mac-

rophages continues unabated, but there is some immune containment of virus (not illustrated). There continues 

a gradual erosion of CD4+ cells, and ultimately, CD4+ T-cell numbers decline and the patient develops clinical 

symptoms of full-blown AIDS. (B) Clinical course of HIV infection. CTL, Cytotoxic T lymphocyte. (B, from Pantelo 

G, et al: N Engl J Med 328:327, 1993. Copyright 1993 Massachusetts Medical Society. All rights reserved.)
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cancer s ncompeey undersood, bu  s beeved o nvove 

canges n e expresson o cancer genes a resde n afeced cro-

mosoma regons.

Epigenetic Alterations in Cancer
Epigen etic changes are dened as heritable changes in the expres

sion of a gene that occur without mutation of the gene. 

Gene expresson s reguaed by posransaona modcaons o 

sones and by DNA meyaon, bo o wc are requeny aered 

n cancer ces wen compared w er norma ceuar couner-

pars. How ese aeraons n e epgenome conrbue o neopasa 

s poory undersood, bu are key n mos,  no a, nsances o sem 

rom e aered expresson o cancer genes.

Carcinogenesis: A Multistep Process Directed  
by Darwinian Evolution
Cancers are initiated and subsequently progress by the stepwise 

acquisition of multiple genetic aberrations that disrupt sets of can-

cer genes with complementary prooncogenic functions.

Even oug umor ormaon s naed rom a snge ound-

ng ce, cancers connue o evove genecay (Fg. 5.14), a process 

a conrbues o a penomenon reerred o as umor progresson. 

A e moecuar eve, umor progresson s beeved o resu rom 

addona muaons a accumuae ndependeny n dferen can-

cer ces. Some o ese muaons may aer e uncon o cancer 

genes, ereby makng e afeced ces more adep a grow, sur-

vva, nvason, measass, or mmune evason, resung n progres-

son akn o Darwnan evouon (survva o e es). Due o s 

seecve advanage, subcones may come o domnae a umor, eer 

a e prmary se or a ses o measass. Because o connung 

muaon and seecon, magnan umors a were monocona n 

orgn are ypcay genecay eerogeneous a e me o cnca 

presenaon.

Genetic heterogeneity has implications not only for cancer pro-

gression but also for the response to therapy. 

Wen umors recur ater cemoerapy, e recurren umor s 

amos aways ressan o e orgna drug regmen. hs acqured 

ressance sems rom e ougrow o subcones a ave muaons 

(or epgenec aeraons) a mpar drug ressance. hus, genec 

evouon orged by darwnan seecon can expan e wo mos 
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Fig. 5.13 Amplification of the NMYC gene in human neuroblastoma. 

The NMYC gene, present normally on chromosome 2p, becomes ampli-

fied and is seen either as extrachromosomal double minutes or as a 

chromosomally integrated homogeneous-staining region, usually on a 

chromosome other than chromosome 2. NMYC is closely related in 

structure to MYC and also is an oncogenic transcription factor. (Modi-

fied from Brodeur GM, Seeger RC, Sather H, et al: Clinical implications 

of oncogene activation in human neuroblastomas. Cancer 58:541, 1986. 

Reprinted by permission of Wiley-Liss, Inc., a subsidiary of John Wiley 

& Sons, Inc.)
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e regresson o many umors, ncudng meanoma, non–sma 

ce ung cancer, badder cancer, Hodgkn ympoma, and oers. 

hs approac, caed ceckpon bockade, s now an mporan 

componen o ancancer erapy. Because e ceckpons evoved 

normay o preven auommuny, paens gven ese reamens 

oten deveop auommune nlammaon, ncudng cos, as we 

as nlammaon o e endocrne organs, ear, and oer ssues.

• Oter mecansms by wc umors nb mmune responses 

ncude nducon o reguaory T ces and e oca producon o 

mmunosuppressve cyoknes suc as TGF-

Genomic Instability as an Enabler of Malignancy

Defects in DNA repair pathways enable  tumor growth by allowing 

accumulation of mutations in cancer genes.

he precedng secon dened e eg denng eaures o 

magnancy, a o wc appear o be produced by genec aeraons 

nvovng cancer genes. Aoug umans are awas n envronmen-

a muagens, cancers are reavey rare oucomes o ese encouners 

because norma ces are abe o sense and repar DNA damage. he 

mporance o DNA repar n mananng e negry o e genome 

s gged by persons born w nered deecs n ree ypes o 

DNA repar sysems (msmac repar, nuceode excson repar, and 

recombnaon repar), a o wc are assocaed w an ncreased rsk 

or deveopng cancer. Aoug e dscusson beow ocuses on ese 

nered syndromes, sporadc cancers oten ncur muaons n DNA 

repar genes, as we. Presumaby, as n ndvduas w nered DNA 

repar deecs, ese somac muaons speed e accumuaon o drver 

muaons n cancer genes and ereby e deveopmen o cancer.

Hereditary Nonpolyposis Colon Cancer Syndrome

he roe o DNA msmac repar genes n e predsposon o cancer 

s usraed by e eredtary nonpoyposs coon cancer (HNPCC) syn-

drome, a dsorder caracerzed by ama carcnoma o e coon. Wen 

a srand o DNA s beng repared, e proens encoded by ese genes 

ac as “spe ceckers.” For exampe,  ere s an erroneous parng o G 

w T, raer an e norma A w T, e msmac repar proens 

correc e deec. Wou ese “prooreaders,” errors accumuae a an 

ncreased rae. Muaons n a eas our msmac repar genes ave been 

ound n paens w HNPCC. One deecve copy o a DNA msmac 

repar gene s nered, and a second “” n e oer aee o e same 

gene occurs n coonc epea ces. In s respec, ey resembe umor 

suppressor genes. DNA repar genes afec ce grow ndrecy by aow-

ng muaons n oer genes durng e process o norma ce dvson. 

