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The goul of this chopter is w explain and il how the struc- organelles are tangets for injury by vard meta-

e snd fmction of colls are altered by thelr response {c.g., adapea-
rion, degenemtion, or desth) to injury. This information will scrve
us the underpinnings for materials presented in the remainimg chap-
lm I- 8 l. "m(k' l'("l| a‘IMI l

Mechanises of Discsse) and for compechending materiaks prosented
on disease mechanisms and pathogeneses in subsequent chaptess thae
cover systemic pathology (Section 11, Pathology of Organ Systems).

Normal Cell

microbial, g
bolic, and toxic discases thar arc addecssod in grearer degall in Sce-
tion 11, Pathology of Organ Systems.

Cell Membranes (Cytocavitary Neiwork)

Cell membreanes arc fluidic phospholipid bilayers that enclose cclls
and their arganelles (Fig. 1.2). Two major functions of these mem-
brames are (1) to serve as selective barriers (ic., barrier systems Jsee
Chapter 4, Mechamisms of Microbial Infections]) snd (2) 1o form a
structuml base for the membranc-sssociared proteins (enzymes and
receptons) that d cell function. The term fluidic. indicates

Knowledge of anatomy und of 1 | in cells, tisues,
and orngses b prevaquisite 1o developlg the skills necessary B recognise
and interpres lesions (see the Introduiction and Appendix C, Postmor
tem Fxamination (Autopsy) of Domestic Animal Species; Appendix 1,
Recognition and Interpretation of Macroscopic (Gross) Lesions; and E,
Diagnoses in Vererinary Pathology). The focus of this chapeer ks on the
strucnure of the nonmad cell snd celhalar responses 1o injury. Cell and ris-
sue structure of each ongn system is covered bricfly at the beginning of
cach chapter in Section 1, Pathology of Organ Systens,

Components of Normal Cells and Their
Vulnerabilities

A clear undenstanding of normal cell structure umd function is essen-
tial to thcfmdynfmllulu responses 1o injury. The cell can be visu-
alized simplistically as a b nedosed structure, subdivided
into smaller fimctional units (onganelles) by these meml (h,;
1.1). This interconnecting system of mermnby bownd
muhmidwmmymnﬁ.mfumdhdmhnl
organclles depends in great part on the biochemistry of their mem-
bratve ard intracellubar matrix (ie., gel comp of the cytopl
that supports the functions of the onganclle). Cell membranes and

*For a ghossary of abbreviations and terms used 1n thes chaptes, see E-Glossary
1L
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that proteins and lipids in the ! are not immovable but can
tavel a8 part of the cyocavitary network (Fig. 1.3) duoughout dyw
physical extent of the crll As an cxample of rhis process of “fluidic”
used as cell surface receptors
are -ynlinml and aunblal in the rough endoplismic reticulum
(¢ER), inserred into membrancs in the Golgt complex, and moved
(fuidic) to the cell’s surface at the plasma membrane via the cyto-
cavitary network (see Fig. 1.3).

The plasma membrane encloses the entire cell and ths is s
fiest contact with barmful sulb 03, such as toxins or infections
microbes. Microvilli and cilia (see Ry 1.1) are specialized arcas
of the plasma membrane that are often altered in disease. Plasma
membrumes separite the interior of the cell from the exteral envi-
ronment, neighboring cells, or the extracellubar matix (ECM).
Surface proteins, such as ‘lmmnn, plly A mle in cell-to-cell and
cell-to-ECM intemactions. Tt bedded in

the phospholipid bilayer serve in o varicety of cssential structural,
tmnsport, and enzymaric funcrions (Fig. 1.4). Ligand-receptor
interactions play key roles in these fimctions. Ligands are signaling
mobecules (ulso k as first gers) (e, autocrine, pans-
erine, and endocrine signals [see Fig 12.1]) that biod w recep-
tors in the plasma membeane {cell surface receptors), eyroplasm
(cytoplasmic receptors), or nucleus (nuchear receptors). Ligands
mry be cell associsted, such s thuse on the surface of infectious
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E-Glossary 1.1 Glossary of Abbreviations and Torms

