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Understanding Cancer

Cancer s 2 term used for discases in which (2 condiion called in situ cancer). However, one.
sbnormal cels divide without control and are of the central characteristics of a cancer cell i ts
abie to invade other issucs. There are more than  ability to invade nearby tissue and spread to other
100 different types of cancer. Cancer is a disease  parts of the body.

caused by genetic changes that develop over time.
Although cancer can develop in virtually any of the  Cancers can spread throughout the body by two
body' tissues and each type of cancer has its ‘mechanisms: invasion and metsstasi. lnvasion

‘unique festures, the basic processes that produce  relers to the dircet migration snd penetration by
cancer are quite similar in il forms o the disease.  cancer cells into neighboring tissucs. Metastasis
refers to the abilty of cancer cells o penetrate.

Cancer begins when a cell breaks free of the into lymphatic and blood vessels, circulate through
normal restrsints on cell division and begins to the bloodstream, snd then invade normal tissues
follow its own agenda for proliferation (Figare. elsewhere in the body. Malignant tumors are

2). Allthe cels produced by division o this capsbl of spreading by invasion and metastasis,
rst, ancestral cell snd its progeny alzo display and, by defintion, the term “cancer” applies
insppropriste proliferation. A tumor, or mass. only to malignant tumors. Tumors threaten an.
of cels, formed of these sbrormal cells may individual's e when their grovwth disrupts the
remsin within the tissue in which it originated tissues and organs needed for survival

Figure 2. The stagesof tumor deselopment. A malignant tumor devlops ver time, as how in this dizgram.
A~ The tumor begins o develap when a singe cells DNA becomes alered, or mtated. We do ot know the exact

‘mamber of matations requred for a normal el to become a ully malignant el but i i probably fewer than 10. The
ccumalation of mtations can trangform a norm cell nto a cancerous one. B, The alteed cell and s descendants
grom and divide rapidy, resiingin ¢ conciton called hyperplasia. At zom i, e of the cels experiences
ancther matation that further ncreass s tendency to divid. C. This cels descendants divide excessvely and look
abmormal, a condion called dysplasia. A time poses, one ofth clls experiences ye another mutation. D. This cl
and s descendants ar very abmorma in both rowth and appearance. | the tumor tht has formed from thee cdlls
il conained within s tssue oforgi, i i called n i, ar g O, cancer. In st cancer may remain contained
indefnitly. E 1f some cels experience addtiomal mtations that llow th turor t nvade nighborin tssues and
toshed clls ntothe oo o lymph,the tumor s s to be malignant. The scaped cell may stabich new tamors
(netastases)at ther lcations i the body.
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Coll Biology and Cancer.

What happens to cause  cell to become
cancerous Forty years ago, scentiste could not
offe s coherent answer o thi question. They.
neve that cancer arose from cells that began to
proliferse uncontrollably within the body, and
they knew that chemical, radiation, and viruses
could trigge this change. But exactly hov it
happened was 3 mystery.

Research scross the past three to four decades,
however, has revolutionized our understanding
of cancer. In large part, this success was made.
possible by the development and spplcation of
the techniques of molecular biclogy, techniques
that ensbled researchers to probe and deseribe.
features of individual cels in ways unimaginable
 century ago. Today, we know that cancer is 5.
disease of molecules and genes, and we have
exen identifed many of the molecules and genes
involved. In fact, our increasing understanding of
these genes is making possible the development
of exciting new strategies for avoiding,

forestalling, and even corecting the changes that
lead to cancer.

Unraveling the Mystery of Cancer
Peaple have likely wondered sbout the cause of
cancer for centuries. ls name derives from an
observation by Hippocrates more than 2,300 years
g0 that the long, distended veins that radiate
ot from some breast tumrs look like the limbs
of a crab. From that observation came the term
arkinoma n Greek and later cancer in Latin.

Wit the work of Robert Hooke i the 1600z,
and then Rudof Virchorw in the 18005, came the
understanding that lving tssues arc composed of
cels, and that al cell aise s direct descendants
of other cels. Yt this understanding raised
more questions abou cance than it nswered.
Scicntists began to sk from what kinds of
mormal cellscancer celssrise, how cancer

celle diffr from their normal counterparts, nd
what events promote the prolifertion of these
abrormal cels, physicians began to ask how
Cancer could be prevented or cured.

