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The Biology of Breast Cancer

To reduce cancer risk, we first need to understand how cancer develops in the body. Understanding how cancer
develops can help us find ways to slow down its progress or perhaps stop it from occurring in the first place. For
example, understanding that breast tissue of girls and young women is especially sensitive to cancer causing agents
can help directrisk reduction efforts to these groups. Making sense of cancer means taking a step toward more informed
decisions about our bodies, our selves, and our environment.

How Does (Breast) Cancer Develop? How Do Things Go Wrong?

Cancer develops through a multistep process in whichWhen cancer develops it is because things go wrong in the cells
normal, healthy cells in the body go through stages thatof the body. In the breast tissue of young women and girls, cells
eventually change them to abnormal cells that multiply outare especially sensitive to DNA damage from cancer causing
of control. In most cases, cancer takes many years taagents.

develop. ) )
Mutations in DNA

Normal cells in the body communicate with each other and - . .
y In every one of the trillions of cells in the body, there is an

regulate each other's proliferation (division). Cells “operations manual” made up of DNA molecules. The information
proliferate to replace worn-out cells. When cancer occurs,, P P '

cells escape the normal controls on their growth and™ the manual is separated into chapters, caieasavhich are

proliferation. This escape from control can happen throughmade up of small units Of DNA. Genes are written in a DNA code
a variety of pathways that must be transcribed and translated in order for the cell to make

the protein signals specified in each gene. These proteins are

Part of the multistep process to cancer includes acquiringsignals which tell the cell how to function.
damage rputation$ to genes that normally regulate cell

proliferation. A series of permanent mutationgimor A change in the genetic code imatation Mutations can happen

suppressor gen@mdproto-oncogeneisee p. 4) are needed by suptracting from, adding to, or r_ea}rranging the original code.
before cancer develops. Buildup of damage in these genelg/lutatlons can happen randomly within the cell's DNA, but they
can resultin uncontrolled cell proliferation. In some cases can also be induced. A substance that causes mutations in DNA is

further damage can lead to cells that can break away fronﬁ:a”ed anutagen Mutations in a gene may interfere with its ability

the primary tumor and form cancers at other sites in theto make a functional signal, or cause it to code for a protein that

body Metastasis sends an incorrect signal to the cell.

Breast tissue is particularly sensitive to developing cancerj\ﬂooﬁg?lgfrtéor;siége rltf:‘gi;rjg Egr:?s:(?:Ir'ebuatilrré(rjatgif((:)?:zscgllljé?)u?gss
for severalreasons. The female hormone estrogen stimulatel S DNE and%livide;s into two cells, then tﬁe mutation is assedpon
breast cell division. This division can increase the risk of ’ P

making damage to DNA permanent. Furthermore breast® the_ two neV\daughterceIIs_ and beC(_)mes permanent, Rare
cells are not fully matured in girls and young women who genetic disorders (e.g., Ataxia Telangiectasia) are one way that

have not had their first full-term pregnancy. Breast cells gilillzEreo(:enﬁ[;;/;%ﬁgt?nefgigty to repair DNA, and may experience
that are not fully mature birghrcinogengcancer causing P '

agents) more strongly and are not as efficient at repairingyyytations in most of a cell's DNA have no effect on whether the
DNA damage as mature breast cells. cellwill become cancerous. However, the protein signals coded by




EMERGENCE OF A CANCER CELL from a normal one (white) is thought to occur Therefore it is Important to reduce the

NORMAL through a process known as clonal evolution. First, onedaughter cell (light grey) exposure of young women and girls to
CELL inherits or acquiresa cancer-promoting mutation and passes the defect to its progeny H H

and all future generations. At some point, one of the descendants (medium grey) acquires Car(_:mogens that mlght dam_age DNA

a second mutation, and a later descendant (grey) acquiresathird, and so on. Eventually, durlng this phase of rapld breast

some cell (dark grey) accumulates enough mutationsto crossthe threshold to cancer. development For example Japanese

infants and young women exposed to

g FIRST MUTATION Cell seems normal bt is predisposed to ionizing radiation from atomic bombing
proliferate excessively during WWII have high rates of breast
cancer as adults. It is also important to

g g seconomutaTion  Cell begins to proliferate too much but reduce exposure to environmental

Is othenwise normal estrogens during these critical times.