:I*F A e MAC Membeane attack complex
AL id protein composed of immunoglobulin Sght mm" mm,:m"-“mm “."m
Apak-1 A < it i 1 MLKL lﬁadiuonwm
Adonosie frips . _ mRNA Messenger ribonucierc scid

Bak Bd2 3 prospoptoti: prolein mtDNA Mitochondrial DNA
Bax Bel2-associatod X prolon, 8 prolen mTOR Mammalian of i
 sued & iymphocyte hnphonts 2 sty of seguisiory NAD w%m
e, e e R e e
BMP3 Bone morphogenetic protein 3 NK Natural kilor
cs Complomen 5 NO Nitric oxide
Ce Camplement component & ps3 mamugwmmm
a Complomort component 7 PAS Periodic acid-Schif
o ng PCR Volymerase chan rescton

component PFK1 Phosphotructokinase 1
cAMP ; ;
ooy 3 “si W_.”" o determninant %ﬂ, mmamdmy
CDse i ol g iation of — zull m:wmam
CDK X kinaso RIPK Ihmpwnm’l cting protein-scrine/throonine kinase
GMP guanoaine monophosphate ANA Ribonicka ackd
% systom m les;lulrinmdm” 'auu
crp Member of the cytochrome P450 tamiy SASP Sanescenca associled secrotory phenotype
ik e~ ER Smoath endoplasmic raficulum
DISC Mmmm’m SNARE Ws”““m'm‘““"m”m
% acd prosein) attachiment proiein rcepioe
DR Death rocoptor SOD Superonde dsmutase

: Specius

E.EF" ME I l.'"." ﬁqﬂ. ﬁﬁ%&m:mm
FAD Favin adonine dnuciootida X :
FasR Fas reocptor (also known as Fas) oy S st oot
FGFa Fbroblast growth tactor 4 TNF« Tumor necroses 1actor-a
Fup (FADD ke itordouin 1 f convarting enzyma)- TNFR Tumof necrosss factor fecaptor

(e, 36 Sotapopit: TRADD TNF ated doath domain
FoXo Forkhead box proten O TRAILR TNFselatod : figand receptor
HAE and cosin RNA Transtor acd
ﬁ" Mﬂh?mml UBL R
ILe W"‘“““?’ ULK1 1 -ke autophagy-activating kinase 1
i ek VMP1 Vacuolal mombxano poten |
LYST Lysosomal tranicking regulsior gene VPS34 Vacuolar protein sorting 34
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(basal lamina/tassment meembrans)
Fige U1 Cedl Structure and the Organization of Organclics, Cytoskeleton, and Memb Enh The bsteral domain & present on all lateral

sk of the cell. R, Rough encoplassic reticulums sER, smooth endopbemse retsadhan, (Courtsy De MA. Milller, College of Vietertnary Medicine, Purdoe Univendty;
and De. | Zacharey, Collage of Vicenmsey Madicine, University of llinois.)
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Fgers 12 Fluid Mosaic Model of Cell Membrane Structure. The lipid biksyer provides the bsic stroctre and serves as o relattvely smpermessble barrier 1o
molecules.

st warer sobuble

Figem 13 Cymvi-'yNM The rough endoplammic reticulum (ER)

and Golge complex function in synthests of p und glyeop wad
in and socreted from cells. Tr <l hly, modifhca-
un;ulpdmgdduemdnm&swmmmmhlvm&undn
wucleus 1o the phema h ah endopl nevicidum
(sFR) is involved in the synth ~‘|0pds. s, and carhohydrates and in

the doleen of exop it (Courtesy Dr. MA. Miller, College

microbes (au F&p 4.34 and 4.37), or extracellular, such 3 hoe
ytokines, cell ition molecules, and

neurotransmitters.

