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What two things do these people have in common?
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What two things do these people have in common?




1in2menand 1in 3women are at lifetime risk for
developing cancer in their lifetime

Male Female
300,000 200,000 100,000 0 0 100,000 200,000 300,000
2,620 Breast 276,480
116,300 Lung and bronchus 112,520
191,930 Prostate A
78,300 Colon and rectum 69,650
60,190 Melanoma of the skin 40,160
62,100 Bladder 19,300
42,380 Non-Hodgkin Lymphoma 34,860
45,520 Kidney and renal pelvis 28,230
N/A Uterus 65,620
35470 Leukemia 25,060
30,400 Pancreas 27,200
12,720 Thyroid 40,170

&

Source: Cancer Facts & Figures 2020, American Cancer Society (ACS), Atlanta, Georgia, 2020.



Who gets cancer?

Rate of New Cases per 100,000 Persons by Race/Ethnicity & Sex: Cancer of Any Site

i i

MALE FEMALE
480.3 All Races 418.3
485.5 White 432.0
515.1 Black 390.7

Asian

304.4 Pacific islander 304.7

American Indian

321.0 Alaska Native 305.9
370.4 Hispanic 3395
497.0 Non-Hispanic 4315

SEER 21 2013-2017, Age-Adjusted



Who dies from cancer?

Death Rate per 100,000 Persons by Race/Ethnicity & Sex: Cancer of Any Site

' a

134.0 Hispanic

MALE FEMALE
Asian
Pacific Islander
169.3 SRR 120.1

190.7 Non-Hispanic 137.6

U.5. 2014-2018, Age-Adjusted



What are the most common cancers?

New Cancer Cases, 2020 Cancer Deaths, 2020

@ Breast: 279,100 (15%) @ Lungand bronchus: 135,720 (22%)
. Lung and bronchus: 228,820 (13%) . Colon and rectum: 53,200 (%%)

. Prostate: 191,930 (11%) " Pancreas: 47,050 (8%)

@ colon and rectum: 147,950 (8%) @ Breast: 42,690 (7%)

@ Other: 958,790 (53%) @ Other: 327,860 (54%)



What are the most common cancers?

In 2014, among men, Black/African American men had the highest lung

cancer incidence and mortality rates in the United States. Cancer Deaths, 2020
*  Smoking rates alone do not explain disparities in the development of
the disease

Native Hawaiian people lung cancer rates surpass those of White people
b/c of historically high smoking prevalence

+  28% difference inincidence in the diagnosis of distant stage CRC
between Black/African American and non-Hispanic whites.

*  This difference accounted for more than 60% of the total mortality i
disparity from CRC.

. In addition, AA have an earlier median age at CRC diagnosis
when compared to nHw

The racial disparity in deaths from breast cancer has remained
at 40% or higher for a decade. Black women younger than age 50
had a death rate that was twice as high as White women that age.

Plus, Black women are more likely than White women to die of —<——
’ i Lung and bronchus: 135,720 (22% I—
breast cancer at any age. . BN
—|i Colon and rectum: 53,200 (9%) |
Cervical cancer incidence is >30% higher in Hispanic women vs. white Pancreas: 47,050 (%)

women. Liver and stomach cancer rates in Hispanic people are 2X
those in White people. Prostate cancer though lower in Hispanic men ‘_l
is 44% higher in men living in Puerto Rico

'@ Breast: 42,690 (7%) |
(@ Other: 327,860 (54%) |




Precision Medicine “Moonshot” Initiative

CANCER MOONSHO

“scale up efforts to identify genomic drivers in cancer and
apply that knowledge in the development of more effective
approaches to cancer treatment.”



And yet we’re losing you...