A caracersc ndng n e genome o paens w msmac repar 

deecs s mcrosaee nsaby (MSI). Mcrosaees are andem 

repeas o one o sx nuceodes ound rougou e genome. Usuay, 

e eng o ese mcrosaees remans consan. However, n paens 

w HNPCC, ese saees are unsabe and ncrease or decrease n 

eng. HNPCC syndrome accouns or ony 2% o 4% o a coonc can-

cers, bu MSI can be deeced n abou 15% o sporadc cancers. MSI-asso-

caed umors end o be more responsve o mmune ceckpon nbor 

erapes, presumaby because e deec n msmac repar eads o a 

g burden o muaons producng umor neoangens. In ac, s ype 

o mmunoerapy s now approved or a recurren umors w ms-

mac repar deecs regardess o e umor ype—e rs me a rea-

men as been approved based ony on a muaona sgnaure.

Xeroderma Pigmentosum

Paens w e auosoma recessve dsorder xeroderma pgmentosum

are a ncreased rsk or cancers arsng n sun-exposed skn. Uravoe 

(UV) rays n sung cause cross-nkng o pyrmdne resdues, pre-

venng norma DNA repcaon. Suc DNA damage s repared by e 

nuceode excson repar sysem, wc s deecve n paens w s 

dsease. he rae o somac muaon n sun-exposed skn s greay acce-

eraed, resung n an exraordnary g ncdence o skn cancers suc 

as basa ce carcnoma and squamous ce carcnoma n ese paens.

Diseases with Defects in DNA Repair by Homologous 

Recombination

he auosoma recessve dsorders Boom syndrome, ataxa-teang-

ectasa, and Fancon anema are caracerzed by ypersensvy o 

DNA-damagng agens, suc as onzng radaon (n Boom syn-

drome and aaxa-eangecasa) or DNA cross-nkng agens suc 

as nrogen musard (n Fancon anema). Eac s caused by deecs 

n genes a are requred or DNA repar by omoogous recomb-

naon, n wc a “good” srand o DNA s used o repar a damaged 

pece o DNA a as been broken or covaeny cross-nked. he 

penoypes o ese dseases are compex and ncude, n addon 

o a predsposon o cancer, neura sympoms (n aaxa-eangec-

asa), anema (n Fancon anema), and deveopmena deecs (n 

Boom syndrome).

Evdence o e oncogenc roe o deecve omoogous recomb-

naon aso comes rom e sudy o eredary breas cancer. Germne 

muaons n wo genes a aso uncon n omoogous recombna-

on, BRCA1 and BRCA2, are ound n 50% o ama breas cancers. 

In addon o breas cancer, women w BRCA1 muaons ave a 

subsanay ger rsk o ovaran carcnoma and men ave a sgy 

ger rsk o prosae cancer; germne muaons n BRCA2 ncrease 

e rsk o breas cancer n bo men and women, as we as oer car-

cnomas, meanoma, and ympomas. Smar o oer umor suppres-

sor genes, bo copes o BRCA1 and BRCA2 mus be nacvaed or 

cancer o deveop.

Tumor-Promoting Inflammation as an Enabler  

of Malignancy
Inammatory cells can facilitate tumor cell growth and survival by 

producing soluble factors that inuence the hallmarks of cancer.

Inrang cancers provoke a cronc nlammaory reacon. In 

paens w advanced cancers, s nlammaory reacon can be so 

exensve as o cause sysemc sgns and sympoms, suc as anema 

(e anema o cronc nlammaon), ague, and cacexa. Anma 

modes sugges a nlammaory ces aso mody e umor mcro-

envronmen o enabe many o e amarks o cancer. hese efecs 

may sem rom drec neracons beween nlammaory ces and 

umor ces, or ndrec efecs o nlammaory ces on oer resden 

sroma ces, parcuary cancer-assocaed brobass and endoe-

a ces. Inlammaory ces and resden sroma ces may promoe 

cancer deveopmen by producng grow acors a ac on e neo-

pasc ces, promong angogeness, acvang ce survva paways 

n umors, producng enzymes a enance oca umor nvason and 

measass, and suppressng efecve anumor mmune responses. In 

s respec, ey resembe umor suppressor genes.

hese paopysoogc conceps ave provded a road map or 

e deveopmen o new erapeuc agens or e reamen o can-

cer (Fg. 5.24). As our undersandng o cancer paogeness expands, 

ere s reason o ope a e nex ew years w see e deveopmen 

o many more efecve argeed erapes.

CLINICAL ASPECTS OF NEOPLASIA

Umaey, e mporance o cancer s s mpac on paens. he o-

owng dscusson consders e efecs o umors on er oss, e 

gradng and cnca sagng o cancer, and e aboraory dagnoss o 

neopasms.
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Supplemental eFig. 6.1 Niemann-Pick disease in liver. The hepato-

cytes and Kupffer cells have a foamy, vacuolated appearance resulting 

from deposition of lipids. (From Kumar V, Abbas A, Aster J: Robbins 

Basic Pathology, 10th ed., St. Louis, Elsevier, 2018, Fig. 7.10; Courtesy 

Dr. Arthur Weinberg, Department of Pathology, University of Texas 

Southwestern Medical Center, Dallas.)



