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THE UNIVERSITY OF WESTERN ONTARIO
BIOHAZARDOUS AGENTS REGISTRY FORM
Approved Biohazards Subcommittee: September 25, 2009
Biosafety Website: www.uwo.ca/humanresources/biosafety/

This form must be completed by each Principal Investigator holding a grant administered by the University of
Western Ontario or in charge of a laboratory/facility where the use of Level 1, 2 or 3 biohazardous agents is
described in the Jaboratory 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 Inspection Agency (CFIA) permits.

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

Containment Levels will be established in accordance with Laboratory Biosafety Guidelines, 3rd edition, 2004,
Public Health Agency of Canada (PHAC) or Containment Standards for Veterinary Facilities, 13! 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 1o the information on this
form (excluding grant title and funding agencies), contact Occupational Health and Safety for a modification form.

See website: www.uwo.ca/humanresources/biosafety

PRINCIPAL INVESTIGATOR X AN peCl- . )
SIGNATURE e i)
DEPARTMENT ACYS

ADDRESS msé 5171

PHONE NUMBER ¥ K2564

EMERGENCY PHONE NUMBER(S) S - Y5 2-"]EE 5

EMAIL  jwelth@uuwo. Coo

Location of experimental work to be carried out: Building(s) \west yall-e% B lclci- Room(s) Mowse Pty ey

*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 its being sent to the University of
Western Ontario Biosafety Officer (See Section 12.0, Approvals).

FUNDING AGENCY/AGENCIES:_CSTAR who i3 being funded by a 3" party vie
GRANT TITLE(S). .~ Mucre-Tethaicsd - ConTRACT ' J

PLEASE ATTACH A BRIEF DESCRIPTION OF YOUR WORK THAT EXPLAINS THE BIOHAZARDS USED
AND HOW THEY WILL BE USED. PROJECTS SUBMITTED WITHOUT A SUMMARY WILL NOT BE
REVIEWED. A GRANT SUMMARY PAGE MAYBE ADEQUATE IF IT PROVIDES SUFFICIENT DETAIL
ABOUT EACH BIOHAZARD USED.

Names of all personnel working under Principal Investigators supervision in this location:
[an Welich Arreqord  Dekold o
Traty Hidl _ Chepbhg Whillert
Heator Cadiewy -~ €3 hre e B
Shavte Thora @sovs

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

1.1 Does your work involve the use of biological agents? @YES O NO

(including but not limited to bacteria and other microorganisms, viruses, prions, parasites or pathogens of plant or
animal origin}? if no, please proceed to Section 2.0

Do you use microorganisms that require a permit from the CFIA? O YES @'ﬁo

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

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

1 2 Please ccmplete the table below:

Name of fs it known | Is it known Is it known | Maximum Source/ PHAC or

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

agent(s)* human animal zoonotic be cultured Containment
pathogen? | pathogen? agent? at one time? Level

_ YES/NO YES/NO YES/NO (in Litres) ,

e T i
Actenc GYes O Yes O Yes \ Ao e 01 920 3
vicus |ONoo |00 OO et ]

O Yes O Yes O Yes 010203
O No O No O No
O Yes O Yes O Yes 010203
O No O No O No
1O Yes O Yes O Yes 010203
i O No O No O No

*Piease attach a Material Safety Data Sheet or equivalent from the supplier.

2.0 Cell Cuiture

2.1 Does your work involve the use of cell cuitures? ®4ES O NO
If no, please proceed to Section 3.0

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

Cell Type Is this cell type used | Source of Primary Cell | AUS Protocol Number |
in your work”? Culture Tissue B
Human O Yes O No Not applicable
Rodent ' O Yes O No
| Non-human primate OYes ONo )
Other (specify) OYes ONo |

* DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED”
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2.3 Please indicate the type of established cells that will be grown in guiture in: o

Cell Type "is this cell type used | Specific cell line(s)* Supplier / Source
in your work? (HUC OVE)
Human @Yes O No ‘{‘k‘:_“";;s: :}:‘:’Lijfﬁ‘. f‘z el TRT {nc,
Rodent O Yes O No
Non-human primate O Yes O No i
| Other (specify) GYes ONo | ———— |