STEM Doctorates working as
Full/Assoc/Asst Profs in 2yr &
4yr institutions in 2008

STEM Doctorates awarded in
2010

STEM Masters degrees awarded
in 2010

STEM Bachelors degrees
awarded in 2010

7.3

8.3

| |

—

2010 US Population (all ages) m
r

ada, M et a 016) Improving Underrepre

B URM (African

0%

ented Minori

20% 40%

60%

V]

80%

100%

American, Hispanic
or Latino/Latina, &
American Indian)

Asian/Pacific Islander

White


https://www.researchgate.net/figure/Current-percentages-of-underrepresented-minority-white-and-Asian-Pacific-Islander_fig1_306328074

Biology Fundamentals



Today’s Lecture Outline

o The cell

o From cells to organisms
e The central dogma
e The human genome

©)

o O O O

DNA

Gene expression
Transcription
RNA

Translation

e Mutations: Overview

@)

©)

©)

Oncogenes and tumor suppressor genes
Gene mutations
Chromosomal mutations



DNA - RNA - protein = organism

Blueprint in hieroglyphics =?blueprint in English = construction workers scaffolding etc = building
with rooms and occupants



From Cells to Organisms

Macromolecule



The Cell



Nucleus Mitochondricn
Call's control centar Produces energy for cells 1o use

by bceokir&down substances
during oxidative melabelism

DNA

(}.:oonbms coded mfotmotign
that passes on every sing
inherited characlenstic

Golgi complex

Collects, : and
dsstnbutespomfhm
made in the cell

Endoplosmic reficulum

Smooth ‘%rgéough \’é‘be; that ﬁﬁﬁ:ﬁ
mme’o - (e’mo e ‘od\_,-cir-g faciories
Cells are the e P prodbcn
. . . that ron o call
L
basic building  eesore | | —
blocks of life s Sioroge area o o

and cther substances

Cytoplasm
Jelhlike Buid between cell
membrane and the nucleus
This is whese all the crgonelies
{lile organs) ore found('.’c

Peroxisome

Vesicle that contains
enzymes that corry out
por(t;‘c};lcl ﬁ;‘eocliom, wc"yh
Qs yxilying polentic
harmiul molecules

Cell membrone
Made vp of a double koyer of fotty materiol. I )
allows some moterials lo pass into and cut e cell of Centriole

thousands of ploces across the sudoce. it aliows foods Tiry cegans that help the cell divide
1o pass inko the cell and waste 10 pass aut of the cell,



Cells are like mini-factories

Nucleus = control center
DNA = blueprint

Cell Membrane = shipping and
receiving

Cytoplasm = factory floor

Proteins = workers




Cells can divide, differentiate or die

differentiate

Cells divide to produce g5 stop dividing to Cells can also undergo
two identical daughter specialize in structure and programmed cell death, or
cells. function, a process called apoptosis, a process that

eliminates unnecessary
cells during development
and removes unhealthy or
damaged cells in the
mature organism.

differentiation.



Cell Division
(birth/reproduction)



Cell Division

Cells division is essential to life 8

e  Multicellular organisms need cell division to grow
and to replace dead or damaged cells.

e In humans, many types of cells divide.
o  For example, repeated divisions allow a single
fertilized egg cell to develop into an adult with
more than 37 trillion cells.

e After growth, division remains important in normal cell
turnover, such as in our skin and gut, where cells are /
continuously renewed. Other cells have to divide to
heal wounds like skin cuts or broken bones. /

lia.hhmi




Cell Division and the Cell Cycle

The cell cycle ©

e Each time the cell divides into two, it goes through a
sequence of events that includes
o  Growth
o DNAreplication
o  preparation to divide
o and cell division or mitosis
e This is called the cell cycle

e To remain healthy, it's critical for an organism to maintain
the right number of cells.
o This is achieved primarily by regulating the cell cycle
o Cell cycle regulators are molecular signals that may
stimulate or halt cell division, instruct cells to
differentiate, or initiate cell death.

https://media.hhmi.

Cell growth

In cancer, cell cycle regulators do
not function properly leading to too
many cells.

