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Target validation & Drug leads
* New Center, research operations began in January 2009; mostly grant funded

* Portfolio of 18-24 pre-projects and projects running concurrently

* Extensive pharma experience among center leadership and staff, including contributions
to several FDA and multiple clinical candidates

» Selected as NCI Comprehensive Chemical Biology Screening Center in 2009 (NCI CBC)
v" GOAL: Bring UNC to forefront of translational medicine
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0 YNC Drug Discovery Path for Kinases in CICBDD

Assay Development Compound Profiling / Data Analysis
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m ONC Protein Kinases as Targets

ATP

m kinase ;

Phosphorylation is the most common post-translational modification of proteins
Regulates: activity, location, degradation, conformation..........

Many implicated in disease - especially cancer & inflammation.....



m YNC  ADP Quest™ DiscoveRx Technology
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Novel ATP Utilizing Kinases

 Receptor Tyrosine Kinase-like Orphan Receptor 2
(Ror2 ) - Collaboration with Dr. Kim Rathmell, UNC
Lineberger Comprehensive Cancer Center

« LKB1 -Collaboration with Dr. Ned Sharpless UNC
Lineberger Comprehensive Cancer Center

« ATPase -Collaboration with Dr.Matthew Redinbo UNC
Department of Chemistry
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UNC ROR2 Background

Ror2 is part of a family of orphan Receptor Tyrosine Kinase that
display extracellular Carbohydrate recognition domain that bind Wnt
ligands

The Rathmell lab identified Ror2 as an abnormally expressed
Tyrosine kinase in Renal Cell Carcinoma cell lines and human
tumors

Ror2 shows intrinsic tyrosine kinase activity and has since been
identified in other cancers Expression associated with invasive
phenotype

Ror2 is a kinase primarily expressed in early development.

Ror2 expression promotes cell migration and 3D growth in vivo and
In vitro.

The Ror receptor tyrosine kinase family, W. C. Forrester, CMLS, Cell. Mol. Life Sci. 2002, 59, 83. 8



UNC

In-house Production of Active Ror?2

Commercial Prep

PHARMACTY

In-house Prep

+2uM ATP
200uM ATP

Ror2
Ror2(0OA)
Ror2(PV)
Ror2(OA+PV)

== Contaminant?

Ror2
« C . Emm e e ..

OA - Okadaic Acid

e —
PV - Pervanadate .
pTyr Blot
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o NG ROR2 Assay Development

Titrated ROR2 Kinase to determine

ATPKm App
activity range 3.0x10%+
®
. . E 2.0 109 <
 Titrated ATP to determine £
-
K., Apparent g 10000004
o
. Titrated MBP substrate O %m0 1o m0 2w
ATPuM
. . . kichaelis-WMenten
« DMSO titration to test Kinase Best-fit values
Vimax 2 208e+006
tolerance K 830
« Final reaction conditions in 10uL Kinase Rxn:
— 1% DMSO
— 200nM ROR2

— 25uM ATP K., Apparent
— 5uM MBP 6



m ONC Assay development of ADP Quest™

« Recommend Titrating Kit reagents A and B (Coupled
Enzyme reaction)

10uL A and Titration of B in pL
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o YNC  Assay Validation ADP Standard Curves

ADP Standard Curve
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mYNC  Assay development of ADP Quest™

» Final Detection Reagent Conditions:
— 4puL Reagent A ADP Std
— 2.5uL Reagent B 3.0x1071

RFU Subtracted

ADP pM
Best-fit walues
Slope 378657 £ 1817
Yf-intercept when x=0.0 70107 £ 650343
A-intercept when v=0.0 015851
1/5lope 2 641e-006
85% Confidence Intervals
Slope 374212 to 383102
Yf-intercept when x=0.0 21TV ET to 77553
A-intercept when v=0.0 -0.2065 to 05710
moodness of Fit
H souare 0.9995
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UNC  Assay and High Throughput Screening (HTS) Validation

« Assay Validation:

— An automated run of three consecutive days of full plates of Max and
Min signals to test uniformity and separation of signals, using DMSO at
the concentration to be used in screening.

— "Max" signal: measures the highest signal. This would be the final
kinase reaction condition in the presence of DMSO

— "Min" signal: This measures the lowest signal. This would include all
components in the assay and a known inhibitor that fully inhibits the
kinase and done in the presence of DMSO

« HTS Validation:

— A run of 2 plates over three consecutive days with use of automation
and final plate layout for the screen.