CHAPTER 9 Hematopoietic and Lymphoid Systems 146.e1

A B

Supplemental eFig. 9.2 Aplastic anemia (bone marrow biopsy). Markedly hypocellular marrow contains 

mainly fat cells. (A) Low power. (B) High power. (Courtesy Dr. Steven Kroft, Department of Pathology, Univer-

sity of Texas Southwestern Medical School, Dallas.)
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Clncal Features. Hodgkn ympoma usuay maness as paness 

ympadenopay or, w e noduar sceross subype, sympoms 

reaed o e presence o a medasna mass. he sysemc efecs o cyo-

knes cause anema o cronc nlammaon, eukocyoss, and so-caed 

B sympoms (ever, weg oss, ng sweas). Sagng gudes erapy and 

deermnes e prognoss. Younger paens w more avorabe subypes 

end o presen w ow-sage dsease and are ree o so-caed B symp-

oms, wereas paens w more exensve dsease are more key o ave 

B sympoms and anema. Ina reamen s w cemoerapy, some-

mes w nvoved ed radoerapy or arge umor masses.

he overa ouook s exceen. he 5-year survva rae or paens w 

ow-sage dsease s over 90%. Even w wdespread dsease, e overa 

5-year dsease-ree survva rae s around 50%. Immune ceckpon nb-

ors ave produced exceen responses n paens w reapsed, reracory 

dsease and may soon be added o ronne erapeuc regmens.

Plasma Cell Neoplasms and Related Entities
These B-cell proliferations are composed entirely or in part of 

plasma cells and virtually always secrete a monoclonal immuno-

globulin or immunoglobulin fragments.

Coecvey, pasma ce neopasms and reaed dsorders accoun 

or abou 15% o e deas caused by ympod neopasms. he mos 

mporan o ese neopasms, mupe myeoma, s dscussed nex.

Multiple Myeloma

Mupe myeoma s one o e mos common emaoogc magnances: 

Approxmaey 20,000 new cases are dagnosed n e Uned Saes eac 

year. he medan age a dagnoss s 70 years. I s more common n maes 

and n peope o Arcan orgn. I prncpay nvoves e marrow and 

usuay s assocaed w yc esons rougou e skeea sysem.

he mos requen mmunogobun produced by myeoma ces s 

IgG (60%), oowed by IgA (20% o 25%); n e remanng 15% o 20% 

o cases, e pasma ces produce ony κ or λ mmunogobun g 

cans. Ony rarey are IgM, IgD, or IgE produced. Even n myeomas 

a produce compee mmunogobuns, mmunogobun g cans 

are oten syneszed n excess o mmunogobun eavy cans, resu-

ng n ree, unpared g cans. Once secreed, e sma ree g 

cans are excreed n e urne as Bence-Jones protens. As descrbed n 

e oowng, ree g cans ave mporan paoogc efecs.

he proerang pasma ces ave deeerous efecs on e skeeon, 

e mmune sysem, and e kdney, a o wc conrbue o morbd-

y and moray:

• Severa acors produced by myeoma ces cause bone resorpon 

and ead o ypercacema and paoogc racures, mos re-

queny n e spne and emur.

• Myeoma causes deecs n umora mmuny, ncreasng e rsk 

or bacera necons.

• Myeoma eads o rena aure owng o (1) obsrucve proen-

aceous cass comprsed o precpaed Bence-Jones proens; 

(2) g-can deposon n e gomeru or e nersum, 

eer as amyod or near deposs; (3) ypercacema, wc eads 

o deydraon and rena sones; and (4) requen bous o bacera 

pyeoneprs due o deecve umora mmuny.

Clncal Features he dagnoss rees on e deecon o a serum 

monocona mmunogobun (a so-caed M proen, or myeoma) 

and/or g eves o ree mmunogobun g cans n e serum 

or e urne; e dencaon o a arge number o pasma ces n e 

marrow; and e caracersc radoogc ndngs. Hypercacema and 

rena aure aso are common a e me o presenaon. he progno-

ss s varabe. Paens w mupe bony esons,  unreaed, rarey 

survve or more an 6 o 12 mons, wereas paens w “smoder-

ng myeoma” may be asympomac or many years.

Aoug cures ave ye o be aceved, severa receny deve-

oped erapes ave mproved oucomes. Msoded mmunogobun 

cans accumuae n myeoma ces and cause ce sress by acva-

ng e unoded proen response (see Caper 1). Inbors o e 

proeasome, a ceuar organee a dsposes o msoded proens, 

nduce apoposs o myeoma ces and are efecve erapes. he 

adomde-ke compound enadomde aso as acvy agans 

myeoma because o s aby o acvae ceran ubqun gases, 

wc ag proens w ubqun, ereby markng em or pro-

easoma degradaon. Bsposponaes, drugs a nb bone 

resorpon, reduce paoogc racures and m ypercacema. 

Hemaopoec sem ce ranspanaon proongs e bu as no ye 

proven o be curave. Tras o CAR-T ces a recognze pasma ce 

angens are ongong.

Other Plasma Cell Neoplasms and Related Entities

A ese umors are assocaed w e producon o monocona 

mmunogobuns, markng em as cona proeraons o anbody-

producng B ympocyes or pasma ces. hree umors n s group 

mer dscusson. 

• Monocona gammopaty of undetermned sgnicance (MGUS) s seen 

n paens wou sgns or sympoms wo ave monocona mmu-

nogobuns n er bood. MGUS s very common n oder adus, and 

abou 1% o cases ransorm no a sympomac neopasm, mos oten 

mupe myeoma, eac year.

