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-~ Modifi catzo 1 Form

for Permit BI O-RRI-0

R T S s

Permit Holder: Robert Hegele

Approved Personnel

(Please stroke out any personnel to be removed)

Additional Personnel

(Please list additional personnel here)

Adam Mclintyre

Rebecca Marting

Matthew Lankiree

Piya Lahiry

Chris Johansen

Approved
Microorganisms

Approved Cells

IGMOBSQB GM03348GM03513 Fibroblasl

Please stroke out any approved
Biohazards to be removed below

ME DH10B, ME DH5-alpha, ME DH5AT1

[Rodent] (established): 3T3-L1, NIH/3T3.

[Non-human Primate] (established). COS-7

[Human] (established: HEK293, HEPG2
[Human Primary]: Fibroblast- (GM0565

9.

Approved Usc of
Human Source

Material I

Approved GMO
Approved use of

Animals

Approved Toxin(s)

Thursday, February 25, 2010

iBlood, serum/plasima

SV 40 Large T ant|gen (expressed incosy
celis), pCDNA3 plasmid, pcDNA 3.1 Echo

Expression Vector Kit. [ADD]: pCMVE,
pcDNA3.1, pENTR 11

Write additional Biohazards for

approval below. *

i’?%‘i’f IC#-wr plaswad: veDdA DESTS3 C
|
|

P ICK ORF clone 10:10HIA08 !

Page 1 of 2




PLEASE ATTACH A MATERIALS WETY DATASHELT OR EQUITVALENT FOR NEW BIOHAZARDS,
CPLEASE ATTACH A BRIEF DESCRIPTION OF THE WORK THAT EXPLAINS THE BIOHAZARDS USED ANIYHOW THEY W L1, 11
USED.

As the principal investigator, I have ensured that all of the personnel named on the form have been
trained. I will ensure that this project will follow the Western Biosafety Guidelines and Procedures
Manual for Containment Level 1 2 Laboratories (and the Level 3 Facilities Manual for Level 3
projects). I will ensure that UWO faculty, staff and students working in my laboratory have an up-to-
date Hazard Communication Form, found at http://www.wph.uwo.ca.

Signature of Permit Holder: " ;z"é—m—c;:_u

Classification: 2

Date of Last Biohazardous Agents Registry Form: May 15, 2009

Date of Last Modification (if applicable): Nov 23, 2009

BioSafety Officer(s): - Wg

Chair, Biohazards Subcommittee:

Thursday, February 25, 2010 Page 2 of 2



robarts

RESEARCH

March 25, 2010

RE:  Modification of Biosafety permit BIO-RRI-006
Permit holder: Dr. Robert A. Hegele

| wish to modify my permit to add

1) GFP-ICK-wt plasmid: pcDNA-DEST53 Gateway vector (Invitrogen, Catalog no. 12288-015) + ICK
OREF clone (ID: IOH38087) - N-terminal GFP cassette - Antibiotic resistance: Ampicillin and Neomycin

2) GFP-CAT plasmid (control): pcDNA/GW-53/CAT Gateway vector (Invitrogen, included with the
previous vector in order) - N-terminal GFP cassette - Antibiotic resistance: Ampicillin, Neomycin, and
Chloramphenicol

These plasmids were used for functional characterization of a genomic variant discovered in a human
subject. This work was published in 2009 (copy of paper attached):

Lahiry P, Wang J, Robinson J, Turowec J, Litchfield D, Lanktree M, Gloor G, Puffenberger EG, Strauss
KA, Martens M, Ramsay DA, Rupar CA, Siu V and Hegele RA. A Multiplex Human Syndrome
Implicates a Key Role for Intestinal Cell Kinase in Development of the Central Nervous, Skeletal, and
Endocrine Systems. The American Journal of Human Genetics 2009, Feb;84(2):134-47. PMID:
19185282.

| have had a request from a research group in Australia and have a biological material MTA in place
and | wish to process the export documentation.

Sincerely,

9
i
(o

Robert A. Hegele MD, FRCPC, FACP, FAHA, FCAHS

Jacob J. Wolfe Distinguished Medical Research Chair in Human Gene Function
Edith Schulich Vinet Canada Research Chair in Human Genetics

Martha G. Blackburn Chair in Cardiovascular Research

Scientist, Robarts Research Institute

Distinguished Professor of Medicine and Biochemistry

The University of Western Ontario

hegele@robarts.ca

100 Perth Drive, Box 5015, London, ON N6A 5K8 Canada
TEL: 519-931-5271; FAX: 519-931-5218 www.robarts.ca



b Australian Governinent

9¥™  Department of Agriculture, Fisheries and Forestry
Australian Quaranting and Inspection Service

. . Phone: (D2) 6272 4578
Quarantine Act 1908 Section 13(24A) Fax: (02) 6240 1798
File Red: 08712955

Permit to Import Quarantine Material
Permit; [ 1P08017148 | Valid From: |1 Oct 2008 | Valid To: | 10ct2010 | Page 1 of 4

Various Contacts Various Suppliers Exporters
Queensland University of Technology Various Addresses In
Institute of Health and Biomedical Innovation All countries

60 Musk Avenue

KELVIN GROVE QLD 4059

Attn: Prof Judith Clements

You are authorised to import the following material under the listed conditions
Notg: Thix permit covers AQIS quaraniine requivement ondy.
‘mports may be subject (0 quaranting inspeetion on arrival 1o detesming compliance with the listed permit conditions and freedom from

\._«amination. Imports not in compliance or not appropriately identified or packaged and labelled in accordance with the import conditions they

represent may be Subject 1o s¢izure, treatment, re-export or destruction at the importer's cxpense,

Additionally. all foods imported inlo Auvstralia musl comply with (he provisions of the Imparted Food Contral Act 1992, and may be inspected and/or

anafysed against the requircments of the Australia New Zealand Food Standards Code.

All imporis containing or derived fram Cenetically Modified material wust comply with the Gene Technology Aer 2000,

[tis the importer's responsibility to identify, and 1o ensure it has complied with, all requitements of any other regulatory organisations and advisory
bodies prior to and after imporiation including The Australian Customs Service, The Departmen! of Health and Ageing, Therapeutic Goods
Administration, Avstrslian Pesticides and Veterinary Medicines Authority, Department of the Environment, Water, Heritage snd the Arts, Food
Standards Anstralia New Zealand and any state agencics such as Depariments of Agriculiure and Health and Environmental Protection authorities.
Importers should note that this list is not exhaustive.

Import conditions are subject to change at the discretion of the Director of Quarantine. This permit may be reveked without notics,

Naotihcation of the import must be provided to AQIS for all imported goods other than goods imported as accompanied baggage or goods imported
via the mail snd not preseribed under the Customy Aot 901, Notification niust be consistent with Quarantine Regulations 2000 {sxemples include a
Quarantine Entry or a Quarantine declaration).

A‘E{ﬂ'\r ,I‘, Q?-T,J&”hﬂﬁl/’u FER z “ .-' Wy G R ‘\?“?E?lg\'\ﬁ"» r
HEH TR ik SRS 30 hun-‘:-.‘%& ;
Antlbodles (purificd & PC0992 AND PCO?O] All countries In-wtro

. sed against synthetic

\wtterial or against

antigens derived from
multicellular organisms)
Genctie Material PC0992 All countrics In-vitro
(Purified plasmid and
cosmid vectors including
phages, bacteriophages
and recombinant viral
factors, not coding for
virnlence factors)

e cordition tatteus cetmingd dndef SRGIARGEE LA SRR

Delegate of Director of Quarantine
Printed Name  Sally CGirimes Date 1 Oct 2008
PDF created with pdfFactory Pro trial version www.pdffactory.com




Permit: | IP08017148 | Page 20 4
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Genetic Ma PC0992 All countries In-vitro
(Purified DNA/cDDNA or .

RNA from multicellular

organisms)

Genetic Material (Yeast | PC0O%92 All countries In-vitro
artificial chromosomes, :
plasmid or cosmid
vectors in E.coli, Bacillus
suhbtilis or
Saccharomyces spp
containing DNA and/or
c¢DNA from these species
or derived fram
multiccllular organisms)

Genefic Material PC0992 All countries In-vitro

(Purified recombinant

bacterial proteins and

lipids) ﬂ_
Luboratory reagent PC0992 AND PC(701 All countries In-vitro

(Purified animal
proteins, hormones,
albumins (including
bovine serum albumin ),
enzymes and lipids
(excluding antibodies))

Laboratory reagents PC0%92 AND PC0701 All countrics [n-vitro
(Cell culture supernatant

fluid)

Cell lines (Human, PC0992 All countries In-vitro

rodent, rabbit, insect,
amphibian, reptile, non-
salmon finfish cell lines

and hybridomas of these

species) 'ﬁ_
Cell lines (Established PC1329 AND PC0992 All countries [n-vitro

primate cell lines)

Laboratory reagent PCO992 AND PC0701 All countries In-vitro

(Purified or recombinant
proteins and lipids
including peptides,
hormones, growth
factors, and enzymes
(excluding antibodies))
Sera, blood, Auid or PC0O992 AND PCO701 All countries In-vitro
fissue samples (Sourced
from all species
{excluding salmonid fish,
non-human primates,
avians, ovines, caprines,
bovines, cervines,
equines or porcines))

Delegate ol Dircetor of Quarantine
Printed Name Sally Grimes Date 1 Oct 2008
FPDF created with pdfFactory Pro trial version www.pdffacterv.com




Permit: [1P08017148 | Page 3 of 4

1. The products must be imported in quantities of no greater than 20 mL or 20 g for each
individually packaged unit.

PC0992 1. A valid copy of this Import Permit (or a method of identifying the Import Permit such as the
Import Permit number) and all required documentation must accompany each consignment.
Alternatively, necessary documentation will need to be presented to AQIS at the time of clearance.
In order to facilitate clearance, airfreight or mail shipments should have all documentation securely
attached to the outside of the package, and clearly marked "Attention Quarantine". Documentation
may include Import Permit {or Impott Permit munber), and invoice.

DOCUMENTATION REQUIREMENTS

2. Bach consignment must be clearly identified and linked to the relevant item(s) on the Import
Permit. 1dentifying documentation must be available to the quarantine officer at the time of
clearance. This documentation may include:

a} an accompanying invoice or airway bill; or
b) the physical labelling of the goods; or
c) an overseas supplier's declaration describing the goods,

3. If the product description on the Import Permit varies from the identifying documentation
provided for clearance, the importer is responsible for providing evidence (o the quarantine officer
that the Import Permit covers the products in the consignment.

4, Providing all documentation is in order at the time of clearance, the consignment can be released
from quarantine,

POST ENTRY / END USE CONDITIONS

— 5. This Import Permit allows for the importation of goods for in vitro laboratory studies (or in vivo
use in laboratory organisms only), untess approved by AQIS for specific in vivo use in non-
laboratory organisms.

6. This Import Permit does not permit the use of the samples for microbiological cultures or viral
isolation, without prior written approval from AQIS.

7. Laboratory organisms include those defined in the following list and must be contained under
laboratory or animal house conditions (or equivalent): guinea pigs, hamsters, mice, rabbits, rats,
rodents or micro-organisms. Work in all other animals and plants is not permitted.

8. For in vivo use in non-laboratory organisms (eg. chickens, sheep, cattle, ete.) or plants a separate
application for in vive use must be lodged with, and approved by AQIS, This also applies if the
product is to be used in veterinary vaccine or veterinary therapeutic manufacture.

9. This Import Permit does not permit the direct or indirect exposure of the imported materials or
derivatives to non-laboratory organisms or plants,

Delegate of Director of Quarantine
Printed Name Sally Grimes Data | Oct 2008
PDF created with ndfFactory Pro trial version www.npdffactorv.com
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Parmit: | 1P08017148 | Page §-of 4
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e

10. It is the unportcr 8 rcsponsnb:hty to ensure that thc goods are Iabelled "Tn vitro 1 use or in vivo
use in laboratory organisms only" or equivalent on the smallest packaged unit prior to distribution.

[1. It is the importer’s responsibility to ensure compliance with all international (eg IATA) and
domestic requirements concerning the sate handling, transport and labelling of biological material.

12, 1 is the end user’s responsibility to ensure that all laboratory products are used in accordance
with the current AS/NZS 2243 Safety in Laboratory standards and Office of Gene Technology
Regulator (OGTR) requirements.

PC1325 DOCUMENTATION REQUIREMENTS

2. Each consignment must be accompanied by a supplier’s declaration, stating:

a) The cell line has shown no signs of contamination including cytopathic efiects, or adventitious
microbial contamination (inchuding viral contamination), and —_

b) (i) the cell linc is greater than 2 years old; or

(i1) the cell line is less than 2 years old and was derived Irom animais with no history or clinical
signs of infectious disease,

Delegate of Director of Quarantine
Printed Name Sally Grimes Date 1 Oct 2008
PDF created with pdfFactory Pro trial version www.pdffactorv.com




2009 Biohazard Agents Registry, Dr. Robert Hegele 22-0ct-09
Name CAT. NO. SUPPLIER MSDS Comment Use
3T3-11 CL-173 ATCC Y  Murine fibroblast Mutant LMNA is transfected into these cells
NIH/3T3 CRL-1658 ATCC Y  Murine and immunofluorescence studies and
COS-7: note SV40 promoter CRL-1651 ATCC Y  Green monkey Western analysis performed
(Ceropithecus aethiops)

HEK293: note Adeno E1A promoter CRL-1573 ATCC Y  Human

HepG2 CRL-11997 ATCC Y Human

Fibroblast, finite primary cell line human GMO05659 Coriell Cell Repository Y  Human: unaffected Cells are cultured, morphology and growth

curves evaluated and immunofluorescence
Fibroblast, finite primary cell line human GMO08398 Coriell Cell Repository Y  Human: unaffected studies, Western analysis, DNA and RNA
isolated and microarray and high

Fibroblast, finite primary cell line human GM03348 Coriell Cell Repository Y  Human: unaffected throughput sequencing analysis performed.
Fibroblast, finite primary cell line human AG03513 Coriell Cell Repository Y  Human: HGPS proband

Fibroblast, finite primary cell line human AG04456 Coriell Cell Repository Y  Human: unaffected

Fibroblast, finite primary cell line human AG16409 Coriell Cell Repository Y  Human: unaffected

Fibroblast, finite primary cell line human 30950 Dr. T.C. Rupar na Human Cells are cultured, DNA and RNA extracted
Fibroblast, finite primary cell line human 40916 Dr. T.C. Rupar na Human and microarray and high throughtput
Fibroblast, finite primary cell line human 20750 Dr. T.C. Rupar na Human sequencing analysis performed

Fibroblast, finite primary cell line human 70280 Dr. T.C. Rupar na Human

pCMV6 PS100001 Origene y Transfection vectors used in the lab
pcDNA3.1 350492 Invitrogen Y

ENTR 11 dual selection vector A10562 Invitrogen Y

Subcloning Efficiency™ DH5a™ Competent Cells 18265-017 Invitrogen Y  E.Coli Cells used to as vehicles for transfection of
Electromax DH10B competent cells 18290-015 Invitrogen E. Coli genetic material for overexpression studies
ME DH10B competent cells 18297-010 Invitrogen E. Coli and phenotypic characterization

ME DH5-alpha competent cells 18258-012 Invitrogen Y E.Coli

ME DH5A T1 page resist comp cells 12034-013 Invitrogen E. Coli

GFP-ICK-wt plasmid: pcDNA-DEST53 Gateway vector 12288-015 Invitrogen E. Coli

ICK ORF clone ID: IOH38087  Invitrogen E. Coli
__n_c..oc_mmr finite primary cell line human HGADFN167 Progeria Research Foundation Y _ Human: HGPS proband same use as Coriell Cell Repository




University of Western Ontario

Permit Summary
Permit Holder Hegele, Robert A
Permit # BIO-RRI-0006 e
Cepartment Robarts Research o
Phone 6106612111 Ext. 25271%
Email hegele@robarts.ca
Approval Date W"] { S-.f 2099 Expiration Date  May 14, 2012 -

BioSafety Officer's Signature 7’)/_3&&% _*MAW

Organism Coll Types Human Source Material GMO Animals Used Toxin
ME [Rodent] (established): Blood, serum/plasma SV 40 Large T antigen
DH10B, 3T3-L1, NIH/3T3. [Non- (expressed in COS7 cells),
ME DH5- human Primate] pCDNA3 plasmid, pcDNA
alpha, ME (established): COS-7 3.1 Echo Expression Vector
DH5A T1 [Human] (established: Kit. [ADD]: pCMVE,
HEK293, HEP62 pcDNA3.1, pENTR 11

{Human Primary]:
Fibroblast- (GMO5659,
GMO08398, , GM03348
GMO03513, Fibroblast,

finite primary cell line-

human .

Building
Robarts

Robarts
Robarts
Robaris
Raobarls

Thursday, August 27, 2009

Room Room Area Lab Phone Ext. Level
4212 2
4286 2
4288 2
4292 2
4294 1

Page 1 of 2




University of Western Ontario

Permit Summary
Permit Holder Hegele, Robert A
Permit # BIO-RRI-0006 - .
Department Robants Research _ .
Phone §106612111__ . Ext, 25271 S
Email hegele@robarts.ca

Approval Date e, 16, 2 gﬁ_ Expiration Date  May 14,2012

BioSafety Officer's Signatura . M‘M_

Permit Conditions

1

11

1.2

13

21

INTERNAL PERMIT HOLDER RESPONSIBILITIES

Comply with UWO BioSafety Safety Policies and Standard Qperating Procedures. Ensure that the Mealth Canada Biosafety Guidelines, relevant
regulations and safe laboratory practices are followed.

Receive adaquate blosafely training from the institution. Permit Holders are responsible for the provision of gpecific training and instruction in hichaza
agent handling that Is necessary for the safe use of this material in their own laborateries. Supervisors must ensure that workers understand the healt
safely hazards of the work or 1ask (due diligence).

Ensure that the UWC Biosafety Manual is available to all lab personngl under the permit.
Report incidents of loss or theft of any biohazardous material immediately to the Biosafety Coordinator,

WORKER RESPONSIBILITIES
Be familiar with the UWO Biosafety Manual, attend all required safety training sessions and ohey all safety regulations required by the UWO Biosafet:

Committee.

