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Cancer and the

ImmuneSystem
Lisa H. Butterfield, Stephen P. Schoenberger,

and Jeffrey B. Lyczak 
 
 topics covered

A Genetic and physiological aspects of tumorigenesis
A Immunerecognition of tumors: tumor antigens
A Immunecell types that respondto tumors

A Cancer immunotherapies

/ ancer can be consideredas a disease resulting from the progressive cel-
lular expansionofa single cell whose progeny have escaped from nor-
mal regulatory mechanisms controlling cell division and homeostasis.

> Atfirst glance, cancer appearsto bea vast and bewilderingarray ofdis-
eases, with as manydifferenttypes of canceras there are types ofcells in the body
(Table 24.1). There are, in fact, over 100 different types of cancer known, and
subtypesofthese disease states can be found within specific organs. As methods
for the treatmentandprevention ofinfectious and cardiovascular diseases im-
prove, canceris emergingas the leading causeofdeathin industrialized countries
(Fig. 24.1). Although conventional cancer treatments such as surgery,
chemotherapy, andradiation have greatly enhanced patient survival, manipula-
tion of the immuneresponseto cancercells to promotetheir destruction remains
an important and increasingly realistic goal for physicians. Immunological con-
trol ofcancers could conceivably playarolein the eradication ofprimary tumors
and disseminated metastases as well as the residual cancercells that remain after
conventional treatment regimens. Theidealresult of immunotherapy would be
thespecific eradication of cancercells with minimal damageto normal hostcells.
However, almost by definition a tumorcell has escaped immunologic recogni-
tion andprogressed to cancer becausethe affected patient’s immunesystem did
not control tumor growth. Attainmentofthe goal of effective immunotherapy
for tumorsrequires an understanding ofhow the immune system bothfails to re-
spondto cancercells and has the potential to respond andthe ways in which this
responsecanbestrategically manipulated.
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Table 24.1 Nomenclature ofseveral types of cancer
Normal tissue STiCeTeal WEAReiim atte)a

Bloodvessels Angioma Angiosarcoma
Bone Osteoma Osteosarcoma

Cartilage Chondroma Chondrosarcoma

Epithelium Papilloma Carcinoma
Glandularepithelium Adenoma Adenocarcinoma

Liver hepatocytes Hepatoma Hepatocarcinoma
Skeletal muscle Rhabdomyoma Rhabdomyosarcoma
Smooth muscle Leiomyoma Leiomyosarcoma 

“Benign tumorsare anatomicallyrestricted to their originaltissuesite.
Malignant tumors are capableofspreading (metastasis) to distantsites.

Figure 24.1 Cancer deaths in the United States, comparingthe period from 1950 to 1969 with the period
from 1970 to 1994, Data are for white malesofall ages, are grouped according to county, and are expressed as
the numberofcancer-related deaths per 100,000 person-years. Thevertical black bar in the center of each
graph showsthe nationwide average of cancer-related deaths. Data are from the National CancerInstitute’s
Atlas of Cancer Mortality, which can be viewed at http://www3.cancer.gov/atlasplus/.

 
1950-1969 1970-1994

Abbeville, SC Abbeville, SC
Acadia, LA Acadia, LA

Accomack, VA Accomack, VA
Ada, ID Ada, ID

Adair, IA Adair, [A
Adair, KY Adair, KY

Adair, MO Adair, MO
Adair, OK Adair, OK

Adams, CO Adams, CO
Adams, ID Adams, ID
Adams, IL Adams, IL

Adams, IN Adams, IN
Adams, IA Adams, IA

Adams, MS Adams, MS
Adams, NE Adams, NE
Adams, ND Adams, ND
Adams, OH Adams, OH
Adams, PA Adams, PA