Environmental estrogens (estrogen

g g 8 THIRD MUTATION  Cell proliferates more rapidly; it also ‘mimics’) are synthetic chemicals that

undergoes structural changes can act like human estrogen in a

| MALIGNANT CELL woman’s body, and may stimulate cell

ﬁ g g 8 ﬁ T anon ooy WS gcrg:;’s'{'ﬁ?%g o division in the breast.

s After a woman’s first full-term

pregnancy, hormonal influences

Reprinted with the generous permission of Jared Schneidman Design transform a high proportion of her breast
cells into matureglifferentiatedcells

a very small proportion of the total genes in each cellwhich make milk. Milk producing cells are fully mature and less

regulate cell growth and division. These regulatory genesensitive to DNA damage than immaturaifferentiatectells.

include the two groups of genes cajeoto-oncogeneand Therefore, susceptibility to mutations declines in the breast cells

tumor suppressor genea series of mutations in the DNA  of women who have had an early full-term pregnancy. Some

of either and/or both groups of these growth controlling evidence also suggests that breast feeding further reduces the

genes can eventually lead to cancer. Buildup of thesdreast cells’ sensitivity to mutations.

mutations may take years to develop.

Though much of what we know about the biology of breast tissue
. . susceptibility to cancer is based on research in animals, it is
Breast Biology and Susceptibility to Cancer  pejieved most of this knowledge can be applied to human biology.

Cells that divide are at a higher risk of acquiring mutations
than cells that don't divide. Cancer is generally rare inf CRITICAL PERIODS OF SUSCEPTIBILITY:
tissues in which cells don't divide, like nerve tissue.
Alternatively, cancer is more common in tissues in which
cells divide frequently such as with breast, skin, colon, anc
uterine tissues.

Birth to 4 years
PubertyO
End of Puberty to 1st full-term pregnancy]

Oooodg

Biological Characteristics of Critical Periods
* Rapid cell division

Young women and girls have breasttissue thatis especially «reast cells have higher proportion of "stem cells"
sensitive to cancer causing agectr¢inogens Unlike O :ISVquatitZﬂs can be passed ongnot repaired
other tissues in the body like the liver and heart that ar tem cells are more suscepible to carcinogens
formed at birth, breast tissue in newborns consists only of
tiny duct. At puberty, in response to hormones (like
estrogen that is secreted by the ovary), the breast duct grows  Biological Characteristics AFTER Critical Periods
rapidly into a tree-like structure composed of many ducts| © *{fwer ilffdm cells

* Less cell division
Most breast development occurs between puberty and @ - e celis are differentiated
woman’s first pregnancy. Theimmature breast cells, calledl * Differentiated cells repair DNA more efficiently
“stem cells”. divide rap|d|y during puberty The cellsin the * Differentiated cells bind carcinogens more weakly than stem cells
immature, developing breastare notvery efficientat repairingp
mutations, and they are more likely to bind carcinogens. original hypothesis and animal modeling done by Drs. Irma and

Jose Russo
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AFTER 1ST FULL-TERM PREGNANCY:
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The Stages of Tumor Development

Cancer develops through different stages. These stages may or ma
eventually lead to invasive and metastatic cancer. In most casesitta
many years for cancer to develop. Early detection of any tumor
important because it increases the chances of removing the can
before it becomes life-threatening.

Normal: There are trillions of cells in the healthy human body. Eve|

though adults stop growing, the body constantly replaces worn-out cqlls

with new ones to stay healthy. Cells must communicate and respon
each other’'s checks and balances to maintain the correct numbe
healthy cells.

Genetically altered cell(s)Tumor development begins when at leas
one cell has a genetic mutation (mistake in DNA) which causes it
divide and proliferate when it normally would not. This leads to mo
cells with the same mistake.

Hyperplasia: Cells look normal but grow too much. Further damag
can lead to “dysplasia.”

Dysplasia:Cells proliferate too much AND look abnormal in shape an
orientation. Cells are less responsive to surrounding cells and

body’s signals to stop proliferating. Further damage and/or cell chang
can lead to “in situ” (pronounced “in-SIGH-two") cancer.

Atypia: Cells look abnormal. Atypia is a general term describing ho
cellslook. Forexample, one cell can appear atypical, buta group of c¢
display “dysplasia.”

Benign tumor(not life-threatening): Although cells are not normal,
they do not have the ability to travel to other parts of the body. Cells
benign tumors are typically more differentiated (mature) and organiz
than cells in cancerous tumors. In some cases a benign tumor n
eventually become an invasive or metastatic tumor.

In situ carcinoma (cancer):Cells become even more abnormal in|
growth and appearance but the tumor cells have not broken through
boundary around the tumor that separates it from surrounding tissu
This boundary is like a capsule that contains the tumor. Cells m
acquire additional damage and/or changes which can lead to invag
cancer.

Invasive cancer (can be life-threatening —primary tumo): The
uncontrolled growth of cells in the tumor allow some cells to brea
through the capsule-like boundary and invade nearby tissues. Gef
ally, invasive tumors are life-threatening if the cancer cells are presg
within a vital organ like the kidneys, lungs, or liver. Invasive tumorsii
non-vital organs like the breasts are not necessarily life-threateni
unless they beconmealignantand migrate to a vital organ. Therefore,
early detection of any tumor is important because it increases {
chances of removing the cancer before it becomes life-threatening

*Malignant: Cells from the invasive (primary) tumor gain thq
ability to enter the blood stream or lymphatic system and to travel
distant areas in the body (metastasize).

