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4 CHAPTER 1 Cell Injury and Cell Death

In s paway o ce dea, enzymes acvaed by specc sgnas  

dsmane e nuceus and cyopasm, generang ragmens a are 

recognzed and rapdy ceared by pagocyes.

Causes of Apoptosis

Apoposs occurs n many pysoogc suaons and serves o em-

nae poenay armu ces and ces a ave ouved er use-

uness (Tabe 1.2). I aso occurs as a paoogc even wen ces are 

damaged, especay wen e damage afecs e ce’s DNA or pro-

ens; us, e rreparaby damaged ce s emnaed.

• Pysoogc apoptoss

 • Dea o ces durng e deveopmen o organsms, suc as 

ces o prmorda ssues a are repaced by maure ssues

 • Dea o eukocyes (neurops and ympocyes) aer 

nammaory and mmune responses ave emnaed 

oendng agens

 • Emnaon o dysuncona or auoreacve ympocyes or 

ympocye precursors, parcuary 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.)

B

I

N

A

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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agng, e “naked” cromosome ends acvae e DNA damage 

response, causng e ces o ener a sae o repcave senescence.

• Defectve proten omeostass, due o ncreased urnover and 

decreased syness o nraceuar proens, ogeer w accu-

muaon o msoded proens.

• Atered sgnang patways a may afec responses o grow ac-

ors. ere as been grea neres n denng ese paways, n 

par because o e nrgung observaon a caore resrcon 

proongs e. One possby s a caore resrcon reduces sg-

nang by nsun-ke grow acor, so ces cyce ess and sufer 

ewer DNA repcaon–reaed errors.

• In addon o ese nrnsc abnormaes, damaged and dyng 

ces nduce ow-eve nlammaton, and cronc nlammaon pre-

dsposes o many dseases, suc as aerosceross, ype 2 dabees, 

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.

Ceuar adapaons may be par o pysoogc ceuar responses or 

may be paoogc. Pysoogc adaptatons usuay represen responses 

o ces o norma smuaon by ormones or endogenous cemca 

medaors (e.g., e ormone-nduced enargemen o e breas and 

uerus durng pregnancy), or o e demands o mecanca sress (n 

e case o bones and musces). Patoogc adaptatons are responses o 

sress a aow ces o moduae er srucure and uncon and us 

escape njury, bu a e expense o norma uncon. Pysoogc and 

paopysoogc adapaons can ake severa dsnc orms.

• Hypertropy s an ncrease n e sze o ces resung n enarge-

men o e organ (Fg. 1.14). I can be pysoogc or paoogc and 

s caused eer by an ncreased uncona demand or by ormona 

smuaon. For exampe, pysoogc enargemen o e uerus durng 

pregnancy s caused by ncreased esrogen eves. Musce yperro-

py oowng weg tng s an adapaon o ncreased mecanca 

sress. Cardac yperropy n yperenson or aorc vave dsease s 

an exampe o paoogc yperropy resung rom ncreased work 

oad. In a orms, ormones and mecanca sensors acvae sgnang 

paways a ead o ncreased proen syness and assemby o more 

organees, and us enargemen o e ce. Aoug an adapaon 

o sress, yperropy can progress o unconay sgncan ce or 

organ njury  e sress s no reeved. For exampe, cardac yper-

ropy can cause myocarda scema due o reave ack o oxygen 

devery, and evenuay gve rse o cardac aure.

• Hyperpasa s an ncrease n e number o ces n an organ a sems 

rom ncreased proeraon, eer o ess-dferenaed progenor 

ces or, n some nsances, dferenaed ces. Hyperpasa occurs 

 e ssue conans ce popuaons capabe o repcaon and may 

occur concurreny w yperropy and oten n response o e 

same smu. Hyperpasa can be pysoogc or paoogc and, n 

bo suaons, ceuar proeraon s smuaed by ormones and 

grow acors a are produced by a varey o ce ypes. Posparum 

enargemen o e breas due o ncreased proeraon o ducuar 

epeum s an exampe o pysoogc yperpasa nduced by or-

mones. Grow acors are responsbe or smuang proeraon o 

survvng ces ater dea or remova o some o e ces n an organ 

(e.g., grow o resdua ver oowng para epaecomy, caed com-

pensatory yperpasa). Paoogc yperpasa s ypcay e resu o 

napproprae and excessve smuaon by ormones and grow ac-

ors, as n endomera yperpasa resung rom a dsurbed esrogen–

progeserone baance. Bengn prosac yperpasa s nduced by 

androgens and can cause obsrucon o e low o urne and preds-

pose o urnary rac necons. I s mporan o dsngus yperpa-

sa rom neopasa: Unke neopasc grows, yperpasa s reversbe 

wen e grow sgnas abae. In some cases, perssen paoogc 

yperpasa, suc as a afecng e endomerum, ses e sage or 

e deveopmen o cancer because proerang ces are suscepbe o 

muaons and oncogenc ransormaon.

• Atropy s a decrease n e number o ces and, ence, may cause an 

organ o srnk. I s caused by decreased proen syness (due o 

reduced meaboc acvy) and ncreased proen breakdown med-

aed by e ubqun–proeasome paway. Causes ncude a decreased 

workoad (as n mmobzaon or denervaon o musce, eadng o 

dsuse aropy), progressve scema, reduced nuron, and reduced 

ormone smuaon (as n menopause). Faced w manuron, 

ces undergo aropy raer an dea as an adapaon o reduced 

energy suppy. I s oten assocaed w ncreased auopagy.

• Metapasa s a cange o one adu ce ype o anoer. I s a 

response o sress n wc a ce a s sensve o a sress s 

repaced by anoer ce ype a s beer abe o survve e adverse 

envronmen. e mecansm s oug o be reprogrammng o 

ssue sem ces o dferenae aong a new paway. Exampes 

ncude squamous meapasa o e bronca coumnar epeum 

Accumulation of
mutations in DNA

    Cellular
replication

DECREASED CELL FUNCTIONS,
CELL LOSS CELL LOSS

Altered
transcription

Telomere
shortening

   Proteins,
misfolded
  proteins

Insulin/IGF signaling

DNA repair

Protein homeostasis

TOR

DECREASED
CELL FUNCTIONS

Abnormal
protein homeostasis

Calorie
restriction

Environmental and
metabolic insults

COUNTERACTS AGING

ROS?