Adams, WA Adams, WA
Adams, WI Adams, WI

Addison, VT Addison, VT
Aiken, SC Aiken, $C

Aitkin, MN Aitkin, MN
Alachua, FL Alachua, FL

Alamance, NC Alamance, NC
Alameda, CA Alameda, CA
Alamosa, CO Alamosa, CO [

Alaska Alaska
Albany, NY Albany, NY
Albany, WY Albany, WY

Albemarle, VA Albemarle, VA
Alcona, MI Alcona, MI
Alcorn, MS Alcorn, MS

Alexander, IL Alexander, IL
Alexander, NC Alexander, NC

Alfalfa, OK Alfalfa, OK
Alger, MI Alger, MI

Allamakee, LA Allamakee, LA
Allegan, MI Allegan, MI

Allegany, MD Allegany, MD
Allegany, NY Allegany, NY

Alleghany, NC Alleghany, NC
Alleghany, VA Alleghany, VA
Allegheny, PA Allegheny, PA

Allen, IN Allen, IN
Allen, KS Allen, KS
Allen, KY | Allen, KY
Allen, LA Allen, LA

Allen, OH Allen, OH
Allendale, SC Allendale, SC

143.71 160.01 176.31 - 192.6 208.9 225.2 166.05 183.42 200.79 4 218.15 235.52 252.89
National average = 184.46 National average = 209.47
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CancerIs a Disease of Genes

Through intensive research efforts over the past 25 years,
cancer is now understoodasa series of defects in the

molecular machinery that governs proliferation and
homeostasis in nearly all cell types. Normal cellular
growth within an organism is kept in balance by various
regulatory circuits that govern the rate at whichcells di-
vide, differentiate, and die. Some of these regulatory cir-
cuits are intrinsic to the cell whereas others are coupled to
the signals that cells receive from their surrounding mi-
croenvironment(Fig. 24.2). Cancerarises through a pro-
cess termed neoplastic transformation that occurs when a

Figure 24.2 Schematic diagram of a typical eukaryotic cell showing
the factors or conditions that regulate its growth. Exogenousfactors,
stimuli, or cues are shownin black type. Growth inhibitory factors
andevents are shownwith red arrows. Growth stimulatory factors and
events are shown with green arrows. TNF-R, tumornecrosis factor re-
ceptor; CAM,cell adhesion molecule; FAK, focal adhesion kinase; RB,
retinoblastoma tumorsuppressor protein; TF, transcription factor.
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Figure 24.3 The multistep process of tumorigenesis. The cell, which
is originally normal (at the left), undergoes several genetic changesin
a stepwise fashion. Each genetic changeresults in a phenotypic alter-
ation that favors unregulated growth, exemption from apoptotic sig-
nals, genetic instability, and metastasis (ability to spread from its origi-
naltissue site to other remotetissues ofthe host).

cell undergoesa series of genetic alterations and acquires
the capability to escape these regulatory mechanisms.
This processis thoughtto occurinadiscrete stepwise pro-
cess involving the age-related incidence of four to seven
stochastic events that drive the transformation of a nor-

mal cell into highly malignantclonal derivatives (Fig.
24.3). This processis similar to a Darwinian modelofevo-
lution, in that each genetic change confers a growth ad-
vantagethat leads to overrepresentationofthealteredcell.
The successive and heritable nature of cellular transfor-

mationevents is supportedby histological analysesofpre-
cancerouslesions revealing cells that appear to represent
intermediate steps in the pathway between normal and
transformed cells.

Another knownsituation that establishes a genetic ba-
sis for cancer comes from studies thathave identified cer-

tain mutant forms of normal genes that predispose indi-
viduals to be at a greaterrisk for a given type of cancer. For
example, womenhave a 10% lifetimerisk for developing
breast cancer, but amongthese patients are a small per-
centage with mutations in one of two genes, BRCA1 and
BRCA2,thatgreatly increase therisk of developing breast
cancer. However, even carrying a high-risk mutation in
the BRCA genes doesnotinevitably lead to breast cancer
as 20 to 30% of women with mutant genes never develop
this disease. Thusthere are clearly modifier genes that can
counteractthe negative effects of the mutant genes, Other
genetic predispositions to cancer include colon cancer as-
sociated with the adenomatous polyposis coli gene on
chromosome5; hereditary nonpolyposis colon canceras-
sociated with DNA mismatch repair genes on chromo-
somes 2, 3, and 7; melanoma associated with the
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