Cytoplsmic and nucler receptors, through control of gene
expression, regulate ocllular development, homeostasis,” metabo-
lmﬂwlwmwmmmh&lmllm

, such as id h and
endocrine di u that cross pl and nucleas membranes by
passive diffusion.
Cell surface T arc I to the path is of many

1 L 1 14 1

this book. As an extension of i trans-
membeane protedn, ocll sudface recepross recelve and Intenpret exua-
vellular signals (i.c., ligands) from the environment. When a ligand
hinds to an appropriate surface receptor, conformational changes in
the tmnsmembrane protein result in a process called sigril transduoc-
ton (slgnaling molecule — specific receptor peotein on the plasasa
membmne * second messenger transmits the signal into the cedl
ﬂlmﬂ@cm)mﬂdﬁemm (i.e., second messenger sys-

tem [see Later di jon]) or inhibition of the receptor’s biochemical
;ndmayﬂmmhmd:«kddufkmwwsdg}wquﬂnmd
Tipoy ench type is linked to 2 spe-

aﬁcmmﬂuhhodmnlpﬂxwy,mﬂudwwhﬂczﬂsmm
many of these receptons lused oa thelr function s determined by
their genome. Transmembyane receptors are often used by infections
microbes to invade cells or use cell systems during their fife oycles,
thes mititing a process that can injure the bost cell These receptors
and thedr roles in the mechanisms of Infectious discase are discussed in
dmllm(’hqwd M«'l‘mlmsd' Microbial Infecrions.

protein receptor is  involved in
lh:nu(dn—sgndmgpn&mq Ligand sctivition of notch signaling
results in the formation of a cytoplasmic sccond messcryger thiat
enters the nucleus and modifies gene expression during embryonic

¥The extstence of colls, tissoes, and onganell y inary 4
mﬁmhnm‘hﬂmﬂhmﬁmdtﬂmxﬂm
organ system (i.c., the stractuml and functional charsceeristics of oclls thar

allow them to maintain and regulate the stability and consistency of their
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tunul, transport, Lt
of Vererinary Medicine, University of Hlinois.)

development and homeostasis. During development, notch sigial-
ing allows specific types of cells and tissies to develop, organize,
and grow. If a specific cell type expresses a trait esential for the
development of a speciic tissue type, ligmds are relessed from the
“essenrial” cell thar bind norch receptors on adjacent cells. Signal
mansduction and second messenger systems are activated, leading to

functions, (Courtesy De. MAA. Mlllﬂ.uvllqgedVdamanMuhcmc Purdue Universtty; and D LE Zachary, College

Nucleus

Animals arc made of cukaryotic cells; meaning cells that have »

nucleus, which, except in mammalion erythrocytes, s retained

throughout the life of the cell. The nucleus (see Fig 1.1) is readily

visible by light microscopy bocause it contains chromartin (DNA
plexed with hi ), which is well stained by hematoxylin.

the inhibition of division und development of affected “by der”

Uncoiled chromatin is called eudkromatin and is dispened through

cells, This outcome allows specific types of cells to Incresse in nun-
ber during development, while inhibiting other less cssential el
types. Noech-signaling pathways are involved in the development
of neural tssues, blood vessels, heart, puncnes, mummary gland, T
lymphocyres, hematopoletic Hocages, and other cell rypes. Notch-
signaling pathways also play s role in mature animals. They appear
to d ine, for le, whether enteric stem cells differentiote
into villous enterocytes wil.h secretury or absorptive functions, Dis-
cases that kil o injure enteric crype stem cells (e, cortain parvo-
vmm-s) or villous mlernc,tﬂ (e, coronaviruses) probably disrupt
notch ling ys, leading to a lack of secretory or absorp-
tive un!uuqus dnnng iu.xlmg wﬂh failure o retum to "normal”
funcrion (sce Chapeer 7, Alimentary System and the Peritoncum,
Omentum, Mesentery, and Peritoneal Cavity).