Defective
DNA repair

CELLULAR AGING

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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Pentraxns are pasma proens a ncude C-reacve proen 

(CRP) and serum amyod proen (see beow). ey recognze pos-

popds expressed on bacera membranes (and apopoc ces) and 

promoe pagocyoss or acvae e compemen sysem, us causng 

e emnaon o ese mcrobes and dead ces. e pasma eves o 

ese proens ncrease durng e acue-pase response a accompa-

nes nlammaory reacons, dscussed aer. Knns are produced rom 

crcuang precursor proens and conrbue o vascuar daon and 

pan a e se o nlammaon. 

he our major eaures o nlammaon (nay descrbed n e 

1s cenury AD by e Roman encycopeds Cesus), rubor (redness), 

caor (warm), tumor (sweng), and door (pan), can be expaned 

by e acons o parcuar medaors (Tabe 2.6). A it sgn, oss o 

uncon, was added aer.

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 beeds a may sem rom deecs n 

paee uncon, rauma, vascuar nammaon, or vascuar 

ragy.

• Eccymoses are 1-2 cm n sze and correspond o “bruses”; ey are 

usuay caused by rauma.

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

essential for life.

Under norma crcumsances, bood cong occurs a ses were e 

was o bood vesses ave been pyscay dsruped. he na seps n 

co ormaon are wo muuay renorcng processes (Fg. 3.4):

• Prmary emostass s naed by e exposure o subendoea 

coagen and von Webrand acor (vWF) wn njured vesse 

was. hese acors ead o e adeson and acvaon o paees, 

wc orm a paee-rc pug.

• Secondary emostass s rggered by e exposure o ssue acor 

wn e subendoeum and ssues. Tssue acor acs n con-

juncon w acor VII (descrbed aer) o nae e coaguaon 

cascade, wc uses coacors a are presen on e suraces o 

acvaed paees and eads o e deposon o brn. Fbrn ren-

orces and sabzes e paee pug, seang e area o vascuar 

damage and prevenng urer beedng.

Once a co as ormed, s exen mus be med o e area o 

damage. hs s medaed by counerreguaory mecansms, wc we 

w dscuss aer n s caper.

Platelets

Platelets are anucleate fragments derived from megakaryocytes 

that form the primary hemostatic plug and provide a procoagu-

lant surface that promotes secondary hemostasis.

Paee uncon depends on surace gycoproen recepors, a con-

race cyoskeeon, and cyopasmc granues a conan a number 

o procoaguan subsances. In e seng o vascuar njury, paees 

undergo a seres o sereoypc evens:

• Adeson. Paee adeson s medaed argey by neracons w 

vWF, wc acs as a brdge beween exposed subendoea coa-

gen and paee surace recepor gycoproen 1b (Gp1b).

• Actvaton. Paees cange sape rom smoo dscs o spky 

speres and reease e conens o er granues, wc ncude 

coaguaon coacors (cacum, acor V) and paee acvaors 

suc as adenosne dpospae (ADP), wc recru oer paees 

o e growng paee pug.

• Aggregaton. he sape cange assocaed w acvaon exposes 

negavey carged pospopds, wc are requred by ceran 

coaguaon acors (descrbed aer), and aso aers e conorma-

on o surace gycoproen IIb/IIIa (GpIIb/IIIa), converng GpIIa/

IIIb o a g-ainy recepor or brnogen. Bvaen brdgng 

neracons nvovng GpIIa/IIIb recepors and brnogen en 

cause paees o cump no aggregaes.

Decences o GpIb, GpIIa/IIIb, or vWF are assocaed w abnor-

ma beedng (Fg. 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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Diseases of the Immune System

4

he mmune sysem proecs us agans necons and cancers by wo 

ypes o mecansms: nnae mmuny and adapve mmuny.

Innate mmunty s e rapd response o necons medaed by 

ces and pasma proens a are aways presen and ready o aack 

(ence, nnate). he prncpa ces o nnae mmuny are myeod ces, 

ncudng macropages, neurops, and dendrc ces, bu ympo-

cyes, epea ces, and oer ce ypes aso possess nrnsc deense 

mecansms. hese ces express recepors suc as To-ke recepors 

a recognze mcroba producs and producs o necroc ces. hese 

recepors, unke e angen recepors o T and B ympocyes, are 

no paogen specc and ave med dversy. ey are rggered by 

moecues sared by many paogens (paogen-assocaed moecuar 

paerns [PAMPs]) and subsances reeased rom damaged ces (dam-

age-assocaed moecuar paerns [DAMPs]). e major reacon o 

nnae mmuny s acue nlammaon (see Caper 2).

Adaptve mmunty s e more poweru and specazed se o 

responses medaed by T and B ympocyes. hese ces express spe-

cc and gy dverse recepors or angens. Eac T and B ym-

pocye and s cona progeny express a unque recepor and, ence, 

ave a unque speccy. he dversy o e recepors s creaed by 

rearrangemens o angen-recepor genes a occur durng e ma-

uraon o e ympocyes. hus, e presence o rearranged an-

gen-recepor genes s a reabe marker o T and B ympocyes and 

o umors derved rom ese ces. Lympocyes are normay sen 

and are acvaed by (adap o) angens (ence, e erm adapve 

mmuny). Foowng acvaon, e ympocyes produce efecor 

ces a possess mecansms a uncon o emnae mcrobes 

and umor ces. hese mecansms ncude:

• Humora mmunty medaed by anbodes, wc are produced 

by B ces and er dferenaed progeny, pasma ces. Anbodes 

neuraze mcrobes, opsonze em or pagocyoss, and acvae 

e compemen sysem.