True or False



Cell Differentiation
(get a job)



Cell Differentiation due to different gene expression

All cells have the same DNA, but different cells @® &

express different genes L

. All the cells in a person's body have the same
Cell type Red blood Muscle Pancreatc

ot DNA and the same genes
Q“ / : Q However, the difference between cells in different

tissues and organs is that the "expression” of the

Gene type =

Housekesing | - 1 1 ' genes differs between cells

Memogicbn [N | . Expression means that the message from the DNA
Insulin [ _ [ l is being copied and made into protein

Myosin I ] EEE | ] For example, liver cells express different proteins

than skin cells, even though their DNA is the same

- .

https://socratic.org/questions/56116c7e11eféb17032ddc8b



Cell Differentiation

Loose connective tissue

Nerve cells

Red blood cells

e MEIEIELE

R

Cells stop dividing to
specialize in structure and
function

Isn’t it amazing that your body with
all of its specialized organs
developed from a single cell?



Cell Differentiation

How do cells become specialized

(ie. how does a lung cell become a lung
cell and a blood cell become a blood cell)?




Cell Death

(die and leave a mess or have everything organized)



Damaged cell

Cell death or
apoptosis

Healthy tissue

\ }

|

Normal cell cycle

Rapid cell mutation
Uncontrolled
growth



Cell Death in Normal Cells versus that in Gastric Cancer

Cell death

( passive, unprogrammed )

0\

Left: The classification of cell death. Middle: Cells that undergo death in gastric cancer. Right: Effects triggered by different cell death in gastric cancer.



The Central Dogma
DNA - RNA = Protein



Independent of the cell type -- all cells have DNA

| nucleus \




The Central Dogma

The same in all Tissue specific
cells of all tissues l l
l criptio” s\ation

replication



DNA and genes

* Every cell in your body has the
same DNA (consider DNA as a
very thick hand-written book with
multiple chapters)

Nucleus

Chromosome

Nucleotides

http://jonesgen564s14.weebly.com/uploads/2/6/0/1/26017323/4458113.jpg?446



MRNA

Cell type Red blood Muscle Pancreatic X

. Different genes (words in the ‘ ﬁ/)
book) are used in different cell . a\;

types (in the different chapters)

Gene type
Housekeeping

Hemoglobin

Insulin

Myosin




DNA — Transcription - mRNA

; Cytosi
CytosmeNHz [© ’ OSIT\GNHZ c ~Nucleobases
N i
fﬁlo o
Guanin% . Guamne
{ \ N:J)H\NH’ {%NHZ 2
. But each nucleotide in the DNA of o = Base pair
. . . ; Ad
each gene with varying base-pairs Adenine  [A] e
(each letter in each word) needs @ 4 ()
to be transcribed into mRNA (the "
selected hand-written chapter thymine [l Uraci
needs fo typed) Cfi fi helix of
N"So M sugar-phosphate
Nucleobases Nuglfegﬁzses

of DNA
RNA

DNA : ; :
Deoxyribonucleic acid D Ribonucleic acid @



DNA-RNA — Translation = Protein

CELL NUCLELNS

- Then the mRNA needs to be
translated into a functional protein
(the selected typed chapter
becomes an episode ofa TV
show)

https://www.nobelprize.org/educational/medicine/dna/



Protein Coding

Figure 10.8B_s3
Strand to be transcribed
A A A A
DNA
N7 N [ N
TITIT|T G

ranscription

Rul A0 8uuuull

RNA
T e SR
- Start Stop
codon 1 1 codon

Polypeptide Met /I/.—y} Phe

W

© 01 Peasien Eacasn

http://lab2webchemistry.blogspot.com/2015/0
8/protein-manufacturing-coding-in-our-
https://fimage .slidesharecdn.com/notesforwebsite- body.htm
140203211257-phpapp02/95/ch-10-notes-for-website-27-

638.jpg?ch=1391462076



What i1s Cancer?



