Approved Personnel

(Please stroke out any personnel to be removed)

Additional Personnel

Joseph Dube
Adam Mclntyre
Piya Lahiry

{Please list additional personnel here¢)

Mary Bamimore
Brooke Kennedy
John Robinson

Chris Johansen

Matthew Ban
Henian Cao

Jian Wang

Approved
Microorganisms

Approved Primary
and Established Cells

Approved Use of
Human Source
Material

Approved Genetic
Modifications
(Plasmids/Vectors)

Approved Use
of Animals

Approved Biological
Toxin(s)

Tuesday, October 18, 2011

Please stroke out any approved
Biological Agent(s) to be removed

E. coli (ME DH10B, ME DH5-alpha, ME
DH5A T1)

Write additional Biological Agent(s}

for approval below. Give the full

name

[Rodent] {established); 3T3-L1, NIH/3T3.
[Non-human Primate] {established): COS-7
[Human] (established): HEK293, HEP62

Human{prmany—Fibroblast{GMDSE5S,—
GMO08398, , GM03348 GMO03513, Fibroblast,

Blood, serum/plasma. Brain tissue, Adipose
tissue

SV 40 Large T antigen (expressed in COS7
cells), pCDMNA3 plasmid, pcDNA 3.1 Echo
Expression Vector Kit. [ADD]: pCMVB,

Human saliva, buccal cells and
primary fibroblast cell lines

ICK ORF Clone ID; IOH38087

Page

1 of 2




* PLEASE ATTACH A MATERIAL SAFETY DATA SHEET OR EQUIVALENT FOR NEW BIOLOGICAL AGENTS.
** PLEASE ATTACH A BRIEF DESCRIPTION OF THE WORK THAT EXPLAINS THE BIOLOGICAL AGENTS USED AND HOW THEY
WILL BE STORED, USED AND DISPOSED OF..

As the Principal Investigator, I have ensured 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.shs.uwo.ca/workplace/newposition.htm Robert Hegele

(J; I'

A o, Sl

;; Zﬂgt 2011.11.02
J

Signature of Permit Holder: 13:29:56 -04'00'

Current Classification: 2 Containment Level for Added Biohazards: :
Date of Last Biohazardous Agents Registry Form: May 15, 2009

Date of Last Modification (if applicable): Oct 22, 2010

BioSafety Officer(s): ) M NMM@{{
Chair, Biohazards Subcommittee: Date:

Tuesday, October 18, 2011 Page 2 of 2
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November 1, 2011
To:  Mr. Ron Noseworthy & RRI/UWO Biosafety Committee

RE: Use of human source materials from clinical samples from patients and research
subjects not from known risk groups.
Includes:
1. Peripheral blood, saliva, buccal swabs and primary skin fibroblast cell lines for
DNA or RNA extraction as well as molecular cell biology and
iImmunohistochemistry techniques.

Specific biosafety procedures.

1. All staff will follow UWO procedure: Laboratory procedures to be followed when
handling unfixed human blood, tissues or body fluids (HBBF). Universal Biosafety
level 2 precautions will be observed.

2. Blood, saliva, buccal cells and primary skin fibroblast cells have been added to
Hegele BIO-RRI-0006 permit.

3. Tissue transport to Hegele lab: 1) Blood will be collected by venipuncture into
plastic Becton-Dickinson EDTA tubes. Saliva and buccal swabs will be collected
into Oragene (DNA Genotek Inc, Ottawa, ON) DNA collection kits OG-500 and
0G-575 respectively. Any transport will have double containment in a sealed
plastic bag, labelled with a biohazard label, with absorbent material sufficient to
contain any liguid spill. Any transport other than locally by hand that is required
will be in an appropriate container for UN3373 materials.2) Primary fibroblast cell
lines will be transported to the Hegele lab in an appropriate container. Flask(s) of
cells will be brought to Room 4292 and processed in the Level 2 culture facility.

4. DNA or RNA from blood leucocytes, saliva or buccal swabs will be extracted
using Gentra PureGene kits, following the instructions for the kit. Instructions are
attached for both DNA and RNA extraction.

2. All centrifugation will be carried out in a Beckman GS-6R centrifuge in 15 ml
conical tubes inside a biosafety containment rotor.

6. Any waste (typically a pellet after lysis and proteinase treatment) will be treated
with a fresh 1:10 bleach:water solution and then discarded into the autoclave
waste stream. All surfaces and apparatus will be decontaminated with a fresh
1:10 bleach:water solution. After use, all plastic pipette tips, plastic vessels and
tubes will be placed in the autoclave waste stream.

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



7. The resultant DNA will undergo DNA sequence analysis for candidate genes and
RNA will be used for gene expression assays. DNA aliquots are stored in either a
4 degree fridge or at -80 and RNA aliquots will be stored at -80 for subsequent
use.

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 Cardiovascuiar Research

Scientist, Robarts Research Institute

Distinguished Professor of Medicine and Biochemistry

The University of Western Ontario

hegele@robarts.ca

Revision: #4 November 1, 2011

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



' -.I?'ermit Wi Rab.;etrt- Hegele "

Approved Personnel Additional Personnel

(Please stroke out any personnel to be removed) (Please list additional personnel here)
Adam Mclntyre Jian Wang
Rebecca Martins Henian Cao

Matthew Ban
Joseph Dube

Matthew Lanktree
Piya Lahiry

Chris Johansen

Please stroke out any approved Write additional Biohazards for
Biohazards to be removed below approval below. Give the full name
. - do not abbreviate.
.o
Approved (ME DH10B, ME DH5-alpha, ME DH5A T1) r
Microorganisms
Approved Primary [Rodent] (established): 3T3-L1, NIH/3T3. | | -
4 i . [Non-human Primate] (established). COS-7
and Established Cells [Human] (established: HEK293, HEP62
[Human Primary]: Fibroblast- (GM05659,
GM08398, , GM03348 GMO03513, Fibroblast Bl
Approved Use of Blood, serum/plasma | ‘rTBfalﬁ’iE’l ssue | Adi Po&_‘f‘ume
Human Source 1 (from Strong lab ( fom 6{\051‘[9)
Material BIO-RRI-0035) ‘ q}
. . cells), pCDNA3 plasmid, pcDNA 3.1 Echo
Modifications Expression Vector Kit. [ADD]; pCMV8, ‘
(Plasmids/Vectors) pcDNA3.1, pENTR 11, GFP-ICK-wt plasmid,

ICK ORF Clone ID: IOH38087

Approved Genetic SV 40 Large Tantlgen (expressed in COS7 ‘ S
Animals ‘
|
\
|

|
Approved Use of ‘
|

Approved Biological * — |
Toxin(s)

Monday, September 27, 2010 Page 1 of 2



PLEASE ATTACH AMATERIAL S AFETY DATASHEET OR EQUIVALENT FOR NEW BIOH AZARDS.
CCPLEASE ATTACH A BRIEF DESCRIPTION OF THE WORK THAT EXPLAINS THE BIOHAZARDS USED AND HOW FIREY WILL BE
STORED, UNSED AND DISPOSED (3F,.

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.

Robert Hegele

- . YR ~2010.09.28
Signature of Permit Holder: 1331:31-04'00
Current Classification: 2 - Containment Level for Added Biohazards: (:;L/ -

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

Date of Last Modification (if applicable): Apr 12, 2010

BioSafety Officer(s): 7%5‘1@\\%,_0_@1 21 /(o M A5 j{ﬁ’/"o??, 0
Chair, Biohazards Subcommittee: ///Z(///;;; -~ Date: //('/72‘715 Py

Monday, September 27, 2010 Page 2 of 2
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October 20, 2010
To:  Mr. Ron Noseworthy & RRI/UWO Biosafety Committee

RE:  Use of human source materials from clinical samples from patients not from known risk
groups.

Includes:
1. Collaborative research project with Dr. Michael Strong to sequence candidate genes in DNA
from fresh, frozen human brain samples (normal controls, familial and sporadic ALS).
2. Collaborative research project with Dr. Rob Gros to sequence candidate genes in DNA
and/or assay for gene expression in RNA from fresh or frozen human adipose tissue
samples.

Specific biosafety procedures.

1. All staff will generally follow UWO procedure: Laboratory procedures to be followed when
handling unfixed human blood, tissues or body fluids (HBBF). Universal level 2 precautions
will be observed.

Brain tissue and adipose tissue has been added to Hegele BIO-RRI-0006 permit.

Tissue transport to Hegele lab: 1) Brain tissue will be transported from Dr. Strong’s
laboratory on the third floor of Robarts in 50 ml. conical tubes inside a sealed zip lock bag
inside a freezer box. Box will be labelled with biohazard warning label and stored at -80 in
Hegele freezer #3 in room 4295. Brain samples will be approximately 1 cm® each and will
include normal, familial and sporadic ALS samples. 2) Adipose tissue will be transported
from Dr. Gros’s laboratory on the fourth floor of Robarts in 50 ml. conical tubes either frozen
or at 4° then -80 in RNAlater solution. Box will be labelled with biohazard warning label and
stored at -80 in Hegele freezer #3 in room 4295.

4. The 50 ml tubes will be transported to Hegele Level 2 Culture Suite (Room 4292) and
thawed inside a Microzone HEPA filtered hood. Samples will be removed from the 50 ml
conical tube and either homogenized in a Dounce homogenizer, a Qiagen TissueRuptor in
Gentra PureGene lysis buffer solution using puncture proof gloves to hold the homogenizer
or minced and manually processed in a plastic vessel in lysis solution. After homogenization
or manual disruption, the solution will be transferred to plastic 15 ml conical tubes and DNA
or RNA will be extracted as per the instructions on the kit. Instructions are attached for both
DNA and RNA extraction.

5. All centrifugation will be carried out in a Beckman GS-6R centrifuge in 15 ml conical tubes
inside a biosafety containment rotor.

6. Solid phase tissue waste (typically a pellet after lysis and proteinase treatment) will be
treated with 1-2 drops Wescodyne and then discarded into the autoclave waste stream. Al

A
/ 100 Perth Drive, Box 5015, London, ON NBA 5K8 Canada
TEL: 519-931-5271; FAX: 519-931-5218 www.robarts.ca
Ve cenmtaemi nedroya cdded
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surfaces and apparatus will be decontaminated with a fresh 1:10 bleach:water solution. We
will autoclave the Dounce homogenizer between homogenizations. After use, all plastic
pipette tips, plastic vessels and tubes will be placed in a fresh 1:10 bleach:water solution
with a 30 minute residence time, then bieach solution will be decanted — after a water rinse,
tips and tubes will be placed in the autoclave waste stream.

7. The resultant DNA will undergo DNA sequence analysis for candidate genes and RNA will
be used for gene expression assays. DNA aliquots are stored in either a 4 degree fridge or
at -80 for subsequent use and RNA will be stored at -80 for subsequent use.

-}

]
EEEN .f/'-'g,_ e
: ,{:( 4;-\;'5}4

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

Revision: #3 October 20, 2010

100 Perth Drive, Box 5015, London, ON NBA 5K8 Canada
TEL: 519-931-5271; FAX: 519-831-5218 www.robarts.ca



Gentra® Puregene® Handbook

For purification of archive-quality DNA from
human whole blood
bone marrow
buffy coat
buccai cells
body fluids
cultured cells
tissue
mouse tail
yeast

bacteria




Protocol: DNA Purification from Tissue Using the
Gentra Puregene Tissue Kit

This protocol is for purilication of genomic DNA from 5-10 mg -100 mg fresh or
frozen solid tissue using the Gentra Puregene Tissye Kit.

Important point before starting

In some steps of the proc@dum one ol two choices con be made. Choose & i
e w30 e g choose 4 i procossing SO- 100 mg &

Things to do before starting

Preheat waler haths to 37°C for use in slep 3, 557C tor use in step 2b, and 65°C
for use in steps 2o and 15 of the procadure.

Procedure
1. Dissect tissue sumple quickly and freeze in liquid nitrogen.

Grind # 5-10 my or & 50-100 mg frozen or fresh fissue in fiquid nitrogen with o
mortar and pestle. Work quickly and keep tissue on ice at all fimes, including when
tissue is being weighed.

2. Dispense B 300 pl or & 3 ml Cell Lysis Solution into a ¥ 1.5 ml or & 15 ml grinder
tube on ice, and add the ground lissue from the previous step. Complete cell lysis
by following step 2a or 2b below:

2a. Heat ot 65°C for 15 minto 1 h,
2b. If maximum yield s required, add i 1.5 pl or & 15 pl Puregene Proteinase K, mix

by inverting 25 times, and incubate af 55°C for 3 h or until fissue has completely
lysed. Invert tube periodically during the incubation.

Jemssyc o T

The sample ean be incubated at 55°C overnight for maximum yields.

3. Add 8 1.5 pl or & 15 pl RNase A Solution, and mix the sample by inverting
25 times. Incubate at 37°C for 15-60 min.

Incubate for B 1 min or & 3 min on ice to quickly cool the sample.

5. Add 8 100 pl or & Y ml Protein Precipitation Solution, and vortex vigorously for
20 s at high speed.

6. Centrifuge for 8 3 min of 13,000-14,000 % g or A 10 min at 2000 x g.

The precipitated proteins should form a tight pellel. f the protein pellet is not tight,
incubute on ice for 5 min and repeat the centrifugation.

R N I R RIL A

Genlra Puregeone Handbook 0472010 39
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10.
11

12,
13.

15.
16.

40

Pipet # 300 1l or A 3 mi isopropanol into o dean 8 1.5 ml microcanirifuge lube
or A 15 ml centrifuge tube and add the supernatant from the previous step by
pouring carefully.

Be sure the protein pellet is nat dislodged during pouring.

Note: If the DNA yield is expected to be fow {<1 g add 8 6 5
zon (cat no, 1589304

Mix by inverting gently 50 times.

Centrifuge For 8 1 inin o1 13,000-16,000 x gor &4 3 min ot 2000 x g.

Carefully discard the supernatant, and drain the tube by inverting on o clean piece
of absorbent paper, taking care that the pellet remains in the tube,

Add 5 200 pdor & 3 ml of 70% ethunol and invert several times to wash the DNA
pellet.

Centrifuge for &8 1 min ut 13,000--16,000 x g or & 1 min ot 2000 x ¢,

Carehully discard the supernatant, Drain the tube on a clean piece of absorbent

paper, taking care that the pellet remains in the tube. Allow to air dry for # 5 min
or A 510 mii.

The pellet might be loase end eosily dislodged. Avoid overdrying the DINA peller,
as the DNA will be difticult 1o dissolve.

Add # 200 pl or 4 400 pl DNA Hydration Solution and vortex for 5 s at medium
speed to mix.

fncubate at 65°C for 1 4 to dissolve the DNA.,

Incubate ot room temperature overnight with gentle shaking. Ensure tube cap is

tightly closed to avoid leakage. Samples can then be centrifuged briefly and
transferred to a storage tube,

Gantra Puregene Hondbook  04,/2010



oAt ification Form for Permit BIO-RRI-0006_

R L A T A

A R R R s

Permit Holder: Robert Hegele

Approved Personnel Additional Personnel
{Please stroke out any personnel to be removed) (Please list additional personnel here)

Adam Mclntyre
Rebecca Martins
Matthew Lanktree
Piya Lahiry

Chris Johansen

Please stroke out any approved Write additional Biohazards for
Biohazards to be removed helow approval below. *
Approved ME DH10B, ME DH5-alpha, ME DH5A T1 }
Micreorganisms

{Rodent] (established): 3T3-L1, NIH/3T3.
{Non-human Primate] (established): COS-7
[Human] {established: HEK293, HEPG2
[Human Primary]: Fibroblast- (GM05659,
GM08398 GM03348 GM03513 Flbroblast

Approved Cells

Approved Use of ‘Blood‘ serumlplasma -

Human Source |

Material ]

Approved GMO [SV 40 Large T antlgen (expressed in COS7 GFP ICK we plaswid: peDih
icells), pCDNA3 plasmid, pcDNA 3.1 Echo
[Expression Vector Kit. [ADD]: pCMVG, 10K QRF clone 1L:LOHI308!