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

2.4 For above named cell types(s) indicate PHAC or CFIA containment level required O 1 @2 03

3.0 Use of Human Source Materials

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

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

Human Source Source/Supplier s Human Source Name of | PHAC or CFIA

Material {Company Name | Material Infected infectious Containment
With An Infectious Agent (If Level (Select

| Agent? | applicable) | one} e
i ~___1YES/NO B

Human Blcod (whoele) or O Yes O No

other Body Fluid O Unknown ._O 102 03

Human Biood {fraction) O Yes O No

or other Body Fluid ) O Unknown 01 02 0 37

Human Organs or O Yes O No )

Tissues {unpreserved) O Unknown OWI 02 03

Human Organsor | . " .

Tissues (preserved) Nct Applicable Not Appl|cable

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

1.0 and 2.0? ®YES O NO If no, please proceed to Section 5.0

4.2 Will genetic madification(s) in\_._rc_)lvi'ng plasmids be done? - @’?ES, complete table below O NO
Bacteria Used for | Plasmid(s} * Source of Plasmid | Gene Transfected | Describe the change
Cloning * _ N that results

* Please attach a Material Data Sheet or equivalent if available.
K r’ﬁlread«j Adone p.r: or o Avanspod Y odo WWO,

* DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED"
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4.3 Will genetic modification(s) involving viral vectors be made? O YES, complete table below O NO

Virus Used for Vector(s} * Source of Vector | Geneg(s) Describe the change j
Vector Transduced that results '
Construction B : i '
Adenowvivius PAA Casy - | TRT \nc Cypressing anti - | Expresses Oakibocly |
QGCOIY\PM' \(,'vr\_"' ("Gbéogener,caflsbac, VzneZue-lca:‘\ Cguand o verv l
> ca) raaphali s Va3, | _

LA B P

* Please attach a Material Safety Data Sheet or equivalent.

4.4 Will genelic sequences from the foliowing be involved?

¢ HIV O YES, please specify @NO
¢ HTLV 1 or 2 or genes from any Level 1 or Leve! 2 pathogens Q YES, specify @NO
¢+ SV 40 Large T antigen O YES @O
+ E1A oncogene O YES cg\le)
+ Known oncogenes O YES, please specify @NO
+ Other human or animal pathogen and or their toxins O YES, please specify ®@'NO
4.5 Will virus be replication defective? MES O NO
4.6 Will virus be infectious to humans or animals? O YES oo
4.7 Will this be expected to increase the containment level required? OYES oo

5.0 Human Gene Therapy Trials

5.1 Will human clinical trials be conducted involving a biclogical agent? O YES @'ﬁo
(including but not limited to microorganisms, viruses, prions, parasites or pathogens of plant or animal origin)
if no, please proceed 1o Section 6.0

5.2 If YES, please specify which biological agent will be used:
Please attach a full description of the biclogical agent.

5.2 Will the biological agent be able to replicate in the host? QO YES O NO

5.3 How will the biological agent be administered?

5.4 Please give the Heallh Care Facility where the clinical triaf will be conducted:

5.5 Has human ethics approval been obtained? O YES, number: O NO O PENDING

6.0 Animal Experiments

6.1 Will live animals be used? @’{ES O NG If no, please proceed to section 7.0

6.2 Name of animal species to be used___ Y 1pus &

6.3 AUS protocol #

8.4 Will any of the agents listed in section 4.0 be used in live animals @’QES, specify: MUl P\ ONO

8.5 Will the agent(s) be shed by the animal: O YES ®’ﬁ0, please justify:

* 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 foliowing animals or their organs, tissues, lavages or other body fluids including blocd be
used?

+ Pound source dogs O YES &NO
+ Pound source cats O YES ®&NO
+ Cattie, sheep orgoats O VYES @NO
+ Non-human primates O YES, please specify species @NO
+  Wild caught animais QO YES, please specify species & colony # @NO
¢+ Birds O YES @NO
¢ Others (wild or domestic) O YES, please specify &NO

8.0 Biclogical Toxing

8.1 Will toxins of biclogical origin be used? O YES ofNo If no, please proceed to Section 9.0

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

8.3 What is the LDsp (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*?

8.6 Wil any biclogical toxins be used in live animals? O YES, Please provide detais: O NO

*For information on biosecurity requirements, please see:
http:llwww.uwo.ca/humanresources/docandform/docs/heaIthandsafety/biosafetleiosecurily_Requirements.pdf

9.0 Insects Requiring CFIA Permits

9.1 Do you use insacts that require a permit from the CFIA? O YES @’KIO
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 life stage of the insect?