Morphology. Mupe myeoma usuay maness w muoca 

desrucve skeea esons a mos commony nvove e verebra 

coumn, rbs, sku, pevs, emur, cavce, and scapua  Radoogcay, 

e bone esons appear as punced-ou deecs 1 o 4 cm n dameer 

(Fg. 9.22A). he marrow conans ncreased numbers o pasma 

ces, ypcay more an 30% o e ceuary (see Fg. 9.22B). Rena 

nvovemen (myeoma nepross) s assocaed w proenaceous cass 

a obsruc e dsa convoued ubues and e coecng ducs. 

Oten, epea ces adjacen o e cass become necroc or aropc 

because Bence-Jones proens are oxc. Oer common paoogc 

processes nvovng e kdney ncude measac caccaon, g-

can (AL) amyodoss, and bacera pyeoneprs.

Reed-Sernberg ces and varans resembe ose seen n e 

mxed ceuary subype.

• Se apar rom cassca Hodgkn ympoma s e ympo-

cyte-predomnant subtype, wc accouns or abou 5% o cases. 

I s dened by e presence o ymposocyc (L&H) varan 

Reed-Sernberg ces w a decae muobed, pufy nuceus 

resembng popped corn (popcorn ce). L&H varans are ound 

wn arge nodues conanng many sma B ces admxed w 

varabe numbers o macropages. Unke e Reed-Sernberg var-

ans n cassc Hodgkn ympoma, L&H varans express B-ce 

markers (e.g., CD20) and do no express CD15 and CD30.

Regardess o subype, e dagnoss s based on e dencaon 

o Reed-Sernberg ces or varans n e approprae background o 

reacve ces. Ces resembng Reed-Sernberg ces may be seen n 

oer cancers and some reacve condons; us, mmunopenoypng 

s oten requred or dagnoss.

Morphology. Myeoma oten as cromosoma ransocaons a 

use e IGH ocus on cromosome 14 o proo-oncogenes suc as 

e cycn D1 gene. A wde varey o oer drver muaons ave 

been descrbed. Proeraon o myeoma ces s suppored by e 

cyokne nereukn 6 (IL-6).
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Supplemental eFig. 10.3 Bronchus from an asthmatic patient showing goblet cell hyperplasia (green arrow),

subbasement membrane fibrosis (white arrow), eosinophilic inflammation (yellow arrow), and muscle hyper-

trophy (blue arrow).
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paogens (Tabe 10.5). hus, e cnca seng can be a epu 

gude wen anmcroba erapy as o be gven emprcay.

W s bre nroducon, we urn nex o some o e more com-

mon orms o pneumona, sarng w bacera pneumona.

Community-Acquired Bacterial Pneumonias
Streptococcus pneumoniae (pneumococcal) pneumonia is the most 

common cause of community-acquired bacterial pneumonia.

Pneumococca pneumona occurs w ncreased requency n e 

seng o cronc dseases (e.g., ear aure, COPD, or dabees) and 

congena or acqured deecs n mmunogobun producon. Spenc 

macropages ave an mporan roe n e remova o pneumococc 

rom e bood; ndvduas w decreased or absen spenc uncon 

are a g rsk o deveopng sepss. hese paens benei rom pneu-

mococca vaccnes. e presence o numerous neurops n spuum 

conanng gram-posve, ance-saped dpococc suppors e dag-

noss, bu ase-posve resus are common. Isoaon o pneumococc 

rom bood cuures s more specic bu ess sensve.

Oer mporan causes o communy-acqured bacera pneumo-

na ncude e oowng:

• Haemopus nluenzae. Bo encapsuaed and unencapsuaed 

orms o H. nluenzae may be responsbe. Adus a rsk or deve-

opng necons ncude ose w cronc pumonary dseases 

suc as COPD, cysc ibross, and broncecass. Encapsuaed H. 

nluenzae ype B was ormery an mporan cause o epgos 

and suppurave menngs n cdren, bu vaccnaon n nancy 

as sgnicany reduced e rsk.

• Moraxea catarras many necs oder adus and s a common 

cause o acue exacerbaon o COPD.

• Stapyococcus aureus requeny causes secondary bacera pneu-

mona ater vra respraory nesses and s assocaed w a g 

ncdence o compcaons, suc as ung abscess and empyema. 

Sapyococca pneumona occurrng n assocaon w rg-

sded sapyococca endocards s a serous compcaon o nra-

venous drug use.

• Kebsea pneumonae s e mos requen cause o gram-negave 

bacera pneumona and prmary alcs debaed and ma-

noursed ndvduas, parcuary cronc acoocs  ck and 

geanous spuum s caracersc because e organsm produces 

an abundan vscd capsuar poysaccarde, wc s no easy 

ceared by cougng.

• Legonea pneumopa s e agen o Legonnare dsease. L. 

pneumopa ourses n arica aquac envronmens, suc as 

waer-coong owers and wn e ubng sysem o poabe waer 

suppes. Transmsson occurs roug naaon o aerosozed 

organsms or aspraon o conamnaed drnkng waer. Legonea

pneumona occurs more requeny n ndvduas w cardac, 

rena, mmunoogc, or emaoogc dseases. I requeny requres 

ospazaon and as a aay rae o 30% o 50% n mmunosup-

pressed ndvduas.

• Mycopasma pneumonae necons are parcuary common 

among cdren and young adus. ey occur sporadcay or as 

oca epdemcs n cosed communes (scoos, mary camps, 

prsons).