‘peDNA3.1. pENTR 11

Approved use of
Animals

Approved Toxin(s)

Fhrarsday, February 25, 2010 Page 1 of 2



PLEASE ATTACH A MATERIAL SAFETY DATASHELT OR FQUNWLENT FOR NEN BIOHAZARDS.
CPLEASE ATTACH A BRIEF DESCRIPTION QF THE WORK TH AT EXPLAINS THE BIOHAZARDS USED AND HOW THEY WL 131
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.

et -,_

Signature of Permit Holder: ——" "-’/z—m———c:‘ _

= - = e “‘._-;.—-“"-__-MH“-‘A—.—_‘-S

Classification: 7 2

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

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

BioSafety Officer(s): Qﬂhw\,uu,‘ ap /1o
Chair, Biohazards Subcommittee: Qﬁ,{,{_ﬂ, [ %/’

Thursday, February 25, 2010 Page 2 of 2
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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,

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



£*  Department of Agriculture, Fisheries and Forestry
Australian Quarantine and Ingpection Service

Phene: (02) 6272 4578

Quarantine Act 1908 Section 13(2AA4) Fax: (02) 6249 1798
File Ref. 08112955

Permit to Import Quarantine Material
Permit: [ IP08017148 | Valid From: |1 Oct 2008 i Valid To: | 1 Oct 2010 | Page 1 of 4

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 autharised to import the following material under the listed conditions
Nate: This peratit covers 418 guarantine requirentent only.
i ‘mpors may be subjeet 10 quaranting inspection on artival o determine compliance with the listed permit conditions and freedom from
\_.amination. |mports not in compliance ot not appropriately identified or packsged and labelled in accordance with the Import conditions they
represent may be subject (o seizure, treabiment, re-2xport or destruction at the importer's cxpensc.
Additionally, all fouds imported into Australia must comply with the provisions of the Imported Faod Control Act 1992, and may be inspected and/or
analfysed apainst the requirenicnts of the Australia New Zealand Food Standards Code.
All imports containing or derived fram Genetically Madified material must comply with the Gene Technology Act 2000,

It is the importer's responsibility to identify, and to ensure it has complied wilh, all requirements of any other regulatory organisations and advisory
bodies prior 1o and after importation including The Australian Customs Service, The Department of Health and Ageing, Therapeutic Goods
Administration, Australinn Pesticides ahd Veterinary Medicines Authority, 1epartment of the Environment, Water, Heritage and the Aris, Food
Standards Australia New Zealand and any state agencics such as Depariiments of Agriculture and Health and Environmental Protection authorities.
Imiposters should note that this list is not cxhaustive.

Import conditions are subjest 10 change al the diseretion of the Directar of Quarantine. This permit may be revoked without notice.

Notification of the import must be provided to AQIS for all imported goods other than goods imported as accompanied baggage of goods imported
via the mail and not prescribed under the Crustoms At 7901, Notification must be consistent with Quarantine Regulations 2000 (examples inelude a
e AR R TRE

Quarantine Entry or a Quaranting deeluration),
R
Hrofbhmbeel

i3 Y. ; -
Antibodies (purificd & PC0992 AND PC0701
. 'sed against synthetic
\.terial or against
antigens derived from
multicellular organisms)
Clenetic Material PCOR92 All countrics In-vitro
(Purified plasmid and
cosmid vectors including
phages, bacteriophages
and recombinant viral
factors, not coding for
virulence factors)

e AR, "‘uﬁgﬁgﬁ%’ TS
Eacitint c;H* St FRES LR e

All countries In-vitro

RHOnEE BHbie s (o 6 Earvition Haliass culenvingd dhitler BRQRB6R o DaRE MR R

Delegate of Director of Quarantine
Printed Name Sally Gritmes Date 1 Oct 2008
PDF created with pdfFactorv Pro trial version www pdffactary.com




Permit: | IP08017148

Genetic Material
(Purified DINA/cDNA or
RNA from multiceliular
organisms)

SRR PR SR _jﬁ:.‘ﬁﬁ_'e L Vi TR
ARy Nama . AR

All countries

TR

In-vitro

Page 20f 4

Genetic Material (Yeast
artificial chromosomes,
plasmid or cosmid
vectors in E.coli, Bacillus
subtilis or
Saccharomyces spp
containing DNA and/or
¢DNA from these species
or derived from
multiccllular organisms)

PC0992

All countries

In-vitro

Genetic Material
(Purified recombinant
bacterial proteins and
lipids)

PC0O992

All countries

Tn-vitro

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

PC0992 AND PC0701

All countries

In-vitro

Laboratory reagents
(Cell culture supernatant
fluid)

PC0992 AND PCO701

All countrics

In-vitro

Cell lines (Human,
rodent, rabbit, insect,
amphibian, reptile, non-
salmon finfish cell lines
and hybridomas of these
species)

PC0O992

All countries

In-vitro

Cell lines (Established
primate cell lines)

PC1329 AND PC0592

All countries

[n-vitro

Laboratory reagent
(Purified or recombinant
proteins and lipids
including peptides,
hormones, growth
factors, and enzymes
(excluding antibpdies))

PC0992 AND PC0701

All countries

In-vitro

Sera, blood, fluid or
tissue samples (Sourced
from all species
{excluding salmonid fish,
non-human primates,
avians, ovines, caprines,
bovines, cervines,
equines or poreines))

PC0992 AND PC070]

All countries

In-vitro

Delegate of Dircctar of Quarantine
Printed Name Sally Grimes

Date 1 Oct 2008

FDF created with pdfFactory Pro trial version www.pdffactory. com



Permit: [1P08017148 | Page 3 of 4

AR

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 acconipany 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 Import Permit number), and invoice.

DOCUMENTATION REQUIREMENTS

2. Each consignment must be clearly identified and linked to the relevant item(s) on the Import
Permit, Identifying 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 to the quarantine officer

that the Import Permit covers the products in the consignment,

4. Providing all documentation is in otder 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), unless 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 vivo 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 Quaranting
Printed Name Sally Grimes Data 1 Oct 2008
PDF created with pdfFactorv Pro trial version www.ndffactorv.com
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| Page &of 4

Parmit:

Gantiign 7 Condioa Ty : i i i - L
10. 1t is the importer™s rcsponsnblllty to ensure lh'ﬂ thc: goods are label!ed "In vitro use or in vivo
use in laboratory organisms only" or equivalent on the smallest packaged unit prior to distribution.

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

12. It is the end user’s responsibility to ensure that all labaratary products are used in accordince
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 ol contamination including cytopathic eftects, or adventitious
microbial contamination (including viral contamination); and —

b) (i) the cell line is preater than 2 years old; or

(11) the cell linc is less than 2 years old and was derived from animals 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
373-11 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 GMO03348 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

pENTR 11 dual selection vector A10562 Invitrogen ¥

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 DHS5A 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
[Fibroblast, 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 Heagele, Robert A
Parmit # BIO-RRI-0008 o
Department Robarts Research S
Phone 51068612111 Ext, 25271
Email hegele@robarts.ca N i
Approval Date Mﬁ‘[ | ‘;, 2009 Explration Date  May 14, 2012
BioSafety Officer's Signature _ kSXIA an L oad _MAM;
Organism Coll Types Human Source Material GMO Animals Used Toxin
ME [Rodent] {established): Blood, serumiplasma SV 40 Large T antigen
DH10B, AT3-L1, NIH/3T3. [Non- (expressed in COS7 cells),
ME DH5- human Primate] pCDNAS plasmid, pcDNA
alpha, ME (established): COS-7 3.1 Echo Exprassion Vector
DH5A T1 [Human] (established: Kit. [ADD]: pCMV6,
HEK293, HEPG2 pcDNA3Z, pENTR 11
[Human Primaryl:
Fibroblast- (GMO05659,
GM08398, , GM03348
GM0D3513, Fibroblast,
finite primary cell line-
hurnan .
Buiiding Room Room Area Lab Phone Ext. Level
Robarts 4212 2
Robarts 4286 2
Robaris 4288 2
Robarts 4202 2
Robarts 4294 1
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University of Western Ontario

Permit Summary
Permit Holder Hegele, Robert A
Parmit # BIO-RRI-0008 o _
Department Robarts Research
Phone 5106612111 i _ Ext. 26271 -
Email hegele@robarts.ca
Approval Date 7 r{ . o0 Expiration Date  May 14, 2012

BloSafety Offier's Signature .9 S1zn WW —

Permit Conditions

1

1.1

1.2

1.3

21

INTERNAL PERMIT HOLDER RESPONSIBILITIES

Comply with UWG BiaSafety Safety Policies and Standard Operating Procedures. Ensure that the Health Canada Biosafety Guidelines, relevant
regulations and safe laboratory practices are followad.

Recaive adequate piosafely training from the institution. Permit Holders are responsible for the provision of specific training and instruction in bichaza
agent handling that Is nacessary for the safe use of this material in their cwn laboratories. Supervisors must ensure that workers understand the healt
safety hazards of the work or lask (due diligence).

Ensure that the UWO Biosafely Manual is availaple to all lab personnel under the permit,
Report incidents of loss or theft of any biohazardous material immediately to the Biosafely Coordinator,

WORKER RESPONSIBILITIES
Be familiar with the UWO Biosafely Manual, attend all required safety training sessions and obey all safaty regulations required by the UWO Bicsafeb

Committae.

Report to the Permit Holder any incident involving known or suspectad exposure, personal contamination or a spill invoiving a biohazasdous agent,

| accept the above responsibilities as a Internal Permit Holder and | am accountable for following UWO BioSafety Guidelines and Procedures Manual for Contain

Level 1 and 2 Laborateries.
ﬂ. . @M— Q‘:\\ p
Permit Holder Namem Signed : bate  Sop. G
’ L

-

dj
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PCDNAIGW-53/

CAT
6820 bp

Comments for pcDNA/GW-53/CAT
6820 nucieotides

CMV promaoter. bases 232-819

T7 promoter: bases 863-882

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

attB1 recombination site: bases 1643-1667

CAT ORF: bases 1697-2353

attB2 recombination site: bases 2355-2379

BGH polyadenylation region: bases 2414-2641

{1 origin: bases 2687-3115

SV40 early promoter and origin: bases 3142-3450
Neomycin resistance ORF: bases 3525-4319

SV4Q early polyadenvlation region: bases 4493-4623
pUC origin: bases 5006-5679

Ampicillin resistance ORF (b/a): bases 5824-6684 (c)
bia promoter: bases 6685-6783 (¢)

{c) = complementary strand

Invitrogen-

life technologies



Comments for pcDNA-DESTS2
7767 nucleotides

CMV promoter: bases 232-819
T7 promoter: bases 863-852
Cycle 3 GFP {N-terminal): bases 905-1621
aftR1 recombination site: bases 1643-1767
Chloramphenicol resistance gene: bases 1876-2535
ccdB gene: bases 2856-3161

attR2 recombination site: bases 3202-3326

BGH polyadenylation region: hases 3361-3588

1 origin: bases 3634-4062

SV40 early promoter and origin: basas 40889-4397
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)

{c) = complementary strand

Invitrogen

life technologies



MATERIAL SAFETY DATA SHEET Page 1 of 8

PCONA-DESTE3 (GATEWAY VECTOR)
INVITROGEN CORPORATION
MSDE_ID: 12288

Revised g8/26/03
Replaces (None)
Printed 8/26/03

L. PRODUCT AND COMPANY INFORMATION

INVITROGEN CORPORATION
1600 FARADAY AVE.
CARLSBAD, CA 92008
750/603-7200

INVITROGEN CORPORATION
3 FOUNTAIN DR.
INCHINNAN BUSINESS PARK
PAISLEY, PA4 9RF
SCOTLAND

44-141 814-6100

INVITROGEN CORPORATICN
2270 INDUSTRIAL ST.
BURLINGTON, ONT

CANADA L7P 1Al
905/335-2255

EMERGENCY NUMBER (SPILLS, EXPOSURES) :
NCON-EMERGENCY INFORMATION:

GIBCO PRODUCTS

INVITRCGEN CORPORATION

3175 STALEY ROAD P.O. BOX 68
GRAND TISLAND, NY 14072
716/774-6700

INVITROGEN CCORPORATION
P.Q. BOX 12-502
PENROSE

AUCKLAND 1135

NEW ZEALAND
64-9-579-3024

301/431-8585 (24 HOUR)
800/451-8346 (24 HOUR)
800/955-6288

Product Name: PCDNA-DESTS3 (GATEWAY VECTOR)

Stock Number: 12288

NGTE: If 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 not intended for
human or animal diagnostics, therpeutic, or other clinical uses.

Synonyms :
Nct available.

2. COMPOSITION, INFCRMATION ON INGREDIENIS

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

Component
EDTA
TRIZMA BASE

CAS No. Percent
60-00-4 1 -5
MIXTURE 60 - 100

LTIMSDS1



MATERTAT, SAFETY DATA SHEET Page 2 of 8
Revised 8/26/03

PCDNA-DESTS3 (GATEWAY VECTOR) Replaces (None)
INVITROGEN CORPORATION Printed 8/26/03

MSDS ID: 12288

3. HAZARDCS ICENTZIFICATION

L R R O R ] mzmmmmznm ququwg ThEREFT AR A h kb hdhkdkddxhhbh ok kd
Warning!

Irritant.

Harmful 1if swallowed.

Harmful if absorbed.

Harmful by inhalation,

May cause allergic skin reaction.

Possible reproductive system hazard based on animal data.
***.k*******.**#**.»..k*.k**.**i.*um*******ur.k**.k*.».um.».um*%*,}#**************4***%*********

Potential Health Effects:

Eye:

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

Skin:

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

May cause allergic skin reaction.

Upon prolonged or repeated exposure, harmful if absorked through the skin.
May cause minor 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, threoat, and stomach. Can cause abdcominal
discomfort.

Harmful if swallowed. May cause systemic poisoning.

Chronic:

No data on cancer.

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

4. FIRET AID MEASURES

Eye:

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 eve. Get immediate medical attention
and monitor the eye daily as advised by your physician.

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

LTIMSDS2



MATERTIAL SAFETY DATA SHEET Page 3 of B8
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PCDNA-DESTS53 {GATEWAY VECTCOR) Replaces (None)
INVITROGEN CORFORATION Printed 8/26/03

MSEDS 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 respiraticn and have
a trained individual 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 dilute.

Note To Physician:
Treat symptomatically.