Report to the Permit Holder any incident involving known or suspected exposuse, parsonal contamination or a spill involving a biohazardous agent,

| accept the above responsibilities as a Internal Permit Holder and 1am acceuntable for following UWO BioSafaty Guidelines and Procedures Manual for Containi

Level 1 and 2 Laboratories
Permit Holder Name ?)%—\ Slgned Q\ Date ;ﬁqd

-~

Thursday, August 27, 2009 Page 2 of 2



Comments for pcDNA/GW-53/CAT
6820 nucleotides

CMV promoter: bases 232-819

T7 promoter: bases 863-882

Cycle 3 GFP (N-terminal): bases 905-1621

allB1 recombination site: bases 1643-1667

CAT ORF: bases 1697-2353

attB2 recombination site: bases 2355-2379

BGH polyadenylation region: bases 2414-2641

f1 origin: bases 2687-3115

SV40 early promoter and origin: bases 3142-3450
Neomycin resistance ORF: bases 3525-4318

SV443 early polyadenylation region: bases 4493-4623
pUC origin: bases 5008-5679

Ampicillin resistance ORF (bla). bases 5824-6684 (c)
bla promoter: bases 6685-6783 (c)

{c) = complementary strand

Invitrogen

life technologies



PcDNA-DEST53

7767 bp

Comments for pcDNA-DESTS3
7767 nucleotides

CMV promoter: bases 232-819
T7 promoter: bases 863-882
Cycle 3 GFP (N-terminal). bases 805-1621
aftR1 recombination site: bases 1643-1767
Chloramphenicol resistance gene: bases 1876-2535
ccdB gene: bases 2856-3161

alfR2 recombination site; bases 3202-3326

BGH polyadenylation region: bases 3361-3538

1 orgin: bases 36344062

5v40 early promoter and origin: bases 4089-4387
Neomycin resistance ORF: bases 4472-5266

SV40 early polyadenylation region: bases 5440-5570
pUC origin: bases 5953-6626

Ampicillin resistance ORF (bla): bases 6771-7631 {c)
bla promoter: bases 7632-7730 {(c)

(€} = complementary strand

Invitrogen'

life technologies



MATERIAL SAFETY DATA SHEET Page 1 of 8
Revised 8/26/03

PCDNA-DESTS3 (GATEWAY VECTOR} Replaces {None)
INVITROGEN CORPCRATICN Printed 8/26/03

MSDS JD: 12288

1. PRODUCT AND COMPANY INFORMATION

INVITROGEN CCRPORATION GIBCO PRODUCTS

1600 FARADAY AVE. INVITROGEN CORPORATION

CARLSBAD, CA 92008 3175 STALEY ROAD P.O. BOX 58

760/603-7200 GRAND ISLAND, NY 14072
716/774-6700

INVITROGEN CORPORATICN INVITROGEN CORPCRATICON

3 FOUNTAIN DR. P.O. BOX 12-502

INCHINNAN BUSINESS PARK PENROSE

PAISLEY, PA4 9RF AUCKLAND 1135

SCOTLAND NEW ZEALAND

44-141 814-6100 64-9-579-3024

INVITROGEN CORPORATION
2270 INDUSTRIAL ST.
BURLINGTON, ONT

CANADA L7P 1A1
905/335-2255

EMERGENCY NUMBER (SPILLS, EXPOSURES): 301/431-8585 (24 HOUR)
800/451-8346 (24 HOUR)
NON-EMERGENCY INFORMATION: 800/955-6288

Product Name: PCDNA-DESTS3 {GATEWAY VECTOR)
Stock Number: 12288

NOTE: Tf this product is a kit or is supplied with more than one material,
please refer to the MSDS for each component for hazard information.

Product Use:
These products are for laboratory research use only and are nct intended for
human or animal diagnostics, therpeutic, or other clinical uses.

Synonyms :
Not available.

2. COMPQOSITION, INFORMATICHN ON INGRECZIENIS

The following list shows components of this product classified as hazardous
based on physical properties and health effects:

Component CAS No. Percent
EDTA 60-00-4 1 -5
TRIZMA BASE MIXTURE 50 - 100

LTIMSDS1



MATERIAL SAFETY DATA SHEET Page 2 of &8
Revised 8§/26/03

PCDNA-DESTS53 (GATEWAY VECTOR) Replaces (None)
INVITROGEN CCRPORATION Printed 8/26/03

MSDS ID: 12288

3. HAZARDS IDENTIFICATION

IR R RS S S SRS RS A SRS R EEEEEEFEEEEE] mzmmmmznm OVERVIEW #*F*xhdkdkhhkx b A e hh kv R RAA A
Warning!

Irritant.

Harmful if swallowed.

Harmful if absorbed.

Harmful by inhalation.

May cause allergic skin reaction.

Possible reproductive system hazard baszed on animal data.
LA R SR S AR S EEEEEREERERE SR SRR R R R R TR e R T

Potential Health Effects:

Eve:

Can cause moderate irritation, tearing and reddening, but not likely to
permanently injure eye tissue.

Skin:

Can cause moderate skin irritation, defatting, and dermatitis. Not likely
to cause permanent damage.

May cause allexrgic skin reaction.

Upon prelonged or repeated exposure, harmful if absorbed through the skin.
May cause mincr systemic damage.

Inhalation:

Can cause moderate respiratory irritation, dizziness, weakness, fatigue,
nausea and headache.

Harmful! Can cause systemic damage (see "Target Organs) .

Ingestion:

Mildly irritating to mouth, throat, and stomach. Can cause abdominal
discomfort.

Harmful 1f swallowed. May cause systemic poisoning.

Chronic:

No data on cancer.

Contains a substance that is a possible reproductive system hazard based
on animal studies at doses that could be encountered in the workplace.

4. FIRST AID MEASURES

Eve:

Immediately flush eyes with plenty of water for at least 20 minutes
retracting eyelids often. Tilt the head to prevent chemical from
transferring to the uncontaminated eye. Get immediate medical attention
and monitor the eye daily as advised by vour physician.

Skin:
Wash with soap and water. Remove contaminated clothing, launder

LTIMSDS2



MATERTAL SAFETY DALA SHEET Page 3 of 8
Revised 8/26/03

PCDNA-DEST52 (GATEWAY VECTOR) Replaces (None)
INVITROGEN CORPORATION Printed 8/26/03

MSDS ID: 12288

4. FIRST AID MEASURES (CONT.)

immediately, and discard contaminated leather goods. Get medical attention
immediately.

Inhalation:

Remove to fresh air. If breathing is difficult, have a trained individual
administer oxygen. If not breathing, give artificial respiration and have
a trained individuzl administer oxygen. Get medical attention immediately.

Ingestion:
Severely irritating. Do not induce vomiting. Seek medical attention
immediately. Drink 2 glasses of water or milk to diluteo.

Note To Physician:
Treat symptomatically.

5. FIRE FIGHTING MEASURES

Flashpoint Deg C:

Not awvailable.
Upper Flammable Limit %:

Not available,.
Lower Flammable Limit %

Not available.
Autcignition Temperature Deg C:

Not available.

Extinguishing Media:

Can cause moderate irritation, tearing and reddening, but not likely to
permanently injure eye tissue.

Use water spray/fog for cooling.

Firefighting Techniques/Equipment:

Do not enter fire area without proper protection including self-contained

breathing apparatus and full protective equipment. Fight fire from a safe

distance and a protected location due to the potential of hazardous vapors
and decomposition products.

Hazardous Combusticn Products:
Includes carbon dicxide, carbon monoxide, dense smoke.

6. ACCIDENTAL RELEASE MEASURES

Accidental releases may be subject to special reporting requirements and other
regulatory mandates. Refer to Section 8 for personal protection eguipment
recommendations.

LTIMSDS2



MATERIAL SATETY DATA SHEET Page 4 of 8
Reviged 8/26/03

PCDNA-DESTS53 (GATEWAY VECTOR) Replaces (None)
INVITROGEN CORPORATION Printed 8/26/03

MSDS ID: 12288

6. ACCIDENTAL RELEASE MEASUREE (CONT.)

Spill Cleanup:

Exposure to the gpilled material may be irritating or harmful. Follow
personal protective equipment recommendaticns found in Section VIII of
this MSDS. Additional precautions may be necessary based on special
circumstances created by the spill including; the material spilled, the
quantity of the spill, the area in which the spill occurred. Also consider
the expertise of employees in the area responding to the spill.

Ventilate the contaminated area.

Prevent the spread of any spill to minimize harm to human health and the
environment if safe to do so. Wear complete and proper perscnal protective
equipment following the recommendation of Section VIII at a minimum. Dike
with suitable abscorbent material like granulated clay. Gather and store in
a sealed container pending a waste disposal evaluation.

7., EANDLING AND STORAGE

Storage of some materials is regulated by federal, state, and/or local laws.

Storage Pressure:
Ambient

Handling Procedures:

Harmful or irritating wmaterial. Avoid contacting and avoid breathing the
material. Use only in a well ventilated area.

Keep closed or covered when not in use.

Storage Procedures:

Store in a cool dry ventilated location. Isclate from incompatible
materials and conditions. Keep container(s) closed.

Suitable for most general chemical storage areas.

8. EXPCSUKE CCONTROLS, PERSONAL FROTEGTLON

Exposure Limits:

GSHA PRL AGCIH TWA
Component (ppm) (ppm)
EDTA Not established. Not established.
TRIZMA BASE Not established. Not established.

Engineering Controls:
Local exhaust ventilation or cther engineering controls are normally
required when handling or using this preduct to avoid overexposure.

Personal Protective Egquipment:

LTIMSDS2



MATERTAL SAFETY DATA SHEET Page 5 cf 8
Revised 8/26/03

PCDNA-DESTE3 (GATEWAY VECTOR) Replaces (None)
INVITROGEN CCRPORATION Printed B/26/03

MSDS ID: 12288

8. EXPOSURE CONTROLS, PERSONAL PROTECTION (CONT.)

Eye:

An eye wash station must be available where this product is used.

Wear chemically resistant safety glasses with side shields when handling
this product. Wear additional eye protection such as chemical splash
goggles and/or face shield when the possibility exists for eye contact
with splashing or spraying liquid, or airborne material. Do not wear
contact lenses. Have an eye wash station available.

Skin:

Avoid skin contact by wearing chemically resistant gloves, an apron and
other protective equipment dépending upon conditions of use. Inspect
gloves for chemical break-through and replace at regular intervals. Clean
protective equipment regularly. Wash hands and cther exposed areas with
mild soap and water before eating, drinking, and when leaving work.

Have a safety shower available.

Respiratory:

NICSH approved air purifying respirator with dust/mist filter.

A respiratory protection program that meets OSHA's 29 CFR 1910.134 and
ANST Z88.2 requirements must be followed whenever workplace conditions
warrant a respirator's use.

S. PHYSICAL AND CHEMICAL PROPERTIES

Appearance/physical state: Liguid sclution / suspension
Odor: No cdor.

Not established.

Not established.

Not established.

Not established.

Not established.

Not established.

Specific Gravity/Density: Not established.
Octancl/water Partition Coeff: Not established.
Volatiles: Not established.
Evaporation Rate: Not established.
Viscosity: Not established.

10. STABILITY AND REACTIVITY

Stability:
Stable under normal conditions.

Conditions to Aveoid:

Strong oxidizing agents. High temperatures. Strong alkalies. Copper alloys.

Aluminum alloys.
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10. STABILITY AND REACTIVITY (CON

Hazardous Decomposition Products:
Carbon monoxide. Carbon dioxide. Nitregen oxides.

Hazardous Polymerization:
Hazardous poclymerization will not occur.

11, TOXICOLOGICAL INFCRMATION

Acute Toxicity:

Dermal/Skin:
Net determined.

Inhalation/Respiratory:
Not determined.

Oral/Ingestion:
TRIZMA BASE: 5200 MG/KG

Target Organs: Kidneys. Bone marrow.
Carcinogenicity:

NTP:
Not tested.

IARC:
Not listed.

OSHA:
Not regulated.

Other Toxicological Informaticn

12. Eccleogical Informatien

Ecotoxicolegical Information: No ecclegical information available.

Environmental Fate (Degradation, Transformation, and Persistence) :

Bicconcentration is not expected to occur.
Biodegrades slowly.
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23, DISPOSAL CONSIDERATIONS

Regulatory Information:
Not applicable.

Dispcsal Method:

Clean up and dispese of waste in accordance with all federal, state, and
local environmental regulations.

Digspose of by incineration following Federal, State, Local, or Provincial
regqulations.

14. TRANSPORT INFORMATION

Proper Shipping Name: Not Determined.
Subsidilary Hazards:

15. REGULATCORY INFORMATICN

UNITED STATES:

TSCA:

This product is solely for research and development purposes only and may not
be used, processed or distributed for a commercial purpose. It may only be
handled by technically gualified individuals.

Prop 65 Listed Chemicals: PROP 65 PERCENT
No Prop 65 Chemicals.

No 313 Chemicals

CANADA :

DSL/NDSL:

Not determined.

COMPCNENT WHMIS Classification
EDTA D2

TRIZMA BASE DZB

EURCPEAN UNION:

PRODUCT RISK PHRASES:

None assigned.
PRODUCT SAFETY PHRASES:

Not applicable.
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15. REGULATORY INFORMATION (CONT.)

PRODUCT CLASSIFICATION:

XI
EINECS
Component Number
EDTA 200-449-4
TRIZMA BASE Not established.

16, CTHER INFORMATION

HMIS Rating 0-4:

FIRE: Not determined.
HEALTH: Net determined.
REACTIVITY: Not determined.

Abbreviaticns
N/A - Data is not applicable or not available
SARA - Superfund and Reauthorization Act
HMIS - Hazard Material Information System
WHMIS - Workplace Hazard Materials Information System
NTP - Natiomal Toxicology Program
OSHA - Occupaticnal Health and Safety Administration
IARC - International Agency for Research on Cancer
PROP €5 - California Safe Drinking Water and
Toxic Enforcement Act of 1986
EINECS - European Inventory of Existing Commercial
Chemical Substances

The above information was acquired by diligent search and/or investigation
and the recommendations are based on prudent application of professional
judgment. The informaticon shall not be taken as being all inclusive and is
to be used only as a guide. All materials and mixtures may present unknown
hazards and should be used with cauticn. Since Invitrogen Corporation cannot
contreol the actual methods, volumes, or conditions of use, the Company shall
not be held liable for any damages or losses resulting from the handling or
from contact with the product as described herein. THE INFORMATION IN THIS
MSDS DOES NOT CONSTITUTE A WARRANTY, EXPRESS COR IMPLIED, INCLUDING ANY
IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPQSE.
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ARTICLE

A Multiplex Human Syndrome Implicates a Key Role

for Intestinal Cell Kinase in Development

of Central Nervous, Skeletal, and Endocrine Systems

Piya Lahiry,1-2 Jian Wang,! John E Robinson,! Jacob P. Turowec,2 David W. Litchfield,?

Matthew B. Lanktree,1.2 Gregory B. Gloor,? Erik G. Puffenberger, Kevin A. Strauss,3
Mildred B. Martens,4 David A. Ramsay,# C. Anthony Rupar,2.5.6 Victoria Siu,2.5.6

and Robert A. Hegelel.2.*

Six infants in an Old Order Amish pedigree were observed to be affected with endocrine-cerebro-osteodysplasia (ECQ). ECO is a previ-
ously unidentified neonatal lethal recessive disorder with multiple anomalies involving the endocrine, cerebral, and skeletal systems.
Autozygosity mapping and sequencing identified a previously unknown missense mutation, R272Q, in ICK, encoding intestinal cell
kinase (ICK). Our results established that R272 is conserved across species and among ethnicities, and three-dimensional analysis of
the protein structure suggests protein instability due to the R272Q mutation. We also demonstrate that the R272Q mutant fails to
localize at the nucleus and has diminished kinase activity. These findings suggest that ICK plays a key role in the development of

multiple organ systems.

Introduction

Protein kinases belong to one of the largest and most func-
tionally diverse gene families in eukaryotes, constituting
approximately 1.7% of all human genes.! By phosphory-
lating substrates, kinases can direct activity, localization,
and overall function of numerous target proteins. Kinases
are particularly important for signal transduction and coor-
dination of complex cellular functions, as seen with the
mitogen-activated protein (MAP) kinases and cyclin-depen-
dent kinases (CDKs), which play a central role in regulating
mammalian cell proliferation and division.Z Altered kinase
activity or abnormal substrate phosphorylation has been
implicated in monogenic diseases—"kinasopathies”—
including endocrine disorders,® cancers, immunodefi-
ciencies,® and cardiovascular diseases.®

Inherited skeletal dysplasias or osteochondrodysplasias
are characterized by abnormal development, growth, and
maintenance of the skeleton.” Manifestations of skeletal
dysplasias range from clinically undetectable to severe
deformities and lethality.” A group of lethal autosomal-
recessive skeletal dysplasias are the short rib-polydactyly
(SRP) :syndrornes,8 which include SRP type II or Majewski
Syndrome (MIM: 263520).°

Herein we report a new syndrome, to our knowledge,
comprising osteodysplasia, cerebral anomalies, and endo-
crine gland hypoplasia. A pedigree from an Old Order Amish
community was identified as having six affected infants
with this previously unreported multisystem, neonatal
lethal condition, designated here as the endocrine-cere-
bro-osteodysplasia (ECO) syndrome. Because the Old Order

Amish population reportedly have a high degree of consan-
guinity,'” this pedigree was ideal for autozygosity mapping
of the putative molecular defect.!12

We delineate the clinical features of ECO and report the
first mutation, R272Q (¢.1305G — A), within ICK, encod-
ing intestinal cell kinase (ICK). Biochemical and immuno-
cytochemical studies indicate function and localization
deficits, implicating ICK as a key player in development
of the central nervous, skeletal, and endocrine systems.

Material and Methods

Patients and Biological Materials

Two families from an Old Order Amish community were referred
for genetic assessment and counseling, and all six affected infants
were examined by one of the authors (V.S.). Photos, blood, and
tissue samples were provided for research purposes, with ethics
approval (from the Office of Research Ethics at the University of
Western Ontario) and informed consent from participating
parents. Peripheral blood and skin biopsy for DNA extraction was
collected from five affected children, three parents, and two unaf-
fected siblings and used for autozygosity mapping. The genealogy
of the families affected with the disease was prepared through inter-
views and local Amish community records. DNA from umbilical
cord blood and buccal swabs was extracted from 257 ECO-unaf-
fected individuals born into the Old Order Amish community for
determining the mutant-allele frequency in the community.
Autopsies were performed on three patients (IV-1, [V-2, and [V-8
from pedigree) after 33, 29, and 23 weeks of gestation, respectively.

Histology
Routine tissue samples including liver, kidney, and central nervous
system (CNS) from each of the three autopsy patients were collected

TRobarts Research Institute, London, Ontario N6A 5K8, Canada; 2Department of Biochemistry, University of Western Ontario, London, Ontario N6A 5C1,
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for histopathological examination, formaldehyde fixed, paraffin
embedded, sectioned, and then stained with hemolysin and eosin.
Neuropathological examination was performed on formalin-fixed
brain and spinal cord of each of the three autopsy patients.