9.5 What is your intention? O Initiate and maintain colony, give location:
O “One-time" use, give location:

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

9.7 Please attach the CFIA permit.

9.8 Please describe any CFIA permit conditions:

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

10.1 Do you use plants that require a permit from the CFIA? OYES @NO
If no, please proceed to Section 11.0

10.2  IfYES, please give the name of the species.

10.3  What is the origin of the plant?

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

10.5 What is your intention? QO Grow and maintain a crop O “One-time” 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 material from the lab and how this will be mitigated:

10.8 Is the CFIA permit attached? O YES O NO
- JENO, please forward the permit to he Biosafety Officer when available

10.9 Please describe any CFIA permit conditions:

11.0 Import Requirements

11.1 Will any of the above agents be imported? O YES, please give country of origin

If no, please proceed to Section 12.0 @'NO
11.2 Has an Import Permit been obtained from HC for human pathogens? QO YES O NO
11.3 Has an import permit been obtained from CFIA for animal or plant pathogens? O YES 0O NO
11.4 Has the import permit been sent to OHS? O YES, please provide permit # O NO

12.0 Training Requirements for Personnel Named on Form

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

+ Biosafety

Laboratory and EnvironmentalMWaste 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 biochazardous agents in Sections 1.0 to 9.0 have been trained.

SIGNATURE /F/?C/vv (.A/LQJ\

* DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED*
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13.0 Containment Levels

11.1 For the work described in sections 1.0 to 9.0, please indicate the highest
HC or CFIA Containment Level required. 01 ©2 03

13.2 Has the facility been certified by OHS for this level of containment?
O YES, permit # if on-campus
O NO, please certify
O NOT REQUIRED for Level 1 containment

14.0 Procedures to he Followed

14.1 As the Principal Investigator, | will ensure that this project will follow the Western Biosafety Guidelines and
Procedures Manual for Containment Level 1 & 2 l.aboratories (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
Communication Form, found at http://www.wph.uwo.ca/

SIGNATURE ,/c«\ (/\}ﬂ/(///e Date:. De¢ | /OO}

142  Please describe additional risk reduction measures will be taken beyond containment level 1, 2, o 3
measures, that are unique to this agent.

14.3  Please outline what will be done if there is an exposure to the biohazards listed,
such as a needlestick injury:

15.0 Approvals

UWO Biohazard Subcommittee: SIGNATURE:
Date:

Safety Officer for Institution where experiments will take place: SIGNATURE:
Date:

Safety Officer for University of Western Ontario (if different from above): SIGNATURE:
Date:

Approval Number: Expiry Date (3 years from Approval):

Special Conditions of Approval:

* DESCRIPTION MUST BE ATTACHED TO THIS FORM OR PROJECT WILL NOT BE REVIEWED"
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-------- Original Message --------
Subject:Re: AUS protocol for Dekaban (rush)
Date:Tue, 22 Dec 2009 15:22:53 -0500
From:Tvyrrel de Langley <tyrreld@uwo.ca>
To:Jennifer Stanley <jstanle2’wuwo.ca>
CC:Greg Dekaban <dekaban‘@robarts.ca>, Lynne Turner <lturner’@uwo.ca>, Gerald
M Kidder <gerald.kidder: t_gschul:ch.uwo.c.a>

Hi Jennifer,

[ heard back from Jerry Kidder and gave him a brief overview of the biosafety
aspects of this project. He said that to accommodate the short timelines it could be
posted and committee members respond via email.

