Module 2: Systems Engin

® A few announcements -- if you haven’t watched my Oscar-
worthy video

® Revisit sequencing analysis

® (Semi)Quantitative methods for measuring pathway activity
® A few hints for lab

® Scale it up!

® Journal club!
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Approach: ‘ Use mathematical models to make predictions and |

_high throughput’ experiments to test hypothesis.

Themes of the modg_le:

| Cancer Systems I?jio
| High Throughput Screening Technologies |
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] A bit more information about automated Sanger sequencing...

_— ——————— — — — —
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Positive control for
exon |9 deletion:

HCC-827

EXON 19 Del(E746_A750)

743 744 745 746 747 748 749 750
Ala Phe Lys Glu Leu Arg Glu Ala

| Deleted in mutant
Wild type TCGCTATCAA(}GAATTAAGAGAAGC|I_\ACA
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Our cell line of interest:
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EXON 19 Del(E746_A750)

Our cell line of interest:

743 744 745 746 747 748 749 750
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SKOV3!?

Epidermal growth factor receptor tyrosine kinase inhibitor-resistant disease. Ohashi K, Maruvka YE, Michor F, Pao W. J Clin Oncol. 2013 Mar 10;31(8):1070-80.

Sensitive Mutations

Resistant Mutations

G719X VAIKEL insertion L861X

(3%) (1%) (2%)

* *LREA deletion L858R *
(45%) (40%)

v v

‘ Exon 18 l Exon 19 I Exon 20 I Exon 21 ‘

N

L747S D761Y T790M T854A

Exon 20 insertion (4%)

EGFR mutation predicts drug |
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What other information might we need!?
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pAkt pErk pSTAT3

Bidkhori G, Moeini A, Masoudi-Nejad A (2012) Modeling of Tumor Progression in NSCLC and Intrinsic Resistance to TKI in Loss of PTEN Expression. PLoS ONE 7(10): e48004
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Low throughput analysis

“Easy” with only
| -2 conditions.

How to measure!

pAkt pErk pSTAT3

Bidkhori G, Moeini A, Masoudi-Nejad A (2012) Modeling of Tumor Progression in NSCLC and Intrinsic Resistance to TKI in Loss of PTEN Expression. PLoS ONE 7(10): e48004
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5 Antibody-based methods for phosphorylation
de]:ection:WB, ELISA, Luminex

How do you make antibodies?

Polyclonal Antibodies

Several weeks later

Many antibodies against your target.
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de]:ection:WB, ELISA, Luminex

How do you make antibodies?

Polyclonal Antibodies

Several weeks later * *

Many antibodies against your target. ; ;
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de]:ection:WB, ELISA, Luminex

How do you make antibodies?

Polyclonal Antibodies

Several weeks later

=, =0
\
\, Many antibodies against your target.
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X Antibody-based methods for phosphorylation
de]:ection:WB, ELISA, Luminex

How do you make antibodies?

Polyclonal Antibodies

Several weeks later

Many antibodies against your target.
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How do you make antibodies?

Monoclonal Antibodies

Mouse injected with antigen

FZ\:\-" ‘_j,.—.._‘l {:*\‘
R
\ AN BN
Spleen Cells Myeloma Cells
0000000000 J

Fusion —
{/% vl | N

: ~7
Hybridomas ! 7 9
% _t{\If ™S

Harvest monoclonal
antibodies

uj)

" Antibody-based methods for phosphorylation
de]:ec_tion:WB, ELISA, Luminex

One antibody against your target

3o

Modified from Wikipedia Commons
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*cost to make your own
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b Polyclonal vs. Monoclonal Antibodies

Polyclonal Monoclonal

*cost to make your own
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' Polyclonal vs. Monoclonal Antibodies

Polyclonal Monoclonal

Cheap(er) ~ $1500% Expensive ~$7,000%

*cost to make your own
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b Polyclonal vs. Monoclonal Antibodies

Polyclonal * Monoclonal

Cheap(er) ~ $1500% Expensive ~$7,000%
L Unlimited supply -- grow your
Limited supply ANA

*cost to make your own
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' Polyclonal vs. Monoclonal Antibodies

Polyclonal Monoclonal
Cheap(er) ~ $1500% Expensive ~$7,000%
Unlimited supply -- grow your

Limited supply

own

Easy to purify (need antigen) | Easier to purify (need protein A)

*cost to make your own
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' Polyclonal vs. Monoclonal Antibodies

Polyclonal Monoclonal
Cheap(er) ~ $1500% Expensive ~$7,000%
Unlimited supply -- grow your