B. FIRE FIGHTING MEASURES

Flashpoint Deg C:

Not available.
Upper Flammable Limit %:

Not available.
Lower Flammable Limit %:

Not available.
Autcoigniticon 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 Technigques/Equipment:

Do not enter fire area without proper protection including self-contained
breathing apparatus and full protective equipment. Fight Iire from a safe
distance and a protected location due to the potential of hazardous vapors
and decomposition products.

Hazardoug Combustion Products:
Includes carbon dioxide, 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 persdnal protection eguipment
recommendations,

LTIMSDS2
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PCDNA-DESTS53 (GATEWAY VECTCR) Replaces (None)
INVITROGEN CORPCORATION Printed 8/26/03

MSDS ID: 12288

6. ACCIDENTAL RELEASE MEASURES (CONT.J

Spill Cleanup:

Exposure to the gpilled material may be irritating or harmful. Follow
personal protective equipment recommendations found in Section VIII of
this MSDS. Additicnal 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 sxpertise cf employees in the area responding tc the spill.

Ventilate the contaminated area.

Prevent the spread of any spill to minimize harm to human health and the
environment 1f safe to do so. Wear complete and proper personal protective
equipment following the recommendation of Section VIII at a2 minimum. Dike
with suitable absorbent material like granulated clay. Gather and store in
a sealed container pending a waste disposal evaluation.

7. HANDLING AND STORAGE

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

Storage Pressure:
Ambient

Handling Procedures:

Harmful or irritating material. 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. EXPOSURE CONTRCLS, PERSONAL PROTECTION

Exposure Limits:

OSHA PEL AGCIH TwWA
Component (ppm) {ppm)
EDTA Not established. Not established.
TRIZMA BASE Not established. Not established.

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

Personal Protective Eguipment:

LTIMSDSZ2
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MSDS ID: 12288

8. EXPOSURE CONTROLS, PERSGNAL 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 liguid, or airborne material. Do hot wear
contact lenses. Have an eye wash station available.

Skin:

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

Have a safety shower available.

Respiratory:

NIOSH approved air purifying respirator with dust/mist filter.

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

9., PHYSICAL AND CHEMICAL PROPERTLIES

Appearance/physical state: Liquid solution / suspension
Odor: No odor.

Not established.

Not established.

Not established.

Nct established.

Not established.

Not established.

Specific Gravity/Density: Not established.
Octanol/water Partition Coeff: Not established.
Veolatiles: Not established.
Evaporation Rate: Not established.
Viscosity: Not established.

10. STARILITY AND REACTIVITY

Stability:
Stable under normal conditions.

Conditions to Aveid:

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

Aluminum alloys.

LTIMSDS2
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10. STABILITY AND REACTIVITY (CONT.

Hazardous Decomposgition Products:
Carbon monoxide. Carbon dioxide. Nitrogen oxides.

Hazardous Polymerization:
Hazardous peolymerization will not occur.

il. TOXICOLOGICAL INFORMATION

Acute Toxicity:

Dermal/Skin:
Not determined.

Inhalation/Respiratory:
Not determined.

Oral/Ingestion:
TRIZMA BASE: 5300 MZ/KG

Target Organs: Kidneys. Bone marrow.
Carcinogenicity:

NTP:
Not tested.

IARC:
Not listed.

OSHA:
Not regulated.

Other Toxicological Information

12. Egolegical Information

Ecoteoxicological Information: Mo ecological information available.

Environmental Fate (Degradatlion, Transformation, and Persistence) :

Bioconcentration is not expected to cccur.
Biodegrades slowly.

LTIMSDsZ
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13. TLCISPCSAL CONSIDERATIONE

Regulatory Information:
Not applicable.

Disposal Method:

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

Dispose of by incineration fellowing Federal, State, Local, or Provincial
regulations.

14. TRANSPCRT INFCRMATICN

Proper Shipping Name: Not Determined.
Subsidiary Hazards:

15. REGULATORY INFORMATION

UNITED STATES:

TSCA:

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

Prop 65 Listed Chemicals: PROP €5 PERCENT
No Prop 65 Chemicals.

No 313 Chemicals

CANADA ;

DSL/NDSL:

Not determined.

COMPONENT WHMIS Classification
EDTA D2A

TRIZMA BASE D2B

EURCPEAN UNION:

PRODUCT RISK PHREASES:

None assigned.
PRODUCT SAFETY PHRASES:

Not applicabkle.

LTIMSDS2
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+5. REGULATORY INFORMATION (CONT.)

PRODUCT CLASSIFICATION:

X1
EINECS
Component Number
EDTA 200-449-4
TRIZMZA BASE Not established.

16. CTHER INFORMATION

HMIS Rating 0-4;

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

Abbreviations
N/A - Data is not applicable or not available
SARA - Superfund and Reauthorization Act
HMIS - Hazard Material Information System
WHMIS - Workplace Hazard Materials Tnformation System
NTP - National Teoxicology Program
OSHA - Occupational Health and Safety Administration
IARC - International Agency for Research on Cancer
PROP 65 - California Safe Drinking Water and
Toxic Enforcement Act of 1986
EINECS - Eurcpean Inventory of Existing Commercial
Chemical Substances

The above information was acguired by diligent search and/or investigation
and the recommendations are based on prudent application of professional
judgment.. The informaticn 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 caution. Since Invitrogen Corporation cannot
contrel the actual methods, velumes, 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
MSEDS DOES NOT CONSTITUTE A WARRANTY, EXPRESS OR IMPLIED, INCLUDING ANY
IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE.

LTIMSDS2



Ultimate™ ORFCard: IOH38087 Page 1 of 2

ORFCard hag links o

Clene 10D:
QOrganism:

Matching Nucleotide Accession:

Related Accassion(s).

Gene Name:
Gene Definition:
Gene Symbol:

Summary:

Expression:
Transeript Variant 1:

Transcript Variant 2:
mRNA Record:

GO Category:
biclogical process

GO Category:
molecular function

References:

ORF length (bp):
Sequence:

Collection Name:
Colleclion Type:
Vector Name:
Vector Antibiotic:
Host Name:

Protein Accession:

Protein Record:
Physica! Properties:
Protease Digestion:

Predicted Secondary Structure;
Protein Model Search:

Product:

SNP:
SNP Map to:

LocusLink 1D:

Unigene 1D:
Genome Alignmeant:

Disclaimer:

Gene Information
1OH38087
Homo sapiens
NM 014820 .3)Alignment
ALE31178|Algnment ||

136|Alg

intestinal cell (MAK-like) kinase
Homo sapiens, intestinal cell (MAK-like) kinase (ICK), transcript varant 1, mRNA
ICK
Eukaryotic protein kinases are enzymes that belong to a very exlensive family of proteins which share a conserved
calalytic core common with both serine/threonine and tyresing protein kinases. This gene encodes an intestinal
serinefthreonine kinase harboring a dual phosphorylation site found in mitogen-activating protein {MAP) kinases.
The protein localizes to the intestinal crypt regicn and is thought to be important in intestinal epithelial cell
proliferation and differentiation. Alternative splicing has been observed at this locus and two variants, encoding the
same isoform, have been identified.
Sage Tag Expression || Virlual Northern || Digital Exorassion P
This variant (1) represents the shorler transcript.
This variant (2} has an additional exon in the 5' UTR, as compared 1o variant 1. Variants 1 and 2 encode the same
isoform.
NM 014920 Atonment || NM_5165131Ag
development {GO:0007275)
predein amino acid phosphorylation (GO:0006468)
protein kinase cascade (GO:0007243)
signal transduction {GO.0007165)
ATP binding (G0O:0005524)
magnesium ion binding (G:0000287)
protein serinefthreonine kinase activity (GO:0004674)
transferase activity (GO:0016740)
GRIE 22858 | PUBMED: 1CK

ORF Information

t

1899
Nugigolids || Peptide || Transiation )] Quality Scoreg || Guak
Clone Information

U Seosas with Seque

Ultimate ORF Clones
ORF Gateway™ Entry

Kanamycin
E.cali

Protein
| CALISSI8ING
I AAHS

(aa) 1| 0.0 (MW) || 0.0 (pl)

Trypein | Lys-C | Arg-C | Asp-N | VE-bicarp | V&-pho
View Second HEH
odel BLAST
intestinal cell kinase

Chymotryosin | GNBr

LI

SNP Information

i gene reqian |is i coding regien only | s ot b

Genomic Link

Mapio b

an Genome using BEAT || Mag i Ensemil Genome Browser

Invitrogen™ Corporafion provides an evolving clone collection where each gene represented is identified as containing a compiete open reading frame,

hased o a dynamic source of bicinformatic information contained within GenBank. GenBarnk is a genetic sequence dalabase, which contains an annofated
cellection of all publicly available DNA sequences.

Uttimate™ ORF Clones are typically derived front cDNA ciones believed lo contain a complete open reading frame, according to the most current GenBank

update. Please note, subsequent GenBank updates may show some of these cONA ciones to contain a partial sequence, a non-coding sequence or other
arfifacts.

http:/forf.invitrogen.com/cgi-bin/ORFCard 7& ORF=IOH38087&set=UltimateOR['s 2/26/2010



Ultimate™ ORFCard: IOH33087 Page 2 of 2

Quarterly, invitrogen™ Corporation will update the Ultimate™ ORF Clone Colfection, by adding. deleting, or modifying the bioinformatic information to more
accurately reflect the most current scientific information associated with each of the clones represented in the collection.

it is highly recommended thal the purchaser carefully evaluate the ORF clone sequence prior to purchase. It is the purchaser _s responsibility to check
whether the sequence associated with any particular clone meets histher scienlific requirement prior to purchase.

invitrogen makes no warranties, express or implied, that the manufaclure, use, importation, or sale of the gene contained within any Ultimate™ CRF clone
will not infringe any third party intellectual property right,

http://orf.invitrogen.com/cgi-bin/ORF Card?& ORF=10138087& set=UltimateOR['s 2/26/2010



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,2 Erik G. Puffenberger,3 Kevin A. Strauss,?
Mildred B. Martens,4 David A. Ramsay,4 C. Anthony Rupar,256 Victoria Siu,25.6

and Robert A. Hegelel.2*

Six infants in an Old Order Amish pedigree were observed to be affected with endocrine-cerebro-osteodysplasia (ECO). 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.? 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) syndromes,® 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.""'?

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, IV-2, and IV-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
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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-nuclectide polymorphisms
(SNPs) with GeneChip Mapping 500K Array Set (Affymetrix, Santa
Clara, CA, USA) at the Londen Regional Genomics Centre. 250 ng
of double-stranded genomic DNA was digested with either Nsp or
Sty, followed by adaptor ligation and PCR amplification with
generic primers. PCR preducts 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 European descent were used
for estimating the two-peint logarithm of the odds (LOD) scores
for each SND. 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 pairs designed for all coding exons
and intron-exon boundaries, All amplicons were then sequenced
with the sequencing platform of the London Regional Genomics
Centre Sequencing Facility.

Cosegregation of the exon 7 f[CK mutant with disease in the pedi-
gree was demonstrated with direct sequence analysis of atl available
family members. The target sequence (552 base pairs [bpl) was
amplified with primers 5 CTC ATT CCA TAC AGT GCC ACA and
3’ GAA TTA 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 (GL:
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 primeis} was sub-
jected to dANTP extension {SnaPShot, Applied Biosystems} with
primer 5' CAG TGG GAT CCC AAG AAA C and analyzed by ABI
3730 DNA Sequencer. TagMan quantitative real-time PCR assays
were performed with an ABI 7900 sequence detection system
{Applied Biosystems) for providing allele discrimination with
PCR primers (forward primer: 5' GCT CCT GAG AGA CAT GCT
TCA; teverse primer: 5 AAG AAA ATG GAA GAA AAC CTG ACT
AGC T) and two allele-specific TagMan probes synthesized for
detecting the ICK variation (allele G: 5 VIC-CCC AAG AAA CGA
CCA AC and mutant allele A: 5/ FAM-CCA AGA AAC AAC CAA C).

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 pathelegical implica-
tion was predicted with four online tools, namely PMUT,™
PolyPhen,'® SNPs3D,'” and SIFT.!#

The crystal structure of miman CDK2 in complex with isopente-
nyladenine {PDB ID: 2ZEXM), solved by Schulze-Gahmen et al.’?,
was used as a basis for modeling the ICK with and without the
R—+(} mutation at residue 272. For mimicking ICK, 2ZEXM was
substituted at A183P and 1186V, 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 kilecalories) 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 fCK cDNA (clone ID: 10H38087)
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 ICK 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% CQOzin Dulbecco’s modified Eagle’s medium (GIBCO, Carls-
bad, CA, USA) supplemented with 10% fetal bovine serum.

Immunocytochemistry

For assessing nuclear localization of JCK 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
mufant ICK-expression plasmid, or control vector containing
a CAT cassette (4 pg DINA) by a calcium-phosphate-based method.
48 hr after transfection, cells were washed two times with PBS,
fixed with 4% paraformaldehyde, and stained with Hoechst dye
(2.5 pg/ml in PBS) (Sigma-Aldrich, Oakville, ON, Canada) on ice for
20 min. Cells were then washed three times with PBS and mounted
on glass slides with PermaFluor Aqueous Mounting Medium (Fisher,
Markham, ON, Canada). Images were captured with FITC and
UV filter sets and 40x objective 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 GFP-tagged
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expression constructs of either WT, R272Q mutant, or control
vector containing a CAT cassette (96 ng DNA) by a calciunr-phos-
phate-based method. 48 hr after transfection, cells were harvested
in ice-cold PBS and lysed in lysis buffer (20 mmol/L Tiis-HCl [pH =
7.4], 50 mmol/L. NaCl, 1 mmol/L. EDTA, 1 mmol/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 pg)
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 immuncblotting
and kinase assay.

GFP-immunoprecipitated beads of all three constructs were
beiled in the SDS loading buffer for 5 min. Proteins were then
resolved by 12% SDS-PAGE and transferred onto polyvinylidene
diftucride 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, fellowed by ICK protein visualiza-
tion with enhanced chemiluminescence-detection Luminol
reagent according to the manufacturer’s Instructions (Santa
Cruz Biotechnology).

Kinase Assays

For assessing kinase activity, GFP-immunoprecipitated WT [CK,
R272Q mutant ICK, and vector control were washed extensively
in kinase assay buffer (50 mM HEPES {pH 7.5], 10 mM MgCl,, sup-
plemented with § mM DTT, protease inhibitors and phosphatase
inhibitors). The samples were then incubated with 5 nCi [v-*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 pl kinase
assay buffer. As a positive control, active MAPK 2 (Millipore) was
incubated with 5 uCi [y-32P) ATE, 100 pM ATDP, and 5 ng 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
Immunofluorescence 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 Tabie 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 occuired in one pregnancy.
Spontaneous onset of labor occurred in two of the preg-
nancles at 33-34 weeks gestation. One infant (IV-1)
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 (.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
premaxilta 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 cystic component 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 born 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
abnormal 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 1V-1, 1V-2, and
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Figure 1. Clinical and Pathological Findings in ECO Patients

(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 magnification). Liver sections from the 29-week-gestated patient IV-2 (bottom left) illustrate the persistence
of circular ductal plates (100% magnification). Squamous metaplasia is seen in the intraprostatic urethra from patient IV-1 (bottom
right) (H&E, 40x 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.