Just to clarify, this is a CSTAR protocol for one of their industry partners -
NucroTechnics. Greg is involved only as someone asked to prepare the cells for
injection. It invoives mesenchymal stem cells which they call Human Umbilical
Cord PeriVascular Cells or HUCPVCs. These HUCPVCs are carrying antibody to
Venezuelan Equine Encephalitis Virus - VEEV. The VEEV antibody is introduced
via transfection using adenovirius. We have been told there is no live adeno and

certainly no-tive VEEV-iirthe material-we-are-injecting-into-mice-They-wish-to
demonstrate that the HUCPVCs will successfully “take™ and multiply in the host
mouse and thus demonstrate increasing levels of VEEV antibody in the blood over
time. Because all the work, except tor Greg’s part, is an animal study, the
responsibility for managing this has fallen on ACVS and the AUP is in fan
Welch’s name.

We've all been caught by surprise by this last minute scramble because all the
information — in particular the biosafety related details — was not made available to
me until yesterday. Also, the strategic alliance with CSTAR and NucroTechnics
has been identified as a priority by Ted and this being the first one, has
demonstrated that there is much that needs to be improved next time around.
Perhaps you can join us for a "Post Mortem™ analysis in January and help in
planning how to handle these in the future.

Tracy and I have written an AUP today which has gone for pre-review and will be
up for interim approval at the weekly AUS meeting January 7. I've asked Tracy to
copy you on the AUP and the appendix so you get it early. We are also filling out
the BHARF with Greg's help — and there are outstanding questions that we’ve
asked NucroTechnics to reply to by tonight. When we receive the completed copy
— hopefully later tonight, we'll forward to you.

Thanks for helping with this.

Tyrrel



Description of Study for ACVYS/Nucro-Technics Project

The purpose of this "proof of principle" project is to inject mice with HUCPVCs, AKA
mesenchymal stem cells, and determine if they will successfully transplant by measuring blood
levels of an antibody they will produce only if they successfully take.

There will be 4 groups of 4 mice, for a total of 18. The mice will be housed in the West Valley
Bldg barrier and all work will be done in a Biosafety cabinet. Mice will be pre-bled on Day 0 and
then injected with cells subcutaneously (total volume 200ul). Cells will be obtained from Greg
Dekaban'’s iab. Blood will be collected on Day 3, 7, 14, 21 and 30. Day 30 will be a terminal bleed
and mice will be sacrificed. All mice will be incinerated and all serum will be sent for testing.




STANDARD OPERATING PROCEDURE

TRT SOP 0016 |

Culturing and Passaging Transfected HUCPVCs for VEEV

Animal Study (DIR Project Task 5)

1.0

1.1

[\
—

Effective date: 01 Jan 2010
OBJECTIVE AND SCOPE

To prepare HUCPVCs transtected with anti-VEEV antibody construct for in vivo
study.

DEFINITIONS
HUCPVCs. Human Umbilical Cord Perivascular Cells

VEEV. Venezuelan Equine Encephalitis Virus (known biological weapon used in
warfare)

Tryple Express. Trypsin replacement that is gentle on cells.

MATERIALS AND EQUIPMENT

Lo Lo Lo Lo Lo Lo Lo
~ N B W) o —

Ll Lo
O o0

3.10

4.0

4.1

4.4

Biosafety Cabinet for Level 2 containment

Centrifuge (Settings: 285 x g, 5 minutes, 4 C)

Transfected HUCPVC cultures

Tryple Express (Invitrogen #12604)

PBS (Invitrogen #14190)

50-mL Tubes (BD #352070)

70% Isopropanol or 70% Ethanol spray bottle

Sterile saline solution, (Hanks without Calcium and Magnesium)
70um cell strainer (BD #22363548)

Parafilm

RESPONSIBILITIES
TRT ships HUCPVCs to DRDC-Suffield for transfection.

DRDC-Suffield cultures and expands HUCPVCs in cell culture flasks to
sufficient numbers.

At 70-80% contluence. DRDC-Suffield transtects one set of HUCPVC cultures
with adenovirus containing anti-VEEV antibody construct (Test Group) and
another set of HUCPVCs with GFP (Control Group).

DRDC-Suffield fills each culture flask of transfected HUCPVC with nutrient
medium containing 5% FBS, closes lid tightly and seals with parafilm. (Note:
Use solid lids, not vented lids.)