Limited supply

own

Easy to purify (need antigen) | Easier to purify (need protein A)

Use to amplify signal Often |:|

*cost to make your own
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b Polyclonal vs. Monoclonal Antibodies

Polyclonal Monoclonal

Cheap(er) ~ $1500% Expensive ~$7,000%

Unlimited supply -- grow your
own

Limited supply

Easy to purify (need antigen) | Easier to purify (need protein A)

Use to amplify signal Often |:|

Recognizes denatured protein | Recognize secondary structure

*cost to make your own
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“ Polyclonal vs. Monoclonal Antibodies

l
Polyclonal Monoclonal

Cheap(er) ~ $1500% Expensive ~$7,000%

Unlimited supply -- grow your
own

Limited supply

Easy to purify (need antigen) | Easier to purify (need protein A)

Use to amplify signal Often |:|

Recognizes denatured protein | Recognize secondary structure

Variable across animals Consistent results

*cost to make your own
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| Polyclonal vs. Monoclonal Antibodies

Polyclonal Monoclonal

Cheap(er) ~ $1500% Expensive ~$7,000%

Unlimited supply -- grow your
own

Limited supply

Easy to purify (need antigen) | Easier to purify (need protein A)

Use to amplify signal Often |:|

Recognizes denatured protein | Recognize secondary structure

Variable across animals Consistent results

Some non-specific binding | Less non-specific binding

*cost to make your own
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b Polyclonal vs. Monoclonal Antibodies

Polyclonal * Monoclonal

*cost to make your own
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http://www.cbsnews.com/vi

deo/watch/?id=7398476n

Retraction Watch

The Anil Potti retraction record so far

with 16 comments

A 60 Minutes seqment Sunday on Anil Potti has drawn national attention to the

case, so we thought this would be a good time to compile all of the retractions
and corrections in one place.

Duke has said that about a third of Potti’s 40-some-odd papers would be
retracted, and another third would have “a portion retracted with other
components remaining intact.” so this list will continue to grow. We'll update it
as we hear about new changes.

Retractions

1. "Cene-expression patterns predicr phenotypes of immune-mediated
thrombaosis,” in 8lood

2. "Upregulated Oncogenic Pathways in Patients Exposed to Tobacco Smoke
May Provide a Novel Approach 1o Lung Cancer Chemaprevention,” in CHEST

3. "Characierizing the Clinical Relevance of an Embeyonic Stem Cell Pherotype in Lung Adenocarcinoma,”
in Clinical Cancer Research

4. "An Inteqrated Cenomic-8ased Approach 1o Individualized Treatment of Patients With Advanced-Stage
Ovarian Cancer” in the Journal of Clinical Oncology (JCO)

5, "Phar mic Sir Prov lonal A Tr nt of Cisplatin-Rest
Patients With Advanced Cancer”™ also in the JCO

6. "Cene Expression Signatures, Clinicopathological Features, and Indhidualized Therapy in Breast Cancer”
in the journal of the American Medical Association (JAMA)

7. "Validation of gene signatures that predict the response of breast cancer 30 neoad uvant chematherapy:
a substudy of the EORTC 10994 /BIC 00-01 clinical trial.” in The Lancet Oncology

8. 'Cenomic signatures to quide the use of rromothor!‘wu:ncci' In Nature Medicine
y nomic S1r afin n n Early- n-Small-Cell Lun ncer” in the New
England Journal of Medicine (NEJM)

10. "An Inteqrated Approach to the Pregiction of Chemotherapeytic Response in Patients with Breast
Cancer” in PLoS ONE
11, "A genomic approach to colon cancer risk stratification vields biologic Insights Into therapeytic
opportunities” in the Proceedings of the National Academy of Sclences (PNAS)
Corrections:

1. "An integration of complementary strategies for gene-expression analysis to reveal novel therapeutic
opportunities for breast cancer.” in Breast Cancer Research

2. "Cene Expression Profiles of Tumor Biology Provide a Novel Approach 10 Prognosis and May Cuide the
Selection of Therapeutic Targets in Myltiple Myeloma,” in the JCO

3. "Age-Spedfic Differences in Oncogenic Pathway Dysrequlation and Anthracycline Sensitivity in Patients

with Acyute Myeloid Leykemia,” in the JCO

Tracking retractions as a window im0 the scientific
process

Pages

About Adam Narcus

Abo an Oransk

The Retraction Watch FAQ,
ncluding comments policy
The Retraction Wateh Store
The Retraction Watch

Upcoming Retraction
Watch appearances

etraction Watch

RSS - Posts

RSS - Commeonts

Email Subscription

Erter your email address o
subscribe to this blog and
recoive notifications of new
poats by email,

Join 5,605 cther followers

Sign me up!