Genotyping

DNA from five affected infants and five unaffected parents and
siblings were genotyped for single-nucleotide polymorphisms
(SNPs) with GeneChip Mapping 500K Array Set (Affymetrix, Santa
Clara, CA, USA) at the London Regional Genomics Centre. 250 ng
of double-stranded genomic DNA was digested with either Nsp or
Sty, tollowed by adaptor ligation and PCR amplification with
generic primers. PCR products were then purified, fragmented
with DNasel, labeled with terminal deoxytransferase, and finally
hybridized to the Mapping 250K Nsp or Sty GeneChips. SNP geno-
types were determined with the B-RLMM algorithm implemented
in Affymetrix GTYPE software,

Autozygosity Mapping

Autozygosity (homozygosity) mapping was performed with Agi-
lent GT v2.0 (Agilent Technologies, Santa Clara, CA, USA), which
scans the genome for regions that are identical by descent. SNP
allele frequencies from controls of Furopean descent were used
for estimating the two-point logarithm of the odds (LOD) scores
for each SNP. Location scores, which are the summation of two-
point LOD scores for a block of homozygous SNPs, were then
calculated for providing a relative measure of likelihood that the
region harbors the disease gene.!?

Mutation Analysis

Eleven of the 36 positional candidate genes in the linked region
on chromosome 6p were screened by genomic DNA sequencing
in an affected individual, a parent, an unaffected sibling, and
a non-Amish control. Candidate genes from genomic DNA were
PCR amplified with primer patrs designed for all coding exons
and intren-exon boundaries. All amplicons were then sequenced
with the sequencing platform of the London Regional Genomics
Centre Sequencing Facility.

Cosegregation of the exon 7 JCK mutant with disease in the pedi-
gree was demonstrated with direct sequence analysis of all available
family members. The target sequence (552 base pairs [bp]} was
amplified with primers 5' CTC ATT CCA TAC AGT GCC ACA and
3" GAATTA CAT GCC AAT TTT CAA AG, followed by electropho-
resis purification on a 1.5% agarose gel and analysis on a ABI
3730 DNA Sequencer (Applied Biosystems, Mississauga, ON,
Canada). A total of 13 family members, including the affected
individuals, were studied.

SNaPshot and TagMan assays were used for identifying allele
frequency of the ICK variation in exon 7, ¢.1305G—A (GI:
156671211), within 257 Old Order Amish controls and 2855
ethnically diverse and healthy non-Amish controls, respectively.
For SNaPshot, which is a rapid allele-specific genotyping method,
the purified 552 bp amplicon (with the above primers) was sub-
jected to ddNTP extension (SnaPShot, Applied Biosystems) with
primer 5’ CAG TGG GAT CCC AAG AAA C and analyzed by ABI
3730 DNA Sequencer. TagMan guantitative real-time PCR assays
were performed with an ABI 7900 sequence detectton system
(Applied Biosystems) for providing allele discrimination with
PCR primers (forward primer: 5' GCT CCT GAG AGA CAT GCT
TCA; reverse primer: 5’ AAG AAA ATG GAA GAA AAC CTG ACT
AGC T) and two allele-specific TagMan probes synthesized for
detecting the JCK variation (allele G: 5’ VIC-CCC AAG AAA CGA
CCA AC and mutant allele A: 5’ FAM-CCA AGA AAC AAC CAAC).

In Silico Analysis
Conservation of the ICK protein across species was determined
with ClustalW, which is a multiple-sequence-alignment computer
program, by initially creating a phylogenetic tree of the query
sequence."* Impact of the amino acid mutation (R— Q at residue
272) on ICK protein structure, function, and pathological implica-
tion was predicted with four online tools, namely PMUT,'*
PolyPhen,'® SNPs3D,!7 and SIFTE. '8

The crystal structure of human CDK2 in complex with isopente-
nyladenine (PDB ID: 2EXM), solved by Schulze-Gahmen et al.'?,
was used as a basis for modeling the ICK with and without the
R—Q mutation at residue 272, For mimicking ICK, 2EXM was
substituted at A183P and I186V. The resulting structure was visual-
ized in the program PyMOL (v0.99, DeLano Scientific, San Fran-
cisco, CA, USA).2® With the Rosetta Design program,! used for
approximating the change in potential energy (in kilocalcries) of
the ICK structure with the R— Q mutation, side chains of nearby
contacting amino acids were allowed to vary in conformation.
Change in energy values (in kilocalories) was replicated in Eris
server, which is a protein-stability prediction server that calculates
the change in protein stability caused by mutations.?? Eris server
has the added feature of allowing backbone motion of the amino
acids, which is crucial for protein-stability estimation of small-to-
large mutations.

Plasmids and Cell Culture

The Ultimate ORF Clone of human ICK ¢cDNA (clone ID: IOH38087)
was provided in the Gateway entry vector, pENTR221, containing
a kanamycin-resistance cassette (Invitrogen, Carlsbad, CA, USA).
The R— Q mutation was introduced into the wild-type JCK clone
within pENT221 in vitro with the GeneTailor Site-Directed Muta-
genesis System (Invitrogen). With Clonase II (Invitrogen) for aiding
homologous recombination, the wild-type and mutant JCK cDNA
was cloned directionally into the Gateway destination vector,
PcDNA-DESTS3, containing an N-terminal green fluorescent
protein {GFP) tag and neomycin-resistance cassette. All clones
were sequence verified. The plasmid pcDNA/GW-53/CAT, which
contained an N-terminal GFP tag, neomycin-resistance cassette,
and chloramphenicol-acetyltransferase (CAT) cassette, was pro-
vided as a vector control. HEK293 cells were maintained at 37°C
and 5% CO; in Dulbecco’s modified Eagle’s medium (GIBCO, Carls-
bad, CA, USA) supplemented with 10% fetal bovine serum.

Immunocytochemistry

For assessing nuclear localization of ICK constructs, HEK293 cells
were grown on coverslips in six-well 35 mm dishes to 60%—70% con-
fluency, followed by transfection with either wild-type (WT), R272Q
mutant ICK-expressionn plasmid, or control vector containing
a CAT cassette (4 pg DNA) by a calcium-phosphate-based metheod.
48 hr after transfection, cells were washed two times with PBS,
fixed with 4% paraformaldehyde, and stained with Hoechst dye
(2.5 pg/mlin PBS) (Sigma-Aldrich, Oakville, ON, Canada) on ice for
20 min. Cells were then washed three times with PBS and mounted
on gtass slides with PermaFluor Aqueous Mounting Medium (Fisher,
Markham, ON, Canada). Images were captured with FITC and
UV filter sets and 40x chjective with a Leica (Deerfield, IL, USA)
DMIS000B inverted fluorescence microscope, followed by image
acquisition with the Leica Application Suite {LAS v. 2.8.1).

Protein Quantification
HEK293 cells were grown in 225 cm? flasks until 60%-70% conflu-
ency was reached, followed by transfection with GFI-tagged
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expression constructs of either WT, R272(Q mutant, or control
vector containing a CAT cassette (96 ug DNA) by a calcium-phos-
phate-based method. 48 hr after transfection, cells were harvested
in ice-cold PBS and lysed in lysis buffer (20 mmol/L Tris-HCI [pH =
7.4], 50 mmol/L NaCl, 1 mmol/L EDTA, 1 mmel/L EGTA, 1%
Triton X-100, 25 mmol/L NaF supplemented with phosphatase
and protease inhibitors}. The lysate was cleared by centrifugation.
Cell lysates were precleared with immobilized protein-G beads
(Fisher) for 3 hr at 4°C and then incubated with anti-GFP (3 ug}
for 2 hr at 4°C, followed by incubation with immobilized
protein-G beads (Fisher) overnight at 4°C. The beads were washed
extensively with lysis buffer and then divided for immunoblotting
and kinase assay.

GFP-immunoprecipitated beads of all three constructs were
boiled in the SDS loading buffer for 5 min, Proteins were then
resolved by 12% SDS-PAGE and transferred onto polyvinylidene
difluoride membranes (Invitrogen). The membranes were blocked
in TBS containing 0.1% Tween-20 and 5% fat-free dry milk for
1 hr and then incubated with anti-ICK (1:200, Santa Cruz
Biotechnology, Santa Cruz, CA, USA) overnight at 4°C. The
membrane was then incubated with horseradish peroxidase-
conjugated anti-goat secondary antibodies (1: 50,000, Santa
Cruz Biotechnology) for 1 hr, followed by ICK protein visualiza-
tion with enhanced chemiluminescence-detection Luminel
reagent according to the manufacturer’s instructions (Santa
Cruz Biotechnology).

Kinase Assays

For assessing kinase activity, GFP-immunoprecipitated WT ICK,
R272Q mutant ICK, and vector control were washed extensively
in kinase assay buffer (50 mM HEPES [pH 7.5], 10 mM MgCls, sup-
plemented with 5 mM DTT, protease inhibitors and phosphatase
inhibitors). The samples were then incubated with 5 uCi [y->2P]
ATP, 100 uM ATP, and 5 pg purified myelin basic protein (MBP)
(Millipore, Billerica, MA, USA) at 30°C for 15 min in 50 ul kinase
assay buffer. As a positive control, active MAPK 2 (Millipore) was
incubated with 5 pCi [y-3*P] ATP, 100 pM ATP, and 5 pg MBP at
30°C for 10 min in 25 pl kinase assay buffer. Proteins in the reac-
tion were separated by 15% SDS-PAGE. The gels were dried, and
32p was detected by autoradiography.

Statistical Analysis
Immunoflucrescence localization data were analyzed with Pear-
son’s chi-square test with SAS v9.1 (SAS Institute, Cary, NC, USA).

Results

Clinical and Pathological Features of ECO

Three affected individuals from two Old Order Amish fami-
lies were originally reported as having a Majewski-hydrole-
thalus phenotype in 2004 (S. Bakker and V. Siu, 2004, Am.
Soc. Hum. Genet., abstract). Three further infants were
subsequently born, and the phenotype was further charac-
terized (Figure 1A and Table 1).

The infants have had a high birth weight (90'" percen-
tile)®® in four out of six times that this was measured.
Some of the excess weight may be attributed to the excess
fluid associated with severe hydrocephalus. In all of the
pregnancies in which antenatal ultrasound was performed,

multiple anomalies including ventriculomegaly, cleft lip,
and shortened limbs were observed in the second
trimester. Polyhydramnios occurred in one pregnancy.
Spontaneous onset of labor occurred in two of the preg-
nancies at 33-34 weeks gestation. One infant (IV-I)
showed no spontaneous respirations at birth, was intu-
bated for a day, then extubated and taken home for pallia-
tive care. He died on day 3. The second infant (IV-7) had
severe hydrocephalus, requiring drainage of 350 ml of cere-
brospinal fluid from the ventricles to enable vaginal
delivery. The baby died during birth. The other pregnan-
cies were induced between 23 and 29 weeks gestation
because of the severity of the malformations. Integrated
prenatal screening was undertaken in one pregnancy and
was screen positive for increased risk of Trisomy-21, with
a low unconjugated estriol of 0,18 MoM and a low alpha-
fetoprotein of 0.48 MoM, Adrenal hypoplasia found in
this infant (IV-8) may potentially account for the low
prenatal estriol levels.

The face shows a wide nasal bridge and flattened nasal tip
with median cleft lip in four of the six cases and a small
premaxilla with bilateral cleft lip and palate in the remain-
ing two cases. There is swelling of the tissue derived from
the maxillary prominences. The eyes are small and sunken,
with a cysticcomponent observed in two cases. As expected,
the eyelids were fused in the three infants born between
23 and 25 weeks gestation, but they were also fused in the
infant boin at 29 weeks (eyelids normally remain fused
until approximately 26 weeks gestation)??. Ears show
varying degrees of dysplasia. The lower lip is deficient later-
ally, and the chin is small. One infant (IV-2) had two
congenital supernumerary teeth at 29 weeks gestation.

The upper limbs are markedly shortened, with a charac-
teristic bowing of the forearms, ulnar deviation of the
hands, and postaxial polydactyly. X-rays reveal angulation
of the diaphyses. Palmar creases are abnormal. Usually the
index fingers have only one interphalangeal crease,
whereas the other digits lack at least one, if not both, inter-
phalangeal creases. There is severe brachydactyly of the
digits on the hands, as well as syndactyly involving various
combinations of digits two to six. The hips are abducted,
with the thighs held at 90 degrees to the lower legs. There
is a very wide gap between the halluces and the second
toes, reminiscent of atelosteogenesis type 2. On X-rays,
the proximal metaphyses of the femur and tibia are
widened. Overall, the radiologic findings are most consis-
tent with a diagnosis of Majewski syndrome,

Chest tends to be broad, with widely spaced nipples only
in patient IV-1. No congenital heart defect was found in
any of the three autopsies. The adrenal glands were hypo-
plastic in two cases and absent in one case.

Four genotypic males have all had varying degrees of
abnormeal differentiation of the external genitalia. Patient
IV-7, born at 34 weeks, had apparent sex reversal, with
unfused urogenital folds and microphallus. Position of
the urethral orifice was not determined, and no autopsy
was done for assessing for testes. Patients IV-1, 1V-2, and
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Figure 1. Clinical and Pathological Findings in ECO Patients
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(A) Serial photographs of all six affected individuals (left to right from pedigree) showing full body with polydactyly and micromelia,
craniofacial abnormalities including cleft lip and palate, bowed forearms, wide-gapped hallux (not shown for IV-4 and IV-7), and karyo-
type (top to bottom).

(B) Kidney cortex from patient IV-1 (top left) and medulla from patient IV-2 (top right) show cystically dilated tubules (hematoxylin and
eosin staining [H&E], 40 X magnification). Liver sections from the 29-week-gestated patient IV-2 (bottom left) illustrate the persistence
of circular ductal plates (100X magnification). Squamous metaplasia is seen in the intraprostatic urethra from patient IV-1 (bottom
right) (H&E, 40 magnification).

(C) Representative gross coronal view of the brain of patient IV-1, presenting with absent septum pellucidum, secondary to ventricular

hydrocephalus, and fused thalami due to a lack of the third ventricle.

IV-8 had microphallus, hypoplastic scrotum with no rugae,
prominent scrotal raphe, and bilateral cryptorchidism.
Although the cryptorchidism may not be significant in
the context of prematurity (two were delivered at 24 and
28 weeks), IV-1 was delivered at 33 weeks gestation and
had first-degree hypospadias. The urethral opening was
present at the tip of the microphallus in the other two
infants. The two genotypic females had unfused urogenital
folds. Born at 24 weeks gestation, IV-3 had unusually
prominent labia majora, whereas IV-4 (25 weeks gestation)
had normal external female genitalia.

Tissue specimens examined from autopsies of patients
IV-1, 1V-2, and IV-8 (Figure 1B) showed cystically dilated
tubules to a variable extent in both the medulla and the
cortex of the Kidney, as well as persistence of circular ductal
plates in the liver. In addition, patient IV-8 had squamous
metaplasia of the urethra and periurethral glands in the
prostate.

Neuropathology findings were extensive, with the main
features being evidence of holoprosencephaly, hypoplastic
or absent corpus callosum, agenesis of the pituitary, and
cerebral cortex malformations. Patients IV-1 (Figure 1C)
and IV-8 had hydrocephalus in the form of ventricular dila-
tation, absence of the third ventricle, dysmorphic septum
pellucidum, and malformed diencephalic elements. It is
conceivable that the apparent overgrowth of the medial
diencephalic structures led to the obliteration of the third
ventricle, initiating secondary hydrocephalus, followed by
the rupture or absence of the septum pellucidum. In patient
IV-2, there is a development of a semilobar holoprosence-
phaly, which indicates an earlier initiation of the genetic
defect resulting in hypertrophic diencephalic elements.

Overall, affected individuals had ventricular hydroceph-
alus, midline cleft lip and palate, abnormal bone develop-
ment manifesting as micromelia, bowing of the long bones,
postaxial polydactyly, hypoplastic adrenal and pituitary
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Table 1. Clinical and Pathological Description®

Affected Individuals (year of birth}

Head circumference®®

Autopsy
Oral
Cleft palate

Cleft lip
Presence of
premaxilla

Prominent upper lip

region
Hypoplastic/absent
epiglottis
Hypoplastic/absent
larynx

Facial
Midface hypoolasia
Hypoplastic eyes

Retinal dysplasia
Deep-set eyes
Fused eyelids
Hypotelorism
Flat and wide nasal
bridge
Dysplastic and
low-set ears
Micrognathia
Excess skin balow
chin
Teath

Skeletal
Dolicocephalic
Prominent xyphoid
Polydactyly
{postaxial)
Syndactyly
Brachydactyly
Single transverse
palmar crease
Utnar deviation of
hands
Bowing of forearms
(radius and ulna)
Bowing of lower

legs {fibula and tibia)

Hitch-hikers’
thumbs

Abducted hips
Wide gap between

first and second toe

Talipes equinovaris
Chest width

(90th percentile)
36.5 cm

(>97th percentile)
+

midline

bilateral
+

+

4 limbs
+

+
unilateral

+

+

-+

+
+

broad with
wide-spaced nipples

{90th percentile)
31.7 ¢cm

(>97th percentile)
+

midline

median

+

two in lower jaw
+

+

4 limbs

+

.|_

hilateral

+

+

(25th percentile) (90th percentile) (10th percentile)

24 cm
{20th percentile)

notch in
alveolar ridge
median

+ 4+ ++

+

3 limbs

-+
+

+
unilateral-right

28 cm
(3rd parcentile)

midline

bilateral
+, tiny

+

+
+

+

dysplastic

3 limhs

+
+

midline

median

+

present; right:
hypoplastic, left:
cystic

+

3 limbs

+
+
unilateral

+

+

+
+

narrow

Clinical Features IV-1 (2604) 1V-2 (2005) IV-3 (2005}  IV-4 {2006}  IV-7 (2002) IV-8 (2003)
Age at delivery (weeks) 33 29 24 25 34 23
Sex male male female female male male
Karyotype 46, XY 46, XY 46, XX 46, XX 46, XY 46, XY
Height*® 40 cm 37.3¢m 29 cm 32,5 cm 33.1cm

(3rd percentile) {10th percentile) (75th percentile) (10th percentile) {90th percentile)
Weight*? 2250 grams 1400 grams 675 grams 897 grams 1871 grams 667 grams

{90th percentite)
23.3 cm

(90th percentile)
+

midline

median

+
cystic

+, cataracts
+
+

+

+
J:limbs
+
+
+
+

-+

unilateral
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Table 1. Continued
Affected Individuals (year of birth)
Clinical Features IV-1 (2004) Iv-2 (2005) IV-3 (2005) V-4 (2006) V-7 (2002) IV-8 {2003}
Micromelia + + + + + +
®Radiography
Abnormal long short diaphysis
bones (radius, ulna,
tibia, fibula)
Short and incurved  +
ulnae
Short and ovoid +
tibiae
Abnormal humerus  short diaphysis
Abnormal femur short and ovoid
Abnormal Ilium +
Abnrormal/ +
hypoplastic
acetabular roof
Central nervous system
Evidence of failure of separation semilobar, diencephalic
holoprosencephaly  of diencephalic monoventricular, agenesis
elements fusion of basal
ganglia and thalami
Corpus callosum + agenesis hypoplastic
Absence of septum  + +
pellucidum
Hydrocephalus communicating +
(ventitculomegaly)
Dysmorphic cerebral + stenosis
aqueduct
Olfactory bulbs + absent
Cerebral cortex frontal and focal polymicrogyria rudimentary
malformation accipital regions stileation
Brainstem + -+ small brainstem
malformation
Cerebellar hemorrhagic, small cerebellum
abnormalities dysmorphic
peduncles
Hippacampus + +
agenesis
Leptomeningeal +
glioneruranal
heterotopia
Spinal cord + -
malformation
Endocrine system
Pituitary gland absent not identified
Adrenat glands hypoplastic absent hypoptastic
Other
Pulmonary +
hypoplasta
Gastrointestinal tube-like stomach  small stomach -
anomalies
Squamous + - -
metaplasia
of bladder
External genitalia  microphallus, microphallus, normal normal sex reversal; present,
hypoplastic scrotum hypoplastic scrotum hypoplastic microphatlus

Cryptorchidism
Polyhydramnios

bitateral - -

labia majora

present

Note: Blank cells indicate that information was unavaitable.
? Information gathered from attending-physician reports.