CONFIDENTIAL Page 1 of 4



STANDARD OPERATING PROCEDURE

TR T SOP 0016 1

Culturing and Passaging Transfected HUCPVCs for VEEV
Animal Study (DIR Project Task 5)

Effective date: 01 Jan 2010
4.3 DRDC-Sutfield packages and ships flasks of cells at room temperature to CSTAR
(Canadian Surgical Technologies & Advanced Robotics) in London, Ontario for
in vivo study.

4.6 Trained laboratory technicians at CSTAR perform all tasks in this SOP.

5.0 PROCEDURE

5.1 Immediately upon receipt of cells, unpack, spray caps of flasks with 70% alcohol
and place inside biosafety cabinet.

5.2 Uncap and remove excess culture medium with a 23mL pipette as tollows:
5.2.1 For T-75 (75¢m” flask), leave roughly 10 mL medium behind.
5.2.2 For T-225 (221}9;11? flask), leave roughly 30 mL medium behind.
5.2.3 Flasks will be labeled Test and Control I
3.3 Cap flasks loosely and place into CO- incubator at 37°C overnight.

54 Next day, spray the following reagents and supplics with 70% alcohol and place
into the biosatety cabinet:

5.4.1 50ml. centrifuge tubes

54.2 PBS

543 Saline Solution

S5.4.4 Tryple Express (after warming in 37°C water bath)

3.5 Observe cultures under phase microscope to ensure viability of cells and level of
confluence.

5.6 Spray caps of flasks and place into biosafety cabinet.

5.7 Uncap and suction medium.

5.8 Rinse T-73 with 10 mL PBS and T-225 with 30 mL PBS.
5.9 Suction PBS.

510 Add 3mL and 13 mL of Tryple Express to T-73 and T-225 respectively.

CONFIDENTIAL Page 2 of 4




STANDARD OPERATING PROCEDURE

IRT sooots__ 1

Culturing and Passaging Transfected HUCPVCs for VEEV

Animal Study (DIR Project Task 5)

5.16

Effective date: 01 Jan 2010
Cap flasks loosely and move from side to side to distribute solution evenly over
cells.

Place tlasks into CO; incubator at 37°C tor 5 minutes.
Remove flasks tfrom incubator and tap the sides to help further loosen the cells.

Check under microscope to ensure that all cells have detached. If not, return
flasks to CO» incubator for another 5 minutes.

Inside biosafety cabinet, separate flasks for Test Group and Control Group.

Use a 10mL pipette, mix, transfer and combine contents ot Test Group into
several S0mL tubes.

5.17

5.18

Repeat step 5.16 for the Control Group using another set of S0mL tubes.
Rinse T-75 and T-225 with 10mL and 24mL of PBS respectively.
Pipette and add the rinse to the corresponding SOmL tubes of cell suspensions.
Cap and centrifuge 50mL tubes.

Remove tubes, spray with 70% alcohol and place into biosafety cabinet.
Uncap and suction supernatant.

Tap each tube to break up cell pellet.

Process Test Group and Control Group separately by adding 40 ml. of saline to
one S0mL tube, pipet-mix and transter cells to the next tube. repeating until all
cells in each group are pooled into one tube.

Pass the cells in each group through a separate 70pum cell strainer (placed over a
new 30mL tube) to remove unwanted cell clumps and debris.

Centrifuge both 50mL tubes of filtered cells.
Suction supernatant and add 40mL saline to each tube again for another rinse,

Invert gently to mix and centrifuge.
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STANDARD OPERATING PROCEDURE

B
TRT SOP 0016 1 |

Culturing and Passaging Transfected HUCPVCs for VEEV
Animal Study (DIR Project Task 5)

Effective date: 01 Jan 2010

5.29  Resuspend each group in 15-20mL saline.
5.30  Count the cells in each group using SOP (0004,
531 Proceed to SOP 0017.

6.0 REFERENCES
0.1 Preparation of Transfected HUCPVC groups for in vivo injection (SOP 0017)
6.2 Injecting Transfected HUCPVCs into NOD/SCID Mice (SOP 00138)

6.3 Counting HUCPVCs (SOP 0004)

7.0 DOCUMENTATION

7.1 [.ab Notebook




STANDARD OPERATING PROCEDURE

TRT O

' Preparation of Transfected HUCPVC groups for in vivo injection

(DIR Project Task 5)

Effective date: 01 Jan 2010
To prepare aliquots of transfected HUCPVCs that will be employed in an in vivo

study to measure anti-VEEV antibody production in NOD/SCID mice.