Metastatic cancer (life-threatening —secondary tumorghat come
from the primary invasive tumor). Cells from the malignant primar
tumor gain the ability to re-establish somewhere else in the body wh
they form new cancerous tumors. The secondary tumors are cal
metastases Metastatic tumors can become fatal because they m
disrupt the function of vital organs.

Where Can Things Go Wrong?

notCells in the body are regulated through the cell cycl
€S Damaged cells may eventually become deaf to norn

izr regulation and multiply out of control.

®

nal

Cell cycle

1o Eventhough adults are no longer growing, many cellsin
of adult’s body continue to divide to replace worn out cells.
To divide, a cell must enter a “highway” called the cell
cycle. There are specific signals that tell a cell when to
enter the cell cycle and how long to stay there and divide.
For examplegyclinsare molecules that help control the
cell cycle. There are also signals which tell the cell when
to exitthe cell cycle. When a cell divides, it copies its DNA
and produces two new daughter cells. If any of the signalg
controlling the cell cycle fail, cell division may go
unchecked.

N

an

[0

he
es

S

in
bd
hay

the
es.

?\ye Figure created by Dr. Roy Levine

The female hormone estrogen is one signal that tells certain
kinds of breast cells to enter the cell cycle. This leads to
ker_ increased cell division. In addition, researchers suspect af
nt interaction between estrogen and certain cyclins¢gain-
h D1) which stimulates the cell cycle.
ng
Factors that are locally produced by breast cells can alsg
affect cell division. One example is the growth factor TGF-
alpha (transforming growth factor alpha). Researchgrs
to have shown that over-expression of TGF-alphais associate
with increased cell division in breast cells, and hence may
be associated with breast tumor progression (see Stages
Tumor Development). Over-expression of growth factaors

bre may be related to damagegroto-oncogenegsee below).
ed
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Proto-oncogenes and oncogerf€&n” genes An example of a vital tumor suppressor (“stop”) gene is the p53
.., gene. A mutation in the p53 gene is the most common genetic
P_roto-oncogen_esare normal genes that C_Ode for the “go change found in breast cancer. One function of this gene|is
signals controlling the cell cycle. These signals tell a cell tQ, ep cells with damaged DNA from entering the cell cydle.
enter the cell cycle and code for how long it should stay there a"l‘ine p53 gene can tell a normal cell with DNA damage to stof

divide. If a proto-oncogene loses the ability to regulat_e the ce roliferating and repair the damage. In cancer cells, p53
cycle, the cell may reproduce uncontrollably because it stays cognizes damaged DNA and tells the cell to “commit suicitle’
the cell cycle and continues to divide. A mutated protol-i

o

hat has | | of its “ao” sianal | lled apoptosi}. If the p53 gene is damaged and loses its function
gzgggggzt at has lost control of its “go” signal Is called a ells with damaged DNA continue to reproduce when normallyj

they would have been removed through apoptosis. Thisis wh
Oncogenes code for protein signals that stimulate the cell f§€ P53 gene has been termed “The Guardian of the Genome.

enter or 9ontinue in the cell cycle. This leads to inappropriatg ¢, proportion of breast cancer cases (5%) are related to
cell division and growth of a developing tumor. For examplethe inheritance of susceptibility genes. Alterations of the

amutation in a proto-oncogene may cause the over eXpreSS'FHI:ently discovered “breast cancer susceptibility genes,” BRCA
& 2, are involved in some inherited cases of breast cancer.

of certain growth factors, and lead to inappropriate division o
cells. Thatis why some growth factors are seen at higher Ieve] activated, these tumor suppressor genes can act indirectly
the cell by disrupting DNA repair. This allows the cell to

in many breast tumors.
accumulate DNA damage, including mutations that can

S

S5 —h

Another example is therb-B2 receptor gene, an oncogene
which codes for a receptor protein. The receptor in normal celfncourage cancer development.

must be bound to a certain growth factor before it can Stmum@thertumor suppressor genes that researchers have found may

the cell to enter the cell cycle and divide. But in faulty version%e related to breast cancer includeRleéino blastomzBrush-
of theerb-B2receptor gene, the receptors specified by this geng Maspin nm23,and theTSG101genes
can release a flood of signals to stimulate increased cell division ' '

without being bound to the growth factor. Researchers have ) )
shown that up to 30% of primary breast cancers have too many Cell adhesion proteins
copies of theerb-B2gene.