• Ce-medated mmunty medaed by T ces. T ces are acvaed 

by proen angens dspayed by angen-presenng ces (APCs), 

and requre repea angen smuaon o perorm er unc-

ons. Two major ypes o T ces, CD4+ and CD8+, uncon d-

ereny n os deense and paoogc reacons. CD4+ eper 

T ces secree cyoknes a acvae macropages o desroy 

pagocyosed mcrobes, ep B ces o make poen anbodes, 

and smuae nlammaon. Heper T ces conss o severa sub-

ses a produce dferen cyoknes and nduce dferen ypes 

o nlammaory reacons: h1 ces acvae macropages, h2 

ces acvae eosnops, and h17 ces smuae neurop-rc 

nlammaon. CD8+ cyooxc T ympocyes (CTLs) k neced 

and ransormed ces.

Aoug e mmune sysem evoved as a proecve orce, a mes 

 can go awry and cause ssue njury and cnca dsease. In s cap-

er, we dscuss e mos mporan paoogc reacons and dseases a 

are caused by mmune responses, many adapve mmune responses, as 

we as decences o e mmune sysem and er consequences.

HYPERSENSITIVITY DISORDERS

Persistent, misdirected, or inadequately regulated immune reac-

tions against a variety of antigens may cause tissue injury.

An ndvdua wo as been exposed o and reacs agans an angen 

s sad o be senszed, so njurous mmune reacons are caed yper-

senstvty reactons. Hypersensvy dseases end o be cronc and 

dicu o conro, and are ereore mporan cnca probems. hese 

dseases may be caused by reacons o ree man ypes o angens.

• Reactons aganst sef antgens are caed auommuny, and e 

dseases ey cause are autommune dseases. As we sa dscuss 

aer, ndvduas are normay oeran o er own (se) an-

gens, and auommuny resus wen se-oerance 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 ncompeey undersood, bu  s beeved o nvove 

canges n e expresson o cancer genes a resde n afeced cro-

mosoma regons.

Epigenetic Alterations in Cancer
Epigen etic changes are dened as heritable changes in the expres

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

Gene expresson s reguaed by posransaona modcaons o 

sones and by DNA meyaon, bo o wc are requeny aered 

n cancer ces wen compared w er norma ceuar couner-

pars. How ese aeraons n e epgenome conrbue o neopasa 

s poory undersood, bu are key n mos,  no a, nsances o sem 

rom e aered expresson 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 ormaon s naed rom a snge ound-

ng ce, cancers connue o evove genecay (Fg. 5.14), a process 

a conrbues o a penomenon reerred o as umor progresson. 

A e moecuar eve, umor progresson s beeved o resu rom 

addona muaons a accumuae ndependeny n dferen can-

cer ces. Some o ese muaons may aer e uncon o cancer 

genes, ereby makng e afeced ces more adep a grow, sur-

vva, nvason, measass, or mmune evason, resung n progres-

son akn o Darwnan evouon (survva o e es). Due o s 

seecve advanage, subcones may come o domnae a umor, eer 

a e prmary se or a ses o measass. Because o connung 

muaon and seecon, magnan umors a were monocona n 

orgn are ypcay genecay eerogeneous a e me o cnca 

presenaon.

Genetic heterogeneity has implications not only for cancer pro-

gression but also for the response to therapy. 

Wen umors recur ater cemoerapy, e recurren umor s 

amos aways ressan o e orgna drug regmen. hs acqured 

ressance sems rom e ougrow o subcones a ave muaons 

(or epgenec aeraons) a mpar drug ressance. hus, genec 

evouon orged by darwnan seecon can expan e wo mos 

NMYC

HSR

Double
minutes

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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Fig. 5.12 Chromosomal translocations and associated oncogenes. In 

chronic myeloid leukemia, a balanced translocation involving chromo-

somes 9 and 22 creates a chimeric gene containing pieces of the BCR

and ABL genes that encode a chimeric BCR-ABL fusion protein with 

constitutively active tyrosine kinase activity. In Burkitt lymphoma, a bal-

anced translocation involving chromosomes 8 and 14 places the coding 

sequence for the MYC gene adjacent to strong regulatory elements 

in the immunoglobulin heavy-chain gene, leading to overexpression of 

MYC, an oncogenic transcription factor.
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e regresson o many umors, ncudng meanoma, non–sma 

ce ung cancer, badder cancer, Hodgkn ympoma, and oers. 

hs approac, caed ceckpon bockade, s now an mporan 

componen o ancancer erapy. Because e ceckpons evoved 

normay o preven auommuny, paens gven ese reamens 

oten deveop auommune nlammaon, ncudng cos, as we 

as nlammaon o e endocrne organs, ear, and oer ssues.

• Oter mecansms by wc umors nb mmune responses 

ncude nducon o reguaory T ces and e oca producon o 

mmunosuppressve cyoknes 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 precedng secon dened e eg denng eaures o 

magnancy, a o wc appear o be produced by genec aeraons 

nvovng cancer genes. Aoug umans are awas n envronmen-

a muagens, cancers are reavey rare oucomes o ese encouners 

because norma ces are abe o sense and repar DNA damage. he 

mporance o DNA repar n mananng e negry o e genome 

s gged by persons born w nered deecs n ree ypes o 

DNA repar sysems (msmac repar, nuceode excson repar, and 

recombnaon repar), a o wc are assocaed w an ncreased rsk 

or deveopng cancer. Aoug e dscusson beow ocuses on ese 

nered syndromes, sporadc cancers oten ncur muaons n DNA 

repar genes, as we. Presumaby, as n ndvduas w nered DNA 

repar deecs, ese somac muaons speed e accumuaon o drver 

muaons n cancer genes and ereby e deveopmen o cancer.

Hereditary Nonpolyposis Colon Cancer Syndrome

he roe o DNA msmac repar genes n e predsposon o cancer 

s usraed by e eredtary nonpoyposs coon cancer (HNPCC) syn-

drome, a dsorder caracerzed by ama carcnoma o e coon. Wen 

a srand o DNA s beng repared, e proens encoded by ese genes 

ac as “spe ceckers.” For exampe,  ere s an erroneous parng o G 

w T, raer an e norma A w T, e msmac repar proens 

correc e deec. Wou ese “prooreaders,” errors accumuae a an 

ncreased rae. Muaons n a eas our msmac repar genes ave been 

ound n paens w HNPCC. One deecve copy o a DNA msmac 

repar gene s nered, and a second “” n e oer aee o e same 

gene occurs n coonc epea ces. In s respec, ey resembe umor 

suppressor genes. DNA repar genes afec ce grow ndrecy by aow-

ng muaons n oer genes durng e process o norma ce dvson. 