® Report from International Sketetal Dysplasia Registry (Cedars-Sinai Medical Center} for Patient IV-1,
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Figure 2. SNP-Based Genotyping of ECO-Affected Pedigree Identified a Homozygous Region in Chromosome 6p

ECO in a consanguineous Old Order Amish pedigree. The inheritance of the disease follows an autosomal-recessive mode of transmission.
Affected individuals are shown as blackened squares (male) and circles (female). Diagonal lines across symbols indicate deceased indi-
viduals. A consanguineous marriage is shown by a double line between two individuals. Confirmation of autozygosity-based linkage was
performed by observing the SNP-based genotyping within the candidate region on 6p12.2-p12. A portion of the homozygous region
within patients is shown in boxes. The ICK variation at the coding sequence 1305 (G— A, accession number: NM_016513) that causes
a R— Q change at residue 272 in the protein was analyzed (see Figure 3C for more details) and highlighted in red. Horizontal dashes
above symbols indicate individuals who underwent DNA analysis, and hyphens indicate nengenotyped markers.

glands, and ambiguous genitalia. Many of the malforma-
tions observed involve a defect of apoptosis, especially the
cleft lip and palate, syndactyly, prolonged persistence of
fusion of the eyelids, and unfused urogenital folds.

Autozygosity Mapping of a Candidate Locus

on Chromosome 6p

Pedigree analysis (Figure 2) of affected individuals revealed
that the syndrome followed an autosomal-recessive inher-

itance pattern, with two parental consanguineous matings
(I11-1 with III-2 and III-3 with I1I-4). Genome-wide auto-
zygosity mapping performed on five ECO-affected infants
and three of the four parents from the pedigree unambig-
uously mapped ECO to 6p12.2-p12 with a location score
of 462, the summation of two-point LOD data,'*?* which
spans over 1.8 Mb of the chromosome (Figure 3A). This
region in chromosome 6p is bound by SNPs 152397061
and 15627217 and is comprised of 397 genotyped
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contiguous SNPs (Figure 3B). Autozygosity-based linkage
was confirmed by haplotype analysis of the SNP genotypes
within the candidate region at chromosome 6p (Figure 2).

Identification of the Causative Mutation,

R272Q, in ICK

The candidate interval harbored a total of 36 known and
hypothetical genes. We prioritized sequencing of candidate
genes on the basis of the following criteria: (1) gene involve-
ment in other single-gene disorders, (2) the role and tissue
specificity of the encoded protein, and (3) the number of
exons per gene, for feasibility reasons. On the basis of this
priority list, exons of 11 candidate genes were directly
sequenced from the genomic DNA of one of each of the
following: affected individuals, unaffected siblings,
parents, and non-Amish controls. This sequencing led to
the discovery of numerous DNA sequence variations (Table
$1 available online). In an autosomal-recessive mode of
inheritance, the disease causing the variation would be
due to a homozygous genotype observed only in the
affected individual, and the parent would be an obligate
carrier of the causative allele. The only such variation that
also affected the gene and/or its gene product was in ICK.
The ICK gene, composed of 12 exons, had a nonsynony-
mous nucleotide change ¢.1305G — A in exon 7 (Figure 3C)
in the DNA of the affected individual. This nucleotide
change results in an amino acid change from arginine to
glutamine at residue 272 (R272Q), which lies within the
nuclear-localization-signal domain of ICK (Figure 3D).
DNA sequencing further demonstrated that this alteration
was homozygous in all five affected individuals, whereas
the phenotypically unaffected parents and siblings were
heterozygotes, consistent with the predicted autosomal-
recessive pattern of inheritance. Complete linkage of ECO
to the R272Q mutation (at chromosome 6p) within the
pedigree was observed, with a two-point linkage LOD score
of 3.61 (at recombination fraction = 0).

In Silico Analysis Demonstrates R272 to Be Conserved
and Required for Protein Stability

The ICK protein belongs to the CDK subfamily, which is
within the CMGC serine-threonine protein kinase family.
R272 in human ICK is conserved in the CMGC group of
kinases, which includes the CDK, MAP kinase, glycogen
synthase kinase 3 (GSK3), and CDC-like kinase (CLK) fami-
lies. ICK homologs were identified across phylogeny,
ranging from Homo sapiens to Candida albicans. Using
ClustalW protein sequence alignment, we observed R272
to be conserved in all 84 known orthologous ICK homologs
(a representative set is shown in Figure 4A). The conserva-
tion of R272 suggests that mutations in this amino acid
are not well tolerated, given that it may be involved in
crucial aspects of structure and function. A previous study
of ICK that mutagenized several residues, including R272,
suggested that the arginine is required to create a function-
ally and structurally stable conformation by forming ionic
bonds with glutamic acid at residue 189.2° There is pre-

sently no three-dimensional (3D) model of ICK because it
hasnot yet been crystallized. However, CDK2 and ICK share
very high amino acid homology within the critical func-
tional domain of interest. For homology-based modeling
of ICK in PyMol,? the 3D region harboring the nuclear-
localization signal of CDK2 was substituted at only 2 of
the 35 residues (residues 183 and 186). As visualized in
Figure 4B, when arginine is mutated to glutamine, the
bond with glutamic acid is disrupted such that the glutamic
acid rotates its side chain so that it is no longer buried in the
protein but becomes surface exposed, suggesting a cause for
protein instability. Instability was confirmed with thermo-
dynamic values acquired from Rosetta®' and Eris,?? two
discrete protein-structure programs. Both Rosetta and Eris,
which predict protein-packing energy changes, predicted
that the R272Q mutant protein was less stable (by 5.1 and
3.4 kCal/mol, respectively) compared to the wild-type
protein. In addition, four different biocinformatic programs
predicted a deleterious effect of R272Q mutation on the ICK
protein (“pathological,” “probably damaging,” “affected
protein function,” and “deleterious” from PMUT, Poly-
Phen, SIFT, and SNPs3D, respectively).

Mutation Screening in Amish and Non-Amish
Populations Suggests R272Q to Be a Private Mutation
The frequency of the A allele in ICK at exon 7, ¢.1305
G—A, was assessed within members in the Old Order
Amish community as well as individuals from other ethnic
groups. Genotype analysis of 257 healthy Old Order
Amish controls demonstrated no AA homozygote but
identified five heterozygote GA carriers outside the ECO-
affected family. The A allele frequency in the Old Order
Amish community was 0.97%; thus, ~1 in 10,000 Old
Order Amish subjects would be predicted to have the
AA genotype. TagMan-based genotyping of the ICK muta-
tion in an additional 2855 individuals from six ethnic
groups demonstrated the complete absence of the A allele,
indicating that this mutation was specific to the Amish.

Nuclear Localization Affected by ICK R272Q Mutation
GFP-tagged ICK wild-type overexpressed in HEK293 cells
localized predominately to the nucleus, whereas the GFP-
tagged ICK R272Q mutant localized predominantly to
the cytoplasm (Figure SA). Therefore, this single R272Q
point mutation was sufficient to cause a loss of nuclear
localization. Statistical evidence in a bar graph is provided
in Figure S1.

Loss of Kinase Activity of ICK with R272Q Mutation

We studied kinase activity in the presence of the R272Q
mutation. GFP-labeled ICK wild-type and R272Q mutant
were overexpressed in HEK293 cells prior to isolation via
immunoprecipitation, and subsequent Kkinase-activity
assays were performed for phosphotransferase activity.
Incorporation of *P into the exogenous substrate, MBP,
was catalyzed by ICK wild-type, but no such incorporation
was detected in the presence of the ICK R272Q mutant
(Figure 5B). The lower panel for Figure 5B indicates that
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Figure 3. Autozygosity Mapping of ECO-Affected Pedigree Identified an Amino Acid Change, R272Q, in ICK

(A) Autozygosity mapping with SNP genotypes from 500,000 SNP microarrays across the chromosomes (x axis) yielded SNP haplotype
location scores (y axis), with the highest peak on chromosome 6. Location score is the summation of the point LOD scores representing
the likelihood of observing contiguous homozygosity in all five affected individuals of each SNP within the region of homozygosity."?
(B) Expanded view of the candidate locus shows the peak to be on chromosome 6p12.2-p12 (indicated by a star), which is defined by SNPs
rs2397061 and rs627217 and consists of 36 candidate genes, including ICK (indicated in red with a star), distributed over 1.8 Mb of the
genome. Transcriptional direction is indicated by arrowheads.

(C) The genomic structure of ICK gene consists of 12 coding exons with a nonsynonymous nucleotide change in exon 7 (indicated in red
with a star) that alters the amino acid of arginine to glutamine at residue 272 (R272Q). DNA sequence analysis of ICK exon 7 from genomic
DNA of a normal (I, top left tracing) individual, an affected (II, top right tracing) individual, and a R272Q heterozygote (bottom middle
tracing). For each tracing, a normal nucleotide sequence is shown in the top line of letters, with single-letter amino acid codes and codon
numbers beneath. The position of the mutated nucleotides is indicated by the star.
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Figure 4.
Structure

ICK Protein Analysis Demonstrates that R272 Is Highly Conserved and that the R272Q Mutation Alters Protein

(A) Multiple alignments demonstrate that R272 residue is highly conserved across a representative set of species-specific ICK homologs. A
ClustalW analysis of the ICK region encompassing the mutation site at residue 272 (highlighted in red) in aligned homologs with multiple
divergent sequences is shown. The residues shaded in blue indicate amino acids that are similar between homologs.

(B) A magnified look at the 3D region surrounding residue 272 in ICK according to PyMOL modeling, such that the normal (I) protein is
superimposed on the R272Q mutant (II) protein. This modeling predicts that the arginine (Arg, in red) and glutamic acid (Glu, in blue)
form an ionic pair because of close proximity, in normal or wild-type protein (indicated by I). By comparison, the R272Q mutant (indi-
cated by IT) is a basic polar to neutral polar substitution and predicts a change in structure such that the glutamine (Gln, in orange) and
glutamic acid (Glu, in orange) can no longer ion pair, leaving the glutamic acid exposed to the surface of the protein rather than buried
within the 3D structure.

in an Old Order Amish community a previously unidenti-
fied and phenotypically distinct syndrome, ECO, whose
clinical manifestations occur early in development and
include dysplasias of skeletal, cerebral, and endocrine
systems resulting in neonatal mortality. In affected
patients, we identified a homozygous missense mutation,
R272Q, in the kinase ICK. R272 was highly conserved
across species and kinase family members. Moreover, the
protein carrying the mutation was predicted to change
the conformation of the structure, as visualized in PyMol,
and to cause protein instability, as predicted by the

equal amounts of ICK protein were assayed for kinase
activity. Bands for the ICK constructs were observed specifi-
cally, providing solid evidence for specificity of the ICK anti-
body. Overall, the assay for 3*P incorporation suggests that
the R272Q mutation significantly impairs kinase activity.

Discussion

Rare congenital disorders provide new information on the
biological pathways in human organogenesis.?® We report

(D) The domain structure of ICK protein consists of the protein serine-threonine kinase catalytic domain, a catalytic loop, two activation
loops, two nuclear-localization-signal sites, and a proline-rich region, from the N-terminal to C-terminal end. The amino acid (aa)
272 (indicated in red) lies within the nuclear-localization signal (indicated with a star).
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Figure 5. Altered Subcellular Localiza-
tion and Protein Activity of the R272Q
ICK Mutation

(A) Subcellular localization of wild-type
and mutant ICK is mainly nuclear and cyto-
plasmic, respectively. HEK293 cells were
transfected for 48 hr with wild-type ICK
(ICK WT), mutant ICK (ICK R272Q), or
vector control tagged with GFP and
analyzed by immunofluorescence micros-
copy at 40X magnification. Transfected
cells were identified by GFP fluorescence
(green), and nuclei were stained with
DAPI (blue). The signals obtained for
DAPI and GFP are shown separately (rows
1 and 2), and an overlay of both fluores-
cence signals with differential interference
contrast (DIC) is shown in row 3. We
counted 502, 501, and 501 transfected
cells per construct of wild-type ICK, mutant
ICK, and control, respectively. The differ-
ence in subcellular localization is statisti-
cally significant (chi-square p value =
3.9 x 107", such that the wild-type and
the mutant ICK protein localizes in the
nucleus of 71.9% and 9.78% of the trans-
fected cells, respectively. In addition,
blinded counting was performed in a small
subset of the whole, and the overall results
of the much larger cell numbers were repre-
sentative of this blinded sample.

(B) In vitro kinase assays were performed
with MBP as substrate with anti-GFP immu-
noprecipates obtained from HEK293 trans-
fected cells and active-purified ERK2 as
a positive control (top panel). HEK293
cells were transfected for 48 hr with GFP-
tagged ICK WT, ICK R272Q, or vector
control followed by anti-GFP immunopre-
cipitation. Bar graphs indicate means =+
standard deviations from three sets of

np.mep

experiments, showing the relative kinase activities normalized to vector control quantitated by densitometry. The autoradiograph shows
results of one experiment demonstrating incorporation of 2P into MBP. The upper blot shows results of a representative experiment
demonstrating the levels of MBP phosphorylation. The lower blot, developed with anti-ICK, demonstrates equal amounts of ICK WT

and ICK R272Q.

change in energy values in the programs Rosetta Design
and Eris. The R272Q mutation impairs nuclear localiza-
tion and kinase activity. The ICK R272Q mutation under-
lying the ECO syndrome implicates intestinal cell kinase
as central to the development of several organ systems
in humans.

Although ECO is, to our knowledge, a distinct new
syndrome, it does share some clinical features with previ-
ously reported syndromes, such as Majewski syndrome
and hydrolethalus. Majewski syndrome, described in
1971, maps to chromosome 4 and is a lethal form of
neonatal dwarfism characterized by short ribs, microme-
lia, polysyndactyly, median cleft lip, polycystic kidneys,
ambiguous genitalia, and hypoplastic epiglottis, larynx,
and lungs.?” Hydrolethalus, described in 1981, maps to

chromosome 11q24.2 and is a neonatal lethal auto-
somal-recessive syndrome characterized by multiple
congenital anomalies including hydramnios,
hydrocephalus, a “keyhole” defect of the occipital bone,
low-set ears, and midline malformations, such as heart
and brain defects, cleft lip or palate, an abnormally shaped
nose or jaw, incomplete lung development, and abnormal
genitalia.”® The causative genes for both Majewski
syndrome and hydrolethalus have yet to be identified,?
but neither locus overlaps with 6p12.2-p12 harboring
ICK. A transitional clinical condition, pseudotrisomy 13
(MIM 264480), consists of characteristics found in both
Majewski syndrome and hydrolethalus, including holo-
prosencephaly, hydrocephalus, polydactyly, heart defects,
and facial anomalies consistent with the trisomy 13
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Figure 6. Schematic of Overlapping Features between Six Disorders, including ECO

The grid shows organ-system involvement, with darkened cells indicating the presence of the subphenotype for each disease. Prevalence
of disorder is in a white-to-black gradient system in which a frequency of 0% is white, 50% is gray, and 100% is black. The reordering of
the disorders was the result of hierarchical cluster analysis that clustered the disease on the basis of similarities in organ-system involve-

ment. The diseases included are (from top to bottom) Hydrolethalus,
ski syndrome, and ECO (highlighted in red).

condition without any chromosomal defects.?® Another
clinical condition that bears some similarity to Majewski
syndrome and hydrolethalus was reported in 1992,
uniting two distinct genetic conditions such that the
two conditions are suspected to be causally related.?' “Ma-
jewski hydrolethalus” was characterized by short limbs
and ribs and abnormal tibiae consistent with Majewski
syndrome as well as hydraminos, hydrocephalus, and
keyhole-shaped occipital bone consistent with hydrole-
thalus syndrome.®? Again, the causative gene is unknown.
Another distinct yet related condition with an unknown
causative gene is the autosomal-recessive Mohr-Majewski
syndrome (MIM: 258860).33

Hierarchical cluster analysis reordered these six related
diseases on the basis of clinical features such that ECO
had the closest clinical description to the Majewski and
Mohr-Majewski syndromes (Figure 6). However, Majewski
and Mohr-Majewski have the presence of short ribs and
cardiac defects, respectively, which are features that are
not observed in ECO-affected infants. Despite the absence
of overlap of loci from mapping studies, DNA sequencing
of ICK in individuals with Majewski and hydrolethalus
syndromes might help to establish whether these disorders
are allelic or whether ECO truly represents a distinct and
unique disorder.