The scope of this SOP is to provide the cell aliquots that will be injected under

VEEV. Venezuelan Equine Encephalitis Virus (known biological weapon used in

Sterile saline solution (Hanks without Calcium and Magnesium)

CSTAR aliquots transfected HUCPVCs to produce doses of cells that will be

Based on cell counts for the Test Group and Control Group prepared as per SOP
0016, remove an aliquot that represents 8 million cells from the Test Group and 6
million cells from the Control Group (GFP transfected cell) into separate 15mL

Contact Tracy Hill at ACVS (extn 86746) to come to Robarts Lab 24241 to pick
up cells. Tracy will have prepared the animals for injection.

1.0 OBJECTIVE AND SCOPE
l.1
1.2
SOP0018.
2.0 DEFINITIONS
2.1 HUCPVCs. Human Umbilical Cord Perivascular Cells
2.1
warfare)
3.0 MATERIALS AND EQUIPMENT
3.1 Biosafety Cabinet for Level 2 containment
3.2 Centrifuge (Settings: 285 x g. 5 minutes, 4°C)
3.3 Transfected HUCPVCs (Test Group & Control Group)
3.4
4.0 RESPONSIBILITIES
4.1
injected into NOD/SCID mice under SOP0O18.
5.0 PROCEDURE
|
tubes.
8.2
5.3

For the Test Group. prepare various doses for injection as follows:

5.3.1. Tube 1: 13mL tube containing 8 million cells.

CONFIDENTIAL Page | of 2



STANDARD OPERATING PROCEDURE

TRT SOP 0017 1

Preparation of Transfected HUCPVC groups for in vivo injection
(DIR Project Task 5)

Effective date: 01 Jan 2010
5.3.1.1 Centrifuge and discard supernatant.

5.3.1.2 Add 1194uL saline and mix well. This concentration provides
1.34 million cells per 200 pL.

L
(%]
2

Tube 2 (new 15mL Tube): Transfer 300ul. from Tube | into this
tube and add 1200uL. saline, mix well. This concentration
provides 0.27 million cells per 200uL.

5.3.3 Tube 3 (new 15mL Tube): Transfer 300uL from Tube 2 into this tube and
add 1200uL of saline and mix well. This concentration provides 0.054
million cells per 200uL.

5.4 Process the 6 million cells from the Control Group (GFP transtected cell)

accordingly to provide for 1.34 million cells in 200ul..
5.5 Hand over tubes containing cells to Tracy Hill.
6.0 REFERENCES
6.1 Culturing and Passaging Transfected HUCPVCs (SOP 0016)
6.2  Injecting Transfected HUCPVCs into NOD/SCID Mice (SOP 0018)
6.3 Counting HUCPVCs SOP (SOP 0004)
7.0 DOCUMENTATION

7l Lab Notebook

CONFIDENTIAL Page 2 of 2



STANDARD OPERATING PROCEDURE

e J

| TRT SOP 0018 1

Injecting Transfected HUCPVCs into NOD/SCID Mice (DIR

Project Task 5)

1.0

1.1

2.0

1~

[
[~

Effective date: 01 Jan 2010
OBJECTIVE AND SCOPE

In vivo study to measure anti-VEEV antibody production in NOD/SCID mice that
have been injected with various doses of transfected HUCPV s,

The scope of this SOP is to develop an effective antidote to VEEV for treating
combat casualties in the Canadian Military attacked by this deadly biological
weapon.

DEFINITIONS
HUCPV(s. Human Umbilical Cord Perivascular Cells

VEEV. Venezuelan Equine Encephalitis Virus (known biological weapon used in
warfare)

[ 5]
=]

- Ll w L) L L)
< R S S R N

=
R

h
I~

MATERIALS AND EQUIPMENT

NOD/SCID Mice (16 males, 7-8 weeks old)

Transfected HUCPVCs (Test Group & Control Group)

25G syringe needles

lce syringes

Sterile saline solution (Hanks without Calcium and Magnesium)

RESPONSIBILITIES

CSTAR injects transfected HUCPVCs into NOD/SCID mice and collects blood
samples at various time intervals over a period of one month.