1V-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, 1V-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, IV-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 1V-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)

Clinical Features IV-1 (2004} V-2 (2005) 1v¥-3 (2005) 1V-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 37.3cm 29 cm 32.5 cm 33.1¢m
(3rd percentile) {10th percentile) (75th percentile) (10th percentile) {90th percentile)
Weight® 2250 grams 1400 grams 675 grams 897 grams 1871 grams 667 grams
(90th percentile)  (90th percentile) (25th percentile) (90th percentile) (10th percentile) {90th percentite)
Head circumference®  36.5 cm 317 em 24 cm 28 cm 23.3¢m
(>97th percentile) (>97th percentile) (20th percentile) (3rd percentile) {90th percentile)
Autopsy + + - - - +
Oral
Cleft palate midline midline natch in midline midline midline
alveolar ridge
Cleft Lip bilateral median median bilateral median median
Presence of -+ - - +, tiny - -
premaxilla
Prominent upper lip — + - + - -
region
Hypoptastic/absent + - +
epiglottis
Hypoplastic/absent -+ - +
larynx
Facial
Midface hypoplasia + + + + + +
Hypoplastic eyes + + - + present; right: cystic
hypoplastic, left:
cystic
Retinal dysplasia — — +, cataracts
Deep-set eyes + + + + +
Fused eyelids + + + +
Hypotelorism +
Flat and wide nasal + + + + + +
bridge
Dysplastic and + + dysplastic + +
low-set ears
Micrognathia + + + + + +
Excess skin below  + + - - + +
chin
Teeth - two in lower jaw - - — -
Skeletal
Dolicacephalic - + - - + +
Prominent xyphoid — + - - - -
Polydactyly 4 timbs 4 limbs 3 limbs 3 limbs 3 limbs 4 limbs
{postaxial)
Syndactyly + + + + + +
Brachydactyly + + + + + +
Single transverse unilateral bilateral unilateral
palmar crease
Ulnar deviation of + + + + + +
hands
Bowing of forearms  + + + + + +
(radius and ulna}
Bowing of lower + - - - - +
legs {fibula and tibia)
Hitch-hikers’ - - - - - unilateral
thumbs
Abducted hips + + + + + +
Wide gap between  + + unilaterai-right -+ + +

first and second tee

Talipes equinovaris — - - — - -

Chest width broad with - - narrow -
wide-spaced nipples
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Table 1.

Continued

Affected Individuals {year of birth)

Clinical Features 1V-1 (2004) IvV-2 (2005) V-3 (2005) IV-4 {2006) V-7 (2002) 1v-8 (2003}
Micromelia + =+ + + + +
®Radiography
Abnormal long short diaphysis
bones (radius, ulna,
tibia, fibula)
Short and incurved  +
ilnae
Short and ovoid +
tibiae
Abnormal humerus  shart diaphysis
Abnormal femur short and ovoid
Abnormal Ilium +
Abnormal/ +
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 -+ +
peltucidum
Hydrocephalus communicating +
(ventriculomegaly)
Dysmorphic cerebral + stenosis
aqueduct
Olfactory bulbs + absent
Cerebral cortex frontal and focal polymicrogyria rudimentary
malformation occipital regions sulcation
Brainstem + + small brainstem
malformation
Cerebeliar hemarrhagic, small cerebellum
abnormalities dysmorphic
peduncles
Hippocampus + +
agenesis
Leptomeningeal +
glioneruronal
heterotopia
Spinal cord + -
malformation
Endociine system
Pituitary gland absent not identified
Adrenal glands hypoplastic absent hypoplastic
Other
Pulmonary +
hypoplasia
Gastrointestinal tube-like stomach  small stomach -
anomalies
Squamous + - -
metaplasia
of bladder
External genitalia  microphallus, microphatlus, normal normal sex reversal; present,
hypoplastic scrotum hypoplastic scrotum hyponplastic micraphallus

Cryptorchidism
Polyhydramnios

bilateral - -

labia majora

present

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

® Report from Intemational Skeletal 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 nongenotyped 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 1II-2 and III-3 with III-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

140 The American Journal of Human Genetics 84, 134-147, February 13, 2009



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
S1 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
has not 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 bicinformatic 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 5A). 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 Kinase-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. ICK Protein Analysis Demonstrates that R272 Is Highly Conserved and that the R272Q Mutation Alters Protein
Structure

(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 II) 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.

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 **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

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 PyMo],
and to cause protein instability, as predicted by the

(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-

o
ICK WT ICK R272Q control ERK2 {assaycontrol)

noprecipates obtained from HEK293 trans-

: 24 pp— fected cells and active-purified ERK2 as

te:anis PP | S b ML a positive control (top panel). HEK293
cells were transfected for 48 hr with GFP-

T— R tagged ICK WT, ICK R272Q, or vector
Ao e control followed by anti-GFP immunopre-

cipitation. Bar graphs indicate means +
standard deviations from three sets of

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

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.3? 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).%

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.**** The
designation ICK appears to be a misnomer, given that ICK
is ubiquitously expressed in adult human tissues.**?
Alternatively, this protein has sometimes been called
MAK-related kinase (MRK) in previous reports.**® 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 Kkinases, regulators of cell-cycle
entry.?® ICK is activated by dual phophorylation of the

TDY motif (¥-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 t;ievelc.pment.33 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 cbserved 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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October 21, 2009

J Wang, H Cao, R Martins, R Hassell
M Ban, A McIntyre, B kennedy,J Robinson,
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[(Non-human Primate] (established). COS-7 | seiEm  Goriell Cell Reposiiory
I1Human] (established: HEK293, HEPG2 ) |
[Human Primary]: Fibrablast- (GMOSGSQ‘ ! Fibroblast, fimite privary call line human i

IGMOB308, , GM03348 GMO3513. Fibroblasl, | woapruier progevis Asssarcy Foundasion
_— =L —
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PLEASE VETACH CMUTEREGE S AFETY D ULV SHEET QK EQUITALENT FOR NEN BIOHAZARDS.
SOPLEASE CFPACH A BRIEF DESCRIPTION OF PHE BORK FHT ENPL NS vHE IOz IRIS USED AN Hey TREY I L Bl
USED.

As the prineipal investigator, I have ensured that all of the personnel named on the form have been
trained. 1 will ensure that this project will follow the Western Biosalety Guidelines and Procedures
Manual for Containment Level 1 2 Laboratories (and the Level 3 Facilities Manual for Level 3
projects). Twill ensure that UWO Taculty, staff and students working in my laboratory have an up-to-
date Hazayrd Communication I'orm, fuu\:ul at hittp://wwwavphouwo.ca,

Signature of Permit Holderf {77 === .
Classification: 2

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

Date of Last Modification (if applicable): October 22, 2009

BioSafety Officer(s): MM

Chair, Biohazards Subcommittee: é M_,

October 21, 2009 Page 2 0f 2
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AG16409 Page | ol'2

Catalog [D: AG16409 Product (Source): CELL CULTURE Gmo T CART

o8 e

Overview

Lollection A Aqing Cell Cuiturg Repositosy
Subcollection Apparently Healthy Collection
Sample Description APPARENTLY HEALTRRY HON-FETAL TISSUE
Biopsy Source Jaspecfied
Cell Type Figroblast
Tissue Type Skin
Transformant Untransfarmed
Species Homo sap:ens
conmtmon Name Huaan
Age 12 YR
Sex Male
face Caucasian
Family 1958
Family Member 1
Retation to Proband proband
Clinically Affected No
Confirmation Clinical summary/Case histoiy

ISCH 46, XY

Ihe donor was climcally normal having suifered a cervical spine :njury at age 5. He was ventilator-dependert. He died of bran desth
with cardiorespiratory arrest at age 12. The cuilure was mtiatad on 771242000 using expiants of minced skin tissue taken past-
mortem. The cell morpaclogy s fibroblast-like. The karyotyge is 16,4 wath 4% of the cells examinad $how ag randost ¢hromosoma
1055 and 2% show og random chromosamal gbarrations.

Remarks

Catalag ID AG16409
Product Cell Culture
Pricing Commercial Pricing: $155.00
Acaderme ang not-for-proft pricieg: 38590
HIA Grantees: $0 00
How to Order Joiing drdeimg
2 —oom {Myst have gurrent ‘orm on file)
segreh ACEER_Torne {Informiarn o

s gDy vl grier G orasml 0D Tk Lt )

Characterizations

Sampfe Dascription APPARENTLY HEALTHY NON-FETAL TISSUE
PDL at Freeze
Passage Frazen 2

LDENTIFICATION OF SPECIES Species of Origin Confirmad by “luclecside Phasphao-vlase, Giucosa-§-Phosphate Dehydrogenase, and wactate Dehydrocenase

OF QRIGIN [scerzyme Slectraphoress

Phenotypic Data

al spre njury at age 5. Ha ~as vaatilator-dependent, ke diad of bramn death wHth Cardioresyratory
using axplants of nunced skir tissaea taker sast-rnortem. The cell morphology 1s hbroblast-ke. The
~hromesanme '03s and 2% showing randor chromosomar aberratens.

Remark The donor was cin-Cary norma. 1aving suffered a cemvic
arrest at age 12. "he cuture was inihated on 1212000
karyotyae 15 46, XY with 4% of the zells gxamined showirg rardom

Publications

Zata are ot avalable

External Links

tmages

ata ave ror avallable

http:/“cer.coriellorg Sections: Searc hySample Detail.aspx?Pgld=166&Re =AG16400&=3 6/8/2006



A16409 Page 2 of 2

Protocols

PDL at Freeze #
passage Frozen 2
Splie Ratio | 4
Tamperature 37 0
Percent CO2 5%
Medium £ag e's Murngn Essentia Medium with Zarle s salts and Aon-2sserbidl 3ming Jcids
Sarum 10% fetal sovine ser.m Mol mnacuvatad
Substrate Hore speciied
Subcultivation Method trypsin-EDTA

h[[p:“ccr.coriell.org--"Scctions;’Searchf"Sampic_De[aiI.aspx".’l’gid:I{SG&Rct‘-:AGIMOQ&L 3 6/8:2009
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l *I Public Healh Agence de la santé
Agency of Canada publique du Carada

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

Address: P.O. Box 5015
100 Perth Drive, Rmt 4-25
London, ON
NGA 5K8

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

Human fioroblast cell line from healthy donor (AG16409), as provided by Corigll Institute
for Medical Research, 403 Haddon Avenue, Camden, NJ, LUSA 08103.

i

L v

Marianﬁa{ Heisz J Date
Chief, Importation and Regulatory Affairs

NOTICE

*HPIR (HUMAN PATHOGENS IMPORTATION REGULATIONS)

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

» For animal or ptant pathogens one must apply to The Canadian Food Inspection Agency (CFIA) far
a permit to import. If this material is of animal or plant origin it may als0 require a permit from the
CFIA. Please contact the CFIA for their consideration. CFIA contact numbers are as follows:

(613) 221-7068 for information concerning animal pathogens/material
(613) 225-2342 {ext. 4334] for information concaming plant pathogens/material

» importation of this material may also be subject to the requirements of the Naw Substances
Notification Regulations (Organisms) of the Canadian Environmental Protection Act, 1999,
administered by Environment Canada and Haalth Canada. Please contact the New Substances
information Line at 1-800-567-1998 o nan-infoline@ac.go.ca.

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

Should you require further information, please contact:
Office of Laboratory Securily
Centre for Emergency Preparedness and Response
(613) 957-1779

1+l

Canada



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 5K38

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

Exon 11
mutation
i?fnicall); Age at Yes_o)r no
Cell Line# | Passage # ccted? | Relation to Proband | Donation C2T
HGADENI167 4 yes proband 8 yrs. Jmos | yes

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

i%astl 7 irzspan ore.

Sincerely,

%Ma Lw/\“”,\

Leslie B. Gordon, MD, PhD
Principal Investigator, The Progeria Research Foundation Cell and Tissue Bank

£mail: progeria@netzero.net Website: www.progeriaresearch.org
P. 0. Box 3453, Peabody, MA 01961-3453 Tel: (978) 535-2594 Fax: (978) 535-5849



Culture Conditions:
DMEM (Gibco 11960-044), + 2mM L-Glutamine, Pen/Strep and [5% FBS.

Split Conditions:
0.25% Trypsin/ EDTA - 1ml/T25 flask, evenly coating cells. [ncubate 2-3 minutes. Gently tip
flask to dislodge. Pool cells in culture medium and replate or freeze down.

Freezing Conditions:
10% DMSO 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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* E Public Health Agence dz 1a sanlé
Agency of Cannda  publique du Carada

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

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

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

Human fibroblast cell line from donor with Hutchinson-Gilford Progeria Syndrome
(HGADFN167), as provided by The Progena Research Foundation Cell Bank, 532
L oweli Street, Peabody, MA, USA, 01960.

JULY 16, 2009

Marianne Heisz \) Date
Chief, Importation and Regulatory Affairs

NOTICE

*HPIR {HUMAN PATHOGENS IMPORTATION REGULATIONS)

. We are in receipt of your application foran importaton pemmit fof biological materials. The HPIR apply
only to the importation of infectious substances which cause human disease and their subsequent
distribution or transter. Other malerials, which are 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 olher federal, provincial and muntcipal laws,

. For animal or plant pathogens one must apply to the Canadian Food Inspection Agency (CFIA) for
a permit to impoft. I this material is of animal or plant origin it may also require 3 pemit from the
CFIA. Please contact the CRIA for iheir consideraton. CFIA contact numbers are as follows:

(613) 221-7068 for information conceming animal pathogens/materal
(613} 225-2342 [ext. 4334) for informatian concerming plant pathogens/matenal

> Importation of this matenial may atso be subject to the requiremenls of the New Substonces
Notification Reguiations (Organisms) of the Canadian Environmental Protection Act, 1999,
administered by Envirenment Canada and Health Canada. Please contact the New Substances
information Line at 1-800-567-1999 or nsn-infoline@ec.gc.ca.

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

Should you require further information, please contact
Office of Laboratory Security
Gentre for Emergency Preparednass and Response
(613) 9571779

Canada



The Progerio Research Foundation; I

DECLARATION STATEMEN]L

The conteuts 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.

These samples are being shipped from Dr. Leslie Gordon and Dr. Douglas Hixson for
dation. Samples are packed in approved

studies funded by The Progeria Research Foun
blood mailers and are perishable. Samples are rot known to be infectious. Please do

not delay.

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

Sincerely,

Leslie B. Gordon, MD, PhD

Gordon, Principal

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

Email; info@progeriaresearch.org

wwaw.progeriaresearch.org



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

This form must be completed by each Principal Investigator holding a grant administered by the University of
Western Ontaric or in charge of a taboratory/facility where the use of Level 1, 2 or 3 hiohazardous agenis is
described in the laboratory or animal work proposed. The form must also be 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 Inspeclion Agency {CFIA) permits.

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

Containment Levels wili be established in accordance with Laboratory Biosafety Guidelines, 3rd edition, 2004,
Public Health Agency of Canada (PHAC) or Containment Standards for Veterinary Facilities, 1% edition 1996,
Canadian Food Inspection Agency {CFIA).

Completed forms are to be returned to Occupational Health and Safety, (OHS), (Support Services Building,
Room 4190) for distribution to the Biohazard Subcommittee. For questions regarding this form, please 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 Safety for a modification form.
Sea website: www.uwo ca/humanressurces/biosafety

PRINCIPAL INVESTIGATOR D, egely”/

SIGNATURE o -
DEPARTMENT carch Tnoh kt: 2 loay ib aqé:l\C-;/my,,
ADDRESS 00 PertADr, Keom ti-06

PHONE NUMBER fo D3/ - SA?) e S/7-F Y -SEEF exd, SHHE
EMERGENCY PHONE NUMBER(S J -

EMAIL bgir @ P%C)bﬁlfis Ca .