A caracersc ndng n e genome o paens w msmac repar 

deecs s mcrosaee nsaby (MSI). Mcrosaees are andem 

repeas o one o sx nuceodes ound rougou e genome. Usuay, 

e eng o ese mcrosaees remans consan. However, n paens 

w HNPCC, ese saees are unsabe and ncrease or decrease n 

eng. HNPCC syndrome accouns or ony 2% o 4% o a coonc can-

cers, bu MSI can be deeced n abou 15% o sporadc cancers. MSI-asso-

caed umors end o be more responsve o mmune ceckpon nbor 

erapes, presumaby because e deec n msmac repar eads o a 

g burden o muaons producng umor neoangens. In ac, s ype 

o mmunoerapy s now approved or a recurren umors w ms-

mac repar deecs regardess o e umor ype—e rs me a rea-

men as been approved based ony on a muaona sgnaure.

Xeroderma Pigmentosum

Paens w e auosoma recessve dsorder xeroderma pgmentosum

are a ncreased rsk or cancers arsng n sun-exposed skn. Uravoe 

(UV) rays n sung cause cross-nkng o pyrmdne resdues, pre-

venng norma DNA repcaon. Suc DNA damage s repared by e 

nuceode excson repar sysem, wc s deecve n paens w s 

dsease. he rae o somac muaon n sun-exposed skn s greay acce-

eraed, resung n an exraordnary g ncdence o skn cancers suc 

as basa ce carcnoma and squamous ce carcnoma n ese paens.

Diseases with Defects in DNA Repair by Homologous 

Recombination

he auosoma recessve dsorders Boom syndrome, ataxa-teang-

ectasa, and Fancon anema are caracerzed by ypersensvy o 

DNA-damagng agens, suc as onzng radaon (n Boom syn-

drome and aaxa-eangecasa) or DNA cross-nkng agens suc 

as nrogen musard (n Fancon anema). Eac s caused by deecs 

n genes a are requred or DNA repar by omoogous recomb-

naon, n wc a “good” srand o DNA s used o repar a damaged 

pece o DNA a as been broken or covaeny cross-nked. he 

penoypes o ese dseases are compex and ncude, n addon 

o a predsposon o cancer, neura sympoms (n aaxa-eangec-

asa), anema (n Fancon anema), and deveopmena deecs (n 

Boom syndrome).

Evdence o e oncogenc roe o deecve omoogous recomb-

naon aso comes rom e sudy o eredary breas cancer. Germne 

muaons n wo genes a aso uncon n omoogous recombna-

on, BRCA1 and BRCA2, are ound n 50% o ama breas cancers. 

In addon o breas cancer, women w BRCA1 muaons ave a 

subsanay ger rsk o ovaran carcnoma and men ave a sgy 

ger rsk o prosae cancer; germne muaons n BRCA2 ncrease 

e rsk o breas cancer n bo men and women, as we as oer car-

cnomas, meanoma, and ympomas. Smar o oer umor suppres-

sor genes, bo copes o BRCA1 and BRCA2 mus be nacvaed or 

cancer o deveop.

Tumor-Promoting Inflammation as an Enabler  

of Malignancy
Inammatory cells can facilitate tumor cell growth and survival by 

producing soluble factors that inuence the hallmarks of cancer.

Inrang cancers provoke a cronc nlammaory reacon. In 

paens w advanced cancers, s nlammaory reacon can be so 

exensve as o cause sysemc sgns and sympoms, suc as anema 

(e anema o cronc nlammaon), ague, and cacexa. Anma 

modes sugges a nlammaory ces aso mody e umor mcro-

envronmen o enabe many o e amarks o cancer. hese efecs 

may sem rom drec neracons beween nlammaory ces and 

umor ces, or ndrec efecs o nlammaory ces on oer resden 

sroma ces, parcuary cancer-assocaed brobass and endoe-

a ces. Inlammaory ces and resden sroma ces may promoe 

cancer deveopmen by producng grow acors a ac on e neo-

pasc ces, promong angogeness, acvang ce survva paways 

n umors, producng enzymes a enance oca umor nvason and 

measass, and suppressng efecve anumor mmune responses. In 

s respec, ey resembe umor suppressor genes.

hese paopysoogc conceps ave provded a road map or 

e deveopmen o new erapeuc agens or e reamen o can-

cer (Fg. 5.24). As our undersandng o cancer paogeness expands, 

ere s reason o ope a e nex ew years w see e deveopmen 

o many more efecve argeed erapes.

CLINICAL ASPECTS OF NEOPLASIA

Umaey, e mporance o cancer s s mpac on paens. he o-

owng dscusson consders e efecs o umors on er oss, e 

gradng and cnca sagng o cancer, and e aboraory dagnoss o 

neopasms.
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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.)
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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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Clncal Features. Hodgkn ympoma usuay maness as paness 

ympadenopay or, w e noduar sceross subype, sympoms 

reaed o e presence o a medasna mass. he sysemc efecs o cyo-

knes cause anema o cronc nlammaon, eukocyoss, and so-caed 

B sympoms (ever, weg oss, ng sweas). Sagng gudes erapy and 

deermnes e prognoss. Younger paens w more avorabe subypes 

end o presen w ow-sage dsease and are ree o so-caed B symp-

oms, wereas paens w more exensve dsease are more key o ave 

B sympoms and anema. Ina reamen s w cemoerapy, some-

mes w nvoved ed radoerapy or arge umor masses.

he overa ouook s exceen. he 5-year survva rae or paens w 

ow-sage dsease s over 90%. Even w wdespread dsease, e overa 

5-year dsease-ree survva rae s around 50%. Immune ceckpon nb-

ors ave produced exceen responses n paens w reapsed, reracory 

dsease and may soon be added o ronne erapeuc regmens.

