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What i1s Cancer?

® Normal body cells grow, divide and die in an
orderly fashion.

® Cancer cells are different because they do not
die, just continue to divide and grow.

® Cancer cells form as a result of damaged DNA.
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Causes of Cancer

W Heredity

Screenings are recommended for high risk
families. You are considered high risk if :
Several relatives have had cancer or If
someone had cancer at a very early age.



Etiologic Factors Associated with Carcinogenic Risk

Carcinogenic Risk Factor  Associated Neoplasm(s)

B  Within the Body

Sporadic Genetic Mutations Any
Inherited genes(familial) Breast,colon
Reproductive history

Late first pregnancy Breast

Zeo or Low parity Ovary, Breast
Sexual promiscurity Cervix

® Occupational

Asbestos Lung,mesothelioma
Anliline dye Bladder

Benzene Leukemia

Vinyl chloride Liver

Chromium, Cadmium nickel Lung

Probable % of Cases



Carcinogenic Risk Factor Associated Neoplasm(s) Probable % of Cases

B Environment
Viral Infections
Pollutants
Radiations
lonize

Utraviolet
Radon

B Medical Treatments
Alkylating agents
Diethylstilbestrol
Estrogens

Tamoxifen

Radiation

® Life style
Smoking

Alcohol

Diet

Food Additives(salt)
Aflatoxin

Sedentary Lifestyle

15
Leukemia, lymphoma

Leukemia,breast, thyroid
Skin,melanoma
Lung

Leukemia,bladder

Virginal (in offspring of exposed woman)
Endometrium

Endometrium

Skin,lung,breast

Lung,bladder mouth,pharynx,lip 30
Esophagus,liver,larynx 5
Colon, breast, gall bladder 30(?)
Stomach 1
Liver
?7? 3



5-Year Rate Changes - Mortality
United States, 1999-2003 Key
: ; Fallin
All Ages, Both Sexes, All Races (incl Hisp) .- Hismg
Falling Rising
-5 1] ]
All Cancer Sites -1.3%
Frostate -4 1%
C ey -3
MHon-Hodakin Lymphoma -3.2%
Stomach -3.0%
Colon & Rectum -2A4F
Breast (Female) -1.6%
Brain & OMS -1.2%
Leukemia -1.0%#
Cral Cavity & Pharyns -0.8
Lung & Bronchus -0k
Thyroid -0.4
Bladder -0.3
FPancreas
Melanoma of the Skin n.o
Esophagus nz
vy 0.3
erus nza
kidney & Renal Pelvis 0.6
Liver & Bile Duct 2. 6%
= Annual Parcant Changa : http://statecancerprofiles.c
Created by statecancerprofiles.cancer.gov on 01/08/2007 2:45 am. an CeI’-QOV/Cgl-
Annual Percent Change (APC) over the S-year period calculated by SEER*Stat. . . . .
Source: Death data provided by Mational YVital Statistics System public use data file. Death bln/quICka‘OfIleS/prOflle. plr)
rates calculated by the National Cancer Institute using SEER*Stat. Death rates are
age-adjusted to the 2000 US standard population by S-year age groups. Population counts OO&OO 1#d eath 6
for denominators are based on Census populations as modified by MNCI.
# - The annual percent change is significantly different from zero (p=<0.05].




Importance of Early Cancer Detection

Early cancer detection is critical
for successful treatment.

Example: Five year survival for ovarian cancer:

W Early stage: 90%
W Late stage: 35% 80% are diagnosed at a late stage

Detection = classification and localization

N _/ = therapy
e
imaging surgery
histology radiation

biomarkers chemotherapy



Characteristics of Cancer Cells

B General changes: - loss of division limits (immortality)
- uncontrolled proliferation

B Genetic changes: - point mutations ...
- chromosomal changes

W Structural changes: - less organized cytoskeleton
- Increased membrane fluidity

B Biochemical changes: - altered protein expression
- altered protein modification



Diagnostic Workup

® Diagnostic Cytology (‘% §), Histology (e 3 £ )
and Cytogenetics (im?z i} i@ 5)

® Tumor Makers (protein, gene...etc)

B Grading and Staging (& 4 £F)
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How Is Cancer Evaluated?