Location of experimental work to be carried out: Building(s) Q K \ Room(s) 5/2%' WZC/,Z,

“ 286

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

£UNDING AGENCY/AGENCIES: HSFO f/HK

GRANT TITLE(S):

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

REVIEWED.

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

Matthew Ron
g !AJ_L_Q N dha.;ﬂs___b,

h@m_

* DESCRIPTION MUST BE ATTACHED YO THIS FORM OR PROJECT WILL NOT BE REVIEWED*
Page 1 0f /



1.0 Microorganisms

1.1 Does your work involve the use of microcrganisms or biological agents of plant or animat origin (including but
not limited tc viruses, prions, parasites, bacteria)? JPBRYES O NO
If na. nlease proceed to Section 2.0

Do you use microorganisms that require a permit from the CFIA? QYES KNO
if YES. please give the name of the species.
What is the origin of the microorganism(s)?
Plaase describe the risk (if any) of escape and how this will be mitigated:

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

1.2 Please complete the lable below:

Name of Is it known | Is it known “Tlisitknown | Maximum Source/ PHAC or

; Biological tohe a to be an tobe a quantity to Supplier CFIA

[ agent(s)” human animal zoonotic be cultured Containment

: pathogen? | pathogen? agent? at one time? Level

L YESINO YES/NO YES/MNO (in Litres) |

O Yes O Yes O Yes ;E{1 02 03

Dk /OIS o : fNo §{No 0.007 ‘ﬂ-c)/&_lhnu&rwem_

| O Yes O Yes O Yes Y |&10203

Dt Sox [ENo | FNO #No  1n. 007-0.0/4
QO Yes QO Yes O Yes 010203
O No O No O No

| OvYes O Yes O Yes 010203
O No O No Q No |

“Please attach a Material Safety Data Sheet or equivalent from the suppﬂér.

2.0 Cell Culture

2.1 Does your work involve the use of cell cultures? M YES O NG
If no, please proceed to Section 30

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

!"Cell Type Is this cell type used | Source of Primary Cell i AUS Protocol Nurmber
. B | inyour work? | Culture Tissue L
Human @Yes ONo See AtHachec Not applicable
L_Roaehi""' g Yes ONo s ¥ 0

Non-human primate € Yes BNo )
“Other {specify) OYes ®No )

[ —_ e o

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



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

“Human RIEATS O No < '
L PYes See AHached See fAthched
- Rodent @ Yes ONo “ 1 ﬂTCC
[ Non-human primate | #¥es O No CoOS -7 T Aarcce T
Other (specify) OYes ONMo ) |
. B N T — _'—>‘-—I
"Please attach a Material Safety Oata Sheet or equivalent from the supplier. (For more information. see
WWw.atcc.org)

9.4 For above named cell types(s) indicate PHAC or CFIA containment level required O 1 ;@(2 3

3.0 Use of Human Source Materials

3.1 Does your work involve the use of human source materials? ']SiYES O NO
If no, please proceed to Seclion 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

iiaterial [Company Name | Material Known to Be | Infectious Confainment
Infected With An Agent (if Level (Select
Infectious Agent? applicable} | one)

_ ) YES/NO

Fuman Blood (whole) of | Rocenrch Suljecfs| © Yes  $No

other Body Fluid Q § J JS ___ 01 %2 O3

Human Blood (fraction) | Rygae e + rOYes  ®No

or other Body Fluid | S'“‘EU“ 5 3 N 01 g2 03

Human Organs or OYes ONo

Tissues (unpreserved) B . B 01 02 973

Human Organs or QO Yes O No

| Tissues (preserved) 01 02 03 B

4.0 Genetically Modified Organisms and Cell lines

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

1 0and 2.0? ‘ELYES QO NO If no, piease proceed to Section 5.0

4.2 Will genetic modification(s) involving plasmids be done? )@/\YES, complete table below O NO
Faoteria Usad for | Plasmid(s) * Source of Plasmid | Gene Transfected | Describe the change

Cloning * that resuits

DAL B2 | (Backra | APOE Morpholsgical
| CAT ( Tnuioqen

" Please attach a Nfaterial Cata Sheet or equiva[erﬁ’if available.

« DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT 8E REVIEWED*
Page 3of 7



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

Virus Used for Vector{s} * l Source of Vector | Gene Transfected | Describe the change

Transduction * o \ 7 _| that resuits

" Biease altach a Material Safety Data Sheet or equivalent.

4 4 Wil genetic sequences from the following be involved?

¢ HIV O YES, please specify W NO
+ HTLV 1 or 2 or genes from any Level 1 or Level 2 pathogens O YES, specify & NO
¢ SV 40 Large T antigen YES O NO
¢ E1A oncogene YES\&% BMND
+ Known oncogenes O YES, please specify __ BNO
+ Other human or animal pathogen and or their toxins O YES, please specify __ FNO
4.6 Wilt virus be replication defective? & YES O NO

4.6 Wilt virus be infectious to humans or animals? O YES gNo

4.7 Wil this be expected to increase the containment level required? O YES § NO

5.0 Human Gene Therapy Trials

51 Will human clinical trials be conducted using the viral vector in4.0? O YES AANO

If no, please proceed to Section 6.0 If YES attach a full description of the make-up of the virus.
5.2 Will 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 cbtained? O YES, number: O NO O PENDING

6.0 Animal Experiments

6.1 Wil ive animals be used? O YES %NO If no, please proceed to section 7.0

8 2 Name of animal species to be used

6.3 AUS protocol #

5.4 Will any of the agents listed be used in live animals O YES, specify: ONO

« DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED*
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7 0 Use of Animal species with Zoonotic Hazards

7.1 Will any of the following animals or their organs, tissues, lavages or other body fluids including blood be
used?

+ Pound source dogs O YES BNO
+ Pound source cats O YES A NO
¢ Callle, sheep orgoats O YES £ NO
+ Non-human primates O YES, please specify species & NO
¢ Wild caught animals O YES, please specify species & colony # R NO
+ Birds O YES K NO
+ Others (wild ar domestic} O YES, please specify i ___ MINO

8.0 Biological Toxins

& 1 Will toxins of biclogical origin be used? O YES @(NO If ng, please proceed to Section 9.0

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

8.3 What is the LDs {specify species) of the toxin

8 4 How much of the toxin is handled at one time*?

8.5 How much of the toxin is stored*? _

*Far information on biosecurity requirements, please see:
http:i/www.uwo.ca!humanresourcesfdocandform/docs/heaIthandsafetylbiosafety/Biosecurity_RequLrements.pdf

9.0 Insects Requiring CFIA Permits

91 Do you use insects that require a permit from the CFIA? OYES WNO
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 insect?

9.4 What is the (ifestage of the insect?

9.5 What is your intention? O Initiate and maintain colony, give tocation:
0 "One-off’ tise, give location:

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

9.7 Please attach the CFIA permit.

98 Please descrine any CFIA permit conditions

< DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED*
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10.0 Plants Requiring CFIA Permits

101 Do you use plants that require a permit from the CFIA? O YES WO
If no, please proceed to Section 11.0

10.2 If YES, please give the name of the spacies.

10.3  What is the origin of the plant? _

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

105  What is your ntention? O Grow and maintain a crop O "One-lime” use

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

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

10.8 |s the CFIA permit attached? O YES O NO

10.9 Please describe any CFIA permit conditions:

11.0 Import Requirements

111 Will any of the above agents be imported? & YES, please give country of origin US /3 Yer
If no, please proceed to Section 10.0 0O NO «(ﬁwﬁ
Stati, AT

11.2 Has an Imoort Permit been obtained from HC for human pathogens? ﬂ.YES O NO /&6“1"“
11.3 Has an import permit been obtained from CFIA far animal or plant pathcgens? O YES PfNO
11.4 Has the import permit been sent to OHS? O YES, please provide permit # O NO

12.0 Training Requirements for Personnet 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:

Bicsafety

Laboratory and Environmentai/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.

o PNEL
SIGNATURE—//C":T_‘}' e EINELE y >y //

+ DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT,Vd.L NOT BE REVIEWED*
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13.0 Containment Levels

111 For the work described in sections 1.0 10 9.0, please indicate the highest
HC or CFIA Containment Leve! required. 01 2 03

132 Has the facilily been certified by OHS for this level of con ainment?
,&fYES, permit #if on-campus_ fﬁ‘l_Q_Q_P]a’)O()
0O NO, please cerlify
O NOT REQUIRED for Level 1 containment

14.0 Procedures to be Followed

14 1 As the Principal Investigator, | will ensure that this project will follow the Westem Biosafety Guidelines and
Procedures Manual for Containment Level 1 & 2 Laboralories (and the Level 3 Facilities Manual for Level 3
projects). | will ensure that UWO faculty, staff and students working in my laboratory have an up-to-date Hazard
Cornmunication Form, found at hitp:/iwww.wph, uwo.cal

L

P s i e oy
‘_</ (j//'::?),",'(‘:‘ D Gt . At I _yenn 3
SIGNATURE {%) L pate, <D 2 H 2 ’/ /.

15.0 Approvéls

UWQ Bichazard Subcommittee: SIGNATURE: _ é_t;-ﬁ KHW
}\. / ‘-L-'Q..f ;7;(}{5"3

Date:

Safety Officer for Institution where experiments will take place:  SIGNATURE: RGACY
Dale: rf'at;/., 02,209

i
Safety Officer for Universily of Western Ontario (if different from above): saGNATURE:_‘-_-;\Q_'tég._r\_--ﬁ_.f; A
Date:_-loee) 1S JO

Approval Number. m() - ”]\ ""UUU(’ Expiry Date (3 years from Approval): M L\"L lihl )UJ_?.

Special Conditions of Approval:

» DESCRIPTION MUST BE ATTACHED 10 THIS FORM OR PROJECT WILL NOT BE REVIEWED®
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sunnanry “The phenomics and gennniics of atlicrasclerosis in vionogeniv metabolic syndrotie ™ psgre 2.1
seplember 1, 2008 . o Rehin A Hepele
In 2003, v proposed in HSFO #NAS320 1o expand understanding, ol singli-gene predispositon (o
eardiovasenlur discase (CYI1) and sinee fomd causalive penes and mutations for 2 forms of pactial
lipodystrophy, namely familinl partial lipodyzirophies types 2 and 3 (FPLD2C FPEDI) and noquired
pactial Jipodystrophy (A1), Using “phenomics”, debmed as itepeaiced multidiseiplinmy researchi (e
understand the complex consequences of  penomic variation  through systematic discovery
cataloguing of standmrdized  phenotypes, we developed  standardized, optimized  quantitative non
invasive imaging prozedues for carolid artenes and adipose stores, nll Ley to this renewal ypplicabior.
The wotk was 1ecognized by medt awards from several groups, including the: Amenican et
Association in 2004 and the Geneties Socicty of Canada in 2006, W will huild on the scieniifi
progentum fronn the tultial funding period with this renewal application.

o BACKGROUND AND SIGNIFICANCE: The constellation of disturhed carbohydrate and nsoh
metabolism, with central obesity, dyslipidemia (clevated triglyeevides (1G] with depressed T
cholesterol), hypertension, and type 2 DM (12DM) is called the "metabolic syndrome’ (Metis
Evaluation of patients with extreme monopenic forms of MetS will help us o understand commaon
MetS, just as the study of patients with monagenic dyslipidemias improved understandig and reatiment
of those discases. Some monogenic forms of Met§ have been moleculanly chavieterized — inchiding

thosc discoverci in the Hegele lab - providing importmt insights and medel systems for comon Mets

[}
1)
X
:

o PROPOSED RESEARCIH: We propose to continue to expand ow database of lipodysrophy
kindieds, to significantly increase our characterization of hiochemical, vascular and adipose phenetypes
i monogenic MetS and then to assess these new markees in e general population. Specific aims are:

1) To extend oar measmements of aditional wnd non-traditional serum biomarker phenotypes of
subjects with FPLD2, FPLDI, APL, other lipodystrophies and familial hypercholestevalemia (U1
positive contral for early CVD) and to contrast these secording (o moleenlar basis of the discase.

2) To measure baseline non-invasive ulbrasound (US) vascular and magnetic resonance imaging (MRI)

adipose phenotypes in subjects with FPLD2, FPLID3, AVL, other forms of lipodystraphy aud FlI

and to contrast these according lo molecalar basis of the discase.

To serially measure non-invasive US vasculsr and MR adiposc phenotypes 1o subjects with FPLDI,

FPLD3, APL, other foxms of lipodystiophy and Filin order to evaluate discase progression, s 1

contrast these according to moleeular basis of the disease.

1) "lo detevmine association between tisk factors, intermediate phenatypes and atherosclerosis read-onts
variables in subjects with FPLD2, FPLID3, APL, ofher founs of lipodystrophy and 111

We expeet to observe between-genotype difforences in phenotypes such as: 1) lipeprotein, melsbolic,
cytokines, chemokines and other serom hiomarkers; 2) cavolid IMT at baseline nnd scrial propression: 3)
association of traditional and non-teaditional visk factors with INT; and 4) disinibution of adipose slores
in differcot forms of Jipodystrophy. The presence of novel serun ond imaging biomarkers identificd i
the studics of patients with monogenic MetS will subsequently be evalnated in tudividuals frem the
peneral population with MetS, We expect that seine bivmakers that we will identify as heing part of the
monogenic Mets metabolic signature profile will be teanslated to the “gaden vaiely™ form of Mels.

