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Breast Cancer and DNA

Today’s Lecture

g . .
P =~ DNA s central to all aspects of Biology

Human Development
* To understand

modern Biology, you

Gene Therapy DNA Fingerprinting
need to understand
AN / DNA.
cancer ——— DNA| —— cloning
/ ™
Individualism Genetic Diseases

Human Genome Project
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DNA is the “Blueprint for Life”

MR

Each person has a unique complement of DNA

1 which causes

Each person to have a unique complement of proteins

1 which contributes to

Each person having a unique appearance and behavior
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Overview of Lecture

mm=) * Humans as hunks of protein

* DNA and protein synthesis
* Mitosis and Cancer

* Breast Cancer
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Functions of Protein

e
AZLLIEEN

* Structural
* muscle, hair, connective tissue, bone
* Chemical

* antibodies, hormones, enzymes

* Chemical reactions in cells are regulated
by enzymes

Humans are made of about 2
million different types of proteins
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What are proteins made of?

PW

av @800,

* Proteins are chains of

“‘ amino acids
® Q‘!‘A « Amino acids join to form

0 o ) } _-—) & peptides (short proteins)
¢ - A .
C XK 2 * Proteins range from a few

“ hundred amino acids to
thousands of amino acids

AMINO ACIDS PEPTIDE PROTEIN
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‘ — Amino Acid Structure
Amino Acids
it byt * There are 20 different Amino
Ar:inoi.\cidsBl{}}dl’mteips-,and side Chain ACidS fOU nd in humanS
roteins are L1 e—.sustammg
e » About half of the amino acids
ESSENTIAL NON ESSENTIAL are considered “essential,”
CANNOT Be Created in CANbe Created in the .
the Body and Must Body Brom Essential meaning you must consume
MAIN FOOD SOURCE .
. i i them in food
e~ . * The other half can be
w0 o dopoctes synthesized by your body
' Proteir s, Sesame, White Fist 1) ® Phenylatanine :Z::::m
in, White F ©® Threonine .
ST « ropecpian =
> 1 , B © valine e
&vm ® Proline
= ’ . Q; ‘.v-‘ k ® Tyrosine

8

=" .
Pﬁg Protein Structure
=

eptide .
/gofld * Proteins are much more than
amino just strings of amino acids.
acid * For a protein to function

normally, it must be shaped
exactly right.

U

* This requires that the “chain’
of amino acids be folded up
into the precise 3-dimensional
shape.
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How does the human body make two million
? different proteins with only 20 different amino
acids?

Answer...

By varying the sequence of amino acids in a protein.

The function of each protein is determined by its structure
(amino acid sequence and folding)
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Amino Acid Sequence of Hemoglobin

0004

Normal hemoglobin

‘ -

Sickle-cell hemoglobin

Jean Evins 2004

Box above shows the one amino acid difference in
normal hemoglobin versus sickle-cell hemoglobin
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? Proteins are made by stringing together

A. Nucleotides

B. Enzymes
C. Amino acids

Chromosomes
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Overview of Lecture

* Humans as hunks of protein

mmm) * DNA and protein synthesis
* Mitosis and Cancer

* Breast Cancer
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Gregor Mendel

ISSUES
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Mendel had no idea about the
existence or structure of DNA

IN

* Genetics was born in 1866 when a
monk named Gregor Mendel
published a paper that defined the
term “gene” as the unit that passes
down heritable traits

* He argued that children inherited
two copies of each gene

* one copy from the mother
* one copy from the father
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James Watson & Francis Crick

* No one knew the structure of
genes until the structure of DNA

was discovered
* DNA Structure first described in

the 1950s by:
* Watson, Crick, Wilkins and Franklin

IN
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)
, = DNA Structure
|
Nucleotide Bases

* Double Helix

@ Adenine
Base

* Four Nucleotides
e Cytosine . .
s Phosphate * Each nucleotide consists of:
ugar @ Guanine . Sugar (S)
Thymine * Phosphate (P)
* Base (AT,Gor C).

* DNA consists of very long
strands with millions of
nucleotides in various
sequences

Thymine  Adenine Guanine  Cytosine

ISSUES IN

MICHAEL SAWEY | APRIL SAWEY

15

? Why is each strand of DNA so long?
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It takes a long sequence of DNA to code for the
amino acids in all of the proteins
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Answer:

* There are 2 million proteins

* Each protein is 1000’s of amino acids
long

& i
3end  hydrogenbond & end ;
peptide
¢ bond
amino
acid /
2
By N

* DNA is 3 billion nucleotide bases long
* each letter [C,G,T,A] represents a nucleotide

IN
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DNA contains a linear Is transcribed to

base sequence that... RNA which...
G-C G
T-A V)
A-T A
A-T A

Translates into
amino acid chains
which...