That rarely changes
— » the phenotype
(disease e.g. cancer)

Muta_\tions that arise » Often changes the , |hatmay chgnge
in the DNA RNA the protein

The same in all Tissue specific
cells of all tissues l l
l criptio” s\ation

trans®
ONA e RNA S protein - (D

replication

Cancer is a genetic disease meaning changes in the DNA MAY cause cancer



Types of Mutation Silent mutation is when a base
pair change in the DNA doesn’t

Micro Mutagenicevent  result in a change in the protein
Point mutations - SrCeisIE @I
Frameshift mutation o Insertion Substitution Missense mutation
that results in a & %A that results in a
. e « CTCGAGTCTARBCGCTATCOGCT ., & & . »  GTCCAGCGTCTATCCGCTATCGOT .. & & . » +GTCCACTCTAGCCCTATOGCT. & & .
mutant protein “I‘ rn-z.‘-::.-3._‘-:':‘.&:\7-;4:';. o fi .c.-i‘.s.:'z':.n.-_:;c. cecomanceet. .|| L cascrcasarcceorarccor, . MuUtant protein
\G/ L
Macro Nonsense mutations
Chromosomal mutations A missense mutation
Deletion Duplication Inversion Substitution Translocation which ch anges the

codon that recruits an
amino acid to the

] 3 ; ;
ﬁ \‘ @ 3%., q 3_, ?C)F(%jlglr?intoastop
i

AL
: |

https://geneed.nim.nih.gov/images/mutation_sm.jpg *

-



Mutations may lead to cancer

NORMAL
CELL

Cell with multiple May lead to
DNA mutations tumor formation

FIRST MUTATION  Cell seems normal but is predisposed to proliferate excessively

but is otherwise normal

u SECOND MUTATION Cell begins to proliferate too much
w

THIRD MUTATION Cell proliferates more rapidly; it also
undergoes structural changes

MALIGNANT CELL
g u n ﬂ FOURTH OR Cell grows uncontrollably
and looks obviously
LATER MUTATION deranged

http://www.bu.edu/synapse/files/2011/01/cancerprogression.png



Types of Mutations

Chromosomal

Deletion Duplication Inversion

Reciprocal
:D Translocation

Point Mutations

Before Mutations (normal)

TACGCATGGAAA
|

TACGTATGGAAA

TAC#GCATGGA

TACCATGGAAT

'




BCR-ABLL1

a translocation (chromosomal mutation) found in a blood cancer called
“Chronic Myelogenous Leukemia” or CML)



Before Targeted Therapies...

* Prior to 2001: <1 in 3 CML patients survived 5 years past
diagnosis

* The most successful intervention at the time was Interferon a

Severity
M Neutropenia Anemia

W

Hepatotoxicity

Fati

Flu-like
symptoms Depression/ anxiety

symptoms

Days Weeks Months

Continuum of Therapy

W




Chromosomes 9 and 22 in blood cells of a patient with Chronic

Mylogenous Leukemia

A Minute Chromosome in Human
Chronic Granulocytic Leukemia

In seven cases thus far investigated
(five muales, two females), a2 minule
chromosome has been owerved replacing
oa¢ of the four smullost autosomoes 10 the
cheomosome  ¢complement  of  cells  of
hronis  granulocytie  leukemin  cultured
from penpheral dblood, No abaormality
was observed in the cells of four caves of
wafe granulocytic leukemia in adalts or
of six canes of acute leukemaa in children
There have been several recent reports of
chromosome adadoermalitics 18 & numher of
caves of human leukemia [incleding two
of the seven cines repocted here: Nowell
and Hungetford, J. Nal, Cincer Inu
1S, 85 (1960} ), dbut no series has appearcd
i which there was a comsstent change
typical of u particular type of Jevkemia,

Cells of the five ncw Cases were ob-
tancd from peripheral blood (and bone
marrow in one imtance), grown in culture
for 24-72 hours. and procened for cytoe
logacal cxamunation by a recently  dJe-
veloped ar-drying techaique | Moorhead,
o o, Expil. Cell Research, in press).
The patients vaned from symplomatic
ustreated cases 1o extensively treated