¢ RELEVANCE: Ouwr past 1ccord of finding determinants of GV sk i Canadinn failics with
monogenic Mets will continue with rencwed funding of (his project.  Owr sueeess in funding Mot
penetic determinants o piloi studies Jeads vs to expect that this expandesd set of snmples will provide
new ansights. MetS s en importnt new prevalent CVD visk (actonr, with numerons metaholic
ahnowmalities and a very strong relationship with vasoulm dizcase. Beter chwactcization of emly
phenotypes in monogenic MetS - sensitive “phenomics™ - nay provide now clues to help solve i
puzele of the common metabolic syndvome. Any between-penotype diflerences in phenotype seveuity
will help to plan fafere expeiments essessing specific diggmosis awd/or teabinent.
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with  vers tugh T, nmned
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the olesubn basis oF suscensthilinn s e penene disorders
heeperlipopretemermas ((LP) types S and 3 Dudhermorte, the rale ol ape C-Fin human TG metabolisn:
rermung poorhy delined  The fme is ope for readdressing these sssaes duc o the caverpence of severad
factar mofuding availabilioe of seliicient numbers of afivered subjects. specification of nimcaous

candhdiste penes, acceas o rdaist genane techuuloges wad the foruitous disdovery <L a natpral huma,

SEOCT mutator o wowellcharcterieed papulietion

3 PROPOSED RESEARCH: Wo will adviaes the understandagy, ot 1he genvte basic of human
svshpoproteinenatz by sdentilying and Classilving nes hona geoomie mutstions e candidate genes
affecting hpoprotei metabolism Ve this endowe will study paticnts with primars ayshipoprotanentae.
clrractestzed by elevated plasima 00l we i be sdbvantage of @ nes Ty dbseosvered humas o
i APOUCT a5 3 probe e Jearss mieee wbont te nomzal and pathophssioiogicnl Tuncion of dis protemn

Hypotheses:
1 Maltiple race muotons momulnple candidate genes e bpoprotem metibolis are prosaat e e
anhetantial proporton ol sabpedds with HEP bype 5
S5 oadtiple rare reulstions e omaltiple casdidate genes s fypogredor soclabolsn e preseut e
wibstanish propociion of sabects w S0P Spe 1 homosvpetes for the A00H TR deantspe
Yo bpe privale APCCE TS pobenarmlism of the One-frec will b assovated sl metabel
phenotypes, analogous lo phenatypes scen v induced -puant muouse models,
s qpecitic aim T: Advanciog the understanding of HEP type 8 through: o] extending the mulational
speetium i camative penes throuph larpe-scale genonne DNA - sequence analysis bl sdenndying
mutacens 1n candidate HELP tope 8 venes; of usiog airay-hased deteetion metheds tooadentdy common
resrons of the genome with large-scale copy number sarations [CNVs] that ase shared between HLDY
tvpe S sibiccts; snd &) deftaung i vie o mechansms) of disease of selected HILP type S mutations,
a specific abn 20 Advancing the understanding of HLP type 3 throughs af extending the nulstional
pectrn in caasative wenes thiongh Jarge-scale genontic DNA sequence analysis in HLE type 3 subjects
v ho have the 1208 E27 penatype: B ideativing wntations w candidate HEP type 3 penes) o] vsing:
e -based deteetion methods o identity common iegions of the genome with Terge-seale copy munder
sattations FONYsE that are shared between HLY type 3 subjecis; and d} detimng in vicre mechantsmf s
ol dizease of selected TTEP type 3 mulations,
o Speeific nine b Advaneing the understanding of the physiologieal sad pathophysiolugienl vole of
apo C-1 by wking advaniage of the private 427000 T3S polvanorphism of the Ofi-Cree and ieosivel y
stedving (s asscotition with eetabohic phenatypes.
w RELEVANCE, Serwen TG s an inportant emergsng VD sk factor, with sumerous detendirants
Beder chracteriaton af the genctic detenmnants of clevated TG starting with simpler familial forms
cpch s LILE evpes S and 3 will provide new clues o help salve the puede of the common
opertrinbeeendena, e resulis will provide gensnie data that will irentify potentally important nes
ate hypotheses for future cell hology. hochomicai and
hely to clandy the nocmal and

cretriohe pathwavs ter elevated G and genes
shaen! stadies Fhe ARQC studies i the OfOree will
saibiephyainiopical 1ole of this protein in hwmans, Our past record of finding deteanmants o CVD nisk
o Canndian patieats at vosk Tor CHD will contimie with this propect
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foxceulive Summary

By
L

Tle vivion af g program is G cslablish e mitegrated fachlity providing QUIaNG sQGeDELS wit
se o all aspeaty of diserse gene discovery, ineluding eollection of fumily matenal, fuli
genvine scaning, fine penene and physical mapping, Wentification of disease genes, nav o
spectium winlysis and diagnostic testing applications. By having tesm membery wotking towsds
the cormmon poal ¢f disease pene identification nod by integrating the team into the genomics
comromity in Ontasio, The Facility for Advanced Genetic Analysis will he vmigue in the worl

LN

The collshorating institutions ine lade the Universiy of Ottawa (Ottaws Hoapital Rescarcd:
Inatttie), The Hospital Jor Sickh Children, The Toronto Hospital and The Jolni o Rebints

Researei [uslitute,

A variety of commeteiat apphications have been idantinied for (he cutput of this project, neiuding
i e area of plarmaeopenomies, gene therapy and diggnostic screening tests

proviucta
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The overall poat of this proposal is o imsge inflamaation in atheusclurois by derclopiag w1
tesistg novel sctivaiabie ME unaging ageots that ven sense myeiopsrondduse (MPO) activity o
atliereynate, nsrpiag evidence saggests fhat activated macpophages Seernle vARTE cazytaeaing:

P Tt T D T 0 30t Dot {LARL, F st Wbty

mediate inflamiation i athcroselerosis, and that MEO in paaticular way be indicausve of hightish
("vuitseable™) fesions, A recest elinival trial bas fusther shown thstelevated MR teved strongly
predio! ndverse gardiovasoolgy ouicomes 15 pabients with chest pe. 01s therelore iy pathesizsd

that futaging of Tocal MPO activity will be uselol e rdentilying vubnerable atheroscdoronin desuss

Wa fiave recently described two novel approschies fur iinaging poroxidasss usiy aither fon
moleculsr weight aplifiable paramagnenc subststes (Mol Iinaging 20021210 EATEY
supeiparagnelic cuzyms pseudosubstales (Naoolelt 2004;4:114:122) The fatier method fs
on magretic relaxation switching (MRSW) & phenomenon that vecirs when sagastic sonaparnchet
sre brought into close contact to cack other (R2 incrense of 4.6 fold with negligible R chaqage}

[hese wctivatable, “smart” agents harness cwyine medisted amplification straiegies sl van bs
The current poposal

basadd

used (0 quantitetively measwre chizyme selivity and inhibition by MICimspiag.
regreseaits ag effort to inteprate investipators with different expertises (0 develop, impleie
vadidate tic lsrger feld of enzvine imaging in stheroscleosts. Togather, the teant will nmnshnte

busic resudts into new metodologies foi in vivo MR imgging. The uleinate proal of this seseant: i

i s

to dovelon ofinfcally wseivl imaping tools for the molecalsr asscesnicat of wtherosclerpsis i ¥ive,

which ace cureently limited.
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Robeod A Degele Genelle deteralaants of obesity and plasion lipoprotehe $1949%

Swmnacy of Reseeh Praposl
The metbolic syndiome (Metb) eficets 72h%
atheroseleiosis, Onr strategy (o understand the comman Mets eid dy

o suehoas familiel patial Hpodystophy (411D and familinl l'l)']_‘l‘“'hlll(.}.l(:in][.lll
feanifinl i

of Conadlan gdults gnd s x potent visk fnctor To
Sipideamin i Lo sty e b

monogenic fons
(H1, We will build on the ofipoing yecand of discovery of cnusptive penes fol
Jipodysuaphy types 2 (112, MIM 15 1660) pnd 4 (FPLD3; MIM 604367) and of humsn hsta
ynutations catsing hyperlipidemin, abesity and dinbztes funded by € SO npplication #MOPT3S0
OBIBECTINIL: o discover and define additionad gevetic deferminants af ehesily avd plesny
lipoproteins by studying yare monagenic huaan Mets in Canadiain fumiiies and communifies.
Goals: 1) Advanelng (e woderstanding of FPLI by: u) extending the imutation spe
Y defiing i vitre mechanisin(e) o
defming phenotypic: genotype coneluton
wtation spectonn in 1 by identifyn;,
elation:

ctivnyin FPLD
and L1 L) identitying mtations in new JPLD genes; ¢ | disen
of selected motations; d) exiending the FPLD phenotype;
2) Advaucing Ui understmding of B by e) extending the b
ntatious in new Fi penes; ¢) extending the B phenctype; defining phenotypic-genotyp: col
Foxpovimen(al detalls: 1) Bxdending the mndndional spectimn K102 and FPLDA, Conventiong

direct sequeneing of genomic DNA (pDNA) from 82 FILD probands showed that 51 had ne muataton
in penes for FLD2 [1AMNA cncoding lamin A/C) or FPLIY [PPARG encoding peroxisoine prolifeiator
activated receptor-yl. The candidate gene approsch showed that Lwo paticnis had novel i missens
ntations in FEMD encoding cmerin, ‘These families will be expanded and evidenee for causntion will b
obtained from ca-scgrepation with phenotype, absence from narmal controls and i vire lanctons
ssessinenl. We will determine whether vare MDD migsense iutations represent & e moleculin fom
of FPLD -~ “FPLDA". The remaining 49 subjects with no mutation will have these gencs jesereene
nsing a new method o deteet deletions called MLPAS Sonic probands with normal MLIA testing
candidate genes may have mutations in new JPLD gencs. Ih) Jedend Uying mutntions in new FPLE
genes, We will use @ candidate gene approzch focusing on dirset sequence analysis ol pDMN/
Candidates nelude penes involved in nuclear envelope biology, such as LANBT, LANB2 LBR, JAL,
NARE, SIENP2, MANT and ZMPSTE24/FACE), and genes with a functional link to lipodystiophy, such
as RXRA, SRERY, AGPAT2 and BSCL2.  Also, somne fomilics may be sufficicnty informative
perform Jinkage analysis, 1) fu vitro studies for selected B0 wmutations. JANA TAOGES is the fnsi

splicing mntation in FPLD2 We will express the LMNA muotant in nodel cell lines - liver, adipoeyte
ssiment of

and fibroblast - and will nssess effects on cellular phenotype mopholopically, including ssses
fat content and assessment of 3.0 nuclear stueture, co-immunopresipitation with othel nuelear Tami
constituents, sueh as caexin and with mRNA expression poofiling. PPARG YAHX will be studied i
vitro collaboratively with Dr. Todd Left, 1d) Bxtending the 13D phienotype, We will: i) extend
novel FPLID3 kindreds with 94 promoter - 144G and BT TS AAATG; i) peddorm lipidomie, proteomi
and Leonscriptomic comparison of YP1L and FLLD3; L) define the phenatyy
WD childien, 2n) Bslewdbng the mwistiomal speelomm in VH, Conventional direct sequencing of
gNA from 109 341 probands showed thal 62 ol no mukation in the UCTOLADI gene [LOLR]. W
will 1e=screen these genes from gDNA of atfected subjeets vsing MUPA, We will sequance from gDNA
APOR, NARCI/PCSKY mid AREL 7b) Mew I gencs, Some I familivs
for linkage qualysis. 2¢) Extending the ¥ !

e of pressymplomatic

of candidote genes including
have no mutation in & knowa gene and may be infoumetive
phenotype, We witl: 1) extend novel FIH fomilics md corpare phenotypes batween moleaular (o,

Relevaee,  Demonstrating wntant LANA in FPLD invoduced o new cehanisin - abnonaal nuelew
epvelopie sheture and function - Lo the study of ot and its welabolic complications. Discuse
mutations can serve as probes Tor new pathways of mechaisis, “Hie plamed stadies will glso help
deteunine whether haploisofficiency is an important disense saechmiam in 1L end whether simple
replaceiment with normal gene preduet is (sasible. Mutations in new vell specify new pathways, diseos
mechonisims and therppentic ding tugeis,

¢



U b Beberd &0 SHMMARY OF RESEAKUGEE PO UGAL
“Crenelo delorminatls of blood prescure”

We have submitlcd a daplicate of this propuosal to HSECin which we piopose (o shichy
Canadian genetn isolales o find genelic detenminants of bleod pressure (1387 primanly Ly
testing for associalions withy candidate genes whoue prodacts are involsed i v aSGUL
biotocy. This eppoach has proven ko bu successlubwith 15 patbdications sincir 19297 on b
fopic o gensho deternmnants of L

O JE TV E
TG discover new genelic detormmmant. B ond colated (raite digeneti ally

isadared Canadian popolalions

HYPOTTHE ST

Sopomic vonation within selecied candidale genes s associaled with varatoe o
347 in Alberia Hulleries (Ad1}, Ontario Ofi-Cree {OC) and Keewalin inuit (1K1

SPECHAC AIMS

T evtuate reported candidnte gene: tal contnbate o vanabion in 13
7 o evaluale new candida gone SNPw alicady discovered inour tab
To chimacterize now candidate aene SHPs which can then b ovalualed

Component |- Candidate gene assaciation studies mewill be carcied oulin adulls
{rom our three soimles, inchuding evaluabon of HNFy discovered i e Hegele lab
(CTES 256G LNA 10BCH ) aad evaluation of previously reported SHNEs (namely, AGY
GO, MITAAE & TIM235: AGTR T TIGEAC, CYPTIRZ 40T B3ADIYIRGA, BZADE
RIGTIG & (VE27) Genotype X gender nteractions will also be ossaessed. candidale gene
associations will be evalualed in o sample of adolescent O

Component 0 Delining promoter sequence varants in DAXT We showerd il
varialion in the DAY coding sequence is associaled with hypotension. We will iest the:

hypothesis thal commen vartation in the DAXT proraoter is associaled with OF vanation

Caomponent 3 Addilional candidate gene association studies. Other candidale
genes for BE vadation containing SNPs for which in vitro loss of tunclion has been
detanshialed include the POMC, MTHIFER, FT1, GRL and AN genes, and these are
present prorilies oo evaluation in our study samples

Relevance. Characterizing the genomic basis of BP vadation 15 a first slep towaidy
developing 1) diagnostic tests o sealify pationts for evidence-based clinical deaision
making and intervention, snd 2) rovel Largels for classical phanmacologic and/or genelic
mlerventions Given the suceess in entifying genelic deteriminants of B0, thee i reri

e studying Lhis sel of samples (o investigate new candidale genes,

Time couese, parsonnel and managerment ptare Years 1 and 2: Componant 1 Year 3
Component Y and 2. Year 4 Componenl 2 and 3: Year 5: Component 3. Personnet
Candidate genolyping, sequence analysis and laansieal gene expression and mosl
satistical analyses will be performed by Dhe Jian Wang (Research Associale)
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Y SCENTIFIC SUMMARY (Maximum ono (1) pugo)
structural and Functional Annotatlon of the Human Genomo for Dissass Btudy

ln ibis applcation, we tpmn Integrated and comprehansive computaflonal ard
laboratary-baged experlmonts to produce a moro sophisticatod and complaty alruciuml
and functional apnotatlon of hurnan genomle vadation, within four major, Intograld
themes. Thesa themes are: Thomo 1 (Scherary To complotely charactorlza Ve
recently described phanamenon of largu-gcale copy varations (LGVe) n the hurman
yanome; Theme 2 (Hughes and Fray) To eluckiats oll gene coding sequences; Thatm
3 (Blencawe and Froy) To charactarize all aplicing laoforne of all genes, and Theme 4
(Hagelo): To evaluats the role of these nawor gononis varlatione n machanlsims
undorlying selacted human diseases, spaclfically atherosclarosls, dlabeles and broast
cancer, Since a complete understanding of genome bivlogy 18 the ulthmats gos! of
ganomic Invesligation, analysls of pallents will play a focal rolo In Increasing ou
knowledge of funclion and ragulation of the genas end lypos of vaulation Inhvolved. Oyr
offorts  to vonstruel  comprehonsive  how Pont}min dotagels  will onhance e
charactarization of dinlcal samplus, n particular, iy monogonic vercions of compies
disoases such as atherosclerosts, diabetes and broast cancer. Each of the fou
intagrated end complementary themas will use high-throughput technologlos within ths
OGHGanoma Resource Platfonn {o assist I dale gathorlng and will bulld additions!
capacity and new Infrastruclure. Statn-of-the-art  technologies and  advance!

computational applications that we have dovelopod In recont collaboralions wil 1o
tantly, our aclivitlos wit

axtanded and ff’pﬂed to support vach of our four Themos, lmr)o;
also be co-oidinated wih the Cenadian and Intomational sclentific communily fo

anhance thelr application. Partnarships with tha Sangor Instilute, the Euwropoan
Blolnformatles Inatilute, the Human Eplgenetics Consortium, Affymetrix, Agllent,
RosetieyMerck, and othar USA and Furopean genoma sclonlists, have already boen
ostablishad to facilitats tho work,

Tho annotated databases from hle project will be made avallable to the
Intarnational community, via links to axisting genomle resources. Thoy will servo ag an
intarnational resource for biomedical rescarchers to addross research ingulry Inlo the’
gpectrum of genomic varfalioh in health and disease. The methods ani algoriibme
usod to ganarate the dalasets we will also reprasent Infellactual proparty. Fuitharmuore,
the databases will be malntained and curated in Canadian and European centros, In
parl from support from by private sactor co-funds. The addition of the broad ranga of
phenolarpe date linked 1o the unpracedented depth of genomic data will Farmit
sophlsticated medsliing and hypothesls testing. The new markers of Intor-ndividual
gonomlc and eary phenolype varlatlon devaloped as a rasult of this profect will provide

new reagents for Individual dingnosls and therapieg,
, A mulit-discipiinary, muti-institutional GE™LS team will addregs: () concaptions of
hoalth, disoase, iness, nomalcy & disability, (i? seclovoonomics of inonogenic hoaltn
services; (I} informed cholce to paricipale In monoganic disense research; (iv)
professional & educatlonal lssues In the conduct of monogenic disease research.
Understanding the structure and organization of chromosomes,  goenos,
ranscripts and thelr corresponding variants is the first step lowards systematlc analysts
of the nomal functlon of genes and thelr regulaion In an organism. Furthennore,
annotation of the full range of human ganomic varlation provides e stanting point for
understanding nter-individual differences underlylng vanous phenotypic condilions,
including disease states. Canada’s !ongf-atandfr track racord in genuﬁc and ganomic
a hsallh care notwork, creates an univallad

discavery, coupled with & comprohenelv
es of human

opportunity to mako an International fmpact in the discovery of all
our genomic digcoveries wil

gehalic vatlations and mechaniams of diseass, Ulllmatal
fbuﬂng to the diagnosls and

rovide both fundamental and ap?ued Infonnatlon contrt
raatmant of linesas, e‘wmhgadfng mprovemants In health cara for Canadians and for
o

communitiss word=wide.