Clues from cpidemiology. One of the most
important early observations that people made.
sbout cancer was that its incidence varies

between different populations. For example, in
1775, an extraordinarily high incidence of serotsl
cancer was described smong men who worked s
chimney sweeps as boys. In the mid-1800s, lung,
cancer was observed at slarmingly high raes.
‘smang pitchblende miners in Germany. By the
‘end of the 10th century, using snulf snd cigars

was thought by some physicians to be closcly.
‘sssociated with cancers of the mouth and throst.

These abservations and others suggested that
the origin or causes of cancer may lie outside.
the body snd, more important, that cancer could
b linked to identfisble and even preventable
causes. These ideas ld to & widespread search.
for agents that might cause cancer. One carly
notion, prompted by the discovery that bacteria
cause 3 variety of important human disesses,
was that cancer s an infectious disesse. Another
idea was that cancer arises from the chronic:
irritation of tissues. This view received strong
support with the discovery of X-rays in 1895 snd
the abservation that exposure to this form of
radiation could induce localized tissue damage,
swhich could lead in turn to the development

of cancer. A conflicting view, prompted by the

observation tht cancer sometimes scems to run
in familics was that cancer is heredltary.

Such explanations, based as they were on
fragmentary evidence and incomplte understanding,
helped create the very considerable confusion
sbout cancer that existed among scientists well
into the mid-20th century. The obvious question
fcing rescarchers—and no one could seem

to snswer it—was how factors as diverse 3z
these could all cause cancer. Far from bringing.
science closer to understanding cancer, each new
observation seemed to add to the confusion.

et cach nev observation also contributed
1o scienists eventusl understanding of the
disease. For example,the discovery in 1910 that
2 defined, submicroscopic gent solated from
2 chicken tumor could induce new tumors i
healthy chickens showed that s tumor could be
traced simply and definitivly back to s single
case. Today,scentists know this agent = Rous
saccoma virus,one of several viruses that can
case cancer. Although viruses do ot cause
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the majority of human cancers,theie ntensive
study focused researchers’ sttention on the.
centrsl role cellular genes play in the development
of the disease.

Likewise, investigations into the association
between cancer and tissue damage, particularly
that induced by radiation, revealed that while
visible damage sometimes occurs, something
‘more subtle happens in cells exposed to cancer-
causing agents. One cluc to what happens came
from the work of Hermann Muller, who noticed
in 1027 that exposing fruit les to X-rays often
resalied in mutant offspring. Might the two
nown effects of X-rays, promotion of cancer and
genetic mutaton, be related o one another? And.
might chemical carcinogens (cancer-causing
agents) induce cancer through a similar ability
to damage genes?

Supportfor the ides that genetic damsge underlies
ancer came from the work of Bruce Ames and

others, who showed in 1975 that compounds
Known to be potent carcinogens were generally
also potent mutagens (mutation-inducing agents),
and that compounds known to be only weak
carcinogens were only weak mutagens. Although
scientists know today that many chemicals do.
ot follow this correlation precisely, this inital,
dramatic sssociation between mutagenicity and
carcinogenicity had widespread influence on the
development of a unified view of the origin and.
development of cancer.

Finally, a simple genctic model, proposed by
Alfred Kendzon in 1971, provided a compelling
explanation for the origineof etinoblastoms, 3
rare tumor that occues sarly i . Kaudson's
model lso provided 2 convincing way to
eeconcile the view of cancer ax s disease produced
by external agents that damage cels with the
obscrvaton that some cancers un in familis.
“The model staes that children with sporadic
retinoblastoma (hildren whose parents have 50
history of th discase) ae gencacaly normal

st the moment of conception but cxperience

w0 somatc mutations (mutations that occur

i nonreproductiv celld) that lead to the
development of an eye tamor. Children with
Tamilial retincblastoma (Cha s thei pareets

2

have  history of the discase) already carry one
‘mutation at conception and thus must experience
only ane more mutstion to resch the doubly
‘mutsted configuration required for 3 tumor to
form. In familal retinoblsstoms, cach retinal
cellis slready “primed” for tumor development,
necding only 3 second mutationl event 1o trigger
the cancerous sste. The difference in probabilties
between the requirement or one or two mutationsl
events happening randomly explains why in
sporadic retinoblastoms, the affected children have
only ane tumor focus in one cye, while in familial
retinoblastoma, the affected children usually have
‘multiple tumor focs growing i both eyes.