Nowell & Hungerford,

cases of several years duration in terminal
myclodlastic crivis. All seven individuals
showed a similar minuie chromosome,
and none showed any other frequent of
regular chromosome change. In most of
the cases, cells with normal chromosomes
were also observed, Thes, the minute is
not a part of the mormal chromasome
constitution of such individuals,

The findings sugpant a cawsal relation-
ship between the chromosome abaoremality
owenved and chroax  granulosytic leu-
Kemia,

Pruax C. NowsLL
School of Medicine,
University of Peansylvania
Davio A, HunGraroan
Institute for Cancer Rewarch

1960 Science 132,1497

22

..



Poster Child for Targeted Therapy: Gleevec

A BCR-ABL1 in CML and ALL
BCR-ABLI .
12 protein )
T — - ' i |
. ‘ iR Al 1\
- t  BCR-ABL1 ‘ b
b mRNA
Activation of |
downstream pathways —'_ AR ’
¥ e
wOTARTY o
Gleevec™
fimaon® mesylate)
Capsules |
100 ms 22
- ey
130 Caputen
ey % Vo L“. o ' L
—— .




Cancer Fundamentals



How does cancer form?

Cancer is a disease caused when cells divide uncontrollably and spread into  «what s Cancer? was originally published
surrounding tissues. by the National Cancer Institute.”



Cancer Is a collection of different diseases

Carcinomas (cells)
that cover internal
and external body
surfaces)

Leukemia

Lung (Blood Cells)

Breast Lymphomas
(Lymph nodes &
tissues)

Colon

Bladde Sarco.mas .
Prostate (Cells in supportive
(Men) tissues — Bone, Fat,

Muscles )



Naming cancer

Cancer Prefixes Point to Location

Prefix Meaning

adeno- gland

chondro-  cartilage VS
erythro-  red blood cell = <
hemangio- blood vessels —— . (\j;
hepato- liver g :9 Z
lipo- fat - B
lympho- lymphocyte }

melano-  pigment cell —.1

myelo- bone marrow (

myo- muscle )




What causes genetic changes in cancer?

.00

Heredity Viruses

o> <0

UV Radlation Smoking

Y

Chemicals Cells Dividing

®




How does age relate to cancer?

-
sl &)

Child Adult Senlor



Cancer I1s Genetic

Most mutations in cancer are “passengers”

n=22 20 52 134 26 23 81 227 9 57 121 13 63 214 11 394 219 20 49 181 231 76 88 35 335 179 121

1,000
7= Carcinogens
§100 '.s. .o.
% 5 o x,-.’: i
g emooic: Ao . Y | '
‘ng«:hithh;o% H P . : . // //// /
>4 4 e * o 7 !
§ A . . iF // - LS : ' L
3 1 H : ‘ / : ;i . '
e . /,/ § ' . { Lo
SR EEE S ' ; :
g WM w e e G wd 87 :
0.01_ e§ - z 33 3 X B3 38 %~qmgq
2 B3 B3 EECFIRBEREREEEIZORRARE §EEii 6
Ezgssss 358§83§§a5§sg§§§§g§5§§
f e 8 © 3 § * 53 § g 3 §3% 2383 =
Poopb b HEr T 10 Tk
g = § 31 HPV J.Q. | .
& Y
HE

Lawrence. MS et al. Nature. 2012 Jul 11:499(7457):214-8



Some mutations arise in Tumor Suppressor Genes == DRIVERS

NORMALCELL

CANCER CELL



Some mutations arise in Oncogenes == DRIVERS




Translocations

Tranglocation
v[9:22)

5—CACACACACACACA-3
5—CACACACACACACACA-3

butation Count

KMT2A D2713G PT

EN R297H

Drivers

/Alterations that confer selective growth

Copy Number

Alterations

\STKll Q1203R

Deletion

Ampfcatonx

advantage to cancer cells
ECER Esae KEAP1 Q1203R
. FBXW?7 deletion KRAS G12R
NF2 gain o
MYC amplification GNALL 02091
NRAS-SOX5 TP53 deletion Q EGFR T430I
Clinically actionable
. EWSR1-FLI1 / Sk y A \ -»
CSFR1 gain Alteration is biomarker predictive of KRAS-SOX5
therapeutic sensitivity or resistance
" CDKNZ2A loss KRAS G12C EML4-ALK