Sinsetural and Functional Anviotation of the Hurman Genome for [Haaace Stkly - 8§
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Hesearch Propogiil

CHIR T [o Chrewmpoliag Health Resesich:
Aveviing Ererphie Choonle Diseases o Nopdhern Populations:

1, Chyveiviewy
Notheas poplations in e circammnpolar tegion lave begna to expenence the emergence
of cluonic diseases sueh as cardiovaseuw diseases, dichetes, obasity and the metabolic
syndrome which hive ozenreed in other popudations underpoing vapid gocial, coliial o
ceanoniie tnsilion

O Team Grant will ereate, devefop und sustain @i intomational, collaborstive rescniel
progrmn toanonitor the burden of emeiging chionic diseages ninong nosthern peoples;
investipate penelic, beliavioural and enviromenal visk fuctors thal may be unigue 1«
tirese poptlations; and design 2nd evaluete inferventions in order (o mvert flure
epideming. 1t formaehizes an existing netwoik across sevequl eirenmpolin conntrics, linknyg
sedemis research cenlres, regional Liealth suthorities, and indigeaous peoples’
organizations. It levevages funding from other sonrees md incorperates ny integ ol
coruponents knowledge tanslation, research dissemination nnd training, enppoit st
to create a long-lasting legacy of enhanced capreity for rabust health vesearch in e
Morth ard for the: Norih sd impsovement in the Lealth of northern residents

1.1 hinporotee rnd relevanee
While there are inany diffecent peessing health concerns aftceting northers population:
sleaategically the time 1o conduct intensive tesearch into chronie discases prevention 1
now, whin the problem is sl relatively Tmijed in scope sad early o its evohation
Motthern populations we in the vnigue sittation whiere rapid teanslation of research into
policivs, proprams and praciives can have g significant impact on improving health
Plovthein popitlations shace iany clunnetenstics, imcluding small size, remotcness g
lnck ofhuman resources, and & team spproach to research, espesially one thal adopls
citeumpolar parspective, is essentinl. Our proposal is a directiesponss Lo the
recenypeadations of the ti-conneil Dialogue on Newtheen Research searkshop held
Whiteharse fu 200 [wwew pscrc.pe.cafaboutfogthen swom ehtin)

1.2 Oversll Objeetives
‘Fhe proposed resaarch program addresses the following broad seientific and pubhe health
questions. Specifle objeetives slating (o individval projects are preseated in Seation 9.
What is the curvent bueden aod distribufion of chronie diseases simonp noithen
populaticus agd whal genetic, behaviowral and eavironmeants] factors are responsible

&

for their development?
Why do northem cormnumities differ in Ueir sk ol elvonic discases sad in the impact
of variows heatth deteminants?
Why do notthen peoples frie poorly compided (o the penecal population of the bipe:
nation-stales wiil swhich they ave associated?
What can be done to reduee the bden and jupast of prevalait aud enterging chionic
dissases eftecting novtlicin peoples?
e puoposed Teoam, nexconting its 1escarch plen, wons to croas raditions] seademiv
disciphmes, while connecting multiple investigators, institntions, rescarch sites and
geopraphic repions. At the end of the S-yem Team Girang, the faltowing shoni-lem

poceas otlleotnes o Cdelivonhilos” me cxpeeted.

Rescenich ;".‘i!ﬂlllll‘. LRl B 12 -1
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Heamrt and Btroke Foundaiion of Qrdasle
Progran Gram

_______ Full Application Form 2008/2007

3.7 Gbjectives of the Progiam Grant L
Gofluiar Programs and Revpanses in Atharonclorosia: Linking Genotyps te Phonolyes .
Our Candral Theme ls: A key to undarstanding atherosciorosis Is the eluckiation of onell
delerminants and ascartaliing the knpact of these dotenninants on meiabolit viteomas and vasciler

cell responses - the phenomics of atherosclernsls.
Objoctives and Achlevemonts from the Currently Funded HSKFO Progam

This application is the renawal of &n HSFO Program Grant that has beon fromondously successiul O
group established 4 Important iines of invasligation to oxaming el responaes uiherosclorosts, whicl

has effectivoly linked our £ laboratories {e & common obfsctive. Qur disnovaries of gane oxproasion
of pene 1eguintion that underile

profiles dirscted us towards novel gones, pathiwaye, and mechanisms
vascular cofl responsaes and function Through stiategle admixiure of owr complimentary feeearch
technoloyles, spproaches and skill sels, the productivity omensling from e 4 objncllvos has boet
excellont. This degree of success would not have beon possible: without the HSFO Progran Grenl

Qur objoctivas for 2001-20085 wore:

1, To define difforential gone expression profiles in smooth musche sells (5Me) and macrophigo:

2 To deotermine how gane mutations and slgle nucleotide palymoiphisme (SNP6) pesocialad will
dyslipldemia, insulin resistance and tho matsbolic syndrome influonce viagsoular celli

3. To elucidate inflsmmatory cascades in cardiovasculor disease.
4. 'To understand the relationship totweon alterations in G proleln couplec ) GCepo! {GHOR) sigraling

and vascular call responses.

Progross:
Ovar the past 4 ysars, our HEFO group peer-rey
manuscript has bensfiled from the programatic approach we
these manuscripts constitutad foimal coliaborations betwsen group Pis, '
authorships. Here we provide selected examples of our productivity in which major discove
madn;, these advances would not have occurred without this Integrative program.
Discovery of novel pathways dilving diverse SMC phenotypes. Wo wore the first, and o dale onlly.
group to successfully clone non-tunsformed SMCs from (he modia of tho nonmal human adult artery. b
dolng 80, we discovared distinet SMC subtypoes. We have capitallzed on (hls discovery, ard thela 1;1&5{1;(-
sludio:

difterenilation capadity of one SMC sutlype, by undertaking microarmay andlysis and functiona ‘
many roleworthy findings, we discovored {hal lipoproteln

of putative novol SMC regulators, Of the

lipaso was differentially expressed and that this snzyine impantad to 8 subpopulation of SMCs & srong

predispostiion to accurufate iplds and diiforentiate Into foam cefis. Wa also dlscoverad (hat Pro B-coli

colony-enhancing factor regulites histone deacetylation and drives SMCs (o & quisscent slate, which

aftenuatas the aging process, These fAndings openad an entirely new paradigni for foum cell formation

and a novel cascade regulating SMC function and viebllity, with imporiant consequences for plague
from collaborations between Ors. Hult,

stablllzation and potenlial thorapy. These discoverius Rrose )
Pickering, and Hegoele and have been publishad In Che Res (2001), ATVE (2004), and Gl Res (2005).

asgoclated with dysfipldemla and the metabollc

syndroms on vascular cells: We successfully applied genomic techiologlas to ha the first i the world
to discovar the genalic basis of human monogenic forms of alherosclarosls, Inctuding familial partial

Ipedystraphy (FRLD) types 2 ard 3, dus respoctively b mutations in LMNA, encodiilg nucioar laimin
sifecator-activated receptor gainma, These discovurias

AC, and PFARG, encoding pomxdsomal piy
quickdy toad fo Identiication of nowsl pre-symptomatic matabolic phenotypes of Insulin rostetanco it
| vaseular phanolypes ascertained through

are predictors of fulure disagse risk, together with nove
vivo curolld Ultrasound In affacted subjacts whh familial partial fipodystrophy (FPLD). In othar sludies,

wa dlscovared and chamctedzed al the transcriptionsl lovel & functional promotsr varanl in FCKTY,
sncoding phosphosnokpynivate carboxykinasa-, the key snzyms In gluconecgsnesis, and than

iswed publication record hiag boon axcobiont ang cacl
hove adopled. OF sigaificance, 20 o
as docurmented by shared
rigs wore

Inffuence of gens muigtions and variants,
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Seallon 3: Callular Programs snd Resporses It Ahwrosderosle  Huff of al,

f Wﬁi ghow disparate aseoclations botwean this PCKT varlant und bwvo vascular phanolypes,
] e’ dervad from 300 ulttasound snd conventional intima-medin thicknase (IMT), I

RANIaAS with type 2 dinbetes. Furthermore, wa slucldated supadorly of *plague volums’
Giiater of atherosclorosic in aborighinl Canadians with diebstes. This has establithed
AfAlAioa stiatepion as a validatod experimental paradigm for defining penolype-phenalype

dn-atharonolaroals, Thess dlscovarles srose from collaborations bubvean Drs. Hegels, Huli
) that were published In Clreulation (2601), ATVE (2008), JCEM (2004} and Stroke (2008),

#5n of noval signaling avents fi vascular regutation and imfammation. We have mads
__j:ﬁa}‘ advanoes pertaining to novel pathways through which G-protelncoupled  recaptors
388} rapulats svente central to vascular funclion. Major discoverles Include identfication of & nltric
Bhaked mavhanism by which eldosterone mediales acute vasoconstriction via GPCR sighaling. We

ﬁ}&b Bplablished, using mlcroarray analysls, (hat the phonomenon of blunted B-atfranargic recsptor

Aignaling in BMCs derved from hypartensive ahimals extends bayond the tallure of SMCs to relax, since
fl algo manHfests ne & giobal suppression of growth-relstad gane expression. Our focus on uncoupling of
@RORe from G-protein interactions fed o the surprising finding thet the GIPCR regulatory proteln f.
areatin Interacted with RalGDS to reorganize lhe celf cyloskelelon. Furthermore, & GPCH
pulymorphlsm was dlscovered that Is asssodated with constliutive binding of G-arrestin 10 8 spoclitc
GPCR (IMLP racaptor) and to Increagad plasma C-reactive proteln, highlighting o new linkege betwosn
GBPCR signaling and vascular inflsmmation. These discovertes arose from collaborations bolwean Dre
Ferguson, Faldman, Plckering and Hegele thet have boon published In Nature Cell Biofogy (2002).
Clretfation (2003), and Molecular Phormacology (2005) as well as a submitsion to J/ filo! Cham.

Froposal for Renawal of HSFQ Program
Background: Atherosclerosls develops over time as & consequence of homodynamic slress, abnormat
melgbotlsm, and tocal biologleal perturbations intlutding monocyte and lymphocyte recruitment te the
artarial Inime, simcoth muscle cefl (SMC) migration and proliferation, matrix production, foam ol
formatlon, and tvombus deposllion.  VWhlile several genos rosponsible for rare single-gene vasoutar
disorders have baen described, unraveliing the genetic delerminants of the complex pathogonasis of
commmon atherosclerosis ramains a significant chellenge. Our group proposns to combine efforts across
u spacbum of inodel gsystems and tachnotogles in order to efficiently accumuiate new insights Into the
penomic-phenomic interplay that undoriies atherogclsrosis.
tHypothasls: Elucidation of gonetic determinents and escertainmen! of thefr impact on metabolic and
vascular rosponses wWill roveal novel pethways involved I inftfalfon and progression of atherosclerosis
and will provide now insfghits into, end fargets for, preventlon and treatment,
Qur Experimantal Approaches: Bech Investigator brings unique i viiro and in vive modals and
approuches o underelanding the pathologenasls of atherosclomsls. We will ullllze & systems approach
through which we will Infegrate discovety science with our hypothasls-driven ressarch. This Integrated
HSFO Program Grand capitalizes on our now well-devaloped core rasourcas, Including DNA
geguancing, high-densHy microarray anslysls, confecal nticrascopy, metabolic phenolyplng, molscular
patholagy, and vascilar Imaging. Together with the establishad expetlise of the principal investigators,
This approach will add substantlal valus to sach oxisting componeni research program. Three Integrated

abjectlves have baan ldantiflod,

Spestilc Objactives:

T o link genotypa to phanotyps In vascular diserss.

?  To elucldato novet collular programs i smooth rauscle cells and macrophagoes thal undsdie the
productive ramadaling of the atheroscltarotic artery,

& To define novel sighafing pathways that dynamleslly regutate vascular eall funotion,

Ohfective 1: To llnk genctype (o phenotypa In vascular dizease

Introduction:  The gansllc basls of athorosclorests ard lts constiiuent Hek faslors, auch as matabolic
syndrome (MglS), Is axceadingly complex. Qver the curent tahm of il Pragram Grant, we mads
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aubstantial elridos towards elucldaiing genomic deforminants of athoroscleroste, of il fisk factons prel of
vascular coll behaviour. Our research diraction Is both 1o oxpand ihe opertolre of ganelicgenomic
playars end then to fink these with slructural and functional phenotypes in humang, anlmal models une
vaseular colts. Our key experimental pardlgms are: 1) gone dlscovory In model sysloms, acluding
athnle cormmunliias, vulnorable furlies, anlmals, crgans, Hesuss and valls; Z) cheruclorzation of
ganalypa-phenotype relationships, including intarvontion studies, In huron onopantc discaee slato
and In other mods! systems; 3) microanalyses of vulorable plaque holarogenstty linking mogholoqy
coffutar and molacular pathways, sk the franscriptome. K

One Important context In which to examino tose pasadigms le tho Mets, a phenolyps foued i 2H% o
Ganadlans that fs & potent rigk factor for atherosclorosls, Our strategy to undarstand MelS i 10 kludy
rare human monogenic forms, such as FPLD and human genetle vartents causlng hyperlipidomin
hypertension, obeslty, disbetes ad vascular frelle, Genes discoverad uging this paradlgn provide
springboard for the application of our full spactriim of sciontlfic oxpartise 8nd coro toehnoiogles.