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.

Coecvey, pasma ce neopasms and reaed dsorders accoun 

or abou 15% o e deas caused by ympod neopasms. he mos 

mporan o ese neopasms, mupe myeoma, s dscussed nex.

Multiple Myeloma

Mupe myeoma s one o e mos common emaoogc magnances: 

Approxmaey 20,000 new cases are dagnosed n e Uned Saes eac 

year. he medan age a dagnoss s 70 years. I s more common n maes 

and n peope o Arcan orgn. I prncpay nvoves e marrow and 

usuay s assocaed w yc esons rougou e skeea sysem.

he mos requen mmunogobun produced by myeoma ces s 

IgG (60%), oowed by IgA (20% o 25%); n e remanng 15% o 20% 

o cases, e pasma ces produce ony κ or λ mmunogobun g 

cans. Ony rarey are IgM, IgD, or IgE produced. Even n myeomas 

a produce compee mmunogobuns, mmunogobun g cans 

are oten syneszed n excess o mmunogobun eavy cans, resu-

ng n ree, unpared g cans. Once secreed, e sma ree g 

cans are excreed n e urne as Bence-Jones protens. As descrbed n 

e oowng, ree g cans ave mporan paoogc efecs.

he proerang pasma ces ave deeerous efecs on e skeeon, 

e mmune sysem, and e kdney, a o wc conrbue o morbd-

y and moray:

• Severa acors produced by myeoma ces cause bone resorpon 

and ead o ypercacema and paoogc racures, mos re-

queny n e spne and emur.

• Myeoma causes deecs n umora mmuny, ncreasng e rsk 

or bacera necons.

• Myeoma eads o rena aure owng o (1) obsrucve proen-

aceous cass comprsed o precpaed Bence-Jones proens; 

(2) g-can deposon n e gomeru or e nersum, 

eer as amyod or near deposs; (3) ypercacema, wc eads 

o deydraon and rena sones; and (4) requen bous o bacera 

pyeoneprs due o deecve umora mmuny.

Clncal Features he dagnoss rees on e deecon o a serum 

monocona mmunogobun (a so-caed M proen, or myeoma) 

and/or g eves o ree mmunogobun g cans n e serum 

or e urne; e dencaon o a arge number o pasma ces n e 

marrow; and e caracersc radoogc ndngs. Hypercacema and 

rena aure aso are common a e me o presenaon. he progno-

ss s varabe. Paens w mupe bony esons,  unreaed, rarey 

survve or more an 6 o 12 mons, wereas paens w “smoder-

ng myeoma” may be asympomac or many years.

Aoug cures ave ye o be aceved, severa receny deve-

oped erapes ave mproved oucomes. Msoded mmunogobun 

cans accumuae n myeoma ces and cause ce sress by acva-

ng e unoded proen response (see Caper 1). Inbors o e 

proeasome, a ceuar organee a dsposes o msoded proens, 

nduce apoposs o myeoma ces and are efecve erapes. he 

adomde-ke compound enadomde aso as acvy agans 

myeoma because o s aby o acvae ceran ubqun gases, 

wc ag proens w ubqun, ereby markng em or pro-

easoma degradaon. Bsposponaes, drugs a nb bone 

resorpon, reduce paoogc racures and m ypercacema. 

Hemaopoec sem ce ranspanaon proongs e bu as no ye 

proven o be curave. Tras o CAR-T ces a recognze pasma ce 

angens are ongong.

Other Plasma Cell Neoplasms and Related Entities

A ese umors are assocaed w e producon o monocona 

mmunogobuns, markng em as cona proeraons o anbody-

producng B ympocyes or pasma ces. hree umors n s group 

mer dscusson. 

• Monocona gammopaty of undetermned sgnicance (MGUS) s seen 

n paens wou sgns or sympoms wo ave monocona mmu-

nogobuns n er bood. MGUS s very common n oder adus, and 

abou 1% o cases ransorm no a sympomac neopasm, mos oten 

mupe myeoma, eac year.

Morphology. Mupe myeoma usuay maness w muoca 

desrucve skeea esons a mos commony nvove e verebra 

coumn, rbs, sku, pevs, emur, cavce, and scapua  Radoogcay, 

e bone esons appear as punced-ou deecs 1 o 4 cm n dameer 

(Fg. 9.22A). he marrow conans ncreased numbers o pasma 

ces, ypcay more an 30% o e ceuary (see Fg. 9.22B). Rena 

nvovemen (myeoma nepross) s assocaed w proenaceous cass 

a obsruc e dsa convoued ubues and e coecng ducs. 

Oten, epea ces adjacen o e cass become necroc or aropc 

because Bence-Jones proens are oxc. Oer common paoogc 

processes nvovng e kdney ncude measac caccaon, g-

can (AL) amyodoss, and bacera pyeoneprs.

Reed-Sernberg ces and varans resembe ose seen n e 

mxed ceuary subype.

• Se apar rom cassca Hodgkn ympoma s e ympo-

cyte-predomnant subtype, wc accouns or abou 5% o cases. 

I s dened by e presence o ymposocyc (L&H) varan 

Reed-Sernberg ces w a decae muobed, pufy nuceus 

resembng popped corn (popcorn ce). L&H varans are ound 

wn arge nodues conanng many sma B ces admxed w 

varabe numbers o macropages. Unke e Reed-Sernberg var-

ans n cassc Hodgkn ympoma, L&H varans express B-ce 

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

Regardess o subype, e dagnoss s based on e dencaon 

o Reed-Sernberg ces or varans n e approprae background o 

reacve ces. Ces resembng Reed-Sernberg ces may be seen n 

oer cancers and some reacve condons; us, mmunopenoypng 

s oten requred or dagnoss.