Recent Comments

s HC on Marc Hauser
orrecis A bay pa
david hardman on
tallan cancer
imsiglz' fis.

“ " gyshnev on Ao
Melendez

xXx —
(=2 B ctegoncally

Retraction posts by
author, country, journal,
subject, and type

Select Catogory

Follow lvan on Twitter

s EWR>CHO 0 speak to
@bobbiepops' class and
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f Semi-quantitative analysis:VVestern blot

|. Lyse cells

SDS-PAGE with whole cell lysate

MW 1 2 3 4 5 6 7 8 9 MW

(R N
3 Al
I

_— e B
— — —
:
e
C—— —
-
———

B g — — S, . s

http://www.unibas.it/utenti/parente/fuzzy.html
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Semi-quantitative analysis:VVestern blot

|. Lyse cells
2. Separate proteins using SDS-PAGE

SDS-PAGE with whole cell lysate

MW 1 2 3 4 5 6 7 8 9 MW
-— e - - e
- e
11 HR
- — T —

——

B ———

http://www.unibas.it/utenti/parente/fuzzy.html
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h Semi-quantitative analysis: VWestern blot

|. Lyse cells

2. Separate proteins using SDS-PAGE
3. Transfer proteins to a membrane (nitrocellulose)

Memb ith whole cell lysat
SDS-PAGE with whole cell lysate embrane with whole cell lysate

MW 1 2 3 4 5 6 7 8 9 MW

=E® S 4 1
n = —
- )
- - >
- - -
--- - =y
; —
a— - e
s T —
"- - e
- - —

-

R S ——

http://www.unibas.it/utenti/parente/fuzzy.html

http://www.hollsberglab.dk/Methods/VVB.php
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b Semi-quantitative analysis:VVestern blot

|. Lyse cells

2. Separate proteins using SDS-PAGE

3. Transfer proteins to a membrane (nitrocellulose)
4. Block all sites not containing protein

5. Probe with antibodies of interest

Membrane probed with

N Membrane with whole cell lysate
antibodies

http://www.hollsberglab.dk/Methods/VVB.php

http://www.hollsberglab.dk/Methods/VWB.php
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s — |

| Semi-quantitative analysis:VVestern blot

N din o S
o Y6 — «~ in — EGF (ng/ml)
250 kDa
150 pY 1068-EGFR
100
75 Total EGFR
50
37 GAPDH
25
250 kDa—=
150 — pY 1068-EGFR
100 —+
250 =+
150 —— "~ =~ =w «= = == | [Otal EGFR
100+

SKOV3

A few signals per lane -- up to ~17 lanes per mini gel.
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| Semi-quantitative analysis:VVestern blot

6.25

o

250 kDa
150

100
75

50
37

25

250 kDa—
150 =
100 —

250 —

|50 == == o o o oo

100 —

SKOV3

gﬂ s § EGF (ng/mL)
pY 1068-EGFR «—Rabbit Ab
Total EGFR «— Goat Ab

GAPDH

oY 1068-EGFR

Total EGFR

s — |

Infrared Secondary Abs:
anti-Rabbit IR680
anti-Goat IR800

A few signals per lane -- up to ~17 lanes per mini gel.
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4 Semi-quantitative analysis:VVestern blot

o o
o v 2 & R 2 EGF (ng/mL) D . . A I .
250 kDa
e oY |068-EGFR ensitometric Ana ysSIS
100 o 1.0- -
75 Total EGFR i /e
N 0.8 % T~ -
50 2 r
¥ GAPDH £15 061
OlZ 044 ‘
25 215 T
2 024 #
250 kDa—+= o 0 OG'.
150 pYI068-EGFR 3 "7 20 40 6o 80 100
|00 — EGF Concentration (ng/mL)
250 —
|50 =" ™= == aw o~ o Total EGFR
|00 ——

SKOV3

A few signals per lane -- up to ~17 lanes per mini gel.
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B

|. Stimulate ceIIs with 8.4 nM (50 ng/mL) EGF + Erlotlnlb

250

|50| «== EGFR —

00T remes ™™ e -
501 Akt
37 GAPDH 'K
BI= s
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I Stimulate ceIIs with 8.4 nM (50 ng/mL) EGF + Erlotlnlb
2. Lyse Cells -- KEEP EVERYTHING COLD

s | EGFR —
== | STAT3 s
Akt
L - - - E I(- - - -
GAPDH
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B

|. Stimulate ceIIs with 8.4 nM (50 ng/mL) EGF + Erlotlnlb

2. Lyse Cells -- KEEP EVERYTHING COLD
3. Measure protein concentration
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I Stimulate ceIIs with 8.4 nM (50 ng/mL) EGF + Erlotlnlb