Proposad researcit In research supported by GlAe 1, 2, 3 und 6, frs, Hagole, Pickering and Huft wil
advanco uiderstanding of atherosclerosis relalod fralie by a) idantifying mdalions iy now ganes; by

extanding the mutational spectrum, in manogenic fomis of disease in whic the geno & slready knowi:,

o) ushyy functional assays to define disase mechunisims that we caussd by spadcific human ganc

varants: and d) extending metabolle and vascular phenotypes in moleculary-cluiclorized patiasts ans
digsease familles. Phenotyping methods Include exlensive analyses of a wide range of blochainicul
markers and metabolic Indices logather with the use af novel Imaghyg modalitios (such as 30-ullrasounu
and MR1) to expedite whoie paflent phenolyping with a focus on vascular structure ond fal distdbutios
proflies. Additional phenotypes Include i vive plaguo morpshotogy, plagque comparimontatization using
lasor capluie micioscopy and expression analysis of aglng gones.

Detorminants of human atherosclorosis, We will apply our genoinic analysis platfoims, including
oxpression amays, 500K SNP DNA artays orbolh Jarge-scale copy numbor vadation and association
analysos, together with state-of-the-art blolnformatics melhods, in order to identify new gone rlusiey

goeues andfor variants thal are associated with motabolic and/or vascular phenotypes. Gong varinls su
identified can be examined for agscciation wilti human phenotypes in indepandent replication sarplos

Validated novel genes and varlants sssocisted with nielabolic or vasculir phenotypus al the population
loval cen thon be extensively studlsd using biochemical, collular and motecular biotogleal approaches by
ordar {0 expand owr understanding of new pathways., Conversely, candidule genoes atislg from
unblasad experiments in model aysterns can be sludied for rgsociation with MetS, dyslipidemia any
agoalerated atherosclerosls In famllies and populations, Examplee of functionally charadenized genes h:
which variants were or will bs identified and studied for phenotype associaions In various populations
include PBEF, WTAR, HSP47, IMLP, NPCTLT, ACS, and GPR30. We will oxtend novel dlseaso familias
and compare phenctypes between different molecular forms of the same gono product, which will allov:
us 1o define variabilitly In the phanclype. We will comblne this Information with strategic use of functionsl
oxpariments In animal andfor cell madels. Thoso appreaches used togsthor will olucldale novel
pathways In pathogenesis of vascular disease. As we have repaatedly demonstrated, human diseare
mutations can serve as probes for new pathways or mechanigms.

Daterrinents of nsulinselated phonotypes I athorosclerosls. insulin veslslanco Is assotiated vilh
a specific pattam of hepatic gano expression that Is asscclated with overproduction of athsregentc
lipoprotains, partly as @ consequence of the faliure of insulin to activate spacific intraceltular signaling
patinvays. We discovered that, fike Insulln, nalurally eoctirming moleculas calted flavonolds reverse this
pattern of gene expresslon. fmportantly, these flavonoids activate Insulln signaling pathways
Indapandent of the Ingulin recaptor, potandlally via a novel GPCR. Experiments In Guitured human
hapatocytes and In distdnducad Insulin-reslstant LDL~rsceptor knockout mice are proposed to Implicato
epsclfic componsnts of the call elgnaiing pallhways and to doterming whether flavonakls atlenuats

insulin resistance and atharogenesis.

Datormlnants of collufar aging In atherastlerosts, Genotype-phonatype relationships will also be
stdled In the milleu of mallular agig and atherosdlerotic plaque stabliity. Alherosdleiotlc plaques are

oxposed to stesses thal can acoolarats celiular rying (by oxidation and repfication) which could, i
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tuny, have profound mplications for plagque slabilly. Wa bavs ﬁleo{:\famd (hat the ongovily of vagoular
SMOCu can bo oxtended by manipulating the expraagidniof genep ihat generalo or consuing NAD, Wa
wlll dafine the topographiced axpression profila.of thses and bther longavity/suivivel gones In dintrale
The gote oxprassion

rogilons of huraan atherosclorotic lesve dissectad bylaear, daptute micoscopy.
[ong and according to morphologing!

fingorprint relavant to aging wit! be muppod within. plague '{SUDV?’?
faaturos such as fibrous cap thickness, Thess mutil4avel fransonplome-phenotype linkagos vill mvas’

roval molocular patlerns Intrinslc o plaque wiing and stalsiiily.

Mulations {n new genss, and elucidalion of vital gene 4xpression programs’ wiil spocify naw pathways,

disoase mechanisms and therapautlo targets, We have a polent oolisborstive partnership invlving 6l
adpo genomic map data, (enotypus,

mombers of this application. Qur mady 400498 (0 loadih
sOGUENCos, bXpression profiles and phenomiod uplgusly posllions us lo make ground-broakiy, mulli-
faceted discoverios In an acculerated manner,sulling n inoreased undarstanding of athoresdlorosls.

Objective 2; Elucldate nove! collular programs In smooth muscle colls and mactophages that
underile the productive remodeling of the athsrosclerotic artery.

Introduction: Vascular SMCs are nomially gidesoent, with thelr primary function being to contract and
rolax In rsponse (o physlologlical atmufl, in vasoular dissase however SMCs acquire new atiributes that
enable thew to proliferate, migrate, preduce and degrade extraceitular matrix (ECM). SMCe thal adopt
this more assertive synthells phenotype are cflicel for repalring dlssesed aredes and slabllizing
alherosclorotic plagues. Howsver, synthetic 8MCs often fall fo prevent plaque rupture. One roason I
that 8MCs replicats a6 the aging procass acoslerates which creates suscoptibllity to apoptosls ard
onfeablas (helr ablity to perform wilal functlons. We dlscovored novel genas thal regidate the
malntensnce of SMCs within @ maturation-competent, slowly aglng slate. Our group also glsoovored
that hypariipldemta profoundiy affects SMCs, forcing tham info & phenolype akin 1o macrophags foam
oalls, which in {um Incapacitatos the slaboration of exiracolljar etdx. Mecrophage-gorivod foam solle
themsolves play a focnl rele al sach slage of lasion development, yol the pathways reguleting thelr

survival and govaming tholr abllity {o efflux cholestero! romain poarly titwlersitood.

Froposed Resoarch: Motecular determainants of plague cell vinblify. In research supported by GiAs
3 4 and S-Gla 1, Drs, HUff, Pickering and Hegols will Invesligate noval and recently discoversd
regulatory pathways that direct the performance of SMCs and macrophages. Ono major advance ls ow
discovery of Pre-H-Call Colony Enhancing Facter (PBEF), an enzyme that drives the activily of surtuins,
which, through deacelyiation of key nuclear proteins, acl as guardians against celi sonescance. We
hypotheslze that enhanced PBEF activity will attenuate SMC aging and wil sustaln thelr abillty to
productivaly remodel the artery wall, This function wil be evaluated ustng virus-mediated gene ansfer
into human cells, We aleo proposs that PBEF enhances macrophage survival, alfowing tham {o ratain
thelr ability to effisfently elfiux cholesterol via the rovarse, cholesterol transport pathway. Expression
proftes from microamray analysls of SMCs and macrophages that have heen activaled by PREF vill be
nteirogated for genes thal program survival and longevity. Comparlng trensoriplomes end functional
rosponeas within and between these 2 calt lypes will provide a unlque integrative picture of noval and
potentlally powst ful detarminants of the SMC and macrophage contributlon to plague slablftty.

Molecular daterminants of foam coll formation. A sscond major discovery s that cholpstero! sffiux
frem macrophages can be stitkingly anhanced through saloctive activation of endogenous oxyaterol
vroduction. Oxysterols activato the liver X recoptor which drives tho expraaslon of cholesterol gfflux
iranaporlars. To broaden the Implications of this oxystorol-based reprogramining of gens exprassion, we

will define the potental for oxyatercknduced cholstaro! efffux in SMC-terived foam cells.

Caltilar and extracollular matrlx doterminants of plague composifion, The assambly and stabliity
of extracaflfar malvix (ECM) fibrls also doformines productive arterial remodaling and plagua stability,
Howaver, as SMCs nge and accumulate lpids, the assembly and stability of the ECM decline
crocipilously. We propose that impsling both PBEF-modiated oalf aurvival and oholasterol effiux
patiways witl attenuate or oven reverag this decline, Wo will test this hypotheale uelng our novel modols
of fibeiloganasls and foam cell formation liduced by atherogenle human lipoprotelng Bolated from
ponstically-dafined dysliipldaimic patlants (ses objective 1), ECM aynthesh andl degradalion by SMCs
and macrophieges, respactively, will be measured using our well eatabllahed tachniques. The impact of
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anhancod oxystarot synthasls on athero
LOLracoptor knockoul mice. The proposed fink (o aclivation of LX[Gmediatod g¢
tasted I duluil using laeer capture microseopy o dissenl subpopulations of arlenal easile.

vapoular gpli lunction

Objoctive 3, Defining noved signeling pathways that dynumically yegulale
introcluction: G protaliecouplad recsptors [GPOR:) (lay & contrd rolt o regpuilahing esEBI aatl
responses to ciroufating and logally relaased hormonos, The rogulation of vestular smeoff rouscle lome
raprssents a bainnce balween andothellsd and vascular £mmooth MGl ram’;>tnr=nmdmmd rsthanlainy
of ragulation, the activatiun of GPCIRs linked 1o vasodiation and vegaoensinglion and GICR-mgulale:
signaling linkad i proliferation. Morgover, the autivily of the Gl g hese peliwin T

WO egulali
raodulatod by intrecellular mechanicrs thal define raceptor G protetn-soupling, dasenslly a3on pod
d hormone aldesiotons madiatos

resansltization. We discoverad that the storol peule effacts an s euls:
smooth muscle tone by mediating contiactle fesponsot potentlally through the actlvation of the orphat.
GRCR GPR-30, I eddition, the activity of diffaront GPCRs linked lo vasodilalion and vagoronstiction of
vazaular SMGs can be diffarentially regulatod baged on differences e 1) talt nfracoliular matficking
pallams betwaen varous andosomal comparimuils, 2) thois assoctalion wilt. diffgrent Bat CTTiase:

and 3) thele piopensily to alther resensitize of rernaln dosonsitized.
Falgmen, Ferguion and Fickenng

Proposad Resomch; Research supporiod by GiAs 6, 7 and 8, (.

will oxarnine the [mpact of novel components of GRCR signating on yascular SME funetion
Determinants of vaseular tone. Wa will exploll eur recent discovary thal nldostorone asutoly regutsict
vascular tone through GPCR signailng. We wiil tost the hypothesis that aldosterene mediles ks acut

affects In SMCs via the aclivation of the omphan GPCR, GPR-30. The blochomical consequencas in
8 wiil be examinad following the {argsted Knockdows

human SMCs chmflenged acutely with aldosteron

by short halrpin RNA or overexpression of ather GPR-30 or the minaralocorlicokd recopton usig s
veelors. Funetional consequences will be evaluated In single cells by dynamic time Japse maging 1he
concept of aklosterons-madiated acule activation of GPCR signaling vll b oxtended lo endofhatio:
calls and tintact vessels In organ culture using our well developod model systame The cofe af thix
agldosterane-induced signating In the pathogenesis of hypertension will be elucidated n vive using
ganetic (SHR} and acquirod {Daht salt-sensitive) rat models of hypertension and titimately in hurmarns

with hypartension using gluteal biopsios und petfusion myograghy.
¢. Wa will capitslize on our discovery that

Gellular detenminants of GPCR slgnaling i the vasculatur

speciic RabGTPases are critical for GPCR recycling. This bas lad us to hypothesize that fab G Pasos
critially regulate human SMC contractile function by erchesirating the endocytosts, trafficking, recyciing
arxt resensiiization of the {3, adranergic recoptor and anglotensin-1 recaptor. We will assess whelher the
resensitization of endogenous BAR and ATRR In adult luman aierinl SMOs s altored by ihe
adenoviral-induced expresslon of dominant-negalive of constitutivaly aclive OFP-tagged Rabb, Rabd
ang Rabt1 proteins, Using confocal microscopy and blochormical determinations, wo will determine

whotiwsr Gese Rab GTPases regulate the endacytosls and trafficking of QFCRs to endosontos {Rab)
pld {Rab4) and slow (Rab11) recyding

as well as the recysiing of receplors back to the oell surface vig ¢4
andosomes. Alterations in SMC-medlated vascular respansivaness will by nssossed In organ cutungs
frorn rat sortic and mesentaric arteries transfectad with adonoviral constructs ancoding dominant
nagative and constitutively aclive Rab GTPases. The long-term goal of heve oxperinonis wiil 00 to
dovelop mice n which Rab GTPases ere ovor-axprassed o knocksd out, In & vascular &mouth musclo-
spacific manter, and asssss the itnpact on hypaitenston ard prodispostiion to atherosclernals.
Buranary
This program will create significant s gutabilshmont of cohemnl fihss of
nvestigation that link our laboratories (o 8 contral theme ~ the phenorales of stharosctarosls, G
proposad sludios in humans, ex vivo tizguos, animal modals and cells will capltalize on glale--hg-att
technologles to elucikiate gonatle detorminards of atharustlerosls and thelr mpact on metabolism ang
tha pathogeneals of this

vascular function. Our results will allow us to klentify rovel pathways Involved in
complex disoase and provitde an enhancad and Improvad ratlonats for the dlugnosis and traatment of

alharosclerosic.

ynaighes resultivg i the



E‘;;, g Public Health Agence de sante
; Agency of Carada publigue du Canada

Date issued: OCtOber 4] 2006 Your fiie Jolrg rélessnca

Dur b Natre ¢oference
Name and/or 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 pot require a Public Health Agency of
Canada import permit under the HPIR*:

Human fibroblast cell lines from heaithy donor (AG04456) and from donor with
Hutchinson-Gitford Progeria Syndrome (AGQ3513), as provided by Coriell Cell

_}(/Rep itoriesﬂpk{dﬁJSA_
ﬁcc( /{ /<~£LL October 4, 2006

Paul J. Payette, Ph/D. Date
Director, Office of Laboratory Security

NOTICE

*HPIR (HUMAN PATHOGENS IMPORTATION REGULATIONS)

8 We are in receipt of your application for an importation permit for biclogical materials. The HPIR apply
only to the importation of infectious substances which cause human disease and their subsequent
distribution of transter, Other materials, which are deemed by the imporier to be non-infectious for
numans, 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, provincial and municipal laws.

. 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 {ollows:

(613) 221-7068 for information concerning animal pathogens/material
(613) 225-2342 {ext. 4334] for information concerning plant pathogens/material

. importation of this material may also be subject to the requirements of the New Substances
Notification Requiations (Organisms) of the Canadian Environmental Protection Act, 1999,
administered by Environment Canada and Health Canada. Please contact the New Substances
information Line at 1-800-567-1899 or nsn-infoline@ec.gc.ca.

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

Should you require further information, please conlact:
Office of Laboratory Security
Centre for Emergency Preparedness and Response
(613) §57-1779

Canada
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