Morphology. Myeoma oten as cromosoma ransocaons a 

use e IGH ocus on cromosome 14 o proo-oncogenes suc as 

e cycn D1 gene. A wde varey o oer drver muaons ave 

been descrbed. Proeraon o myeoma ces s suppored by e 

cyokne nereukn 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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paogens (Tabe 10.5). hus, e cnca seng can be a epu 

gude wen anmcroba erapy as o be gven emprcay.

W s bre nroducon, we urn nex o some o e more com-

mon orms o pneumona, sarng w bacera pneumona.

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

common cause of community-acquired bacterial pneumonia.

Pneumococca pneumona occurs w ncreased requency n e 

seng o cronc dseases (e.g., ear aure, COPD, or dabees) and 

congena or acqured deecs n mmunogobun producon. Spenc 

macropages ave an mporan roe n e remova o pneumococc 

rom e bood; ndvduas w decreased or absen spenc uncon 

are a g rsk o deveopng sepss. hese paens benei rom pneu-

mococca vaccnes. e presence o numerous neurops n spuum 

conanng gram-posve, ance-saped dpococc suppors e dag-

noss, bu ase-posve resus are common. Isoaon o pneumococc 

rom bood cuures s more specic bu ess sensve.

Oer mporan causes o communy-acqured bacera pneumo-

na ncude e oowng:

• Haemopus nluenzae. Bo encapsuaed and unencapsuaed 

orms o H. nluenzae may be responsbe. Adus a rsk or deve-

opng necons ncude ose w cronc pumonary dseases 

suc as COPD, cysc ibross, and broncecass. Encapsuaed H. 

nluenzae ype B was ormery an mporan cause o epgos 

and suppurave menngs n cdren, bu vaccnaon n nancy 

as sgnicany reduced e rsk.

• Moraxea catarras many necs oder adus and s a common 

cause o acue exacerbaon o COPD.

• Stapyococcus aureus requeny causes secondary bacera pneu-

mona ater vra respraory nesses and s assocaed w a g 

ncdence o compcaons, suc as ung abscess and empyema. 

Sapyococca pneumona occurrng n assocaon w rg-

sded sapyococca endocards s a serous compcaon o nra-

venous drug use.

• Kebsea pneumonae s e mos requen cause o gram-negave 

bacera pneumona and prmary alcs debaed and ma-

noursed ndvduas, parcuary cronc acoocs  ck and 

geanous spuum s caracersc because e organsm produces 

an abundan vscd capsuar poysaccarde, wc s no easy 

ceared by cougng.

• Legonea pneumopa s e agen o Legonnare dsease. L. 

pneumopa ourses n arica aquac envronmens, suc as 

waer-coong owers and wn e ubng sysem o poabe waer 

suppes. Transmsson occurs roug naaon o aerosozed 

organsms or aspraon o conamnaed drnkng waer. Legonea

pneumona occurs more requeny n ndvduas w cardac, 

rena, mmunoogc, or emaoogc dseases. I requeny requres 

ospazaon and as a aay rae o 30% o 50% n mmunosup-

pressed ndvduas.

• Mycopasma pneumonae necons are parcuary common 

among cdren and young adus. ey occur sporadcay or as 

oca epdemcs n cosed communes (scoos, mary camps, 

prsons).

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. Baceria pneumonia as wo anaomic disribuions: 

bronchopneumona and lobar pneumona.

Pacy ung nvovemen s e domnan caracersc o 

broncopneumona (Suppemena eFg. 10.10), wereas nvove-

men o a arge poron o a obe or o an enre obe deines obar 

pneumona (Suppemena eFg. 10.11). ese paerns oten over-

ap, owever, and pacy dsease may become conuen over me, 

producng compee obar consodaon. Mos mporan rom 

e cnca sandpon are denicaon o e causave agen and 

deermnaon o e exen o dsease.

In obar pneumona, e nammaory response can be 

dvded no our successve sages: (1) congeson; (2) red 

epazaon, caracerzed by exuberan aveoar exudaes con-

anng neurops, red ces, and brn (Fg. 10.10A) a creae 

a red, rm, aress, ver-ke conssency; (3) gray epazaon, 

marked by progressve dsnegraon o red ces and e per-

ssence o a brn- and neurop-rc exudae (Fg. 10.10B); 

and (4) resouon, marked by resorpon o exudae and cear-

ance o nammaory ces, somemes w bross (reerred 

o as organzaon) (Fg. 10.10C). A peura brnous reacon 

(peurs) s oen presen n e eary sages a may resove 
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carcnogens ncude exposure o radaon (n uranum mners), expo-

sure o asbesos, and naaon o duss conanng arsenc, cromum, 

ncke, or vny corde. he rsk assocaed w exposure o asbes-

os and obacco smokng s mupcave: Nonsmokers exposed o 

asbesos ave a 5-od rsk o deveopng ung cancer, wereas n eavy 

smokers exposed o asbesos, e rsk s eevaed approxmaey 55-od.

No a ndvduas exposed o obacco smoke deveop cancer 

(⁓11% o eavy smokers do), and  s key a e muagenc efec 

o carcnogens s modied by eredary (genec) acors. Indvd-

uas w ceran poymorpsms nvovng e P-450 genes ave an 

ncreased capacy o acvae procarcnogens ound n cgaree smoke, 

and are us exposed o arger doses o carcnogens and ncur a greaer 

rsk o deveopng ung cancer. Smary, ndvduas wose perpera 

bood ympocyes undergo cromosoma breakage ater exposure 

o carcnogens n obacco smoke (muagen-sensve genoype) ave 

a greaer an 10-od ncreased rsk or deveopng ung cancer over 

conro subjecs.

Some o e muaons a drve ung cancer grow acvae yro-

sne knases, wc are exceen drug arges. Tyrosne knase mua-

ons are mos common n adenocarcnomas, parcuary ose arsng 

n nonsmokng women, and afec severa dferen knases, suc as 

e epderma grow acor recepor (EGFR), ALK, ROS1, HER2, and 

c-MET. Eac o ese knases s opmay argeed by a dferen drug, 

wc as spurred a new era o “personazed” ung cancer reamen, 

n wc e genecs o e umor gude erapy.