" Screening and/or diagnostic mammography (3 #k51)
® Ultrasound
" Magnetic Resonance imaging (MRI#FERY)

scan —uses a powerful magnetic field, very accurate but
expensive

“ Biopsy is necessary to confirm a diagnosis (-4 ﬁﬁ, *)

“ Blood tests —some tumors release substances called
tumor markers which can be found in the blood

% Additional tests may be used to determine stage

10



SOP for Colorectal Cancer Diaghosis

Colon Cancer

Clinical Practice Guideline

Koo-Foundation Sun Yat-Sen Cancer Center
2008 Version 1.0

Initial management for stage IV disease

WORK-UP FINDINGS SURGERY CHEMOTHERAPY
Liver mets » Liver: resectable » Curative Surgery » Chemotherapy
i colon: resectable {(liver, colon)
Liver: unresectable Palliative surgery of » Chemotherapy then
» colon. if needed re-evaluation for OP
Colonoscopy

Chest X-ray
CT scan of involved

Y

areas
CRBC, BCS M Lune mets Lung: resectable » Curative Surgery
CEA 5 colon: resectable (lung, colon)

tissue diagnosis of

metastases Lung: unresectable Palliative surgery of
PET-CT (optional) ) ¥ colon. if needed

Chemotherapy

other mets

(Koo Foundation Sun

Yet-Sen Cancer Center =i i

L J

eded
Ny

¥

Chemotherapy then
re-evaluation for OP

Palliative surgery, if

Chemotherapy




Follow-Up after Treatment

FOLLOW-UP

Time E‘Lea_tmem gmmhs | year gmmhs 2 years gmmhs 3 years E]Dnths je ars E]Dnths > years
eximinaion | © 0 0 0 0 0 0 o | o | o 0
CEA g ¢ # . " .
CXR O O O O O O
Chest CT o R R R o fE
Whole

%‘igmmm:a] O O O O O O
Egélpgr:am of 0 0 0

Colonoscopy O O O O O

*: CEA is only for those patients who has CEA elevation before treatment.

##: Chest CT is only for those patients who has lung metastasis resected.
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Mammography (7 5 &4y, )

Mammography is a specific type of imaging that uses a
low-dose x-ray system to examine breasts. A
mammography exam, called a mammogram, is used to aid
In the early detection and diagnosis of breast diseases in

women.

The computer software then
searches for abnormal areas of
density, mass, or calcification
that may indicate the presence
of cancer. The computer system
highlights these areas on the
Images, alerting the radiologist
Left: normal breast .
Right: Cancer to the need for further analysis. ;,




Magnetic Resonance Imaging (MRI, & P=E50)

A medical imaging technique used in radiology to
visualize detailed internal structure and limited function
of the body. Its uses a powerful magnetic field to align
the nuclear magnetization of (usually) hydrogen atoms
In water in the body. Radio frequency (RF) fields are
used to systematically alter the alignment of this
magnetization.

This causes the hydrogen nuclei
to produce a rotating magnetic
field detectable by the scanner.
This signal can be manipulated
by additional magnetic fields to
build up enough information to
construct an image of the body ,,




Magnetic Resonance Imaging

Advantages:
— Excellent / flexible contrast
—Non-invasive
—No ionizing radiation
— Arbitrary scan plane
Challenges:
—New contrast mechanisms
— Faster imaging




How to Produce MRI Contrast?

B The body is largely composed of water molecules. Each water molecule
has two hydrogen nuclei or protons. When a person goes inside the
powerful magnetic field of the scanner, the magnetic moments of some of
these protons align with the direction of the field.