Fold into Proteins

Primary Structure
Amino acid sequence

Amino acid

)
wminoscs (1)

econdary Structure
Regular sub-structures

Quaternary Structure
of protein

Tertiary Structure
Th imensional

Amino acid Q
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DNA is not a protein...

it is @ molecule that contains the
instructions for making proteins

P.é Where is DNA located in the cell?

Mitochondria Y ANATOMY OF AN ANIMAL CELL * The nucleus
Centrioles GG * The nucleus contains chromosomes

Endoplasmic gg
Reticulum <

Microtubules ,*

* Chromosomes are tightly wound chains
of DNA
* Together, the 46 human
chromosomes contain about 3 billion
nucleotide bases.

<

(@

o

Golgi complex l%
Lysosomes &

Ribosomes

2%
Vacuoles '

Nucleus —|

Nucleolus
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Overview of Lecture

* Humans as hunks of protein

* DNA and protein synthesis
mm)> . Mitosis and Cancer

* Breast Cancer
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|

- = Cell Division (Mitosis
Pﬁ ( )

The growth of the organism itself and the repair of any
damaged tissues are ensured by continuously dividing cells.

Mother cell

DNA replication
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Cell Division (Mitosis)

K
5880

1. Before mitosis, the chromosomes are duplicated (DNA Replication)
in order to make sure that each daughter cell will receive one copy of

every chromosome.
(Here only 2 of the 23 chromosomes are shown.)

Mother cell
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=

Cell Division (Mitosis)

AR

2. During mitosis, the duplicated chromosomes are distributed to the
two new cells which are formed by cell division.
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, = Cell Division (Mitosis
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3. After mitosis, there are two new cells with a complete complement
of chromosomes (23 pairs of chromosomes, not just 2 as shown in the
example below)

Mother cell

@-@-

DNA replication
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Cancer

results in uncontrolled mitosis caused by
mutations in the DNA

13
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MICHAEL SAWEY |

| !
P% | Types of DNA Mutations
)li‘
CTG * Substitution: a mutation where one
base is exchanged for another for
CTGGG
another in the DNA
CTGGAG . |nsertion: a mutation where extra
CTGC@‘\G bases are inserted into the DNA
CTBGAG * Deletion: a mutation where bases
CTAG are eliminated from the DNA

ISSUES It
AAAAAAAAAA

27

Mutations

* High-risk mutations are those that disable an important error-free
DNA repair process, thereby significantly increasing the person's
risk of developing cancers

* Mutations can be inherited from either parent and may be passed
on to both sons and daughters.
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. s Cancer Formation
P g NORMAL CELL GROWTH
B0 B ™ sty * Starts with mutation in DNA
cal : * Mutations leads to uncontrolled

division

mitosis

* Uncontrolled mitosis leads to tumor

Healthy
< @ growth

Genetic
changes
Cancer

* Tumors can spread (metastasize) to
vital tissues or organs

Malignant tumour
cell

Doubling of the cancer cell

O

ABNORMAL CELL GROWTH

Cancerous
cell division
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? Which statement about DNA is FALSE?

A. DNA is in the chromosomes.

B. DNA is made of millions of amino acids.

C. The structure of DNA was discovered by Watson, Crick,
and others.

None of the above are false.
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Overview of Lecture

* Humans as hunks of protein

* DNA and protein synthesis

* Mitosis and Cancer

* Breast Cancer
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? Which statement about BRCA is FALSE?

A. BRCA genes produce proteins that help repair
damaged DNA.

B. There are genetic tests for mutations in the BRCA
gene.

C. If a person has a mutated version of the BRCA gene
they can have an increased risk of developing breast
cancer.

None of the above are false.
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Top 10 Cancers in Humans

MICHAEL SAWEY | APRIL SAWEY

Estimated New

Common Types of Cancer Cases 2017
—_— 1. Breast Cancer (Female) 252,710
2. Lung and Bronchus Cancer 222,500
3. Prostate Cancer 161,360
4. Colon and Rectum Cancer 135,430
5. Melanoma of the Skin 87,110
6. Bladder Cancer 79,030
7. Non-Hodgkin Lymphoma 72,240
8. Kidney and Renal Pelvis Cancer 63,990
9. Leukemia 62,130
10. Endometrial Cancer 61,380

33

Estimated
Deaths 2017

40,610
155,870
26,730
50,260
9,730
16,870
20,140
14,400
24,500
10,920

Female breast cancer
represents 15.0% of all new
cancer cases in the U.S.