Table 10.5 The Pneumonia Syndromes and Implicated 
Pathogens

Community-Acquired Bacterial Pneumonias

Streptococcus pneumoniae

Haemophilus influenzae

Moraxella catarrhalis

Staphylococcus aureus

Legionella pneumophila

Enterobacteriaceae (Klebsiella pneumoniae) and Pseudomonas spp.

Mycoplasma pneumoniae

Chlamydia pneumoniae

Coxiella burnetii (Q fever)

Community-Acquired Viral Pneumonias

Respiratory syncytial virus, human metapneumovirus, parainfluenza 

virus (children); influenza A and B (adults); adenovirus (military 

recruits)

Nosocomial Pneumonias

Gram-negative rods belonging to Enterobacteriaceae (Klebsiella spp., 

Serratia marcescens, Escherichia coli) and Pseudomonas spp.

S. aureus (usually methicillin-resistant)

Aspiration Pneumonias

Anaerobic oral flora (Bacteroides, Prevotella, Fusobacterium, Peptostreptococ-

cus), admixed with aerobic bacteria (S. pneumoniae, S. aureus,  

H. influenzae, and Pseudomonas aeruginosa)

Chronic Pneumonias

Nocardia

Actinomyces

Granulomatous: Mycobacterium tuberculosis and atypical myco-

bacteria, Histoplasma capsulatum, Coccidioides immitis, Blastomyces 

dermatitidis

Necrotizing Pneumonias and Lung Abscess

Anaerobic bacteria (extremely common), with or without mixed 

aerobic infection

S. aureus, K. pneumoniae, Streptococcus pyogenes, and type 3 pneumococ-

cus (uncommon)

Pneumonias in the Immunocompromised Host

Cytomegalovirus

Pneumocystis jiroveci

Mycobacterium avium complex

Invasive aspergillosis

Invasive candidiasis

“Usual” bacterial, viral, and fungal organisms

Morphology. Baceria pneumonia as wo anaomic disribuions: 

bronchopneumona and lobar pneumona.

Pacy ung nvovemen s e domnan caracersc o 

broncopneumona (Suppemena eFg. 10.10), wereas nvove-

men o a arge poron o a obe or o an enre obe deines obar 

pneumona (Suppemena eFg. 10.11). ese paerns oten over-

ap, owever, and pacy dsease may become conuen over me, 

producng compee obar consodaon. Mos mporan rom 

e cnca sandpon are denicaon o e causave agen and 

deermnaon o e exen o dsease.

In obar pneumona, e nammaory response can be 

dvded no our successve sages: (1) congeson; (2) red 

epazaon, caracerzed by exuberan aveoar exudaes con-

anng neurops, red ces, and brn (Fg. 10.10A) a creae 

a red, rm, aress, ver-ke conssency; (3) gray epazaon, 

marked by progressve dsnegraon o red ces and e per-

ssence o a brn- and neurop-rc exudae (Fg. 10.10B); 

and (4) resouon, marked by resorpon o exudae and cear-

ance o nammaory ces, somemes w bross (reerred 

o as organzaon) (Fg. 10.10C). A peura brnous reacon 

(peurs) s oen presen n e eary sages a may resove 
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carcnogens ncude exposure o radaon (n uranum mners), expo-

sure o asbesos, and naaon o duss conanng arsenc, cromum, 

ncke, or vny corde. he rsk assocaed w exposure o asbes-

os and obacco smokng s mupcave: Nonsmokers exposed o 

asbesos ave a 5-od rsk o deveopng ung cancer, wereas n eavy 

smokers exposed o asbesos, e rsk s eevaed approxmaey 55-od.

No a ndvduas exposed o obacco smoke deveop cancer 

(⁓11% o eavy smokers do), and  s key a e muagenc efec 

o carcnogens s modied by eredary (genec) acors. Indvd-

uas w ceran poymorpsms nvovng e P-450 genes ave an 

ncreased capacy o acvae procarcnogens ound n cgaree smoke, 

and are us exposed o arger doses o carcnogens and ncur a greaer 

rsk o deveopng ung cancer. Smary, ndvduas wose perpera 

bood ympocyes undergo cromosoma breakage ater exposure 

o carcnogens n obacco smoke (muagen-sensve genoype) ave 

a greaer an 10-od ncreased rsk or deveopng ung cancer over 

conro subjecs.

Some o e muaons a drve ung cancer grow acvae yro-

sne knases, wc are exceen drug arges. Tyrosne knase mua-

ons are mos common n adenocarcnomas, parcuary ose arsng 

n nonsmokng women, and afec severa dferen knases, suc as 

e epderma grow acor recepor (EGFR), ALK, ROS1, HER2, and 

c-MET. Eac o ese knases s opmay argeed by a dferen drug, 

wc as spurred a new era o “personazed” ung cancer reamen, 

n wc e genecs o e umor gude erapy.

A B
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Fig. 10.17 The morphology of fungal infections. (A) Candida organism has pseudohyphae and budding yeasts 

(silver stain). (B) Invasive aspergillosis (gross appearance) of the lung in a hematopoietic stem cell transplant 

recipient. (C) Gomori methenamine–silver (GMS) stain shows septate hyphae with acute-angle branching, 

consistent with Aspergillus. (D) Cryptococcosis of the lung in a patient with AIDS. The organisms are some-

what variable in size. (B, Courtesy of Dr. Dominick Cavuoti, Department of Pathology, University of Texas 

Southwestern Medical School, Dallas.)