ICK was initially cloned from the human intestinal crypt
with degenerate primers specific for MAP kinases.**3* The
designation ICK appears to be a misnomer, given that ICK
is ubiquitously expressed in adult human tissues, %3
Alternatively, this protein has sometimes been called
MAK-related kinase (MRK) in previous reports.®3¢ ICK
has a variant, ICKb (accession number AAH35807);
however, ICKb is 337 amino acids shorter with an alterna-
tive C terminus, such that ICKb is predominantly in the
cytoplasm.? ICK shares 38% to 40% identity to the cata-
lytic domains of CDKs, which are involved in cell-cycle
transition, and MAP kinases, regulators of cell-cycle
entry.® ICK is activated by dual phophorylation of the

Pseudotrisomy 13, Majewski Hydrolethalus, Mohr-Majewski, Majew-

TDY motif (Y-159 and T-157), such that it autophosphory-
lates at Y-159 and can be phosphorylated by human kinase
cell-cycle-related kinase (CCRK), while being deactivated
by protein phosphatase 5 (PP5).>” It may be speculated
that because the residue 272 mutation of ICK prevents
nuclear localization, it hinders phosphorylation of the
ICK by the nuclear-residing CCRK, which is ultimately
required for kinase activity of ICK.

A previous in vitro study of ICK coincidentally mutagen-
ized residue 272 from arginine to alanine (R272A). Like
R272Q, this non-naturally occurring R272A mutant
showed impaired nuclear localization and kinase activity.?
As determined by in vitro studies, ICK can phosphorylate
exogenous substrates, such as myelin basic protein®*3¢
and Scythe, an antiapoptotic protein required during
mammalian development.®® Scythe (BAT3) is a nuclear
protein that is implicated in apoptosis.*® Scythe knockout
mice display brain heteropia (abnormal migration), hydro-
cephalus, and dilated and hypoplastic kidneys as well as
lung abnormalities, leading to perinatal death.* In addi-
tion to endocrine hypoplasia, syndactyly, cleft lip, and cleft
palate, ECO-affected infants also develop phenotypes
observed with Scythe deficiency. Because ICK is involved
in phosphorylation and activation of Scythe, it is presum-
able that an ICK mutation would include defects observed
with Scythe inactivation. Overall, ICK seems to be involved
in cell-cycle regulation and apoptosis during mammalian
development. Other evidence that ICK has an effect on
embryological development is the observed presence of
ICK mRNA in placental tissue, although specific experi-
ments will need to be performed for confirmation. Previous
work?® has suggested that ICK has a role in development of
the myocardium, but because ECO syndrome is a multior-
gan disorder, this kinase must have a role in development
of other tissues and organ systems. Interestingly, no cardiac
anomalies have been observed in ECO syndrome patients.

Thus, we have characterized a previously unreported
human syndrome—ECO—in which mutated ICK is
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functionally impaired. This single point mutation at
residue 272 not only affects structure, but also function,
such that it can no longer localize properly, which has
detrimental downstream effects and ultimately leads to
abnormal fetal development. These findings suggest that
ICK plays a key role in the development of multiple organ
systems.

Supplemental Data

Supplemental Data include one table and one figure and can
be found with this article online at http://www.ajhg.org/.
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I * l Public Health Agence de la sante
Agency of Canada publique du Canada

Name and/or Organization: University of Western Ontario
Robarts Research Institute
Attn: Dr. Robert Hegele

Address: P.0O. Box 5015
100 Perth Drive, Rm 4-25
London, ON
NSA 5K8

The following biological material does not require a Public Health Agency of
Canada import permit under the HPIR™:

Human fibroblast cell line from heaithy donof (AG16409), as provided by Corigll Institute
for Medical Research, 403 Haddon Avenue, Camden, NJ, USA 08103.

4”%(%4‘-/\&/ ‘ JULY T 6 an

Marianné Heisz 7 Date
Chief Importation and Regulatory Affairs

NOTICE

*HPIR (HUMAN PATHOGENS IMPORTATION REGULATIONS)

> We are in receipt of your application for an importation permit for biological matarials. The HPIR apply
only 1o the importation of infectious substances which cause human disease and their subsequent
distribution or transfer, Other materials, which arc deemed by the importer to be non-infectious for
humans, do not require a permit under these regulations. It should be noted that the importation of
biological materials may also be subject to other federal, provingial and municipal laws.

- For animal or plant pathogens one must apply to The Ganadian Food Inspection Agency (CFIA) far
a permit to impart. {f this material is of animal or plant arigin it may also require a perrmit from the
CFIA. Piease contact the CFIA for their consideration. CFIA conlact numbers are as follows:

(613) 224-7068 for information concerning animal pathogens/material
(613) 225-2342 {axt. 4334] for information conceming plant pathogens/material

. frportation of this material may also be subject to the requirements of the New Substances
Notification Regulations (Organisms) of the Canadian Environmantal Protection Act, 1999,
administered by Environment Canada and Health Canada, Please contact the New Substances
information Line at 1-800-567-1999 or nan-infoliine@ec.gc.ca.

» You may be required to provide the Canada Border Services Agency (CBSA) custorns officers
with a declaration that the imported material (s non-infectious and non-hazardous.

Should you require further information, please contact:
Office of Laboratory Securly
Centre for Emergency Preparednass and Responge
(613) 957-1779
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Dear Dr. Robinson, October 19™ 2009
Blackburn Cardiovascular Genetics Laboratory

Robarts Research Institute

Room 4-28, PO box 5015, 100 Perth Drive

London, On, Canada, N6A SK8

Please find enclosed one flask each of the following cell lines which you requested from the PRF
Celt and Tissue Bank for your research.

Exon []
mutation
Cijf{)icallz Age at Yes_c))r’ no
Cell Line # | Passage # Affected? | pefation to Proband Donation (21
HGADFNI167 4 yes proband 8 yrs. Smos | yes

Please place cells at 37°C and 5% CO; for 24 hours upon receipt and then change the culture
medium and split (if necessary) as directed. Please sce the attached sheet containing specific
culture conditions. If you have any further questions do not hesitate to contact me at
lestic_vordoni brown.edu or Lorraine Fast (Laboratory Technician) at 401-444-7564 or

fastLoplirtespan.ory.

Sincerely,

}
%gﬁaa \w/\‘“"’f\
Leslie B. Gordon, MD, PhD
Principal Investigator, The Progeria Research Foundation Cell and Tissue Bank

Email: progeria@netzero.net  Website: www.progeriaresearch.org
P. 0. Box 3453, Peabody, MA 01961-3453 Tel: (978) 535-25%4 Fax: (978) 535-5843




Culture Conditions:
DMEM (Gibeco 11960-044), + 2mM L-Glutamine, Pen/Strep and 15% FBS.

Split Conditions:
0.25% Trypsin/ EDTA - Iml/T25 tlask, evenly coating cells. Incubate 2-3 minutes. Gently tip
flask to dislodge. Pool ceils in culture medium and replate or freeze down.

Freezing Conditions:
10% DMSQ in culture media

Email: progeria@netzero.net  Website: www.progeriaresearch.org
P, 0. Box 3453, Peabody, MA 01961-3453 Tel: (978) 535-2594 Fax: (978) 535-5849
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-~ *’! Public Health Agencs de ia samté
Agency of Canada  publique du Canada

Name and/or Organization: University of Western Ontario
Robarts Research Institute

Atin: Dr. Robert Hegele

Address! P.0. Box 5015, Rm 4-25
100 Perth Dnve
London, ON
NBA 5K8

The following bialogical material does not require a Puhlic Health Agency of
Canada import permit under the HPIR™:

Human fibroblast cell line fram donor with Hutchinson-Gitford Progeria Syndrome
(HGADFN167), as provided by The Progena Research Foundation Cell Bank, 532
Lowell Street, Peabody, MA, USA, 01860

JULY 16 209

Marianne Heisz ) Date
Chief, Importation and Regulatory Affairs

NOTICE

‘HPIR (HUMAN PATHOGENS IMPORTATION REGULATIONS}

. We are in receipt of your application for an importation pemnit for biotogical materials. The HPIR apply
onty to the importation of infectious substances which cause human disease and their subsequent
distribution or transter. Other matenials, which are deemed by the importer to be non-infectious for
humans, do oot require a permit under these regulations. It should be noted that the importation of
biological materials may also be subject to olher federal, provincial and municipal laws,

. Fer animal or plant pathogens one must apply lo The Canadian Food Inspection Agency {CFIA) for
a permit to impert. If this matedal is of animal ar plant origin it may also require a pemiit from the
CFIA. Please contact the CPIA for their consideration. CFIA contact numbers are as follows:

(613) 221-7068 for information conceming animal pathogens/matenal
(813) 225-2342 {ext. 4334] for information conceming plant pathagens/matenal

> Importation of this material may also be subject to the requirements of the New Substances
Nolification Regulations (Organisms) of the Canadian Environmental Protection A¢, 19939,
administered by Environment Canada and Health Canada. Please contact the New Substances
Information Line at 1-800-567-1999 or nsn-infaline@ec.ge.ca.

. You may be required to provide the Canada Border Services Agency (CBSA) customs officers
with a declaration that the imported material is non-infectious and non-hazardous.

Should you require further information, please contact
Orice of Laboratory Security
Centre for Emergency Preparedness and Responsc
(613) 957-1779

Canadi



The Progeriow Reseawch Foundalion; L

DECLARATION STATEMENT

The contents of this package are as follows:

Cultured Human dermal fibroblasts specimen in medium containing 15% fetal bovine
serum (certified free of infectious agents ) in a sealed collection tube.

These samples are considered to be non-infectious and are for research purposes only.

Douglas Hixson for
in approved
Please do

These samples are being shipped from Dr. Leslie Gordon and Dr.
studies funded by The Progeria Research Foundation. Samples are packed
blood mailers and are perishable. Samples are not known to be infectious.

not delay.

If you have any questions or concerns, please contact Dr. Leslie Gordon, Principal
Investigator, at the following phone number: (508) 889-6655

Sincerely,

Leslie B. Gordon, MD, PhD

P. 0. Box 3463, Peabody, MA 01961-3453
Tel: (978) 535-2594, Fax: (378) 535-5849,

Email; info@progeriaresearch.org

www _progeriarescarch.org



THE UNIVERSITY OF WESTERN ONTARIC
BIOHAZARDOUS AGENTS REGISTRY FORM
Approved Biohazards Subcommittee; March 27, 2009
Biosafety Website: www.uwo.ca’lhumanresources/biosafety/

This form must be completed by each Principal Investigator holding a grant administered oy the University of
Western Ontario or in charge of a laboratory/facility where the use of Level 1, 2 or 3 biohazardous agenis is
described in the laboralory or animal work proposed. The form must also he completed if any work is proposed
involving animals carrying zoonotic agents infectious to humans or involving plants, fungi, or insects that require
Public Health Agency of Canada (PHAC) or Canadian Food Inspection Agency (CFIA) permits.

This form must afse be updated at least every 3 years or when there are changes to the biohazards being used.

Cantainment Levels will be established in accerdance with Laboratory Biosafety Guidelines, 3rd edition, 2004,
Public Health Agency of Canada (PHAC) or Containment Standards for Velterinary Facilities, 1 edition 1996,
Canadian Food Inspection Agency (CFIA).

Completed forms are to be returned to Occupational Heaith and Safely, (OHS), (Support Services Building,
Roecim 4190) for distribution to the Bichazard Subcommittee. For questions regarding this form, piease contact
the Biosafety Officer at extension 81135 or biosafety@uwo.ca. If there are changes to the information on this
form {excluding grant title and funding agencies), contact Occupational Health and Safaty for a modification form.
See website: www uwo.ca/humanresources/bicsafety

PRINCIPAL INVESTIGATOR } (D,_&lhm e /

SIGNATURE 2y
DEPARTMENT Ea&@m%@ngmm&aﬁmmﬁwm
ADDRESS 100 Portn D, Koam t-06

PHONE NUMBER 9 -93/ - S‘c.'l?l e S/T-F 3 S EEF> exd T9N2

EMERGENCY PHONE NUMBER(S) $)¢4-93/- )
EMAIL b_eﬁ_e_(e c)bads ca

Location of experimental work to be carried out: Building(s) Q KA Room(s) L/ng w297,
“ 286

“For work being performed at Institutions affiliated with the University of Western Ontario, the Safety Officer for
the Institution where experimsnts will take place must sign the form prior to its beirg sent to the University of
Western Ontario Biosafety Officer (See Section 12.0, Approvals).

FUNDING AGENCY/AGENCIES: /:[«SFO CIHR

GRANT TITLE(S):

PLEASE ATTACH A BRIEF DESCRIPTION OF YOUR WORK THAT EXPLAINS THE BIOHAZARDS USED
AND HOW THEY WILL BE USED. PROJECTS SUBMITTED WITHOUT A SUMMARY WILL NOT BE

REVIEWED.

Namaes of all personnel working under Principal Investigators supervision in this location:

Qfau\ ong Re€NLre TV st
___:_,,xBf‘l 4} .
oaLC Aenne Y _J dhamnsSem ..

Qj)mSm’\ L Lab/cy o
Z),é Ha SSef _ NN 4 th ea)_EagA Free

* DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED*
Page 1 of 7



1.0 Microorganisims

1.1 Does your work involve the use of microorganisms or biological agents of plant or animal origin (including but
not limited to viruses, pricns, parasites, hacteria)? JRYES O NQ

If no. nlease proceaed to Section 2.C

Do you use microorganisms that require a permit from the CFIA? QYES prO

if YES. please give the name of the species.
What is the origin of the microorganism{s}?
Please describe the risk (if any) of escape and how this will be mitigated:

Please attach the CFIA permit.
Please describe any CFIA permit conditions:

1.2 Please complete the table below:

Name of Is it known | Isitknown | Is it known | Maximum Source/ PHAC or
Biological tohe a to be an to be a quantity to Supplier CFIA
I agent(s)" I human animal zoonotic te cultured Containment
i | pathogen? | pathegen? | agent? at one time? Level
1 YES/NG YESINO YES/NO {in Litres) ]
O Yes O Yes O Yes g10203
D JO R O o f{No 0.007 o [puiisgen
‘ O Yes O Yes O Yes v &L10203
DI x| BNo BCNo | &No 15, 007-0.0/0
O Yes O Yes i OYes 010203
O No FO No O No
OVYes | OVYes O Yes 010203
O No O No O No ;

"Please altach a Material Safely Data Sheet or equivalent from the supplier.

2.0 Cell Culture

2.1 Does your work involve the use of cell cultures? MYES O NG
if no, please proceed to Section 3.0

2.2 Please indicate the type of primary cells (i e derived from fresh tissue) that will be grown
in culture in the table below

Cell Type Is this cell type used 1 Source of Primary Cell | AUS Protocol Number
. in your work’? _. Culture Tissue
| Hurman g Yes ONo See A“Hacﬁec/ Not applicabie
Rodent ZYes ONo ‘e Y 0

Non-hurnan primate ¢ Yes BNo

[OYes  OlNo

Other (specify)

- DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT 8E REVIEWED*
Page 2 of 7



2.3 Please indicate the type of established cells that will be grown in culture in the table below.
" Cell Type Is this cell type used | Specific cell line(s)* Supplier / Source
in your work?

Human KYes ONo See AHached 5;;)4#40/4«/

Rodent @ Yes O No “ h A7 CC
['Non-human prirﬁate G¥Yes ONo C OS - ? '/_"}LTC C
Other (specify) O Yes O Mo h " R ]

*Please atlach a Material Safety Data Sheet or aquivalent from the supplier. (For more information. see
www.atce.org)

2 4 For above named cell types(s) indicate PHAC or CFIA containment level required O ° £{2 03
3.0 Use of Human Source Materials

3.1 Does your work involve the use of human source materials? BiYES O NO
If no, please proceed to Section 4.0

3.2 indicate in the table below the Human Source Material to be used. -

Human Source Source/Supplier | Is Human Source Name of PHAC or CFIA
Material /Company Name | Material Known to Be | Infectious Containment
Infected With An Agent (If Level (Select
Infectious Agent? applicable) | one)
YES/NQ
Human Blood (whole) or |Reg e rch Subljecke| O Yes  §No
other Body Fluid Regeasren Sdjects 01 #2 03
Human Blood (fraction) | Rygaee e © rOYes  ®No
or other Body Fiuid i VF"“_S;"‘BJ"C& 01 g2 03
Human Organs or O Yes O No
Tissues (unpreserved) 0102 03
Human Crgans or O Yes O No
Tissues {preserved) 010203

4.0 Genetically Modified Organisms and Cell lines

4.1 Will genetic modifications be made to the microcrganisms, biological agents, or cells described in Sections

1.0 and 2.0? ')QYES O NO If no, please proceed to Section 5.0

4.2 Will genetic modification(s) invelving plasmids be done? ;’J\YES, complete table below O NO
Bacteria Used for ! P\asmid(s) * Source of Plasmid | Gene Transfected | Describe the change
Cloning * | that results

DSl VB2 [Bacderia APo & lI’r’lorp’\o(o rcw?
\ PQC%T (Tnubrosen [ 7

* Please attach a Matenal Data Shest or equivalent if available.

* DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED®
Page 3 of 7



4.3 Will genetic modification(s) involving viral vectors be done? O YES, complete table below  JNO

! that resuits

. Transduction *

"Virus Used for Vector(s) * | Source of Vector | Gene Transfected;l Describe the change

!
| |

. - | _ -
* Please attach a Material Safety Data Sheet or eguivalent.

4.4 Will genetic sequences from the following be invoived?

¢ HIV QO YES, please specify W NO
¢+ HTLV 1 or 2 orgenes from any Level 1 or Lavel 2 pathogens O YES, specify ® NO
¢ SV 40 Large T antigen YES O NQ
¢+ E1A oncogene YES\}S\% HMNO
¢+ Known oncogenes O YES, please specify BNO
+ Other human or animal pathogen and or their toxins O YES, piease specify __ BNO
4.5 Will virus be replication defective? & YES O NO

4.6 Wil virus be infactious to humans or animals? OYES Q\/NO

4.7 Will this be expected to increase the containment level required? OYES A NO

5.0 Human Gene Therapy Trials

5.1 Will human clinical trials be conducted using the viral vector in 4.07 O YES ~&XNO

If no, please proceed to Section 6.0 If YES attach a full description of the make-up of the virus.
5.2 Wilt virus be able to replicate in the host? O YES O NO

5.3 How will the virus be administered?

5.4 Please give the Health Care Facility where the clinical trial will be conducted:

5.5 Has human ethics approval been obtained? O YES, number: ONO O PENDING

8.0 Animal Experiments

6.1 Will iive animals be used? O YES Q’NO If no, please proceed lo section 7.0

6 2 Name of animal species to be used

6.3 AUS protocol #

6.4 Will any of the agents listed be used in live animals O YES, specify: O NO

« DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED*

Page 4 of 7

|
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7.0 Use of Animal species with Zoonotic Hazards

7.1 Wil any of the following animals or their argans, tissues, lavages or other body fluids including hlood he
used?

+ Pound source dogs OYES 5NO
+ Pound source cats O YES B NO
+ Cattie, sheeporgoats O YES g NO
+  Non-human primates O YES, please specify species & NO
+ Wild caught animals O YES. please specify species & colony # B NO
+ Birds O YES ®] NO
+  Others {wild or domestic} O YES, please specify B NO

8.0 Biological Toxins

8 1 Wil toxins of biclogical origin be used? O YES $NO If no, piease proceed to Section 9.0

8.2 If YES, please name the toxin(s)
Please attach information, such as a Material Safety Data Sheet, for the toxin(s) used.