2. Lyse Cells -- KEEP EVERYTHING COLD
3. Measure protein concentration

4.SDS-PAGE

s | EGFR —
== | STAT3 s
Akt
e - - - --- E -k- R RN
GAPDH
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I Stimulate ceIIs with 8.4 nM (50 ng/mL) EGF + Erlotlnlb

2. Lyse Cells -- KEEP EVERYTHING COLD

3. Measure protein concentration
4. SDS-PAGE
5.Western blot
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I Stimulate ceIIs with 8.4 nM (50 ng/mL) EGF + Erlotlnlb

2. Lyse Cells -- KEEP EVERYTHING COLD
3. Measure protein concentration

4. SDS-PAGE
5.Western blot

6.All: pY 1068-EGFR & Total EGFR

250

150

75] «
50—-3.!.9------------5_5.- ------------

37
2>

- “
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I Stimulate ceIIs with 8.4 nM (50 ng/mL) EGF + Erlotlnlb

2. Lyse Cells -- KEEP EVERYTHING COLD
3. Measure protein concentration

4. SDS-PAGE
5.Western blot

6.All: pY 1068-EGFR & Total EGFR

/. Pathway specific:

250

150

75|l «
50—-3.9_9--------

37
2>

- “
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I Stimulate ceIIs with 8.4 nM (50 ng/mL) EGF + Erlotlnlb
2. Lyse Cells -- KEEP EVERYTHING COLD

3. Measure protein concentration
4. SDS-PAGE

5.Western blot

6.All: pY 1068-EGFR & Total EGFR

/. Pathway specific:

2501 -

bERK & Total ERK St

75 || s

S~earsemcccccnns

37
2>
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I Stlmulate ceIIs with 8.4 nM (50 ng/mL) EGF + Erlotlnlb
2. Lyse Cells -- KEEP EVERYTHING COLD

3. Measure protein concentration

4. SDS-PAGE

5.Western blot

6.All: pY 1068-EGFR & Total EGFR
/. Pathway specific:

250]
50| === EGFR —

PERK & Total ERK —
pAkt & Total Akt 75| wu STAT3
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I Stlmulate ceIIs with 8.4 nM (50 ng/mL) EGF + Erlotlnlb
2. Lyse Cells -- KEEP EVERYTHING COLD

3. Measure protein concentration

4. SDS-PAGE

5.Western blot

6.All: pY 1068-EGFR & Total EGFR
/. Pathway specific:

250]
50| === EGFR —

pERK & Total ERK ol . |
1007 == STAT3 S
pAkt & Total Akt /3 | e —
pSTAT3 & Total STAT3  50{-ane-=-====- T e AR
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I Stlmulate ceIIs with 8.4 nM (50 ng/mL) EGF + Erlotlnlb
2. Lyse Cells -- KEEP EVERYTHING COLD

3. Measure protein concentration

4. SDS-PAGE
5.Western blot

6.All: pY 1068-EGFR & Total EGFR

/. Pathway specific:

250( -

150
| 007" =ms
pAkt & Total Akt 75|

pSTAT3 & Total STAT3 501

PERK & Total ERK

37

*Last two + GAPDH =~ =

---._’.-----------E.-_ -------------
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I Stlmulate ceIIs with 8.4 nM (50 ng/mL) EGF + Erlotlnlb
2. Lyse Cells -- KEEP EVERYTHING COLD

3. Measure protein concentration

4. SDS-PAGE
5.Western blot

6.All: pY 1068-EGFR & Total EGFR

/. Pathway specific:

250( -

150

PERK & Total ERK 00
pAkt & Total Akt 75| -
PSTAT 3 & Total STAT3 501

37

*Last two + GAPDH =~ =

’------------E.- -------------
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Semi-quantitative analysis: Protein Microarray

Jurkat
Breast Cancer Biopsies Cells

Anti-B A

analytes A

LIRSS @ Anti-A
Case 2 Case 3 @ @@ @ A

Phospho-ERK A AAnti-A
Anti-A Anti-Bv !-"A

— ng

Analytical (antibody capture) array Lysate (reverse phase) array

el @ ® 0

Case

Total ERK

A few signals per spot -- up to hundreds of spots per slide.

http://www.licor.com/bio/applications/odyssey applications/rpa.jsp
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1.mm
—

100 nM 200 nM 500 nM 1000nM 2000 PM 3000 nM 5000 nM

10 nM
L] ] -
IIIII Multplex - mary

conditions can be screened
VAY? PIK3R2-N PIK3R3-NC

w F;— Weakness:

TENC1  RASA1-N

GRB? A8L1 VAV1

ABL2

71 nM | /61!‘1 1')7r.1 1 t::r‘/)\)b_;

PIK3R3 N | SH38P2 i F.GR PIK3R1-N ) 'f‘ . .