Morphology.Adenocarcnomas are usuay perperay ocaed and 

may dspay a varey o grow paerns, ncudng acnar (gand-

ormng) (Fg. 10.18A and B), papary, mucnous, and sod ypes. 

ese umors oten ave spread by e me o dagnoss, possby 

because ey produce ew sympoms eary n er course due o 

perpera ocaon.

Squamous ce carcnomas end o arse cenray n major 

bronc and evenuay spread o ar nodes. Large esons may 

undergo cenra necross, gvng rse o cavaon. ese umors 

oten become sympomac wen e umor obsrucs a broncus, 

eadng o dsa coapse o aveo (aeecass) and supermposed 

necon (Fg. 10.19A). On soogc examnaon, ese umors 

sow a wde range o dferenaon (Fg. 10.19B).
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Clncal Features. Paens presen w e acue neprc syndrome, 

marked by emaura, varabe, ypcay md proenura, azoema, 

edema, and yperenson. Serum compemen eves decrease durng 

e acue pase. Mos cdren w e dsease recover, aoug rarey 

e dsease may evove no rapdy progressve GN (RPGN, descrbed 

aer). he prognoss n adus s sgncany worse; abou a rd 

deveop end-sage rena dsease over 10 o 20 years.

Lupus Nephritis
Renal involvement is common in lupus and usually dominated by 

immune complex–mediated glomerulonephritis.

Sysemc upus eryemaosus (SLE) s an auommune dsease n 

wc annucear auoanbodes are produced a orm mmune 

compexes w se nucear angens (see Caper 4). Dsease man-

esaons are many due o deposon o ese compexes n vesses 

n dferen ssues. he kdney s a major se o mmune compex 

deposon, and rena aure s one o e mos serous compcaons 

o e dsease. Auoanbodes agans nonnucear angens aso con-

rbue o e dsease, ncudng ose a bnd o and depee red ces 

or paees (see Caper 9) and oers a afec coaguaon, caed 

anpospopd anbodes (see Caper 3). Here we dscuss e rena 

nvovemen; oer aspecs o SLE are dscussed n Caper 4

Pathogeness. he gomeruar esons are caused by e deposon o 

mmune compexes, acvaon o compemen, and subsequen recru-

men and acvaon o eukocyes va compemen producs and by e 

deposed anbodes bndng o eukocye Fc recepors. hs s e yp-

ca sequence o evens n a mmune compex dseases (see Caper 

4). Less commony, ere s evdence o ubuonersa neprs and 

vascus, aso caused many by mmune compexes.

Clncal Features. Cnca manesaons range rom md emaura 

and proenura o massve proenura w neproc syndrome (as 

n dopac membranous nepropay) and progressve rena aure.

Rapidly Progressive Glomerulonephritis

This group of diseases shares clinical and morphologic features 

(especially the formation of crescents in glomeruli) but may have 

diverse etiologies.

Because crescens are e sne qua non o RPGN,  s aso caed 

crescentc GN.

Pathogeness. RPGN may be caused by dferen mmune mecansms.

• An-GBM auoanbodes, oten reacve w angens n e 

noncoagenous componen o e GBM, are deposed aong e 

GBM, acvae compemen, and nduce desrucve nlammaon. 

In some paens, e anbodes aso bnd o basemen membranes 

o pumonary aveoar capares, causng ung emorrages; e 

combnaon o rena and pumonary nvovemen s caed Good-

pasture syndrome.

• RPGN may be a manesaon o a known mmune compex ds-

ease, suc as acue posnecous GN or upus. In some cases o 

RPGN, mmune compexes are deeced n e absence o anoer 

underyng dsease.

• Pauc-mmune crescenc GN s dened by e presence o e car-

acersc gomeruar eson n e absence o deecabe anbodes 

or mmune compexes. An–neurop cyopasmc anbodes 

(PR3-ANCAs) are ypcay presen n e serum, w or wou 

assocaed sysemc vascus (see Caper 7). hus, pauc-mmune 

crescenc GN may be a manesaon o a sysemc vascus or 

dopac (med o e kdney).

CL

CL

Fig. 11.6 Dense deposit disease. Dense homogeneous deposits in the 

GBM. CL, capillary lumen.

Morphology. he gomeruar dsease caused by e deposon 

o mmune compexes s dvded no sx casses a ave dsnc 

paooges (Fg. 11.8), cnca eaures, and prognosc mpcaons. 

he gomeruar esons are cassed on e bass o e se o depos-

on o e mmune compexes (mesanga, subendoea, subepe-

a), e resung proerave reacon o e gomeru (mesanga, 

oca or dfuse), and e exen o sceross o e gomeruar uts.

O e sx casses, dfuse lupus neprts (caed cass IV) s e 

mos common and severe orm. he ypca morpoogc pcure 

s proerave GN afecng mos gomeru. he nvoved gom-

eru sow proeraon o endoea, mesanga, and epea 

ces, somemes w crescen ormaon (descrbed aer). Exen-

sve subendoea mmune compex deposon may ead o GBM 

ckenng, creang e appearance o “wre oops.” 

Oer common rena esons n SLE are ubuonersa 

nlammaon, w or wou mmune compex deposon aong 

e ubuar basemen membrane, and vascus w mmune com-

pex deposon and, somemes, romboss. he prognoss wors-

ens w ncreased severy o bo o ese esons.