S d M ger Sy Cells are In contiouos con-
ract with a wide varicty of extracelldar molecabes (see firse messen-
pers earlier). Fxamples of first ¥ fecules mclude microbial

ligands (also see Chapter 4, Mechanisims of Microbial Infections),
boemones, growth fcton, neorotansminers, aod xenobiotics. Flest
messenger inferactions typically involve the binding of a ligand 1o s
transmembrme protein receptor, which activates a second mesenger
system (E-Fig. 1.1), Examples of second iger molecules include
Ca*, eyelic adencsine monophosphate (cAMP), cyclic guanosine
mosiophospiuie. (COMD).. incsitol trighcsphte; discylglycesl, me-
chidonic acid, and nitric oxide (NO). The second messenger initiotes
an mtrascelhelar signal tinsdoction cecade that stimulstes or alvers
a metabolic pathway. Thas, sccond messenger systems transhare “fiest
mesages ﬁmrhe;lnmnnmnl‘nrrlnmqmﬁrmwnhmdw
cell and its onganelles to is or defend against infec-
thon or other njury,

Cytosol versus Cytoplasm

Whereas the term cytoplasm refers 1o the light microscopically
visible portion of the cell thar ks inside the plasa membranc and
outside the nuclear envelope (sce nexe section), the term cyrosol
specifies the cytoplasmic matrix (i.e., the gel portion of the oyto-
plasm that surrounds organelles), The cytosol comtuins water, dis-
solved lons, and macromolbecules, such s proteins.

the nuclous and sctiviely lnvolved in production of messcnger RNA
(mRNA), Tightly coiled chromarin is called Aeterochvomatin and s
clumped around the inner nuclear membrane and is inactive (see also
Fig. 1.63). The nucheus is surroumsded by un inner and an outer nuclear
membrane that together form the nuclear envelope. The inner sl
outer nuclear membranes merge st the nuckear pore complexes, which
allow bidirectional trafficking between the nucleus and the cytosol.
The inner nuclear membrane is more "nucles™ in i biochemistry
and sceves o segregate and makneain the unbgue blochemistry of the
nucheus, whereas the outer nuclear membrane has features moree like
thase of the endoplasmic reticadum (ER), with which it is continu-
ous. This Jiff fation and ts emential for ranskation
of genetic marerial (DNA and RNA) into gene produces (proteins).

Nudeolus. The nucleolus {see Fig 1.1) is a non-membrane-
bound structure within the nuckess thar foems arounsd domosomal
loci of the ribesamal RNA {(fRNA) genes known as nucleolar onga-
nizing regions (NORs). The nudenlm is the site of n:nsa\[mnn
andl processing of tRNA and of bly of preril al
This, It conssts of ribosomal DNA, RNA, and ribosomal pmulm
including RNA polymerases, imported from the cytosol. Ar the lighe
microscopic level, the nucleolus can be inconspicuous in imactive
cells or quite prominent in cells with high protein production.

Rough Endoplasmic Reticulum

The ER is a membrane-bound network of flattened sxclike cistermae
(see Figs. 1.1 and 1.3). The membrane of the tER is continuous with
the outer nuclear membranc, so the luminal contents of the tER and
of the nuclear envelope communicate. The rER is so named hecause
attached ribosomes impart o rough apy e (at the ol uc-
il level) w s membeane as opposed o the appeasance of the
smooth ER (sER), which lacks surface ribosomes. The main func:

rion of rER isg i thesis. Translation of mMRNA with assembly
of umino nculs into pvpmln.s begins on ribosomes that are free in
the cytsol, When the developing peptide s detected by a signal
recognition particle, rranslation pauscs until the ribosomal peptide-
mRNA complex is uttached to the outer surface of the rER. Protein
formation continues in the membrane or lumen of the tER unail o
shgnal pepaidase romoves the signal peptide, st which time the newly
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Cellular response
lMll wsmh(ek(unmu MA. Miller, Colbege of Veterinary Medicane, Pusdoe University; and Dr. LE Zachary, College of
y of Illinoés.)
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& J' in am be d o the cellular or Tl

| i y is usunlly required to vismliz the Golg complex.

site: where it is needed or to the Golgi complex for further

H ana:uve(.:dpcuxph such as that needed for processing

ing (see Fig 1.3). Transmission electron microscopy Is generally
required to visualize the fER; h , cells thar produce abundant
protein and thus have abundant fER tend to have more hasophilic
cytoplisan because of the ample nucleic acid (RNA) in ribosomes.