Healthy cells in the body are contained in a very orderly|

Other oncogenes that researchers have found to be related®{f2ngement, like cobblestones in a street. Cobblestones gre

breast cancer include the tyrosine kinase family of growth factdemented in position and are contained by a curb.  Like
receptors, the-myc oncogene, cyclirD-1, and the cyclin cobblestones, cells are cemented in positiooddyadhesion
regulator,CDK-1. proteinsand are contained in their proper location by a curb)

called thebasement membrandn order for cells that have
» ., become cancerous to metastasize, the cells have to “brejﬁ
Tumor suppressor genes: “Stop” genes through” the basement membrane and enter the blood stre

Just as the cell has “go” signals that tell it when to enter the cdif lymphatic system.

cycle, it also has genes Whr']Ch control the dbrak_es. (_:e”S(;N:tl'Certain genes code for molecules which signal the cell to mak
tumor Isuppr?]ss_okr) gEneth ali are mutate or_mr;rl]cuvaltle |°§§II adhesion proteins. Ifthese genes are damaged by mutations
control over their brakes. _ra“ esare |m_portimt Inthe cell cyclgy,q resulting adhesion protein may no longer function properly,
Putting on brakes at c_erfcaln check p0|_nts, allows the cell Quithout the cell adhesion proteins, cells do not stick|as
checqurany damage in its .DNA' Repairs '?““St be made befo&‘frongly to each other and to the basement membrane. | The
the ceI_I is allowed to go on in the cycle. W'thO_Ut the?? brakegu|is themselves may no longer stay in their orderly arrangement
cells with damaged DNA would copy the mutations, d|V|de_, and,\q may escape the boundaries of the basement memi rame.
passblt_) nhtr:je damage to daughter_ Ce.”S‘ J he damage is thsgsearchers have shown that expression of normally functigning
efsta IShe ”as a_lpherm?nent mut_atlon in sufsquent %enerat'%%esion moleculesis progressively reduced in more advanced
ot new Cets. ieretore, an |mp_ortant_ unction o _tumortumors. Two types of cell adhesion protein that researcherps
suppressor genes is to maintain the integrity of the DNA in Cellsﬁave found to be related to breast cancer aresieerinsand

integrins
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Early detection of tumors is vitally important because damage

to the genes governing cell adhesion molecules can be one of
the life-threatening stages of tumor progression. Removing a
tumor when it is still contained and before cells have escaped
the confines of the original tumor reduces the chance that cells
may have metastasized and generated new tumors in other area
of the body.

This fact sheet benefited from the suggestions |of
numerous reviewers including the BCERF Educational
Advisory Committee, Dr. Cora Foster, Dr. Renu Gandhi,
and Dr. Andrew Yen who generously provided insight
Sand comment.
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Summary
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Guardians of Our CellSBCERF Fact Sheet #6

A complete bibliography is also available at
* Development of invasive and metastatic cancer is a multi-  http://www.cfe.cornell.edu/bcerf/
step process. Early detection of tumors is vitally important.
Removing a tumor before cells can escape the confines of the
original tumor reduces the chance that cells will metastasize Prepared by
and generate new tumors in other areas of the body.

Rachel Ann Clark, M.S.
* Taking steps to reduce risk includes understanding cancer Science Writer
and making more informed decisions about our bodies, our BCERF
. Cornell University
selves, and our environment.
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Program on Breast Cancer and Phone: (607) 254-2893 Cornell
Environmental Risk Factors (BCERF) FAX:  (607) 254-4730 Cooperative
College of Veterinary Medicine email: breastcancer@cornell.edu 3 Extension
Cornell University WWW: http://envirocancer.cornell.edu Helping You
Box 31 Put Knowledge
Ithaca, NY 14853-5601 to Work

This fact sheetis a publication of the Cornell University Program on Breast Cancer and Environmental Risk Factors in New York
State (BCERF). The Program is housed within the university-wide Institute for Comparative and Environmental Toxicology
(ICET) in the Cornell Center for the Environment. BCERF strives to better understand the relationship between breast cancer
and other hormonally-related cancers to environmental risk factors and to make this information available on an on-going basis
to the citizens of New York State.

The program involves faculty and staff from the Cornell Ithaca campus (College of Agriculture and Life Sciences, College of
Arts and Sciences, the College of Human Ecology, the College of Veterinary Medicine, the Division of Biological Sciences and
the Division of Nutritional Sciences), Cornell Cooperative Extension, and the Cornell Medical College and Strang Cancer
Prevention Center.

If you would like to be added to our mailing list to receive future copies of our newsl¢tEeIRIBBON please contact Carin
Rundle, Administrative/Outreach Coordinator at the above address. Also included in the newsletter is a tear-off sheet listing
other fact sheets.

We hope you find this Fact Sheet informative. We welcome your comments. When reproducing this material, credit the Program
on Breast Cancer and Environmental Risk Factors in New York State .

Funding for this fact sheet was made possible by the U.S. Department of Agriculture Cooperative State Research, Education
and Extension Service, the New York State Department of Environmental Conservation, and Cornell University.
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