A B

C D

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.Adenocarcnomas are usuay perperay ocaed and 

may dspay a varey o grow paerns, ncudng acnar (gand-

ormng) (Fg. 10.18A and B), papary, mucnous, and sod ypes. 

ese umors oten ave spread by e me o dagnoss, possby 

because ey produce ew sympoms eary n er course due o 

perpera ocaon.

Squamous ce carcnomas end o arse cenray n major 

bronc and evenuay spread o ar nodes. Large esons may 

undergo cenra necross, gvng rse o cavaon. ese umors 

oten become sympomac wen e umor obsrucs a broncus, 

eadng o dsa coapse o aveo (aeecass) and supermposed 

necon (Fg. 10.19A). On soogc examnaon, ese umors 

sow a wde range o dferenaon (Fg. 10.19B).
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Clncal Features. Paens presen w e acue neprc syndrome, 

marked by emaura, varabe, ypcay md proenura, azoema, 

edema, and yperenson. Serum compemen eves decrease durng 

e acue pase. Mos cdren w e dsease recover, aoug rarey 

e dsease may evove no rapdy progressve GN (RPGN, descrbed 

aer). he prognoss n adus s sgncany worse; abou a rd 

deveop end-sage rena dsease over 10 o 20 years.

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

immune complex–mediated glomerulonephritis.

Sysemc upus eryemaosus (SLE) s an auommune dsease n 

wc annucear auoanbodes are produced a orm mmune 

compexes w se nucear angens (see Caper 4). Dsease man-

esaons are many due o deposon o ese compexes n vesses 

n dferen ssues. he kdney s a major se o mmune compex 

deposon, and rena aure s one o e mos serous compcaons 

o e dsease. Auoanbodes agans nonnucear angens aso con-

rbue o e dsease, ncudng ose a bnd o and depee red ces 

or paees (see Caper 9) and oers a afec coaguaon, caed 

anpospopd anbodes (see Caper 3). Here we dscuss e rena 

nvovemen; oer aspecs o SLE are dscussed n Caper 4

Pathogeness. he gomeruar esons are caused by e deposon o 

mmune compexes, acvaon o compemen, and subsequen recru-

men and acvaon o eukocyes va compemen producs and by e 

deposed anbodes bndng o eukocye Fc recepors. hs s e yp-

ca sequence o evens n a mmune compex dseases (see Caper 

4). Less commony, ere s evdence o ubuonersa neprs and 

vascus, aso caused many by mmune compexes.

Clncal Features. Cnca manesaons range rom md emaura 

and proenura o massve proenura w neproc syndrome (as 

n dopac membranous nepropay) and progressve rena aure.

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 crescens are e sne qua non o RPGN,  s aso caed 

crescentc GN.

Pathogeness. RPGN may be caused by dferen mmune mecansms.

• An-GBM auoanbodes, oten reacve w angens n e 

noncoagenous componen o e GBM, are deposed aong e 

GBM, acvae compemen, and nduce desrucve nlammaon. 

In some paens, e anbodes aso bnd o basemen membranes 

o pumonary aveoar capares, causng ung emorrages; e 

combnaon o rena and pumonary nvovemen s caed Good-

pasture syndrome.

• RPGN may be a manesaon o a known mmune compex ds-

ease, suc as acue posnecous GN or upus. In some cases o 

RPGN, mmune compexes are deeced n e absence o anoer 

underyng dsease.

• Pauc-mmune crescenc GN s dened by e presence o e car-

acersc gomeruar eson n e absence o deecabe anbodes 

or mmune compexes. An–neurop cyopasmc anbodes 

(PR3-ANCAs) are ypcay presen n e serum, w or wou 

assocaed sysemc vascus (see Caper 7). hus, pauc-mmune 

crescenc GN may be a manesaon o a sysemc vascus or 

dopac (med o e kdney).

CL

CL

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

GBM. CL, capillary lumen.

Morphology. he gomeruar dsease caused by e deposon 

o mmune compexes s dvded no sx casses a ave dsnc 

paooges (Fg. 11.8), cnca eaures, and prognosc mpcaons. 

he gomeruar esons are cassed on e bass o e se o depos-

on o e mmune compexes (mesanga, subendoea, subepe-

a), e resung proerave reacon o e gomeru (mesanga, 

oca or dfuse), and e exen o sceross o e gomeruar uts.

O e sx casses, dfuse lupus neprts (caed cass IV) s e 

mos common and severe orm. he ypca morpoogc pcure 

s proerave GN afecng mos gomeru. he nvoved gom-

eru sow proeraon o endoea, mesanga, and epea 

ces, somemes w crescen ormaon (descrbed aer). Exen-

sve subendoea mmune compex deposon may ead o GBM 

ckenng, creang e appearance o “wre oops.” 

Oer common rena esons n SLE are ubuonersa 

nlammaon, w or wou mmune compex deposon aong 

e ubuar basemen membrane, and vascus w mmune com-

pex deposon and, somemes, romboss. he prognoss wors-

ens w ncreased severy o bo o ese esons.

Morphology. he morpoogc canges n RPGN are relecons o 

severe gomeruar njury. hs s manesed n some cases w seg-

mena capary necross, breaks n e GBM (vsbe by eecron 

mcroscopy), and e deposon o brn n e Bowman space. he 

gomeru sow proeraon ousde e capary oops, gvng rse 

o dsncve proerave esons caed crescents a oberae e 

Bowman space (Fg. 11.9). Crescens conss o proerang epe-

a ces nng e Bowman capsue and nrang monocyes and 

oer eukocyes. In addon o exracapary proeraon, ceuar 

proeraon may aso be seen n e capary oops and mesan-

gum, smar o wa s seen n oer orms o mmune compex–

medaed njury. Immunoluorescence mcroscopy reveas near 

or granuar sanng or IgG and C3 aong e GBM (excep n e 

pauc-mmune ype). Eecron mcroscopy may sow rupures n 

e GBM, w or wou mmune deposs.
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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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A B

C

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.