15.0%

Percent of New Cases
-
v

1.8%
oL 00% [

SEER 18 2010-2014, All Races, Females
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Age

<20 20-34 35-44 45-54 55-64 65-74 75-84 >84

34

Female breast cancer is
most frequently
diagnosed among
women aged 55-64.

Median Age
At Diagnosis

62

* Most new cases of
breast cancer occur
in women older
than 35

* The median age at
diagnosis is 62.
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Female Breast Anatomy

e
A7 e

* The female breast consists of fat
deposits and milk producing lobes as
well as the ducts that transport the
milk to the nipple.

* Cancer can affect any of these
tissues, resulting in different types of
breast cancers
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D,

i

Pw = Cancer can spread to lymph nodes
o
4 e * Cancerous cells can move from the
‘ ‘,/ breast into lymph nodes.
(5 * Cancer can be spread (metastasize)

to other parts of the body by
movement through the lymphatic
system
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Lymphatic System

NI

* Lymphatic vessels are responsible for
fight subclavian vein—<5— €\ 5\ iefisubavian vsin returning body fluids from tissues

' lymph nodes throughout the body to the

heart bloodstream.

* Lymphatic vessels occur throughout the
body and can, therefore, carry cancer
cells far from their point of origin (like
the breast) and ultimately to the
circulatory system.

* This can result in cancer spreading
throughout the body

thoracic duct
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S 8800

Ductal carcinoma Lobular carcinoma
in situ (DCIS) in situ (LCIS)

* Cancer in different cells of the breast
result in different forms of Breast

Cells.

Cancer
Invasive ductal Tt e * You do not need to know all these specific
e s Tl forms of breast cancer... just that there are

different forms.

Inflammatory Paget’'s
breast cancer disease
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Survival is highest when cancer is detected

before it spreads

6%2%
\ |

31%—,

62%

Percent of Cases by Stage

B Localized (62%)
Confined to
Primary Site

M Regional (31%)
Spread to Regional
Lymph Nodes

[l Distant (6%)

Cancer Has
Metastasized

Unknown (2%)
Unstaged

SEER 18 2007-2013, All Races, Females by SEER Summary Stage 2000

Percent

5-Year Relative Survival
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Most breast cancers are detected in the localized stage, resulting in a high survival
rate. Distant breast cancers in which the breast cancer has metastasized have a lower
survival rate.

A7 e

pw

Breast Self-Exam

« No difference in breast cancer survival

Breast self-exam (BSE) is a step-by-step approach a woman can use to look at and feel her breasts.
However, BSE is not recommended as a screening tool for breast cancer.

Although it seemed promising when it was first introduced, studies have shown BSE does not offer
the early detection and survival benefits of other screening tests [45].

A meta-analysis combined the results of the two largest randomized controlled trials on BSE. It
compared women who did routine BSE to those who did not and found [45]:

+ Women who did BSE had more false positive results (which led to nearly twice as many biopsies
with negative (no cancer found) results)

For more information about how to do a breast self-exam go to:
http://www.webmd.com/breast-cancer/guide/breast-self-exam#1
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http://www.webmd.com/breast-cancer/guide/breast-self-exam
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Symptoms of Breast Cancer

0 Is there a change
in breast size?

your nipple?
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Is there discharge from

Is there redness or

SELOEEG * Change in breast size
* Redness on the skin

* Discharge from nipple

* Inverted nipple

Has your nipple become
inverted?

41
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Is the skin dimpled or
like orange peel in
texture

A Are there any lumps or
thickening of the skin?
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Are there any swellings

) under your armpit or

e s * Skin dimpled (like orange peel)

* swellings under armpit or collarbone
* lumps or thickening of skin

* pain in breast or armpit

Do you get any pain
from your breast or
armpit?

42
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Mammograms

* Examples of MRI and x-ray
images of two different cases of
DCIS.

* The case on the left is an x-ray
mammogram of a breast showing
DCIS in the upper portion of the
breast.