W70% of body weight is water. An image can be constructed because the
protons in different tissues return to their equilibrium state at different rates,
which is a difference that can be detected. By changing the parameters on
the scanner, this effect is used to create contrast between different types of
body tissue

No Applied Field Applied Field
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2D Image Reconstruction

Frequency-space Image space
(k-space)

e Image resolution increases as higher spatial
frequencies are acquired. 18



Contrast Reagent for Enhanced MRI

Contrast reagent: gadolinium (Gd) for use in magnetic resonance
Imaging as a MRI contrast agent. In the 3+ oxidation state the metal has 7
unpaired f electrons. This causes water around the contrast agent to relax

quickly, enhancing the quality of the MRI scan

~This case was not detected by X-ray

No contrast reagent With contrast reagent After operation
(6 mm)

19

From 3=2-c |1



MRI Systems

At $2 million, the most expensive equipment in the hospital. 2



Discovery of New
Cancer Markers
(molecular diagnosis)

21



Disease Biomarker for Diagnostics

Serum Tumor Markers

Primary Clinical Applications

Other Related Cancer Type

Alpha-Fetoprotein
(AFP)

CA 15-3

CA 19-9

CA 125

Prostate Specific
Antigen (PSA)

Hepatocellular carcinoma (HCC)
and germ-cell (hnonseminoma)
tumor monitoring and
diagnosing

. . 1
Breast cancer monitoring

Colorectal and pancreatic
cancer monitoring

Endometrigl and ovarian cancer
monitoring

Prostate cancer monitoring and
diagnosing

colorectal, liver, lung, ovarian,
pancreatic cancer

breast, gastric, hepatobiliary,
hepatocellular, and ovarian
cancer

breast, cervical, colorectal,
gastrointestinal, lung, pancreatic
cancer

22




History: Validation of cancer markers
IS ‘disappointing’ (not reproducible)

Example: CEA

- Initial report (PNAS): ~100% sensitivity, specificity for
Colorectal Cancer (CRC, = %5 ® % %)

- High expectations

- Disappointment when expensive ACS/CCS study did not
reproduce Initial results

Disappointment would have been predicted and avoided

If ‘rules of evidence’ were available.

23



Example: Alpha-FetoProtein (AFP)

Used for Survelillance, Diagnosis, Prognosis,

This gene encodes alpha-fetoprotein, a major plasma protein
produced by the yolk sac and the liver during fetal life. In
humans, AFP levels decrease gradually after birth, reaching
adult levels by 8 to 12 months. It is serving as a biomarker to
detect a subset of tumors, principally hepatocellular
carcinoma (HCC, qmgﬁ) and endodermal sinus tumors &'’
1R

Normal level: 10 ng/ml

Hepatocellular Carcinoma (HCC) : > 500 ng/ml

The sensitivity of AFP for HCC is about 60%. In other words, an elevated AFP blood
test is seen in about 60% of HCC patients. That leaves 40% of patients with HCC
who have normal AFP levels. Therefore, a normal AFP does not exclude HCC 24



Present: Cancer Markers are Promising

Knowledge of molecular biology provides targets to measure
- Past: knew little about what to target

- Now: know DNA ‘path’ from normal.. adenoma..

Assays to measure targets

- Past: ‘one dimensional’ assays, like CEA, FOBT, PSA

- Now: multi-dimensional assays (measure almost any target)
-DNA - primers and probes; amplify signal

-Protein - mass spectroscopy

25



The New England
Journal of Medicine

Copyrigln % 2002 by the Massachusciis Modical Sociciy

VOLUME 147

Depcepmprer 19, 2002

MUMEER 25

A|GENE-EXPRESSION SIGNATURE IA
IN BREAST

SA PREDICTOR OF SURVIVAL
CANCER

Mars J. van DE Viover, M.D., PH.D., Yuooms D He, PH.D., Laura J. van "TYEER, PH.D., Honayue Dal, PH.D.,
AvcusTinus A N, Hart, BM.Sc,, Doperd W, Vosku, PH.D., GeoRGE J. SCHREIBER, M. SC., JoHaMMEs L. PeETERSE, WLD.,

CHRE RoeerTs, PHUDL,

PAATTHEW J. MarTon, PH.D,

Mark PaARRISH, DouwEe ATsma, ANKE WITTEYEEN,

AMHUSES GLas, PH.D., LECMIE DELAHAYE, TOMY vAMN DER VELDE, HARRY BARTELINE, M.D., PH.D.,
SaoeErD Rooendus, M.D., PH.D., Emier T. RuraeErs, MD., PH.D., STEPHEN H. FRIEMD, MO, PH.D.,
AMD REME BERMNARDS, PH.D.