EA B C D

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 serous vascuar dsorder s scemc bowe dsease. Acue 

arera obsrucon, wc may be caused by aerosceross, an aorc 

aneurysm, a rombus, or an embosm, can ead o ransmura narc-

on o segmens o e bowe a are supped by e obsruced vesses 

(Suppemena eFg. 12.16). Hypoperuson secondary o cardac aure, 

deydraon, or gradua arera compromse ypcay causes sub-oa 

mucosa or mura narcon; esons requeny nvove waersed zones 

a ncude e spenc lexure, were e superor and neror mesen-

erc arera crcuaons ermnae, and, o a esser exen, e sgmod 

coon and recum, were neror mesenerc, pudenda, and ac arera 

crcuaons end. Paens ypcay presen w abdomna pan. I no 

reaed, e scemc bowe can perorae, wc s a surgca emergency.

DISORDERS OF THE ORAL CAVITY  
AND SALIVARY GLANDS

he ora cavy and savary gands are requen ses o nlammaory 

dseases and some umors. he dseases are concepuay smpe and 

are descrbed ony brely.

Inflammatory Disorders of the Oral Cavity

A varey o necous and nonnecous nlammaory dsorders 

requeny nvove e ora cavy. Among e mos common are e 

oowng:

• Aptous ucers are panu superca mucosa uceraons 

(Suppemena eFg. 12.17) a afec as muc as 40% o e pop-

uaon a some me, and end o resove sponaneousy bu recur. 

her cause s no known.

• Herpes smpex vrus nfecton presens w vesces and uceraons, 

commony caed cod sores. Mos oroaca erpec necons are 

caused by erpes smpex vrus ype 1 (HSV-1), w e remander 

beng caused by HSV-2 (gena erpes). Prmary necon occurs 

usuay n cdood, and e vrus esabses a aen necon a 

may perss or e. he necon may be reacvaed by vruay any 

sress, ncudng rauma, exposure o uravoe g and empera-

ure exremes, pregnancy, oer necons, and mmune suppresson. 

he esons are smar o ose n gena erpes (see Caper 14).

• Candda nfecton occurs wen s norma unga naban o 

e ora cavy grows excessvey, wc may occur n mmunosup-

pressed ndvduas or wen e norma mcroboa are aered by 

anboc reamen. Some srans o C. abcans are more pao-

genc an oers. he mos common ype o necon s caed 

trus. Caracerscay, a pseudomembrane conssng o unga 

ypae and nlammaory ces rapped wn a proen-rc exu-

dae covers e se o necon.

• Pyogenc granuoma s a vascuar eson o unknown eoogy ound 

on e gums o cdren, young adus, and pregnan women (Suppe-

mena eFg. 12.18). he esons conss o proerang sma bood 

vesses, smar o ose n granuaon ssue, wc may creae an 

aarmng red appearance. he esons may regress or become broc.

Tumors and Tumor-like Lesions of the Oral Cavity

he mos mporan proeraons nvovng e ora cavy are squa-

mous ce carcnoma and s precursors.

• Leukopaka s dened cncay as a we paque n e ora cavy w 

no underyng cause (suc as an necon) (Suppemena eFg. 12.19). 

Mcroscopcay,  s an area o squamous ce yperpasa. Lesons w 

dyspasc eaures may progress o squamous ce carcnoma. Surgca 

excson s ereore e acceped reamen. A reaed bu ess common 

eny, erytropaka, s a red, vevey, somemes eroded eson a s 

la or sgy depressed reave o e surroundng mucosa (Suppe-

mena eFg. 12.20). Eryropaka s assocaed w a greaer rsk or 

magnan ransormaon an eukopaka.

• Squamous ce carcnoma s e mos common magnan umor o e 

oroparynx. Two mecansms are mpcaed n umor deveopmen: 

exposure o carcnogens (mos commony n obacco) and necon 

w g-rsk ypes o uman papomavrus (HPV) (up to 70% o 

cases, parcuary ose o e onss, base o ongue, and parynx). 

he umors assocaed w cemca carcnogens requeny arbor 

muaons n umor suppressor genes suc as TP53 and oncogenes 

suc as RAS. he prognoss o HPV-assocaed umors s beer an 

ose a are no assocaed w HPV. he mecansms by wc 

HPV causes cancer are dscussed n Caper 5

hs umor may appear as rased paques or mucosa ckenngs, 

and may ucerae as  grows (Fg. 12.16). Hsoogcay,  vares rom 

we-dferenaed and keranzng o poory dferenaed and ana-

pasc. he mos requen ses o measases are cervca ymp nodes.

Diseases of the Salivary Glands

he savary gands are prone o a number o nlammaory and neo-

pasc dsorders.

• Saadents (nammaon o e savary gands) may be caused 

by bacera or vra necons (e.g., mumps), auommune ds-

eases (e.g., Sjögren syndrome), obsrucon by duca sones, or 

pysca agens (e.g., radoerapy). A common manesaon o 

savary gand damage s xerostoma, or dry mou, caused by a 

reduced producon o sava. Te mos common nammaory 

eson o e savary gands s mucocee, a cys usuay n e 

ower p a s caused by bockage or rupure o a savary duc 

w eakage o sava no e connecve ssue. Te cys s ed 

w ud and nammaory ces and ned by granuaon 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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A B

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 regenerang epaocyes w arge nuce and prom-

nen nuceo, oten w moses. Apopoc epaocyes may san 

deepy eosnopc, ormng so-caed Councman bodes.

• Cronic vira epaiis. e denng soogc eaure o cronc 

vra epas s varabe mononucear ce nraon around por-

a racs (Fg. 13.6). Progresson s marked by scarrng, begnnng 

w pora bross and oowed by exenson o brous sepa 

beween pora racs. Connued scarrng and nodue ormaon 

ead o e deveopmen o crross (Suppemena eFg. 13.2). 

Ceran soogc eaures sugges e vra eoogy: In cronc 

epas B, “ground-gass” epaocyes (ces w endopasmc 

recuum swoen by HBsAg) are seen (Suppemena eFg 13.3), 

wereas cronc epas C s caracerzed by arge ympod 

aggregaes and be duc njury. Fay cange may aso 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.

A B

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.