* The case on the right is an MRI
mammogram showing DCIS in the
lower portion.

X-ray MRI

ES IN

WEY | APRIL SAWEY

* New research suggests
some women may want
to start getting yearly

‘ %) @ e @ o @ mammograms at age 40
/u\ﬂ A (& [\E UQ * Talk to your doctor

ncel
Society

L american / Nlew Breast Cancer Screening Guideline
k3

for women with average risk

| AGE40 AGE45 > AGES55 AGE 55 +
Talk with your doctor about Begin yearly Transition to mammograms Continue to
when to begin screening, mammograms every other year at age 55 have regular
Women should have the by age 45. or continue with annual mammograms for
opportunity to begin mammography, depending as long as you're in
screening if they choose. on your preferences. good health.

LEARN MORE ABOUT BREAST CANCER SCREENING

ISSUES

N
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BRCA Genes

AL

* The BRCA genes are tumor suppressor
genes.
* BRCA 1 is located on Chromosome 17
* BRCA 2 is located on Chromosome 13.

1 1l

BRCA Gene 2 .
SATEET e Both genes produce proteins that help

repair damaged DNA, keeping the
genetic material of the cell stable.

BRCA Gene 1,

THIn

* A mutated BRCA gene can lead to
Chromosome 17 Chromosome 13 increased risk of cancer, particularly
breast or ovarian in women.

cC 3
ISSUES IN
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BRCA Mutations and Breast Cancer

e,
A7

* No Mutation in BRCA genes:

* 12% of females with the typical BRCA gene will develop
breast cancer sometime during their lives.

e with BRCA2 Mutation:

* 45% of females will develop breast cancer by age 70

e with BRCA1 Mutation:

* 55-65% of females will develop breast cancer by age 70

* Note: simply having a mutated form of the BRCA gene does not
automatically mean someone will get breast cancer... but there is
an increased risk of developing breast cancer
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BRCA Mutations and Ovarian Cancer

©
AR

* No Mutation in BRCA genes:

* 1.3% of females with the typical BRCA gene will develop
ovarian cancer sometime during their lives.

e with BRCA2 Mutation:

* 11-17% of females will develop ovarian cancer by age 70

e with BRCA1 Mutation:

* 39% of females will develop ovarian cancer by age 70

* Note: simply having a mutated form of the BRCA gene does not
automatically mean someone will get ovarian cancer... but there is
an increased risk of developing ovarian cancer

CSCIJES I
ISSUES IN
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Genetic Tests for BRCA Mutations

Mo,
AL

* Several different tests are available

* those that look for a known mutation in one of the genes (i.e., a mutation
that has already been identified in another family member)

* and tests that check for all possible mutations in both genes.

ISSUES IN
MICHAEL SAWEY | APRIL SAWEY

* DNA (from a blood or saliva sample) is used for mutation testing.

48
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Prophylactic Surgery

* Surgery done before cancer is detected

* Females with mutated BRCA genes may choose to have both
breasts removed (mastectomy) to reduce their risk of breast
cancer.

* Surgery to remove a woman's ovaries and fallopian tubes can help
reduce her risk of ovarian cancer.

* Removing the ovaries also reduces the risk of breast cancer in
premenopausal women by eliminating a source of hormones that can fuel
the growth of some types of breast cancer.

ISSUES N
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* In May 2013, Angelina Jolie had both
breasts and ovaries surgically removed
after discovering she carries a mutation
of the BRCA1 gene that dramatically
increases her chance of having
potentially fatal breast cancer and
ovarian cancer.

* The mutation in her BRCA1 gene, left
the mother-of-six with an estimated
87% risk of breast cancer and 50% risk
of ovarian cancer.

Angelina Jolie

N
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=
P@ = New Cases and Deaths: Breast Cancer
2
New Cases, Deaths and 5-Year Relative Survival View Data Table

* New cases of
breast cancer

W are much

5019750 13507519855 135015 515355520000 52005 20033

5-Year Relative

Survival 75:2%

74.9%

|
gé ) greater than
gé o] deaths, showing
" that many
e women survive
f975 1980 1985 1990 1905 2000 2005 2010 2014 breast cancer.

78.4% 84.6% 86.8% 90.2% 90.5% 91.3%

SEER 9 Incidence & U.S. Mortality 1975-2014, All Races, Females. Rates are Age-Adjusted.
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Next Lecture

Cloning and Individuality

52
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