AESTRACT

Backaronnd A more accurale means of prognos-
tication in breast cancer will improve the selection of
patients for adjuvant systemic therapy.

Methods  Using microarray analysis to evaluate our
previously established 70-gene prognosis profile, we
classified a saries of 2956 consecutive pationts with pri-
mary breast carcinemas s having a genae-exXprassion
signature associated with either a poor prognosis or
a good prognosis, All patients had stage | or |l breast
cancer and were younger than 53 ysars old; 1581 had
lymph-node—negative disease, and 144 had lymph-
node— positive dissasa. We avaluated the predictive
power of the prognosis profile using univariable and
mLIItwallablF- qtatlarn:aal ar‘nalyqpﬁ

T — - 1

DJUVANT ~..vur:nn-;. ther apy '-Lll'!l‘w.l‘.lll‘l'H]]'l.-

Improves disease-free and overall survival in

both premenopansal and postmenopausal

women up to the age of 70 years with
lymph-node—negarive or lvmph-node—positive breast
cancer.'? Ir is generally agreed thar parients with poor
I.'ll'lili.{l'.lliir'\l']li. h::'.]tlll't"‘-. l'!lt'l'.II:'['ll' the most [']'IIJ]]'I. ..'IIL‘I]ll". ant
therapy.?* The main prognostic factors in breast can-
cer are age, tumor stze, status of axllary lrmph nodes,
histologic tvpe of the tumor, pathological grade, and
hormone-receptor status. A large number of other
tactors have been investigared for their porential to pre-
dict the outcome of disease, bat in general, they have
::nnJ]. limited pu:q:l]-_t:m, power.®

T i a T T8



What are Microarray Gene Chips

m miniaturized array having up to tens
of thousands of single-stranded DNA
attached to it

mMicroarray assays are based on ANXNNORS
hybridization of a single-stranded DNA ® @
labeled with a fluorescent tag to a WHs NH3 NH3

complementary molecule attached to
the chip

m\When each spot in a microarray Is
attached a uniqgue DNA molecule, it
can be used to detect
presence/absence or even
concentration of a DNA molecule In
test tube




Preparation of Microarray Chip

DNA mi making
— W Put a large number (~100K) of cDNA

IMicroscope glass slides  Sequences or synthetic DNA oligomers
ceated with pelylysine  gntg g glass slide (or other substrate) in
\ h known locations on a grid.

_|_
6116 Yeast ORFs M Spot cloned cDNAs onto a glass

amplified by PCR ~ microscope slide (Ordinary glass
l microscope sllde)

B Canhaveas | G
many as 40,000 | sl
\ | _\genes onachip 3 i

L AL T T B B
il

Spotting (depo 511:}



5 mRNA 3 5 g 7 : T . _.
1 ori DMA | ¢ danatured - ¥
Annea primer by heating Ren aturation
on cooling
mRNA LE' e e n e “@i e ;
.'I',_'I'- _l". .'I'. | - - i J — ;
dTTTT15 :
i Reverse transcriptase b S
mRNA
AMAA !
LCLLLELL LR LR L L L EL L dTT 7T
cDNA
Alkali

LLLLLELE R L L L L L L EEEE] dTT T T15
cDNA

Hybridization

—Put (liquid) sample containing genes on
microarray and allow probe and gene seguences
to hybridize and wash away the rest 29



Label an RNA sample and hybridize

Hybridisation

Stl amm 2

l eﬂmt:tmn l

Strain 1

Results delivery

scanmng (lecture)