(-W - e m /5/ m ﬁ Non-specific mterac.tlons
(also huge problem in VWB)

;|
T

|
A
A

58501 4

_TENS1 _ PIK3R2NC ~ NCK2  PTPN1I-NC  GRAP2 SYK-NC
Jnn" 776 M mq '536:1 ma ma

SH202A 8CAR3 PIK3R3-C PLCG2-NC DAB1 PLCG1-C

980 nM 1001 nM tEqu =~/ 1282 nM =/ 1500 nM m« -

up to hundreds of spots per slide.

PIK3R1 NC

Bl
A
:

741 nM - 76

viicroasray

Dissecting Protein Function and Signaling Using Protein Mic

1932 nM

\.

ew signals per spot --

ok

A fe
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,, Quantitative analysis: ELISA

Capture
Antibody

o L O

W

o e A ) N

&

W\

One signal per well - but up to 384 wells/experiment.
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4 Quantitative analysis: ELISA

Detection Signal

Capture

Detection
Antibody Antibody
Y tms. Lo /
w Llow L | s’ ‘m‘ e
&
Capture
- Antibody

One signal per well - but up to 384 wells/experiment.
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,, Quantitative analysis: ELISA

Detection Signal
Detect with anti-phospho

Capture % antibody

Antibody Detection /

Antibody
w. Lk Lo
&% /
P D

Il Most common

Capture to captur.e |
“~ Antibody total protein:
phosphorylated
+
unphosphorylated

One signal per well - but up to 384 wells/experiment.
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4 Quantitative analysis: ELISA

HOW to quantify. ELISA Standard Curve #2
4-
3
n
Very often not linear 2 2
relationships 1
O'I ! ! ! 1

0 2 4 6 8
-Log,glprotein], pg

Y=Bottom + (Top-Bottom)/(1+10"((LogEC50-X)*HillSlope))

General protocol: Create a standard curve on each
plate (usually supplied with kits or make your own)
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( P

- Whole protein
lysates

l '/) 2 “

¢ \/1

W |

V7 >u
o)
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_\_e >

Capture antlbodles .

(Tyrosine kinase—
specific antibodies)

http://commons.wikimedia.org/wiki/File:VVorkflow_|A.png
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| | Quantitative analysis: Multiplexed

/ 0\\ o (ﬂ’ ) >
}\ CUD"/?'CES =" Whole protein
(e | lysates

a Capture antibodies
(Tyrosine kinase-
specific antibodies)

—
N\

. o
* %
N

Detection antibodies

(Phosphotyrosine—
specific antibodies)

http://commons.wikimedia.org/wiki/File:VVorkflow_|A.png
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& O " Whole proteln
e | lysates

Capture antlbodles
(Tyrosine kinase-
specific antibodies)

Detection antibodies
(Phosphotyrosine—
specific antibodies)

@{' o
05k,

http://commons.wikimedia.org/wiki/File:VVorkflow_|A.png

Flow cytometer
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| | Quantitative analysis: Multiplexed sel

I /> ® ) '3( g >
}\ C‘, v/ch') =~ Whole protein
/Q‘JJ > \ Iysates

Capture antibodies
(Tyrosine kinase-
specific antibodies)

*

A

*

N
Van
<

Detection antibodies
(Phosphotyrosine—
specific antibodies)

123456789

http://commons.wikimedia.org/wiki/File:VVorkflow_|A.png
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| Quantitative analysis: Multip se I

Theoretically up to hundreds of
conditions per well -- 384

(sometimes >1500!) wells per
experiment

e % | Bead set 12: IL-6
1835 mfi=5001U

In reality: 20-30 different /

phosphoproteins / well max

6.5 Microns

Bead Set 26 ‘ ‘

The bead is
impregnated ™
with the dye

mixture

Bead Set 21

http://www.ebioscience.com/knowledge-center/product-line/procartaplex/technology.htm
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|
|

|

® A few announcements -- if you haven’t watched my Oscar-
worthy video

® Revisit sequencing analysis

® (Semi)Quantitative methods for measuring pathway activity
® A few hints for lab

® Scale it up!

® Journal club!
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