Morphology. he morpoogc canges n RPGN are relecons o 

severe gomeruar njury. hs s manesed n some cases w seg-

mena capary necross, breaks n e GBM (vsbe by eecron 

mcroscopy), and e deposon o brn n e Bowman space. he 

gomeru sow proeraon ousde e capary oops, gvng rse 

o dsncve proerave esons caed crescents a oberae e 

Bowman space (Fg. 11.9). Crescens conss o proerang epe-

a ces nng e Bowman capsue and nrang monocyes and 

oer eukocyes. In addon o exracapary proeraon, ceuar 

proeraon may aso be seen n e capary oops and mesan-

gum, smar o wa s seen n oer orms o mmune compex–

medaed njury. Immunoluorescence mcroscopy reveas near 

or granuar sanng or IgG and C3 aong e GBM (excep n e 

pauc-mmune ype). Eecron mcroscopy may sow rupures n 

e GBM, w or wou mmune deposs.
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Supplemental eFig. 11.7 Renal cell carcinoma, papillary type. Note the 

papillae and foamy macrophages in the stalk. (Courtesy Dr. A. Renshaw, 

Baptist Hospital, Miami.)

Supplemental eFig. 11.5 Fibrin stain showing platelet-fibrin thrombi 

(red) in the glomerular capillaries, characteristic of thrombotic microan-

giopathic disorders.

Supplemental eFig. 11.6 Nephrolithiasis. A large stone impacted in 

the renal pelvis. (Courtesy Dr. E. Mosher, Brigham and Women’s Hos-

pital, Boston, Mass.)
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Supplemental eFig. 12.9 Lymphoma. (A) Gastric extranodal marginal 

zone lymphoma replacing much of the gastric epithelium. Inset shows 

lymphoepithelial lesions with neoplastic lymphocytes surrounding 

and infiltrating gastric glands. (B) Disseminated lymphoma within the 

small intestine with numerous small serosal nodules. (C) Large B-cell 

lymphoma infiltrating the small intestinal wall and producing diffuse 

thickening.
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Supplemental eFig. 12.10 GI carcinoid tumor (neuroendocrine carcinoma). (A) Gross cross section of a 

submucosal tumor nodule. (B) Microscopically, the nodule is composed of tumor cells embedded in dense 

fibrous tissue. (C) In other areas, the tumor has spread extensively within mucosal lymphatic channels. (D) 

High magnification shows the bland cytology of carcinoid tumors. The chromatin texture, with fine and coarse 

clumps, is frequently described as a “salt-and-pepper” pattern. Despite their innocuous appearance, carci-

noids can be clinically aggressive. (E) Electron microscopy reveals cytoplasmic dense-core eurosecretory 

granules.

Supplemental eFig. 12.11 GI stromal tumor. Histologically, the tumor 

is primarily composed of bundles, or fascicles, of spindle-shaped tumor 

cells. (Courtesy Dr. Christopher Weber, University of Chicago, Chicago.)
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Vascular Diseases

he mos serous vascuar dsorder s scemc bowe dsease. Acue 

arera obsrucon, wc may be caused by aerosceross, an aorc 

aneurysm, a rombus, or an embosm, can ead o ransmura narc-

on o segmens o e bowe a are supped by e obsruced vesses 

(Suppemena eFg. 12.16). Hypoperuson secondary o cardac aure, 

deydraon, or gradua arera compromse ypcay causes sub-oa 

mucosa or mura narcon; esons requeny nvove waersed zones 

a ncude e spenc lexure, were e superor and neror mesen-

erc arera crcuaons ermnae, and, o a esser exen, e sgmod 

coon and recum, were neror mesenerc, pudenda, and ac arera 

crcuaons end. Paens ypcay presen w abdomna pan. I no 

reaed, e scemc bowe can perorae, wc s a surgca emergency.

DISORDERS OF THE ORAL CAVITY  
AND SALIVARY GLANDS

he ora cavy and savary gands are requen ses o nlammaory 

dseases and some umors. he dseases are concepuay smpe and 

are descrbed ony brely.

Inflammatory Disorders of the Oral Cavity

A varey o necous and nonnecous nlammaory dsorders 

requeny nvove e ora cavy. Among e mos common are e 

oowng:

• Aptous ucers are panu superca mucosa uceraons 

(Suppemena eFg. 12.17) a afec as muc as 40% o e pop-

uaon a some me, and end o resove sponaneousy bu recur. 

her cause s no known.

• Herpes smpex vrus nfecton presens w vesces and uceraons, 

commony caed cod sores. Mos oroaca erpec necons are 

caused by erpes smpex vrus ype 1 (HSV-1), w e remander 

beng caused by HSV-2 (gena erpes). Prmary necon occurs 

usuay n cdood, and e vrus esabses a aen necon a 

may perss or e. he necon may be reacvaed by vruay any 

sress, ncudng rauma, exposure o uravoe g and empera-

ure exremes, pregnancy, oer necons, and mmune suppresson. 

he esons are smar o ose n gena erpes (see Caper 14).

• Candda nfecton occurs wen s norma unga naban o 

e ora cavy grows excessvey, wc may occur n mmunosup-

pressed ndvduas or wen e norma mcroboa are aered by 

anboc reamen. Some srans o C. abcans are more pao-

genc an oers. he mos common ype o necon s caed 

trus. Caracerscay, a pseudomembrane conssng o unga 

ypae and nlammaory ces rapped wn a proen-rc exu-

dae covers e se o necon.

• Pyogenc granuoma s a vascuar eson o unknown eoogy ound 

on e gums o cdren, young adus, and pregnan women (Suppe-

mena eFg. 12.18). he esons conss o proerang sma bood 

vesses, smar o ose n granuaon ssue, wc may creae an 

aarmng red appearance. he esons may regress or become broc.

Tumors and Tumor-like Lesions of the Oral Cavity

he mos mporan proeraons nvovng e ora cavy are squa-

mous ce carcnoma and s precursors.