CSTAR freczes serum from all blood samples at -80°C and ships to DRDC-
Suftield at the conclusion of the study.

PROCEDURE

Ensure cell preparations are being done in Robarts. Tracy Hill to coordinate with
Gregory Dekaban (extn 2424 1)

Prior to cell injection. bleed all 16 mice. Samples will be spun for serum
collection. Volume io be collected = 30microlitres of serum. Serum will be frozen
at -80°C.

CONFIDENTIAL Page [ of 2~



STANDARD OPERATING PROCEDURE

TRT ml I

Injecting Transfected HUCPVCs into NOD/SCID Mice (DIR

Project Task 5)

Effective date: 01 Jan 2010

8.3 Collect cells in tubes from Lab 24241 in Robarts.

5.4 Based on cell aliquots for the Test Groups and Control Group. prepared as per
SOP 0017, into Tubes 1. 2, 3 and Control respectively, inject cells as follows.

5.5 Using 25G needles attached to lcc syringes, inject cells subcutaneously near the
midline in the thoracic region of each animal according to the following setup:
Sul Group 1 (4 mice): Inject each mouse with 200uL from Tube 1.
8.5.2 Group 2 (4 mice): Inject each mouse with 200uL from Tube 2.
553 Group 3 (4 mice): Inject each mouse with 200uL from Tube 3.
554 Group 4 (4 mice): Inject each mouse with 200ul. from Control Group

(GFP transfected cell).

5.6 Obtain a blood sample from each mouse following 3. 7. 14, 21 and 30 days post
injection.

5.7 Samples will be spun for serum collection after each bleeding.

5.8 Volume to be collected = SOmicrolitres of serum.

5.9 Serum will be frozen at -80°C.

5.10  After completion of 30 day time point. ship frozen sera from all experimental time
points to DRDC-Suffield Building 560 Ralston AB Canada TOJ 2NO for analysis.

6.0 REFERENCES

6.1 Culturing and Passaging Transfected HUCPVCs (SOP 0016)

6.2 Preparation of Transfected HUCPVC groups for in vivo injection (SOP 0017)

6.3 Counting HUCPVCs SOP (SOP 0004)

7.0 DOCUMENTATION

7l [.ab Notebook

CONFIDENTIAL Page 2 of 2



D A cla aning in transfer plasmid

Bomwl
ae LA
velt O -3, Amp
T 4’ .
Eool 1. - f Q:i-’éﬂ

pAdEasy-1

(33.4 Kb)

BamH - 2
Aasapan®

R 5te3 |

g - Enpapsidation Signal
T oan P .
- Promoter
,—" !
= - /_/" [ 's
o Transfer Vector Xjaes | Gene of tnterest
: {14Kh) f\-«, .
',.. \x ;’ {.'
SN gs‘f“/ . polyAs
) s ;,f

) !
i Co-Transform into bacterla // Linggrize with Pma !
o Selact with Kanamycin LS
i o
1 i Pact
0 -- Encapsldation Signal
y - Promoter
Y
“l, "\_
“-.\\ :
N \\\ j Gena of Intarast
\\
N
EcoRl -
In wva hnmu!ugaug
recombination
in bacteria
BamH [ -

J ~ Lingarize with Paz |

- Encapaidation Signal iV
¥ £y RITR
e TP Gono o interost W A5 DMA | -L‘
Facl Promolar pofyAt Pacl

S A
x._r“\-a,—‘z‘(—t P}

Virus production in 2834 cells

{

i N

% D Transfar into 2934 calls
:

i
e

Ready to ba amplified recombinant adanovimus



© pros one

OPEN a ACCESS Freely available online

Human Mesenchymal Stem Cells Self-Renew and
Differentiate According to a Deterministic Hierarchy
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Abstract

Background: Mesenchymal progenitor cells (MPCs) have been isolated from a variety of connective tissues, and are
commonly called “mesenchymal stem cells” (MSCs). A stem cell is defined as having robust clonal self-renewal and
multilineage differentiation potential. Accordingly, the term "MSC” has been criticised, as there is little data demonstrating
self-renewal of definitive single-cell-derived (SCD) clonal populations from a mesenchymal cell source.