8.3 What is the LD+, (specify species) of the toxin

8.4 How much of ithe toxin is handled at one time*?

8.5 Haw much of the toxin is stored*?

*For information on biosecurily requirements, please see:
http:/!www.uwo.cafhumanresourcesfdocandforrn/docsfhealthandsafetyibiosafetleiosecurity_Requa’rements.pdf

9.0 Insects Requiring CFIA Permits

g 1 Do you use insects that require a permit from the CFIA? O YES S NO
If no, please proceed to Section 10.0

9.2 If YES, please give the name of the species.

9.3 What is the origin of the insact?

9.4 What is the lifestage of the insect?

9.5 Whatis your intention? O Iniliate and maintain colony, give tocation:
Q "One-off’ use, give location:

98 Please describe the risk (if any) of escape and how this will be mitigated:

9.7 Please attach the CFIA permit.

9 8 Please describe any CFIA permit conditions

« DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED*
Page 5of 7



10.0 Plants Requiring CFIA Permits

10.1 Do you use plants that require a permit from the CFIA? O YES WHNO
if no. please proceed to Section 11.0

10.2  IfYES, please give the name of the species.

10.3  What is the origin of the plant?

104  What is the form of the plant {(seed, seedling, plant, tree. .)?

10.5  What is your intention? O Grow and maintain a crop QO "One-time” use

10.6 Do you do any modifications to the plant? O YES QO NO
If yes, please describe:

10.7 Please describe the risk (if any) of loss of the material from the lab and how this will be mitigated:

10.8 |s the CFIA permit attached? O YES O NQ

10.9 Please describe any CFIA permit conditions:

11.0 Import Requirements

1.1 Wil any of the above agents be imported? (¥ YES. please give country of origin US /3 fer
If no, pleasea proceed to Section 10.0 O NO ,fﬁﬁ
wa‘f

11.2 Has an Import Permit been obtained from HC for human pathogens? y@i.YES ’%“1““

11.3 Has an import permit been obtainad from GFIA for animal or plant pathagens? O YES ﬁNO
11.4 Has the import permit been sent to OHS? O YES, please provide permit # O NQO

12.0 Training Requirements for Personnel Named on Form

All personnel named on the above form who will be using any of the above named agents are required to attend
the following training courses given by OHS:

Biosafety

i_aboratory and Environmental/Waste Management Safety
WHMIS (Western or equivalent)

Employee Health and Safety Orientation

> - > &

As the Principal Investigator, | have ensured that all of the personnel named on the form who will be using any of
the niohazardous agents in Sections 1.0 to 9.0 have been trained.

S\GNATURE‘/ZW‘}""* SN LTl /)

« DESCRIPTION MUST BE ATTACHED TQO THIS FORM OR PRO.JECT LL NOT BE REVIEWED*
Paga 8 of 7




13.0 Containment Levels

rﬁ 11 For the work described in sections 1.0 to 9.0, please indicate the highest
HC or CFIA Containment Level required. 01 },6‘2 03

132 Has the facilily been certified by OHS for this level of confginment? \
}:‘{YESJ permit # if on-campus__+ wIj)_m@@]ﬁ'/O()
O NO, please cerlify
0O NOT REQUIRED for Level 1 containment

14.0 Procedures to he Followed

{41 As the Principal Investigator, | will ensure that this project will follow the Western Biosafety Guidelines and
Procedures Manual for Cantainment Level 1 & 2 Laboratories (and the Level 3 Facilities Manual for Level 3
projects). | will ensure that UWO faculty, staff and sludents working in my laboratory have an up-to-date Hazard
Communication Form, found at hitp:/iwww.wph. uwo.ca/

7 (j/'éz';’":({ ?"_ -7 ) g 0 s
SIGNA'T'URE(@_),--?_ S Date: ,/é//; A BN --”/

15.0 Approvals

UWO Bichazard Subcommiltee: SIGNATURE: _ é_ _K»MQ\WC—
Date: T ______‘\,&7“___@,&__

Safety Officer for Institution where experiments will take place: SIGNATURE: LAY
Date: )‘{oltt/»: 02;2,00!’? S

Safety Officer for Universily of Western Ontario (if different from above): SIGNATUREJ;M fean e .
Date._p-lecy IS JO -

Approval Number: fz\U = -/ 'MUU("[) Expiry Date (3 years from Approval): M t,\"l\ Iil-,‘ )u D

Special Condilions of Approval:

“ DESCRIPTION MUST BE ATTACHED 170 THIS FORM OR PROJECT WILL NOT BE REVIEWED®
Page 7 of 7
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Sunuasey “The phenomics and gennmics of atlicrosclerosis in tiodagenic petabolic syudrone ™ page 2.0
September 1, 2006 , Jober( A, Hepele
In 2003, vee proposed in HSFO #NASI20 o expand undesstanding, of single-gene predispositon (o
eardiovaseuliv discase (CVD) and sinee found causalive penes and mutations for 3 fonms of patial
lipodystrophy, nanely familinl patial lipodystrophics types 2 and 3 (FPLD2 FPLD3) and acquined
pactial Jipodystrophy (APL).  Using “phenomics”, defincd uy integraied multidiseiplinmy researcli (o
understand e complex  consequences of penomic variation throvph  systematic discovery  and
catalogaing of standoardized phatotypes, we :f(:\'s'iupr:ci standardized, optimized quontitative aon
invasive imaging prozedures (or corolid artenies snd adipase stores, nll Ley to this cenewnl application
The work was jecognized by menil awards from several proups, including the Amcrican 1em:
Association in 2004 and the Genetics society of Canada in 2006, He will build on the seienrifi
rieientun fron the tnliial fiunding period with this renerwal applicarion,

¢ BACKGROUND AND SIGRIFICANCE: The constellation of disturhed carhahydhate and ol
metabolism, with central obesity, dyslipidemia (clevated triplyeerides [TG) with depressed 11D
cholesterol), hypertension, and type 2 DM (T2DM) is called the 'metabolic syndiome’ (Mot
Evaluation of patients with extieme monopenic forms of Mets will help us w understand compian
MetS, just as the study of paticnts with maonogenic dyslipidemias improved understanding and teatment
of those discases, Bome monogenic foims of MelS have been moleculaly chavacterized — including
those discovered in the Hegele lab - providing importzntinsights and wodel systems for common Mets
¢ PROPOSED RESEARCIH: We propose to continue (o expand ow database of lipodystropha
kindieds, to significantly increase onr chaacterization of biochemical, vascular and adipose phenetypes
i nonogenic MetS and then to assess these new markers in e general population. speeific aims are;
1) o extend our measmements of traditional and non-traditional serum biomarke, plenotypes of
subjects with FPLI2, FPLDI, APL, othe lipodystrophies and familial hypercholesterolemia (171
positive control for early CVI) and to contrast these according (o olcenlar basis ol the discase.

2) To measure baseling non-invasive ullisound (US) vascalar and magnetic resonance imaping (MR
adipose phenatypes in subjects with FPLD2, FPLD3, AL, other forms of lipodystrophy and 1711
and Lo contrast these according 1o moleculu basis of the disease,

3 To senally weasure non-invasive US vascalr and MR adipose phenotypes 1 subjects with 11137,
IFPLD3, APL, other fonms of lipadystrophy and Fil in order to evaluate discase progeession, mnl
contiast these according to molecular basis of the disease,

) o deteemine association between sisk factors, inteimediate phenatypes and atherosclerosis read onts
vatiables in subjects with FPLD2, FPLD3, APL, other founs of ipodystrophy and 1L

We expeot o observe between-genotype difforences in phenotypes such as: 1) lipopiotein, metabolic,
cytokines, chemokines and othor serom biomarkers; 2) carotid IM1 at baseline nod sctial propression; )
association of traditional and non-teaditional 1jsk factors wilh IMT; and ) disiibution of adipose slores
i different forms of Jipodystrophy. The presence of novel sein and imaging biomarkers identificd in
the studies of patients with monogenic MetS will subsequently be evaluated in iudividuals from the
peneral population with Mets, We expect that some biommkers that we will identify as being part of the
monogenic MetS metabolic signature profile will be tianslated to the “panden viniely™ form of MetS.

@ RELEVANCIE:  Ouwr past record of finding determinants of CVI) yisk in Canaddinn familics with
monogenic MetS will continue with renewed funding of this project. O suceess jn fuiding Mals
genetic determinants in piloi studies Jeads us to espeet that this expandesd set of smnples will provide
endmportant new prevalent CVI) righ {actor, with numerous metabolic

new insights,  Mets s
Betler chieetedzation of ealy

abnormalies and a very strongy refationship with vasoular discase,
sensitive “phenomies” - nay provide new clues to help solve il

pheaotypes in monogenic Mets -
ndrome. Any betweenspenotype difteences in phenotype sevegiy

pusele of the common metabolic sy
will help (o plan futere experinients ussessing specific dingnosis and/on teatinent.
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Swmmarcy af [ISFC Graat Proposn - Genomics of hyperteighyeeriderdn”
- Robert 4, Nepele

Seedember 12006 .
Srave PR Ghe Hepode ek bas dlennbed: H e geromie basis of 140 human diseases; w21 -0
sk ntsion. o, dvilipsdenon and a0 rrctabolic disosrders Adtony oflan
areh Award o ti

o e gis
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dvshpaproteinerag by identilyving ond clossifving new buman genomic iHatons 1 candidole genes
altevteig hpopratein metabolism 1o this ead. we will sty pationts with primars owsfipoproteinentss
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s Speeific im0 Advancing the wnderstanding of 11,9 type S through: ¢ extendiag the mutations
speem iy causative genes throuph largescale genomie DNA sequence analyvsis b identilving
mutations ui cardidate HLP tvpe § venes; o) using soreybused detecton nrethads to wdentuly common
repans of e genome with Large-scale copy number vanations [CNVs] thal are shared hetween HIP
tvpe 3 sitbiects; end d definmg o viers mechansmis] of disease of selected 1P Uy S mutations,
@ Specitic abin 20 Advancing the understanding of fILP tvpe 3 through: uf extending the mutational
s thiongh large-seale peaomic NNA sequenee analysis in HLE type Y subjects
penatype: b tdentifving wotations in candidate 1P type 3 oenes: o s
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SERCITLT 10 Causative y
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i hased deteetion methods o identity common jegions of the genome with Lirge-seale copy number
vadations [CNYsE that are shared between HLP tvpe X subjects: and df detinmg i viceo mechamsmyf s
of disease of sefected FEEP type 3 mutations,

# Bpeeitic nine b Advancing the undersesading of the physiologienl aad pathnphysiolugical role of
apo Col by taking advaniage of the private 47007 T458 potvinorphisan of the (yi-Cron and inteasieely
stelyma il asceidion with metabolic phenotvpes.

# RELEVANCIL Serwn 7G s an important emerzing CVD nisk Factor, with pumerous detemiinants
Foeder chimacteniadion of the genctic deterimnants of elevated TG starfing with simpler fanilial form:
sl s HILE rypes 5 and 3 will provide new chues 1o heip solve the puzde of the commog
Bvpatiipiveendends, The cesults will povide penennie data that will irdentify potentially important new
eretibole pathways (0r efovated 106 and generate hypetlicies for fulure cell biology. biochemscar and
shmea! stadies Phe RO studies in the Op-Cree will help clartfy the nermal and
pathiephvamlopieal tole of this protein in humans, Our past recard of flading determinants of OV risk
o Canadin patseats at vk for CHD wild continue with this progect
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teculive Summary

The vivon al us program s 1o catablish on wieprated oty providing Ordane seennsts wity
priess o all aspects af diserse gene discovery, including collection of family mutenial, fuli
genvine szannding, fine penctic and pliysicl mapping, identification of disease penes, mutation!
spertrum anatysis and diaguostic testing applications. By having team members working wowards
the cominon poal ¢f disease genc identification ane by integrating the team inlo the penomice
worsranmity e Cutarie, The Facility for Advanced Genetie Analysis will be unique in the work:

Fhe collaboreting institaions inchude the Urnversity of Dftaven (Ottawis Hospital Rexeay)
mantata), dhe Hospital for Sick Children, The Toyonte Hospite! and The Jolin £ Rehigt
Rusemeh [ustitute,

A vanety of comneicial applieations have been deatiied (o1 Hhe output of this project, ichidng
prostucts ot sea of pharmsacogpenomics, gene therapy amd diagnostic screening tests,
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['i'lfc oveidlt poaf of this proposal is @ image inflnnastion in sthemsslbrosis by dovelopg af §
tealiaeg novel sclivilatle MR anaging apeiits hat csn sense myeloparoxidase (WI0) activity i

athieioimnate, Hoawrpiag evidenec Suggests that activaled HACTOPHAFES SCCIBIE VATLDUS G2 I fin:

Fanckdt invmslig et ogram (oo (Las! 7 kg Wty

medigie inflamration by atherozclecosis, sod that MO iy paticnlar snay bie indieatve of hightish
("vulnesshle™} tesions. A mcent elinieal tial has fuzihier shown st elevated B0 aveds strongty
predict adverss gardiovazadar suieonies i paticnts with chest pon. 10 theselore ypathesived
that fuagiug of local MPO actuvity seill be uselol 1 identifvingy valnevable atheroncloronic fesios

We have woeently deseaibed tva noved approdaches for inaging poroxidases usip oither fow
moleculsr weiglt muiplifiable parsmagnetic sobstistes (Mol Irrtmping 2002: 110 73 ) o
supsHpamapReic cnzyme pseudosubstrates (Naoolett 20044 1 19 522). Thie fatier mathod is bused
of magnetic relaxation switching (MRSW) s phenomenon that vecnrs whea magnaiic nanapartictes
sre brought e elose contuct 1o ench othet (RY increwse of 4-6 fold with nepligible R chaags)
Thiese xetivatable, “smart® agents hatwess eus yine medisled amplification straregies s van be
used to quantitetively incasure enzyme selivity snd inlitlition by MR smaping. The curgent proposal
regresents an effort to mteprate investiyators with differeat sxpertises © develop, implenicot am
validats the larpni field of angyme immaging in atherosclarsis. Topether, the teant will gmghste
basic resubts 1o new methodolvgies focinvive MR imaging. Fhe ultinmte poal of tis resean ki<
to develop clinically useful imaping tools Lo the moteculn assessmeat of atheosclerpas s vive,
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Nobel A Degele Cenetle deterinlamnts of ohesity and plasin Hpoprotehnn $195,9.0
Sy of Resanceh Proposal 7

The roetabolic nyllcfn’ﬁi)tr (jf;.'-litl\*;} affccts 256 of Conadlan wdalts and s patent aigh facton T
atheroseleiosis, Onr strategy o understand e common Meds end dyslipideimnin is to sty e T
monogenic founs, such as familisl pmtial lipodysteophy (FP1) and fumilin hypercholisteralen s
(D). We will build on the ongoing secord of discovery of ecausative genes for Tamifial - pat
Jipodystrophy types 2 (FPLDZ; MIN 1516060) snd 3 (111 D3 MM 604367) and of human diseas
ymutations causing liyperlipidemin, chesity md dinbates mnded by CIHR spplication SMOP T30,
OBJECTIVI: fo discover and define wddittonal genetic deteviinants of obesi(y and  plasni
Hpoproteins by studying vare monopenie hiaan MetS fn Canadian famllies aud « oununines,
Goals: 1) Advaunelng the waderstandbag of FPLI by: 6) extending the mutation spectiun in FPLD
and FLLD3: ) identitying mntations in new FPLD genes; ) defining in vino mechanisi{e} ol disere
of sclected muotations; ) extending the FPLD phenotype, deflining phenotypic: genotype correlution
2) Advaucing U understanding of 101 by: ) extending the mutation spectonmn in 115 D) identifyn;,
rtations in new P penes; o) extending the PH phenotype; defining phenotypic-genutyps coirelation:
Foxpevimental detafls: £2) Wxdending (he mntational gpect o In £P0LD2 and 39000, Conventions
direct sequencing of penomic DNA (pDNAY from 872 FPLD probands showed that 51 had ne mutation
in penes for FPLD? [TAMNA cncoding bmnin A/C] o3 FPL3 [PPARG encading peroxiseine prolifertor
activated receptor-y). The candidate gene approach showed that two paticnss had novel rare miissens

mutations in Z8D encoding emerin. These families will be expanded and evidenee for causation will 1.
obtained from co-scpregation with phenotypes, absence from normal controls and in virre fanctione
imsessinent. We will determine whether sare FMD missense mutations represent & new molecaliv forn

of FPLIY - “FPLIDA™. The remaining 49 subjects with no natation will have these pencs e-soicenc:
nsing @ nevt method (o deteet delciions called MILVA. Sowme probands with nonmal MLEPA testing o
candidate genes may have mutations in new FPLD geaes. 1h) Jdentlying mutntions in new 1PLJ
penes, We will use @ candidate gene approzeh focusing on direet sequence analysis of DN/
Candidates iuelude penes involved in nuclenr envelope biology, snchias LMNBL JAINE2 LER, JAR,
NARE, SENP2, MANT and ZMPSTE24/°ACE], id genes with a functional link to lipodystophy, sucl
as RXRA, SREBPL, AGPAT? and BSCL2. Also, some families may be sufficiendy infonmative «
perfoun Jinkage analysis, Je) Ju vitro studies for selected FPLD muatations, JANA TAGES is the (s
spliciug mutation in FPLD2, We will express the ZMNA muotant in inodel cell lines - livern, adipoeyt:
and fibroblast - and will psgess effects on cellular phienotype morpholopically, ncluding #ssessment of
fat content and assessment of 30 nuclea stonctoee, co-immunoprecipitation with other nuelear Tamin
constituents, sueh as cmexin and with mRNA expression profiling, PPARG Y355X will be studied
vitro collaboratively with Dr. Todd Lefl,  1d) Fxtending (he JPLD phenotype, We will: i) extend
novel FPLD3 kindreds with 94 promoter -14A=G and E1 1S AAATG; ii) pedform lipidomic, proteomis
and tesuscriptomic comparison of FPLIYE and FIULD3; §i) define the phenotype of pre-symptomatic
UPLD childien, 20) Extewding the smistional spectonm in VI, Conventional direct sequeticing, of
gDNA {rom 109 191 probands showed that 62 had no mutation in the HCTIOLADI pene [LOLK], W
will 1e-sereen these genes from gDNA of alfected subjects using MEPA, We will sequance fiom gDNA
of eandidate geunes including APOR, NARCI/PCSKY and AREL 2b) Mew I genes, Some FIT families
have no mutation jn & kaowa gene and may be infovmative for linkage analysis. %) Bxtending fhe 1Y
phenotype, We will: 1) extend novel FIT familics and comppare phenotypes batwean molecular fonms,
Retevance,  Demonstrating wotont LANA in PP inveduced s nev nechanisime - abnonnal nuelea
<o the study of MetS and its wetabolic complications. Discase

envelope shactme and  fouciion
matations ean serve as probes for new pathways o mechanisins, The plaoned stadics will glso help

detennine whether haploinsofticieney is an important disepse echanizm in 17110 end whether simpl
ible. Mutntions in new will specify new pathways, diseas