• Leukopaka s dened cncay as a we paque n e ora cavy w 

no underyng cause (suc as an necon) (Suppemena eFg. 12.19). 

Mcroscopcay,  s an area o squamous ce yperpasa. Lesons w 

dyspasc eaures may progress o squamous ce carcnoma. Surgca 

excson s ereore e acceped reamen. A reaed bu ess common 

eny, erytropaka, s a red, vevey, somemes eroded eson a s 

la or sgy depressed reave o e surroundng mucosa (Suppe-

mena eFg. 12.20). Eryropaka s assocaed w a greaer rsk or 

magnan ransormaon an eukopaka.

• Squamous ce carcnoma s e mos common magnan umor o e 

oroparynx. Two mecansms are mpcaed n umor deveopmen: 

exposure o carcnogens (mos commony n obacco) and necon 

w g-rsk ypes o uman papomavrus (HPV) (up to 70% o 

cases, parcuary ose o e onss, base o ongue, and parynx). 

he umors assocaed w cemca carcnogens requeny arbor 

muaons n umor suppressor genes suc as TP53 and oncogenes 

suc as RAS. he prognoss o HPV-assocaed umors s beer an 

ose a are no assocaed w HPV. he mecansms by wc 

HPV causes cancer are dscussed n Caper 5

hs umor may appear as rased paques or mucosa ckenngs, 

and may ucerae as  grows (Fg. 12.16). Hsoogcay,  vares rom 

we-dferenaed and keranzng o poory dferenaed and ana-

pasc. he mos requen ses o measases are cervca ymp nodes.

Diseases of the Salivary Glands

he savary gands are prone o a number o nlammaory and neo-

pasc dsorders.

• Saadents (nammaon o e savary gands) may be caused 

by bacera or vra necons (e.g., mumps), auommune ds-

eases (e.g., Sjögren syndrome), obsrucon by duca sones, or 

pysca agens (e.g., radoerapy). A common manesaon o 

savary gand damage s xerostoma, or dry mou, caused by a 

reduced producon o sava. Te mos common nammaory 

eson o e savary gands s mucocee, a cys usuay n e 

ower p a s caused by bockage or rupure o a savary duc 

w eakage o sava no e connecve ssue. Te cys s ed 

w ud and nammaory ces and ned by granuaon or 

brous ssue.

Herniation

Volvulus

Adhesions

Intussusception

Fig. 12.15 Intestinal obstruction. The four major mechanical causes of 

intestinal obstruction are (1) herniation of a segment in the umbilical or 

inguinal regions, (2) adhesion between loops of intestine, (3) volvulus, 

and (4) intussusception.
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Fig. 13.6 Chronic HCV infection. Chronic hepatitis due to HCV, showing characteristic portal tract expansion 

by a dense lymphoid infiltrate (A) and bridging fibrosis (stained blue) connecting portal tracts (B).

A

C

B

Fig. 13.5 HBV infection. (A) Inflammatory infiltrates in the liver (arrow). (B) Damaged (apoptotic) hepatocytes 

(arrow). (C) Intracanalicular bile stasis (arrows). (Courtesy Drs. Ryan Gill and Sanjay Kakar, Department of 

Pathology, University of California San Francisco.)

ere are regenerang epaocyes w arge nuce and prom-

nen nuceo, oten w moses. Apopoc epaocyes may san 

deepy eosnopc, ormng so-caed Councman bodes.

• Cronic vira epaiis. e denng soogc eaure o cronc 

vra epas s varabe mononucear ce nraon around por-

a racs (Fg. 13.6). Progresson s marked by scarrng, begnnng 

w pora bross and oowed by exenson o brous sepa 

beween pora racs. Connued scarrng and nodue ormaon 

ead o e deveopmen o crross (Suppemena eFg. 13.2). 

Ceran soogc eaures sugges e vra eoogy: In cronc 

epas B, “ground-gass” epaocyes (ces w endopasmc 

recuum swoen by HBsAg) are seen (Suppemena eFg 13.3), 

wereas cronc epas C s caracerzed by arge ympod 

aggregaes and be duc njury. Fay cange may aso be seen.
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Supplemental eFig. 13.9 Primary biliary cholangitis. The ductular reac-

tion (arrows) may help maintain bile flow past destroyed segments of 

the biliary tree in early stages of the disease, but later it may contribute 

to scarring.
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Supplemental eFig. 13.8 Cholestasis. (A) Morphologic features of 

cholestasis and comparison with normal liver. Cholestatic hepato-

cytes (1) are enlarged with dilated canalicular spaces (2). Apoptotic 

cells (3) may be seen, and Kupffer cells (4) frequently contain regurgi-

tated bile pigments. (B) Intracellular cholestasis showing the bile pig-

ments in the cytoplasm. (C) Bile plug (arrow) showing the expansion 

of bile canaliculus by bile.
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Supplemental eFig. 14.1 Bowen disease (carcinoma in situ) of the penis. Note the hyperchromatic, dysplas-

tic dyskeratotic epithelial cells with scattered mitoses above the basal layer. The intact basement membrane 

is not readily seen in this picture.

Supplemental eFig. 14.2 Carcinoma of the penis. The glans penis is deformed by a firm, ulcerated, infiltrative mass.
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Supplemental eFig. 14.3 (A) Normal testis shows tubules with active spermatogenesis. (B) Testicular atro-

phy in cryptorchidism. The tubules show Sertoli cells but no spermatogenesis. There is thickening of base-

ment membranes and an apparent increase in interstitial Leydig cells.