BRAF T35 ETV6-NTRK3 CTNNB1 Y112H 2:-;'—
AKT1 E17K B R Vel ceT

\ \_ ERBB2 amplification _/ RRAS gain / Cys

/V TGT

FBXW7 Q39%0H  C170rf37-ERBB2 GGT™  ser

WNT1 Y88N Point  Gly

mutations GAT

BRCA2 P2402S Asp

GCT

Ala

0 01020304 05060708098 1

GTT

l



Processes are in place such that a cell with a driver mutation dies

However, if the cell accumulates enough mutations — the cell
with all its DNA mutations keeps making replicates of itself

normal cell division

0 TSG come in
\ to stop the

/ cell from
proliferating

' . cell s:ricide

apoptosis

O \@—O

cell damage
- NO repair

cancer cell division

®°

No cell death
due to loss of
important
TSG

N



Normal cells “transform” into cancer cells

Invasive
In situ cancer

Cell with cancer
mutation Dysplasia

Intraductal ;
Normal duct Intraductal hyperplasia | | Intraductal Invasive
hyperplasia with atypia | | carcinomain situ | | ductal cancer
— =




Cancer cells arise in atissue surrounded by different types
of cells — Tumor Microenvironment

e 1} > 5
Tool &\\“\‘ --

/‘ "

Macrophage Cell

Natural Killer Cell




Interaction between cancer cells and its
microenvironment affects their ability to grow and spread

Particularly a cancer cell's interaction with the immune cells in its microenvironment

e e

Immune Cell

immune Cell

Cancer Cell




The cancer cell microenvironment also affects its ability

Metastatic
Tumor

to spread to distant organs (metastasize)

Blood Cancet
Vessel Call

Original Cell Cell
Tumor



Genetic mutations can predict a patient’s response to
certain cancer treatments

‘response ISR o Respons:

DNA Change

DNA Change



Before Targeted Therapies...

* Prior to 2001: <1 in 3 CML patients survived 5 years past
diagnosis

* The most successful intervention at the time was Interferon a

Severity
M Neutropenia Anemia

W

Hepatotoxicity

Fati

Flu-like
symptoms Depression/ anxiety

symptoms

Days Weeks Months

Continuum of Therapy

W




Poster Child for Targeted Therapy: Gleevec

A BCR-ABL1 in CML and ALL

BCR-ABLI

| THERE IS NEW AMMUNITION
==l  IN THE WAR AGAINST

faes mRNA
Activation of |
ownstream pathways
/ﬂ& i

THESE ARE THE BULLETS.

== Revolutionary new pills like GLEEVEC
. -
-

. ; combat cancer by targeting only the
|| o diseased cells. Is this the breakthrough
. . | = we've been waiting for?
Gloovec™ 11 18
v | m
(matnt mesylaio) 3 jg U522 '
Capsules | . f m
100 m . e )
uoc-o--_
" vy ﬂ / }__




From sequencing to drug to treatment?

DNA Sequencing [ Discovery of a driver mutation Drug (1 Inhibits the encoded protein
Vemurafenib

Tumour Ov18T M A NN p Ti79a
A\l A ; S04 veooE
AA Y XAV " V)

Normal Ov18N R \ A A




Hallmarks of Cancer Cells

Sustaining Evading
probiferative growth
signaling SUPPressors

Resisting Enabling
cell replicative
death immortality
Genome Tumor-
instability & promoting
mutation inflammation
Inducing Activating
angiogenesis invasion &
metastasis

Hanahan, Douglas et al. Cell, Volume 144 , Issue 5, 646 - 674



Questions??
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