N

replacement with normal geue producet is feas
mechmisms and terppentic ding s,
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HEGELE Hobed A SUMMARY OF BESEARUH PRO1POUS AL
“Grenetic determinaels of blood prossure”

We have submilted a duplicate of this proposa to HSEC o which we propose 1o slady
Canadian gencte isolales o nd quoele defenminants of blood prassure (B0) pamanly Uy
testing for associalions with candiiate genes, vlhose products are involved o voscuio
biotogy. This appioach hias proven to Do sucoesslulwilly 15 poblications. sica 1997 on e
fopie of genstin detommnants of s

OUJeTIVE
o discover pew genelic dofesaiinant. o HE cnd cofatod leaite i geneigafly

Fscated Canadian popolation«

HYPOTHE Sts

Senomic vanation within selected condidate genes s associaleo with vaceshon
B in Albeda Hotlentes (A, Ontario Oji-Coee (OC) and Keewatin ineil {1K1)

SPTCHFIC AMES

Fo evaloate reported candidote geney thal conliitnde 1o vaahion in Gt
7 Fo evaluale new candidate gene SN alieady discoverod in our lab
Fo characlenze now canidilate gene SHU< which can then be ovalus e

Component 10 Candidate gene association cludics o will be carcied oul in adult.
from our three sammples, including evaluaton of SNIPs discovered in the Heqgele lal
(CFEE 220G LMNATB0BCA ) aad evaluation of previously reporled SN (namealy, AG 1
SBOGA MITTZE & TIM235 AGTIVE TIGEBAIC, CYPITTR? 344007 B3AN YHRGA, BIADK
RIGTH & QIE27). Genolype X gender inferactions will atso be assesscd. candidate gene,
associations will be evaluated in o sample of adolescent OO

Compeonent 2 Deflining promoter sequeace variants io DAXT  We showed (Hil
variation an the DAXT coding sequence: is assodialed with hypotension. We will fes! the
hiypothesis thot comeion vatialion in the OAXT proraoter is associated with BP vanation

Caomponent 3. Addilionat candidate gene association studies. Other candidate
genes foe BP vanation containing SNPs for which i vilre loss of tunction has been
demonstiated include the POMC, MTHIFR, 11, GRL and AN genes, and these are
present prionlies lor evaluation in our skudy samples

Relevance.  Characlersing the genomic basis of B vardation is o first slep lowards
developmg 1) diagnostic tests o stratify pationts for evidence-based clnical decision
raking and interventon, sud 2) novel largets for classical phaomacologic andfor genelic
wlerventions Given the suceess in klentifying genelic detenminants of B, there is meri!
us studying this set of samples o investigate new candidate genes,

Tiroe coutse, personnet and management plan: Years # and 2 Component 1 Year 3
Component | and 2. Year 4: Componenl 2 and 3, Year 5 Component 3. fersonnel
Candidate qenolyping, sequence analysis and leansienl gene expression and mos!
statislical analysas vill be pedormed by Lh. Jian Wang (Researcli Associale).
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V BCIENTIFIC SUMMARY (Maximum ona (1) pugo)

Struclural and Functional Apnotatlon of the Human Gonomo tor Dissass Btudy

I tivs application, we plen Integrated and comprehensive computational ard
lahoratory-bnsed experimonts {r:: produce a mord ﬂ()phlﬁhmiod and compléls slructund
and functlonal annotatlon of hurman genomic vadation, wihin four major, integeat:d

themes. Theso themoes are: Thome 1 (Scherery To complotely charactoriza e
recontly described t)hnnomenon of largs-scalo copy varations (LCVe) hy the huren
(Hughos and Fray} To elucldate nif gane coding saquences; Thoim

genoins; Thama 2
(Blencawa and Fray) Tu charactartze all aplicing lsofarme of ell gones; and Theme 4

3

(Hagote): To ovaluate the role of thase nower genomic vadations I mochanisms

undertying selected human disoasss, sreclﬂcmly atherosclorosis, diabeles and broast

cancer, Since a complete understanding of genomo blology 18 the ultmnle gos! of

genomic investigalion, analysls of pallents will play a focal rols In Incmasng; gur'
o LHT

knowledge of function and regulation of the gonea and typos of variation Involve
dotuaets will  enhanco  tho

offorts to  construgt comprehonslve  now Fenomla f
ar, for monogenks verslons of comples

charactarizatlon of dlinlcal samplus, hy particu
diseases such as atherosclorosts, dinbetes and Lroast cancor. Each of the fou

legrated end complemontary thomas will uge high-throughput techinologles within the
OGH/Ganome Resowrce Platformn to assist In dale gathorlng and will bulld additions!
capacity and new Infrastruclure.  Slato-ofthe-art technologiea and  advanced
computational applications that we have dovelopsd In recon! coltaborations will 1o

axtended and iaf}pﬂed to support gach of our four Thereos. inportantly, our aclivillos wil
inatad with the Canadian and Intomatlonsd sclenfific communlty fo

also ba ¢o.0l

enhance their application. Partnershlps with the Sangor Institute, the Europoasn
Biolnformatics Institule, the Human Gplgonetics Consertium, Affymotrlx, Aglen,
RosetlavMarck, and other USA and Furopean genome sclonlists, have already boen
ostabiishad to facllitate the work,

Tho annolated databases from ths project will be made avellable to the
internatlonal community, via links to existing ganomlc resources. Thoy will serve ay an
International resourco for biomaedical resoarchers to address research inqulry o the:
spactrum of genomic varlalioh In health and disease. 'Tho methods and algorithms
usoed to ?)annmta the datasets wo will also reprasont Inteilactual propaerty. Furthermore,
the databases will be malntatned and curated In Canadian and European contras, n
part from support from by private sactor co-funds. The addilion of the broad rangs of
phonolypo data linked to the unprecedented depth of genomle datn will panni
sophlsticaled modelling and hypothesls lesting. The new markers of Infor-ndividus!
genoimlc and ear pheno!rpa varlation developed as a rasull of this project will provide

new reagoents for ndividua! dingnosis and therag{néw. "
S taain will address: () m:mrnﬂuns of

_ A mutk-disciplinary, muti-nstititional GE
hoalth, diseaso, liness, normaley & disabliity; {il? soclosconomics of inonoganic heallh
n monoganic disense research; (lv)

sorvices; () Informed cholce o paricipate
13 conduct of monogenic diseaso research.

professlonal & aducallonal lssues In {!
Understandlng the structure and organlzation of chromosomes, genos.

transcripts and thelr corresponding variants s the first step lowards systematlc analysts

of the normal function of genos and thelr regulation I an organism. Furthenmors,
annotalion of the full range of human genomic vatlation Provides o staniing point for
ous phenotyple conditions,

understanding Inter-Individual differences underying var

including digeass states. Conada's lon -atandm? lrack racord in genelle and ganomic

discovery, coupled with e comprehensive health care network, croatea an l.lfmgvaﬂad
08 of human

opportunity to make an Internatlonal Impact n the discovery of all iyé)
our genoinle distoveries wil

gehatlc vatlations and mechanisms of disense, Uttlmatalez

Prwfde both fundamental and apg)lled information con :fbuﬂng to the diagnosis and

reatmant of llinegs, a‘mmhaadfng mprovements In health cars for Canadlang ang for
o,

communities vorid-vwit

Struciural and Functionat Anvotation of the Human Ganome for Dagacs Slgly .6



Hesearch Proposal Kue Young

CHITR Tean fa O cuniprolay Health Resenrceli
Averiing Eraevghg Chronle Diseases (i Nopthern Populations:

1 Overview
Noflear populations i (ke cirewnpola tepion have Lregan to expanience Ihe energance
of cluonic diseases sueh as eadiovaseula diseases, dicbetes, obesity ad the metabolis
syndeotie which hive ozenrred in olher populations underpoing rapid sociel, cultnral o
eeonomie tansition
Oue Team Grant will ereate, deveop und sustain an intenationn], collaborstive rescare)
progrom to moniter the buiden of cimorging chronic discases mong nosthern peoples:
investipate genclic, belavioural and environmental visk fuctors thal miny be unigue o
these populations; and design 2nd evaluatc inlerventions in order (o avert firlure
epideaies. 1t formalizes an existing netwoik across seven] cirenmpolin coonhics kg
weadeniz vesearch centres, regional health authoritics, and indigenous peoples’
organizations. It Jeverapes funding from olhics sonrees and incorporales ps integrs!

el dissenination and training enpport 1

coraponenls knowledge translation, resen
to create o fong-lasting lepacy of enhanced capreity for robust health research in Oy

Morth atad for Ahe Rorih aad impsovement in the bealth of norhen residents

I hiportticee and relevauee
While there are many diffecent peessing health coneerns afteeting norther: population:
stiategiceally the time 1o conduct intensive research into chronic discases prevention i
now, wher the problem is sl relstively tiaifed in seape sud early o its evoluting
totthern populations wre i the unique situation where rapid tmshidion of research i
policies, programs and practices can have o significant impact on improving health
Borthein populadions shace many chuactenstics, mchading small size, 1emoteness md
lock of tunaw resoucces, and a team spproach to research, espeaially one that adopts o
citeumpola perspective, is cssential, Qur prapasal is a direcl 1esponse (o the
tecomueadations of the ti-cowncil Dialogue on Noitheen Research workshop held in
Whitchorse in 2004 [wwaw sere.ne.ca/aboutonthien swom chtm)

1.2 Overnll Obfeciives
paS

Thi: proposed research progeai address
fuestions. Specifle objeetives iolatiug to individoal projects are preseated in Seetion 0.
What is the cnrvent bueden and distribution of chronice diseascs ainonp nother
populations agd whal genetic, behaviowral and eaviromnentzl factors pre 10sponsible

&5 (he following broad selentific and pubhe health

£

for their dovelopment?
Why do noithem cormumitios differ in their visk of chronic discases and in the impac

ol various health detemipants?
Why do nonthicon peaples fave poorly compided (o the jenenal population of the laepe:
nalion-states with which they ave associatad?
What can be done o rednee the bnaden and inpact of prevalait aad emerging chinnic
diseases aftfecting noythein paoples?
Fhe proposed Toam, in axcouting its esearch plen, mms 10 cross tuditional seadeniv
disciplines, while connesting multiple investigators, instimtions, research sites and
groprephic regions. At the end of the 5 vaar Team Girant, the folloveing ehogi-loom

“delivianbles” av sxpreted.

procis ollecrnes o de

fosenrcdy Maodule, Pegre 1704



Haart nond Btreke Foundation of Qntarlo
Program Grant

Full Applioation Form 2006/2007

3. Gbjectives of the Program Grant S
Coltular Programs and Responses In Atharesslorosls: Linking Ganotype to Phonvlypr

Our Cenlral Theme ls: A key fo undorstanding atharosclerosls fs the elucidation of e
detemiinants and ascartaining the limpact of these dolsrninants on mointolk owlcomet i vaseul’

cell re8ponses - the phenormics of atherosclorosls,
Objectives eund Achlevomenis from the Currenty Fandod HEFE Progiam

This applicallon s the renewal of an HSFO Program Grant that has been romendously successiul. Qur
group establishad 4 Important lines of invastigation (o examine cell rosponses i utherasclyrosis, whici
has effectively linked our & taboratories (0 & comimon obfsctive. Our discovarist of gano exprassion
proflles dirsctod us towards novel gones, pathvays, end mochanlsms of genc 1eguiation that underile
vascular coll responses and funclion Through sbategle admixiure of our complmentsry reeearch
techriofoyles, spproaches and skit sols, the productivity omenaling from (e A4 oljaclives has boet
axcellent. This degree of success would nol have hoon possible without the HGEO Progean (Geunt

%ﬁi’(

Our ebjectivas for 2001-2005 wore:
1. To define differential gone expression profios in smooth musely cells (SMOe) and macrophagus

2 To dotermine how gens mutations and eingle nuclootide polymorphisme (SNPY) associated witt
dyslipldemia, Insulin resistance and the malabalic syrdrome influence vastular calls.

3. To elucidate Inflammatory cascades in cardivvascular tisease.,
4. To understand the relationship betweon afferations in G prolein couplec receptor (GHCR) signsting
and vascular oall responsas.

Brogroas:
Ovor the past 4 years, our HEFD group peer-reviowed publication 1ecord hag beon exceliant any ul
manuscript has benafiled from the programmatic approach we have adopted. OF slgnificance, 2 of
these menuscripts constituted formal collaboralions betwaen group Pls, as documaented by shiarad
authorships. Here we provide selected examples of our productivily in which major discovories worc
made;, these advances would not have occurred without this Integrative program.

iscovery of novel pathways driving diverse SMC phenotypas, Wo were the first, and fo dale only,
group to successilly clonoe non-transformed SMCs from the madia of the nomme! human adult aitery.
dolng s0, we discovared distinct SMC sublypes. We have capitallzed on this discovery, and the mk{lm
diffarentiation capacity of one SMC sublypo, by undartaking microamty analysls and functional studie:
of putative novol SMC reguiators. Of the many noteworthy findings, we discovered that lipoprotain
lipaso was differontially expressed and that thls snzyme impanted to a subpopulation of SMCs & slrong
predisposttion to aceumulate lipids and differentiate Into foam cells. Wa also discovared that PPro B-call
colony-onhancing faclor regulales histone deacelyiation and drives SMUs to a qulescent stale, which
altenuates the aging process. These flndings opened an entirely new paradigm for foam cell Tormation
and a novel cascade regulating SMC function and viebliity, with imporlant consequences fur plague
slabllzation and potentlal therapy. These discoveries arose from collaborations batwoen Drs. Huff,
Pekaring, and Hogele and have heen publishad In Chre Rag (2601), ATYE (2004), end Gl Res (2005).

Infiuenice of gens mutatlons and varlgnis, assoclated with dysfipldemla and the metabolic
syTHINOMS On vascular colle! We succaesoftlly appied genomlc techriologhes to be the first In the world
to discover the ganetic basis of human monogenic forme of alherosdemnsls, inciuding familial pariisi
ipedystrophy (FPLD) types 2 and 3, due respeciively to mulations in LMNA, sncodling nucioar lamin
ANC, and PRARG, encading poroxisomal profleralor-aciivated receptor gainma, These discoverias
quickly tead o ldentification of novel pre-symptomatic metabolic phenotypes of lnsulin restatance that
arg prodictors of future disagre risk, togather vith novel vascular phanolypes asceriained through i
vivo carotid ultrasound In affected sublects with farmilial partial Apodystrophy (FPLD). In othsr studles,
wg discovared and characterdzed al the transcriptional level & functional promoter varlant In PCKY,
onwoding phosphusnol-pytuvate carboxykinase-1, the kay enzyme In gluconeoganesls, and than



Sectton 3: Colular Progrems nnd Responses i Alheroslerosis  Hutl ol gl,

b show dlaparats assoclalions batwsan (his PCKT varlani snd two vaecular phonotypas,
et dervad from 50D wltrssound and conventional infia-medis hicknese (M), n
fRMidng will: type 2 disbotes. Furthonmore, we slucldatod supsrorly of *plaqus volums’
AROMAHr of stterosclvrosie i aboriginal Canndlans with diabates. This hus ostabllitsd
ihoal alrateplos as a valldetod experiments paradlgm for defining genotyps-pherudype

roaotarosls. Thess discoveries aroso from collnborations bohwean Drs. Hegole, Huli

- athe
) thal were publishod In Clreulation (2001), ATV (2008), JGEM (2004) and Stroke (2008),

498N of novel algnaiing avente In vascular regufation and imlammation. We have made
A1 Ky &dvenode portaloig o novel pathwvays through which  G-protaln-couplid ot ptors
HR8) rapulale svents central to vascular function. Meajor discoveries Include identtlcation of @ nitric

ARERE0 meohaniem by which aldostorons medlales acute vasoconstriclion vie GPCR signallng. We

. Bge
nleroarray analysis, (hat the phenomenon of biuntsd Be-adronargle reouptor

g H -BERbIshed, using 4

algnallag in SMCs dorived from hyportenslve ahfmals exlends beyond the fellure of SMCk to relax, efioo

i 8180 mentests ae & global suppression of growth-related gene exprassion. Our focus on uncoupling of

QPORe from G-protein iteractions led to the surprising finding that the GPCR regulatory protsin #-
rganize lhe celt cytoskelston. Furthormore, & GPRCR

amestin Interectsd with RalGDS to reo
polymorphlsm was discovared that ts essoclatsd with constitutive binding of -arcestin 10 8 spocific

GPCR (ML raceptor) and to Incroased plasme C resclive prateln, highfighting & now linkage batwasn
GPCR signaling and vascutar inflammation. These discovarlas arose lrom collsboratlons belween Dre
Fergueon, Foldman, Pickering and Hegele thet have been published In Nature Cell Biofogy (2002},
Clretedion (2008}, and Moleotiar Pharmacology (2005) as well gs 0 submission to J filo! Cham.

Proposal for Ronswal of HEFQ Program

01500 | 5 'ﬂ‘?ﬂ- ;
9002

Background: Atherasclerosls develops over time as a consequence of hemodynamic stress, abnormal
metaboflsm, and focal biologleal perturbations intluding monocyte and lymphocyte recrultment {e the
artarial Intimea, smooth muscle cell (SMC) migration and proliferation, matrix production, foam coll
forenatlon, and trombus deposliion,  While severa genos rasponsible for rare single-gene vascular
disorders have basn tsscribad, unravelling the genelic determinants of the complex pathogenesis of
comrmon atharosclerosis remains a significant chatlenge. Our group proposes o combing offorts across
n spectum of madel systems ernd tachnologles in order to efficiently accumelate new insights Into the
genomic-hhanomic Interplay that undorfies athsrosclerosis.