14
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ROR2 HTS Screen

e Trimmed Z' scores were >0.8

Z FACTOR ASBBAY STATUS TOP BEGD
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12 0206 | RORZ DRE PASS | 22843 0 9019070
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14 0316 | RORZ DRE PASE | 23429 1,162,655

33 ( SBO0000039

"74-08" ROR2 ROR2 DRX

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

=

w103 T0LA0 038 038924010372 ABIDANGIAR 9373370 970 [LADIONTALA010 3019 400374040 w0l S50 A010378 Ao wor | 1on
03D 0STZ GUET AT 1IGH WTAS] DINS6 DS 10RIH BBHE Ao A6 ZAUE s o Gl D ity Bl v

[rit oM (uM | DRM | LM o (0uM (oM (uM  (uM  W0uM (0w LM (0M DouM Lo LRM Lt

At o AL 40k 41035404 1040 14023 ki WIAS3.49 1040 TAADIOI66AD 04017 401 D387 6D L0idA TOP
WI0E NESFS 100100 166D SEMES 188730 1909600 19310 100601 1MO0EE M4 103273 1owesk 100 153648 JBEDID 19769 150950 1439 0384
WU Lw G Ga OUM LM M DA LM L0aM L0aM 0ub ettty o st
ADLOI45 ADL U371 40 1039924010 726K 0103901 481 6373420 103 A0 75 04 102
BSIE15 157625 545054 20NN 2T 191158 I 18eTTIE 200 B2 19 D4 2B T
Lo PRt [ER PR T

4010354 L b 0755940 BT S TOF.
USEDERD DI i R W W A S e e S T (S i T e SO S
M ows (OGN Ld 4 b O LM 0ud (M DM IO G M M Lk LM Gus
1037104010755 4010971 0107274103802 40 437 010375 L 3 b 0136740 1030 401037140 1
0 197242 105200 121685 1975410 J0LI01 BSTERT 010P 0D BTEH e 1676 200536 TE07 A BTHEL 15510 AR 0pcse 003
b st Low 4 e WM 00 0N lou luM DM L0u M 0 e

stz 212400

[ e P s st - M wd

010772040 [039954.0103 T34A0L0TH03A01 0773 640 1039 124010374440 120 040103 760 401037558020 4940103 TTAADINIST ADL T3 440 LS TP
Iovet1s TeRI0 0717 1oSI00R 097w 06677 TG00 10R477S I 975 1871865 1800710 1290428 1A0700 1OBERS0 00RE4.

M lewM 0w led Lo ouM 0w Lo I W Low G | (0M WbuM  LouM Lk leun

H A e w4 " m YW

‘B ammu msmss 1940800 00045 1930512 mssm 1057600 1066125 10008 57 !995036 1957551 146067 L@MNS w:‘m« 1944521 m‘as?
1933793 mzm Bﬁ?]i 1313600 140026 IM7L3 191940 1910E20 ZWUl 1877005 W]ﬁi 1946443 145300 WQSE AETT29 A6
LSSTD 2007 36 MWJ 1931818 D011 IWEBS A0 1987832 BHW 20630 1925153 lﬁﬁﬂ 1957456 2005638 1900420 wmas WG
mefﬂ amem Iﬂ&?ﬂ jrizhr] 193‘351 1951076 BTN M10T13 m414$ 195‘052 mmm 1868400 1933561 1893501 m
e N
h,l 2ALMPT ROFST4 2208751 DMBY DESL6 2143 200493 21689533 WIAGF 22073 2100
Pl o el e
... 1 - PP
N Dowm0 wn S e e
“ BORCN v s
WHNES WAI016 10050 1515850 193335 307395‘ A B1 G S 206365 45603 D174 ]94&557 R 3 MQ‘F& ﬂ]&ﬁi W0 1851538 21!.2999 Iﬁmﬂ ricice) |
P 09191 Jwﬂﬂ' A6 10073 DIAM 21666 L7170 2111620 074 anHE mm: NLW?S 1070054 ))0]333’ 205LEZ N5 21011 23528 20105

FE P P P i A T R et e e A VI Pl T

849241 1230343 1611444 1992546 2373647 2754749

RESPONSE.1 :: RawData plate 1 of 4.

16



-

Focused Screening
DiscoveRx: MBP substrate

Single Point 10uM compound conc

Kinase Focused Library

7

Hit Confirmation
Retest/Test from DMSO Stock
IC 50 Curves

U U

~

N

Secondary Assays
Retest/Test from DMSO stock
Caliper: peptide substrate
DiscoveRx: Selectivity assay
Confirm structure w/ LC/MS

~

J

ROR2 HTS Screen

Primary Assay

Actives 74
(1.6%)
Tested/Confirmed in 68/68
Potency (100%)
Selective over DRx 8

Counter Screen

Reproducibility: all duplicate measurements

17



m YNC ADP Quest™ Counterscreen for False Positives

« Because the ADP Quest™ is a linked enzymatic assay we were
able to run the assay in the presence of a fixed ADP concentration
and compound to determine compound/assay interference.