Ribosomes, Ribosomes facilitate the synthesis of proteins in cells
(ie., trnalation]) (s Fige: 1.1 and 1:3). Their fnition i to “tramskate”
mformution encoded in mBRNA into polypeptide chains of amino acils
that mxake up protetns. There are two types of dbosoas, free and fied
(also known as membmine hound). They are identical in structure but
differ in intracellular locution. Free ribcsomes are locsted in the cytosal
uﬂm&mmmllmdnnlltaﬂ.mixulﬂhnmm
artached o the (R, Free rib I that are rebessad
md\nrymml-\dmedwdnnduc:ﬂ ﬁxalniu:msylﬂm
proteins that are (1) mserted into the cell k
proacins) ar the tER and subsequently moved (fluld mossie membrane
model} o their final destinations waslly within the plasma mem-
brane or (2) placed in membrane-bound vesicles and moved through
the Golgi complex (see next pansgraph) to the pl 1 and
rebesed via exocyeomts into the extraccllular covironment.

The Golgl complex, sbso commonly called the Golyg appomatus, is
seties of flsrrencd membeane-bound sacs with its inner face (cis oc entry
face) near the tBR in # pamnuclear position (see Fig. 1.3). Proteins
mude in the tER are delivered to the entry face of the Golg s

s packaging of immunogiobulin molecules, bs lanae enough 1o imgmnt
» pacanaclear costnophilic pallor to plasma cclls in s hemaroylin and

Smooth Endoplasmic Reticulum
-muamhmhuﬂmr-ko‘nduh(ml‘wulland”)
without surface ribosomes. sER is not involved in protein
Its main fi is the synthesis of lipids, idds, sl
&ﬂamnllwd\cmhohmduwmuuha
drugs or toxins. Cells, such as hey ytes, that are imy for
qrubﬂfsd'lipidsnlﬂumbolisnddnwurmimluveﬂmﬂml
sER, as do cells that prod, 1h such as ad
almlku\dmmmwumnmmcdh(}!kmmdmmbu
sER have pale ophilic, fincly 1 ytof

Mitochondria

Mitochondria are dynamic organclles thar can change shape,
undergo fission and fusion, and move about within the cell. They
< be harge enough (up to | pm) w resolve with the light micro-
scope, especially in muscle from athlcric animals such as mechorses.
Because most cellular processes require “encrgy,” a major mitochon-
MWBMWJMBMW
(ATP) through oxid: lation. Mitochomdria are also
lnvulwdlnp(ogmnmxl a—ll dﬂlh (cg Wous) signaling, cell
differentintion, and cell growth. Mitochond, in their own
A (segluu:r nnlhc(" ic Basis of Disease), which

XSS

ides. As the g the Golgl complex, U

inly of circular DNA thit encodes transfer and (RNAs

by they
mmmﬂ(c&.whmmzﬂdmm@mhm)

and packaged e y vesicles to be relessed from the cuter (enms)
face of the Golgi complex into the cytosol, cither for wse by the ol
that produced them, as in the case of lysosonsal corymes, or (moee com-
manly) for delivery to the plasma membrane for export. Transmission

mwllmmmnndmdmlpmuml’kmmdtbcm
that itoch i nnkt-tcdmd\enudwcﬁhe
cell. Mitoch ..nluw:n h lly distinct inner and outer
membrane. num:mmcmh:nwhfo&hlmmubmcmmm
inta the central matrix of the mitochondrion (see Figs. 1.1 and 1.5).
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