Ireverse

- 1 mRNA

| Cy3 J' l
transcrip tion

s

I"-.‘ullll-l-l"t__
‘e re LN i
‘sdtsnon r
- & L 5 u @ ‘-

\ , /
-v...m-.t.l.'l.u..."-.L
.-hl“-"\-.-‘l

M EETEYE B

l

l

Results analysis

Stéphate Le Crom EME 2003

By detecting the
guantity of fluorescent
molecules attached to
each spot, one can
Infer the relative
abundance of the
complementary mRNA
molecules in solution

30



Tumors with Good-Prognosis Signature

Tumors with Poor-Prognosis Signatura
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+*Make comparisons

— Cancerous vs. norma
tissue

— Treated vs. untreated
— Time course
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B All Patients

Overall Survival

Mo. AT Risk

Low risk
High risk

1.0+

0.8

0.6

0.4

0.2-

w ‘-T"_—-ﬂ-. —
Good signatu re

Poor signature

P<<0.001

0.0

Years

115 114 112 81 65 43 23
180 167 134 100 62 40 19

32



Original Cancer Proteomics Profiling Paper

{3 Use of proteomic patterns in serum to identify ovarian cancer

Emanuel F Petricoin lil, Al M Ardekani, Ben A Hitt, Peter J Levine, Vincent A Fusaro, Seth M Steinberg, Gordon B Mills,
Charles Simone, David A Fishman, Elise C Kohn, Lance A Liotta

Background MNew technologies for the detection of eary-
stage ovanan cancer are urgently needed. Pathological
changes within an organ might be reflected in proteomic
pattems in serum. We developed a bicinformatics tool and
used it to dentify proteomic patterns in serum that
distinguish neoplastic from non-neoplastic disease within

the ovary.

572 THE LAMCET + Vol 359 « February 16, 2002 « www.thelancet.com
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Mass Spectrometry-based Serum Profiling

L)
n.qjﬂ.:;l g
ar
T —> 'nﬁjﬁ B v a
Folens
Eerum sampies Fraclioradon
n H ﬂ Aashing %
2 i (| .Ir - i
Mo Mommai Cancer

T

o ol T ®
I ..=r«0
=1

! Serum samples from Both normal and dissased subjects are fractionated on Furctionalized surfaces acoording to their chemical, phyvsical
i| orbidlogical properties. Serum protein profies are generated Leing a mass spectometer. Patterms of up- and downregulabed proted s that
i are suitable For use as biomarkers to sepamate dissess from normal samples ae discovered by combining appropriate bicinfomatics

1| softeane with an independently determined dinical diagniosis. The reulting biomarker pattern can then be ussd for the class prediction
o of unkncedn sampdes of for the identification of nsee individual bicmarkers.

| MAALD-TOF : Matrix assisted laser desorptionionization time-af-fight .

' 34
Pharmacoproteomics, 4, 463, 2003



SELDI-TOF MS

(Surface Enhanced Laser Desorption/lonization

Time of Flight Mass Spectrometry)
Combination of

Protein Chip + MALDI-TOF
MS

SELDI-TOF is a means of analyzing mixed
samples of proteins by selective retention

Retention is based on the Chemical and
Biochemical interactions (hydrophobic,
hydrophilic, cationic, anionic, or metal ion affinity,
DNA, enzyme, immobilized antibody, specific

35
receptor,and more)



SELDI Plates

Plates with specific ligands are used
to retain proteins of interest in a

sample.

Different chromatographic retention

Surfaces as Bait for Trapping Molecules



1. The sample is first applied to
the retention plate.

2. The plate is then washed with buffers/solvents
to remove any unbound protein or material from
surface Washes

3. A matrix solution is added to

the sample which absorbs UV.
Matrix



MALDI-TOF MS Detection

4. The Matrix is then hit with a pulsed, UV, nitrogen laser.

5. lonized sample travels through TOF-MS for
analysis. The readout shows all the proteins which
were retained by the plate.

y P
i Froteins | =
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Data from TOF-MS can be looked at

INn three different ways.