Hypothesls: Elucldation of genotic determinants and ascertainment of thoir Impact on matabofic and
vascular rosponses will ravael novel pathways involved i inftlation and progression of atheroselerogls
arcl will provide now insights info, and targets for, prevention and treatmert.

CQur Experimontal Approachoes: Bach Investystor bringe unique In viiro and in vive modsls ang
approaches (o underetanding the pathologenests of atherosclerosts. We will utilize & systems approach
through which we will infegrate discovery sciance with our hypolhasis-riven research. This integrated
MSFO Progrant Grant eapitalizes on our now wall-devalopad core resources, Including DNA
voyirancing, high-denslty microarray analysls, confocal microscopy, melabolic prienolyping, molecular
pathology, and vascular Imaglng, Together with the establishad experilse of the princlpral investigators,
fhis approach will add substantlal value to sach existing coraponsnt rosoarch program. Three integrated

nbjesllves hwve baon iantified,

Speotlic Objsctives:

1. Tolink genotyps to phanotyps In vascular diseass.

2 To glugldato novel collular programs in emooth muscle cells and macrophages that undsrie the
productive ramadeling of the atherosclarotic artery,

4. To detine novel signeling pathways that dynarileally reguiate vascular oall function,

Ohfective 11 To llnk genotype to phanotyps In vascular dlssase

Indroduction: The genetic basis of atherosclencals and fts conatituant ek faslors, such as matabolic
syndrome (MelS), Is excoadingly complex. Qvar the current tahm of this Program Grant, we made

Yoy
A A,
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pubstantlal elides townrds elucldating genomic daterminants of athorosclorosts, of lls sk facton and of
vascudar cell bebaviour. Our research direction {s bolh 1o oxpand the rapertolro of gonsticir@nomic
playars and than to fink these with structura! and funclional pherolypes Iy humant, aalmal medels G
vasoular colls. Our key experlimental paradigms are: 1) gona discovory In modet syslems, acluding
athnic communlifes, vuinerable families, anlmals, organs, Hsswes and cells; 2) characlerintion of
ganolypa-phenolype relatfunchips, Including ntervontion studles, v humon imonopentc dirosss stator
and In othor modet systeins; 3) microanalyses of vulnerable plaque helorgenstty linking morphalogy
coflitar and molecular pathways, snd tho transcriplomoe. :

QOne Important context In which to examino (hese paradigme s tho MotS, a pheneiyps found i 25% o
Canadians that Is & potent rigk factor (or atherosclorosls. Qur strategy to undarstand MelS e 10 slutly
rare human monogenic fortns, such as FPLD and human genelic vardents causing hyperiipldomis
hypertension, obeslly, diabstes and vesculer fraile. Genes discoverad ushg this paredigni provide
springbourd for the application of aur full spactrim of sclentific exparliss and cono technoloplas.

Proposad rasoarch: In rasearch supported by Glas 1, 2, 3 and &, The, Hogole, Pickoring and Huft wil

advanco understending of atherosclorosis-retalod fralls by a) Identifying mutalions i naw gaes, Iy,

extanding the mutational spectrum, in moncgenic forms of disease i which the geno is already knowt,

¢) ushy functional agsays to define disease mechunisims thal we cagssd by opecllic humen gane

varants; and d) extending metabollc and vascular phonotypas in molsuulady-charclorzed palients ana

disease familles. Phenotyping methods Inciude axlensiva analyses of a wide range of blochunlo!

markers and (aetebolic Indices togother with the usa of noval imeging modaities (such ne 30D-Ul@sHMG

and MRI) to expedite whote patienl phenotyping with a focues on vascutar structure and fut distdbutlon

profilos. Additional phenotypes Includa i vive plaque morphology, plague compatimentallzation using

lasor capture microscopy and expression analysis of aging genes.

Detotmlnants of human atherosclerosts, Wo wlll apply our gepomic analysis platforms, including

oxpression arrays, 500K SNP DNA arrays (o both large-scale copy numbor vardalion and association
analysos, together with slate-of-the-ant blolnformatics melhods, in order lo identify new gene custert,

genes and/or variants thal are agsociated with metabolic andfor vascutar phonofypes. Gong variants so
tdontified can be examined for assoclation with human phenotypes in indepandont replication samplos

Valldated novel genes and varants associated with melabolic or vasculsst phenolypes at the population
favol can then be extensively studled using biochemical, cellular and molacular blologleal approaches In
order (0 expand ow understanding of now pathways. Conversely, candidale genes atislyg lror
unblased experiments in model systemns can be sludied for assoclation with MetS, dyslipldemia anu
accolerated atheroselerosis in families and populations. Examples of functionally charactertzed genes li
which vaniants wera or will ba identified und siudled for phenolype associations in vanious poputations
include PBEF, WTAP, HSPA7, LR, NPCIL T, ACS, and GPR30. We will extend novel dissase famillas
and compare phenofypes betwesn different molecular forms of the same guna product, vhich will allov
us (o define variabliity in the phenotyps. We will combina this information wilh strategle use of funclional
oxpadments In animal and/or osll models. These approachas used togethor will elucldate nowal
pathways In pathogenesis of vasculur Jisease. Av we have repeatedly demonstated, human diseiue
mutatlons can sarve 68 probes for new pathways or mechanisms.

Patermminants of Insuiln-related phonotypes in atheroscterosis, Insulin reslstanco is sssotialed with
a gpectlic pattam of hepatic gene expresefon that e assoclated with overproduction of alhsrogenic
lipoprotelns, partly as a consequence of the fallure of insulln to activate spacific intraceliutar signaling
pathways. We discovered that, like hsulin, nalurally occuring molecules called flavenolds raverea Hhis
paltern of gene expression. toportanlly, thase favonolds activate Insulln signailng pathways
Independent of the Insulin receptor, potentlally vie a novel GPCR. Expsdments In culiured human
hapataoytes and In dist-induced haulln-resistant LDL-ecaptor knockew! mice are proposed to implicato
apocific components of the cell elgnaling pathways and to deferming whether flavoriokls altenuate

insulin resistance and atharogonesls.

Doterminants of cellular aging In athoroselsrosls, Genotype-phenotypa relationships will also be
studied In the milley of collular aging and atherosderotic plaque stabliity. Atherosclarotic plaquos atc

axposed to stresses thal can accelsrate coliular rging (by oxidatilon and replication) which could,
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i, hive profoundd implications for plaque slablity, Wa hava ﬂlcwvarad that the fongevity of vivsoular
SMOe can bo oxlonded by manipulating the expreaslon of geie that penerelo or consume NAD, We
villi define tho fopographical oxprasslon profiio.of thass and biher longavity/survival goenes [n diaprate

reglons of hurman atherosclorotic tissue disspoted by Hasdr. daplute mlcroscopy. Tho gone oxprastion
lona snd sccording to morphologloal

fingerprint relevant to aging wilt be mapped wihin-phgus @Ubr;o;?
feeturas such as flbrous cap thickness, Thoas mulldave! transorplome-phenotype linkages vill rmvas!

roval molecular patterns Inteinsic to plague sying and stablfity,

Mutations In now genss, and elucidation of vital gene axprésslon programa, wil spocify new pathways,

divease mecharisms and therapsutlo targets, We have @ polent colisborstive partnership Involving ol
F edge penomic map dala, genotypos,

members of this applicetion. Qur mady acocess o leadin

saquences, oxpression profiies and phenomlod uniguely rcs tions us 1o make ground-broaking, mutl-
faceted discoverins In an accalerated manner.resulling In inareased understanding of athorosolerosts.
Objective 2: Elucldate novel celluler programs In smooth muscle celis and macrophages that
underila the productive remodeling of the atherosclerotic artery.

tntroduction: Vascular SMCe are hormally qulssoon!, with thelr primary function being 1o contract and
ralax In rasponse to physlological atimull, tn vaseular disease however SMCs acquire new eltributes that
enablo tham to prollferate, migrate, produce and degrade extraceiiular matrix (ECM). 8MCs that adopl
this more assertive synthotic phenotype are criticai for repahing diseased arlerdes and slabllizing
atherosclerotic plaquas. Howavar, synthetic 8MCs ofien fall 1o prevent plaque rupture. One reasen Is
that SMCs replicats a5 the aglng process acoslerates whlch creates suscaptibllity to apoplosls and
onfeeblas thelr abllity to perform wital functions. We dlscovered novel genes thal regidate the
malntenance of SMCs within a maturation-competent, slawly aging state. Our group siso dlscovored
that hyperiipiderla profoundly affecls SMCs, forcing them Inla & phenotype akin to macrophage foam
calls, which in tum Incapacitatos the elaboration of exlincoliular madrix. Mecrophage-tdurived foam pells
thamseives play g focal role at sach stage of lesion dovelopment, vel tha pathways ropulaling thelr
survival and goveming thalr abBity {o affiix cholesterol romain poody undorstood.

Proposoed Research: Molecular detestainants of plague celf viabilify. Wn resoarch supported by OIAS
3, 4 and SGlA 1, Drs, Huff, Pickerng and Hegels will Investigate nowal and recontly discoversd
requiatory patbways that direct the performanco of 8MCs and mucrophages. One major advance Is ow
discovery of Pro-H-Call Colony Eahancing Factor (PBEF), an enzyme that drivas the activily of surluins,
which, through dsacetytation of Key nuclear protelns, act as guardians agatnst cell asnescence. We
typotheslze that enhancod PBEF activity will aftenuale SMC aging and will sustaln thelr abiilty to
productively remodel the artary wall, This function will be evaluated using virue-mediatad gens transfer
into human celis, We also propose that PBEF enhances macrophage survival, allowing tham lo rataln
thelr abliity to efficlently effiux cholesterol via the reverse cholesterol transport pathway. Expresslon
profilss from microamay analysls of SMCs and macrophages that have heen activated by FBEF vell be
Interrogated for genes that program survival and longevily. Comparlng trenscriplomes ark! funclional
responsas within end botweaen these 2 colt lypes will provide a unlque integrative pleiure of novel and
potentlally powsi ful detarminants of the SMC and macrophage contributlon to plague slabiilty.

#olecular daterminants of foanr celf formatton, A spcond major disgovary Is that cholestarol effiux
friemy macrephagos can be slidkingly enhancad through seloctive activatton of endoganous oxyaterol
vreduction. Oxysterols activate the liver X recoptor which drives the exprasslon of chatesterol efffux
ranaporters. To broaden the implications of this oxysterol-based reprograminiing of gans exprassion, we
wil doflne the potantlal for oxysteroldnduced chotastarol effiux in SMC-derived foam oells.

Celfular and extracellular matrix doterminants of plaque composifion, The assambly and stabliity
of oxtracatllar matrix (ECM) fibrits also detomilnes produotive antarial remadating and plagquo stability.
Howaver, as SMCs nge and accumulate lpids, the assambly and stablilly of the ECM docline
peocipllously. Wo propoge that impsliing both PBEF-medlated osll aurvival and oholasterol effiux
pathwiys will attenuate or aven reverse this dsaline, We wil test this hypotieals using our nove! models
of fitiilloganesls and foam call formation nduced by stherogenic human lpsprateins solated from
ponstically-dalinsd dystipldamic patlents (ses objective 1), ECM synthesks ard degradalion by SMCs
gnd macrophages, respectively, will be measured using our wsll established fachniqes. The impact of

&4
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plague eompaosilion WAl L HBEDBLOG 1 WA
v of | Klerociaied Qene SXproshics wai b

antiancod oxystaral synthesls on atherogenosis an
populntlons of erlorsal calle.

L raceptot knsckout mice. The proposed link 1o aclivalio
tastod 10 dotuil uslng laeer coptuse microseopy (o dissenl bub
Objactive 3, Defining novel signstling pathwiays that dynamically segulnte vis cutlar coll functan
introedugtion: G polalt-couplad recoptors (GPCRY) gy & cantrad folt T reguliing vubuwar whi
responsas to croulsting and locally refoased hormonas, The rogulation of vesculae smeelh inuscle: lofie
reprasents a balance belwean pndotholial and vasculnr emooth muscle raceiplor-iodlated piuthatiane
of rogulation, the actlvation of GPCRs finked v vasediiation and vaseeenstriction and GPCR-tapiple:
signaling linked o proliferation. foreover, the aclivity of the GPCRs egulaling hese peliwig ©
rnodulatod by Intrecelluler machanisms that define receptor G proteln-cougding, gogenslizaion and
resensltization. We discovered [hat the sleroid hormone sldostorons madiales neule sifocts onasculi
smooth nuscle tono by mediating contractilo fosponicos polentaty fhrough the activation of the of phar.
GRCR GPR-30. Ih addition, the activity of difforont GPCRs linked to vasodilnlion and vasoronsiaglion of
vaeoular SMCs can be differentislly regulalod based on differences i 1) thelr Infracaiular tHicking.
paltens botwenn varlous andosomat compartmunis; 2) theis nssochilion witt. difforoal ket GTTase:
and 3) thalr propensily to elther resenailize of rermal dosensitized.
Proposad Resoarch: Ressarch supporled by GIAs 6, 7 and &, Dre. Feldmen, Ferguson ard Fickuane
will oxarmine the Impact of novel components of GRUR sighaling on vaschutar SME tunetion.
Doterminonts of vascular tone, Wa will explolt our recent discovery thal pldostorone acutoly Tegulaie:
mediates ks aoule

vascular fone through GPOR signaling. We will tost the hypolhesis thal aldostatone

affects in SMCs vig the aclivation of the orphan GPCR, GPR-30. The blochomics coNseQUEncas in
h gidosterongs will be examined fotiowing the targeled knockdowe

human SMCs ¢hailengsd acutely wil

by short haimin RNA o overexpression of either GPR-30 or the yninatalocorticald recoplor. using virs
veetors. Functisnal consequences will be evatuated In single cells by dynamic time Japse Imaging 1he
concept of akiosterons-madiated acute activation of GPCR signaling will Lo extended o ondothaliv’
colls and Intac! vessels In organ cullure using our well developed modol systems. The role of this
gldosterone-induced signaling In the pathogenaste of nypertonsion will be slugideted in vive using
ganatic (SHR) and acquired (Daht sali-consttive) rat models of hypertension ahd uitimately in humare
with hypeariension ustng gluleal biopsies und poriusion myography.

Cellutar doterminants of GPCR signating b the vasculature. We will capitalize on our discovery tha!
has led us to hypothesize thit Rab GTPasas

specific Rab(TPases are critical for GPCR recycling. This

witlally regulate human SMC contractite funclion by orchastrating e andocytouis, rafficking, recycling

arxd resensitization of tha [3; adranergic recaplor and anglotarsin-1 rocoptor. We will assass whalher the
MOs is alfored by the

resensitization of endogenous BAR and ATuR In adult human aitertal 8

adanovinal-inducedt exprossion of dominant-negative or constitutivaly active OFpP-agged Rabbd, Rabid
ochomlcal datorminations, we wil detarmine

arl Rah11 proteins. Uslng confocal microscopy and bl

whether those Rab GTPases tegulale the endocytosis and trafficking of QPCRS to emdosotnos (Raby)

as well 85 lhe recydling of recoplors back to the ool surface via rapld (Rabd) and slow (Rab1 1) 18cydling

endosomes. Alfterations In SMC-medlated vascular respansivenass will be nssossed In organ cuftures

frorn rat gortic and mesentoric atterkes transfoctod with adonoviial conetnicts aiosiing dominant
of these experdimonts will o o

negative and consttutively aclive Rab GTPases. The fong-term gosl
dovelop mice In which Rab GTPases 8re ovar-oxprassed of knocked out, In & vagcular srmooth mustie.

spacific manusr, and assess the inpact on hypariension and pradispasition to atherosciemsts.

Suremary

This progremm will crsato significent synerglos ragultig i the establishment of coharnt finss of

investigation that iink our laboratodes to & central thems - e phanoraics of etherosclarcsls. Ou
bs will capltalize on slale-ol-he-arl

proposed studias In hurmans, ex vivo lissues, antinal modals arkd ol
tachnologies (o olucikiate gonetle determinants of etharusclerosts and thelr Impact on ratabolsm and

vascular function, Our resulis will aflow us to klonlfy novel patiways involved in the pathogenssis of this
complex dispase and provide an enhancad and Improved ritionale for the dlaynosls and traatmant of

nthotgsderosis.



r‘ & B Public Health Agence de santé
.= K Agency of Carada publique du Carada

Date issued: October 4, 2006 our fia - fous rélerence

Cut e Matro ralerance
Name andfor Organization: Robarts Research Institute
Attn: Dr. Robert A. Hegele

Address: 100 Perth Drive, Room 4-06
London, ON
NBA 5K8

The following biological material does not require a Public Health Agency of
Canada import permit under the HPIR*:

Human fibroblast cell lines from healthy donor (AG04456) and from donor with
Hutchinson-Gitford Progeria Syndrome (AG03513), as provided by Coriell Cell
_—Rep itories,-NdUSA.

e J/j/ gt October 4, 2006
Paul J. Payette, Ph/D. Date

Director, Office of Laboratory Security

NOTICE

*HPIR (HUMAN PATHOGENS iIMPORTATION REGULATIONS)

, We are in receipt of your application for an importation permit for biological materials. The HPIR apply
only to the importation of infectious substances which cause human disease and their subsequent
distribution of transfer. Other materials, which are deemed by the importer to be non-infectious for
numans, do not require a permit under these regulations, It should be noted that the importation of
piological matsrials may also be subject to other federal, provincial and municipal laws.

v For animal or plant pathogens one must apply to The Canadian Food Inspection Agency (CFIA) for
a permit to import. If this material is of animal or plant origin it may also require a permit from the
CFIA. Please contact the CFIA for their consideration. CFIA contact numbers are as follows:

(613) 221-7088 for information concerning animal pathcgens/material
(613) 225-2342 {ext. 4334} for information concearning plant pathogens/material

r Importation of this material may also be subject to the requirements of the New Subsfances
Notification Regutations (Organisms) of the Canadian Environmental Protection Act, 1999,
administered by Environment Canada and Health Canada. Please contact the New Subslances
Information Line at 1-800-567-1999 or nsn-infoline@ec.gc.ca.

> Yau may be required to provide the Canada Border Services Agency (CBSA) custorns officers
with a dectaration that the imported material is non-infectious and non-hazardous

Should you require further infarmation, please contact:
Office of Laboratory Security
Centre for Emergency Preparedness and Response
(813) §57-1779

Canada
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