ROR2_Potency

Py L 2

9
g — I
i3 /] .

¢ 0:0 3/

10 15 20 25 30 35

Ror2 Specific

DRX count n
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ATPase Background

« Catalyze ATP into ADP and a free phosphate ion
 Enzyme Class ATPase:

— Kinase

— Helicase

— Ligase

« Screening this specific ATPase to find a chemical probe that will
allow for further information into how these enzymes behave

19



o NG ATPase Assay Development

« Titration of ATPase to determine activity range

ATy Yo kopity
s 1l
= Inki

e Titration of ATP to determine
K,, Apparent

sll= Enki
= 180N

* Titration of DNA substrate

« DMSO titration to test tolerance

[ATP]
4nM ATPase
« Final reaction conditions in 22.5uL Kinase Rxn: ATP Ky App 11.5uM
— 1.0% DMSO
— 4nM ATPase

— 11.5puM ATP K, Apparent

— 25nM DNA
20



| UNC ‘ATPase HTS Screen

FHARMACY

* Trimmed Z’ scores were >0.8

Z FACTOR ASSAY + STATUS TOP BKGD

0890 | | PASS | 19,544, . | 6,333,398...
13 0830  ATPa..| PASS | 20,476,... | 6,183,702...
14 08%9|  ATPa.. | PASS | 19,628,... | 6,548,015..
15 0871|  ATPa.. | PASS | 19,436,... | 6,344723...
16 0873  ATPa..| PASS | 20319,... | 6,119344..
17 0890  ATPa.. | PASS | 20,332,.. | 6,056,757...
18 0893  ATPa.| PASS | 21.269... | 6.264301...

PASS (SB0000003607 )
"82-26" ATPagse
: 2 3 4 5 6
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M UNC ATPase HTS Screen

Nunfitiered hits = 249 (@ inh.>50%) 5% hit
|\Ifiltered counterscreen — 163 (@ Counter Screen<40%) 3.3%
Nfitered .RorR2 = 148 3.0%

Reproducibility: all duplicate measurements

130
120 ¢
110
100
a0
a0
70
60
a0
40
30
20
10

Result_2

-10
-20
-30
-40
501 -

-60 -50 -40 -30 -20 10 O 10 20 30 40 &0 @0 7O 80O 90 100 110 120
Result_1
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Hits from Ror2 and ATPase Screen

Ror2vs ATPase
120 <
100 ’ ’ ‘
e

A g

ATPase

150

-300

-Z5oU -Z0U -15U -10U -oU

|
> N

oU 100
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ROR2

Ror2vs ATPase Actives

Non selective

ATPase specific

Ror2 specific
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200

250

23



RN LKB1 Background

« A tumor suppressor that inhibits proliferation

» Has effects on cell polarity and on the ability of a cell to detect
and respond to low cellular energy levels.

« Screening small molecules that inhibit LKB1 could be used to
further explore it’s signaling pathways

« Screening of small molecules that are activators for LKB1 could
potentially be drug candidates to treat cancer

LKB1-Dependent Signaling Pathways, D. Alessi et al., Annu. Rev. Biochem. 2006, 75, 137. 24



LKB1 Active Protein

 Purchased from Carna Biosciences LKB1.MO25a.”STRADa

* Protein—protein interactions between LKB1 and its regulatory
subunits STRADa and MO25a seem to be necessary for its kinase
activity

25



o NG LKB1 Assay Development

 Titrated ATP to determine
K., Apparent

e Titrated LKBtide substrate

RFU Subtracted

« DMSO titration to test Kinase tolerance

« Final reaction conditions in 8uL Kinase Rxn:
— 1% DMSO
— 30nM LKB1
— 100puM ATP K, Apparent
— 50uM LKBtide

Titrated LKB1 Kinase to determine activity range

2.5%10% +
2.0x1008 -
1.510%8 4
1000000 4

500000~

0

-500000-

LKB1 ATPKkm

50 100 150 200 250
ATP pM

michaslis-Menten
Beast-fit values
Wmax 2. B96e+006
Km 95.81
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UNC Summary

successes

« ADP Quest™ was used successfully with trimmed Z’ scores >0.8
in HTS screening

» False Positive Counter Screeen allowed us to rule out of
compounds that interfered with the coupled kinase reaction of
the kit reagents

« Screening with ADP Quest™ against two very different and
novel ATPase was effective in both the detection of hits and
determining selectivity between them

Learnings

« Kit reagents may need to be titrated to achieve linearity of the
Standard Curve

« Counterscreen is needed to test for compound interference

27
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http://www.pharmacy.unc.edu/labs/center-for-integrative-chemical-biology-and-drug-discovery
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