msa

Lll‘-h*ﬁ‘.*ﬁlu. th.‘wdf -‘*'“-'--.-'l"-"‘*
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1000 & 000 5000 6000 7,000

Trace View

Gel View

Map View

39



Plate Conditions Can be Modified to
Change Which Proteins are Retained

l \ Anion exchange, pH 45

h-_-"l‘n.l.ﬁ'#' ‘L-_urd-.'—-- " —.-"-—....._._........--._......_ - i

' ‘ Anion exchange, pH 8.0

{

'LAL\I.!\,{L‘} .., h- L__“_, T T —

Cation exchange, pH 45

1! N#J& u] J..llhu l'Luml‘ ——
Matad affinity
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Relative Intensity
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Claims about serum proteomics to
detect cancer are extraordinary

Purpose: to diagnose ovarian cancer vs no cancer

Methods:

e Qvarian cancer, controls

e serum assessed by mass spectroscopy (SELDI-TOF)
e spectra analyzed by ‘genetic algorithm’ (Correlogic)

Results: ‘patterns’ discriminate

« claims for multiple cancers (ovary, prostate, breast)
e -sensitivity: 95-100%
e -specificity: 95-100%

Petricoin, Lancet 2.6%2



Proteomics

Petricoin, Lancet 2.02

“The discriminatory pattern correctly identified all 50
ovarian cancer cases in the masked set... This result
yielded a sensitivity of 100%... specificity of 95%...”

SR

New York Times, 2.3.04

New Cancer Test Stirs Hope and Concern

By ANDREW FOLLACK

Jill Dolmer's mother died in 2002 from
ovarian cancer, detected too late to be
effectively treated, '

S0 Ms. Doimer 15 eagerly awailing the
introduction of a new test that holds the
promise o deterting eariy-siage ovarian
cancer far more accurately than any test
available mow, using only blood from a
finger prick.

Mot orly does she plan (o be tested, but an
advocacy group she helped found, Ovarian
Awarensss of Hentucky, also intends o

spread the word to women and doctors,

U IS BOIng T hAppen o me or anyone [
kmow, I want it 0 be canght at an early
stage.” sald Mz, Doimer, who lives in Lo~
isville,

The new test, expected to be available in
the next few months, could have a big
effect on public health if it works as adver-
tised. That iz because when ovarian cancer
ks caught corly, when b s treatobla by
surgery, more than W percent of women
live five years or lnger. But right now,
aboul three-quarters of cases are detected
after the cancer has advanced, and then
only 35 percent of women survive five
Years.

The teet is also the first 00 use a new
technobmgy thal seuwe belicvers say could
revolutionize diagnostics. It looks not for a
gingle telitale protein — like the prostate-
specific antigen, or P.5S.A., used to diagnose
prostate cancer — but rather for a complex
fingerprint formed by all the proteins in the
blood. Similar tests are being developed for
prostate, pancreatic, breast and other can-
cers. The technigque may work for other
dizseases as wall

“I*ya bean in cancer research for 40
years and [ think it's the most important.
breakthrough in those years,” said Dr.

Contineed on Page 6



news feature

Running
before we
can walk?

Two years aco, a new
proteomic test was
heralded as the future
of cancer diagnostics.
Eut since then, doulbts
about its effectiveness
have begun to grow.
Erika Check reports.

prompt the 115 Congress to pass a res-
olurion wrging continued funding to
drive a new diagnostic test towands the clinic
But that’s what happened in 2002, when The
Lamcee published a paper' claiming a break-
theough in the diagnoss of ovarsn cances
The paper described theusse of mass spac-
trometry to analyse the pattern of proteins
present in samples of blood seram. On the
basis of these patterns, the test detected all
the patients with ovacian cancers in a set of

SL‘HUJJJ does a single piece of research

U target: cam proteins inthe blood reveal ovaran bumours (pankdyellos | bebore they