Although it was yesrs before Knudsoris explanation
was confirmed, it had great impact on scientsts'
‘understanding o cancer. Retinoblastoma and, by
extension, other familal tumors sppeared to be.
linked to the inheritance of mutated versions of
growth-suppressing genes. This idea led to the
motion that cells in sporadically srising tumors
might slso have experienced damag to these
critical genes as the cells moved slong the path

from the normal to the cancerous stat.

Applying advances i cell and molecular
biology, scientis arc now melding genomics and
epidemiology to urther explore why some people
develop cancer while others do not Scientists are:
harnessing the power of new genomic technologics
through cpidemiologic sudics designed to
‘uncover gene variants that contribute to cancer
susceptiblity. Findings from family studies have
formed the basi for our understanding of many
high-penetrance cancer-causing mutations.
These rare mutations give unprecedented
insights into carcinogenic mechanisms but are
responsible for only a small proportion of ll
cancers. Most cancer rik is believed to be due
0 gene-environment interactions involving
low-penetrance but common genetic variants

o single-nucleotide polymorphisms (or SNPs,
pronounced “snips”)—specific stes wihin

2 human genome at which some individusls
will have one nucleotide present while other
individuats will have s differen one.

Cancer-associated mutations—whether somatic

or inherited, whether SNPs or larger genetic
changes—slter key cellular functions. A wide.
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varicty of mutations seems to be involved in the
development of cancer. Even mutations in regions
of DNA that do not code for proteins can result
in under- o averexpression of proteins needsd
for normal functioning, Other genetic mutations
‘may cause important “checkpoint” proteins to
‘malfunction. Collectively, these mutstions can
convert  cells genome from normal to cancerous.

Clues from cell biology. Another field of study.
that has contributed to scientists growing.
understanding of cancer i cell iology. Cell
biologists studicd the characteristics of cancer
cells through observations in the lsboratory and
by inferences from their sppearance in the whole
organism. Not unexpectedly, these investigations
yielded a weslth of information sbout normal,
cellular processes. But they also led to seversl
key understandings shout cancer, understandings
that ulimately allowed scieniists to construct 3
wnified view of the disease.

One such understanding is that cancer cells
arise from the body's own tissues. Scientists
identfied the origin of cancer cels from attempts
to transplant tissues from one person to snother.
Such transplants work well between identical
owins, but not as el when the people involved
are more distantly or not elated. The barrier

o successful transplantation cxists because

the recipients immune system can normally
distinguish between *self” and “nonsell"—cells
of forcign origin. One practical spplication of
this discovery is that tisues can be classified.
s matching or nonmatching before s doctor
attempts 10 gral 2 tissue or organ into another
personis body. Such tisue.typing tests, when
done on cancer cells,reveal that the tumor cells
of a particular cancer patient are abways of the
same transplantation type ss the cells of normal
tissues located clsewhere in the person’s body.
Tumors, therefore, arise from one’s own tissues,
ot from cells introduced into the body by
infection from another persar.

Fusthermore, vistuslly sll malignant tumors
are monoclonal in origin—that i, they are
derived from a single ancestral cel that
Somehow underwent conversion from 3

normal to 8 cancerous state. These insights, as
strsightforward as they seem, were surprisingly
difficult to reach. How could biclogists describe.
the cell pedigree of 8 mass of cells that eventually
s recognized s & tumor?

Towo distinet scenarios might explain how cancers
develop within normal tisues. In the frst, only.
one cell experiences the original transformation
from s normal cell t0 8 cancerous cell, and sll the
cellsin the tumor are descendants of that cell
(Figare 3). I the second scenario, many individual
cells become cancerous, and the resulting tumor
represents the descendants of these original cells.
In'this case, the tumor is polyclonal in nature

Figure 3. Each cll hen t dvides, enertes o
denticd progy clls. S when a el acqres
mudaon (1), pases that mdaton n o5 rony
urtrg cell rowsand diviion (B). Becase cels wih
cancer ined mtations tend toprterte more vy
han normal cells, el candiltes for adiinal
ttions grow in b, Mutation contnac o
accunulate and e herited by descerdant el f ome
<l fnlly aciesencugh ofthe gt kid o mdatons
o become cancerous (O, susequen cance el il be:
derted from that one single ranformed el Most—
ot ll—hman cances (D) appea o be morocona,
that i thy originate from a gl parent el
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