Lascer paper. In Movember 2002, Correlogic
granted licences to two larger firms, Cuest
Diagnosticsand the Laboeratory Corporation
of America, which are now hoping to marcket
the test under the brand name OvaCheck.
But those plans could be thrown off track
by reanaly sesof Liotta and Petricoin's data by
independent groups, which have raisad seri-
onsdonbisabowt CreaCheck’s reliability:
These questions promptad the Socisty of
arnecologic Oncologisis to review all of the
published work about OvaChedk On 7 Febs-

Biginformatics®, They had re
set that Liotta and Petricoin
online in Augnst 2002. Sor
similarly found namerous di
protein patierns that discromi
the cancer patients and the hs
The trouble, accooding to Sm
wasthat these looked moralik
artefacts than real biclogical d

The protecanics test reliesc
andelectric felds to separatet
given sample. Each protein i
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Proteomics Research Aids
Cancer Diagnosis and Treatment

FDA Approves Vermillion's Ovarian Cancer Test,
Sep. 11, 2009

OVAL1lis anin vitro e
diagnostic multivariate index -
assay and the first FDA- A
cleared laboratory test that
can indicate the likelihood of
ovarian cancer with high
sensitivity before a biopsy or
exploratory surgery

Molecular Diagnostics and Proteomics




Molecular Cancer 2007, 6:25

Contribution of Oncoproteomics to Cancer
Biomarker Discovery

Oncoproteomics : the study of proteins and their interactions in a cancer cell
by proteomic technologies

Table |I: Comparison of proteomic biomarkers and current tumor markers SELDI PfOteinChip
Cancer Proteomic biomarkers Current tumor markers
Sensitivity Specificity Reference Markers Sensitivity Specificity

Bladder 80% 90-97% [87] NMP22 3% 95%
Breast 93% 91% [88] CA 15-3 63% 80-88%
Colorectal 91% 93% [89] CEA 43% e
Gastric 83% 95% [90] CEA 49% R
Liver 94% 86% [91] AFP 50% 90%
Lung 87% 80% [92] Cyfra2l-1 63% 94%
Ovarian 83% 94% [93] CA-125 57% e
Pancreatic 78% 97% [94] CA 199 72% =
Prostate 83% 97% [95] PSA 86% 20-34%
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Trends in Biotechnology, 25 (4), p.166-173, Apr 2007

Moving cancer diagnostics from bench to bedside

To improve treatment and reduce the mortality from
cancer, a key task is to detect the disease as early as
possible. To achieve this, many new technologies have
been developed for biomarker discovery and validation.

This review provides an overview of 0mICS technologies
In biomarker discovery and cancer detection, and highlights
recent applications and future trends in cancer

diagnostics. Although the present omic methods are not
ready for iImmediate clinical use as diagnostic tools, it

can be envisaged that simple, fast, robust, portable and
cost-effective clinical diagnosis systems could be available
In near future, for home and bedside use.
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Comparison between omics Technologies for
Biomarker Discovery

Technique

Advantages

Disadvantages

Transcriptomics

Proteomics

Metabonomics

Peptidomics
Glycomics
Phosphoproteomics

Lipidomics

Well-established technology

Few genes and/or transcripts (~25 000 in humans)
relative to proteins

Suitable for various biological samples

Suitable for various biological samples

Fewer metabolites (~10 000 in humans) relative to
transcripts or proteins

Low molecular weight

Increased stability and solubility of

glycoprotiens relative to unmodified protiens
Sub-proteome: reduces the amount of proteins that
can be analyzed

Sub-metabonomics: reduces the amount of
metabolites that can be measured

Tissue materials required

Many different approaches

More proteins (=500 000 in humans) relative tc
transcripts or metabolites

Technology is in development

Environmental impacts are ignored®

Proteolysis in ex vivo samples complicate the
results

Difficulty in glycosylation analysis,
particularly structure identification

Difficulty in the identification of
phosphorylated proteins

Technology in development
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J Proteome Res. 2006 May;5(5):1143-54

Differential Protein Expression Profiling by iTRAQ—-2DLC—-MS/MS of
Lung Cancer Cells Undergoing Epithelial-Mesenchymal Transition
Reveals a Migratory/Invasive Phenotype

Transforming growth factor-g (TGF-5) induces epithelial-mesenchymal transition (EMT) of epithelial
cells in both normal embryonic development and certain pathological contexts. Here, we show that
TGF-p induced-EMT in human lung cancer cells (A549; adenocarcinoma cells) mediates tumor cell
migration and invasion phenotypes. To gain insights into molecular events during EMT, we employed
a global stable isotope labeled profiling strategy using iTRAQ reagents, followed by 2DLC-MS/MS,
which identified a total of 51 differentially expressed proteins during EMT; 29 proteins were up-regulated
and 22 proteins were down-regulated. Down-regulated proteins were predominantly enzymes involved
in regulating nutrient or drug metabolism. The majority of the TGF-S-induced proteins (such as
tropomyosins, filamin A, B, & C, integrin-f1, heat shock protein27, transglutaminase2, cofilin, 14-3-3
zeta, ezrin-radixin-moesin) are involved in the regulation of cell migration, adhesion and invasion,
suggesting the acquisition of a invasive phenotype.
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Epithelial-Mesenchymal Transition

(L HeA V-] T A] Vi)

IS a program of development of biological cells characterized by loss of
cell adhesion, repression of E-cadherin expression, and increased cell
mobility
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Initiation of cancer metastasis involves invasion, which has many phenotypic
similarities to EMT, including a loss of cell-cell adhesion mediated by E-
cadherin repression and an increase in cell mobility

54
Oncogene (2005) 24, 7443-7454



TGF- g is a multifunctional cytokine which regulates diverse Functions.

Increased expression of TGF-a occurs in many human cancers and is
correlated with enhanced invasion and metastasis.

FGF

|
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Carcinoma in situ

/" Invasive carcinoma

Arthrifis Research & Therapy
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Isobaric Tags for Related and Absolute Quantitation
(ITRAQ)

Isobaric Tag
Total mass = 145

f_% Amine specific peptide

reactive group (NHS)

Reporter Group mass
114 -117 (Retains Charge)

Balance Group
Mass 31-28 (Neutral loss)

® Duplex experiment: up to four different biological samples
® Amine-specificity: label all peptides in samples

¥ Stable isotope reagents: product ion spectrum reveals the
difference in abundance from each sample

Journal of Experimental Botany, Vol. 57, No. 7, pp. 1501-1508, 2006
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Multiplexed Quantitation of Proteome
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Multiplexed Protein Quantitation by ITRAQ

TGF- 8
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Correlation of Up-Regulated Proteins to Human
Cancer and Metastasis-Related Processes

Metastatic Processes

human lung

protein name cancer cancer adhesion migration invasion metastasis
Tropomyosins zar + + +
Calgiz +
Filamin A, B, and C + + + +
Integrin beta 1 + + + + + +
HSPB1 + + + +
Nonmuscle myosin heavy polypeptide-9 + +
Transglutaminase2 + + + + + +
Trangelin 2 + +
Myosin alkali light chain + + + +
Radixin + + + +
Moesin + + + +
Desmoyokin + +
Cofilin + + +
Glutathione-S-transferase +
14-3-3 zeta/delta + + + +
Keratin + + +
AnnexinA2 + + + +
Actin, Cytoplasmic + + +
Tubulins + + +
Histone H2A, +

4 Associations between each protein or group of protein isoforms with human cancer and metastasis-related processes were assigned (+) by surveying
current literature using PubMed (National Center for Biotechnology Information) searches for a protein and the respresentative category.
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Biological network analysis of differentially
expressed proteins in response to TGF-4
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Conclusion:
Opportunities, challenges

1. An exciting era, because we:
« know so much biology
* have such powerful tools to measure biology

2. But rules of evidence have not changed.

3. Disappointment may occur that, in retrospect, will have
been predictable, and is due in part to culture clash.

4. We must improve scientific process (e.g., handle bias).

5. We have figured out how to avoid predictable
disappointment and wasted effort... and how to generate
useful knowledge about new markers.
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