Methodology/Principal Findings: Here we show that a tractable MPC population, human umbilical cord perivascular cells
(HUCPVCs), was capable of multilineage differentiation in vitro and, more importantly, contributed to rapid connective
tissue healing in vive by producing bone, cartilage and fibrous stroma. Furthermore, HUCPVCs exhibit a high clonogenic
frequency, allowing us to isolate definitive SCD parent and daughter clones from mixed gender suspensions as determined
by Y-chromosome fluorescent in situ hybridization.

Conclusions/Significance: Analysis of the multilineage differentiation capacity of SCD parent clones and daughter clones
enabled us to formulate a new hierarchical schema for MSC self-renewal and differentiation in which a self-renewing
multipotent MSC gives rise to more restricted self-renewing progenitors that gradually lose differentiation potential until a
state of complete restriction to the fibroblast is reached.
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Introduction

[issue resident progenitors that give rise 1o connective tissue cells i
o have been isolated from o varieny ol tssues including bone
marrow BN [1.2.301]. Gat [3.6], muscle [7.8], placenta [9], umbilical
cord [10.11.12,13,14] and fetal liver [13]. These cells are generally
thought to be vesident in the perivascular compartment ol these
tissues [16.17.18,19.20]: and are commonly called “mesenchymal
stem eells™ NSCs [21]. While it is generally accepted that these cells
include rare stem cells [22.23.24]. the term “NMSC™ has been
criticised [23]. sinee the delinition of a stem cell assumes tha these
progenitors have clonal sell-renewal and mualdlineage differentation
potential. To date, assaving these two properties in MSCs has been
extremely challenging due 1o the low frequencies ol clonogenic
progenitors found in most tissues c.g.. mesenchymal clonogenic
frequency in human BN is 1:10° to 110" depending on age .

Lo date only two studies have succeeded in isolating definitve
single-cell-derived | SCD clonal populations by deposition ol single
human mesenchvmal cells into 96-well plates by luorescence
FACS: [26]. However, neither stuch
concurrently assaved cach clone for more than one phenotvpe.

wiivated  cell sorting
or determined whether each clone had selt=renewal capacity by

producing equipotent progeny. While other investigators [27] did
analvze “clones’ for bi- and wilincage bone, cartilage and adipose

PLoS ONE

www.plosone.org

differenuation capacity, they utilized limiting dilution [27.28.29]
by seeding 107107 cellsZculture well to generate (ibroblast
colonies CFU-F. Thus, these studies did not provide delinitive
evidence of SCD clonality. Other studies atempted 1o overcome
this issue by sceding cells at very low densites to isolate their

colonies

30,317, but did not verily the single cell origin of their
populations. Furthermore, none ol these studies  determined
whether the mesenchymal cells isolated maimtained multipotential
capacity oo, Thus, o date, demonswration ol a delinitive MSC
has remained refractory o robust experimental evidence [32].
To overcome these limitations, we utilized populatons of non-
alloreactive [33] human umbilical cord derived  mesenchymal
progenitors HUCPVCs) [10.34]. harvested rom a wtal ol 37
cords, that maintain a high clonogenic frequency i it 1o isolate
definitive SCD clones, We found that populatons of HUCPVCs
undergo multilineage ditlerentation aned conwibute o repair of
osteochondral defects m o, We next isolated definitive parent and
daughter clones from mixed gender suspensions and then assayed
these clones for their abiline w dillerentate inw one or more of five
mesenchvmal lincages: bone. cartilage, [at, muscle and fibrous
tissue. Our vesults demonstrated that these SCD clones mamtained
extensive sell=renewal capacity it and  clonally produced
daughter populations ol cells with quinti-. quacri-, ri-. bi- and
unilineage potential. Analysis of the differentiation wajectories ol'the

August 2009 | Volume 4 | Issue 8 | e6498



parent and daughter clones uncovered a new hicrarchical schema
lfor MSC self=renewal and dillerenuauon.

Results

Multipotential HUCPVC mesenchymal progenitors are
maintained in long-term culture

We, and others, have previously shown that HUCPNC popula-
tons express G CD730 CD90. CD105. and CD106 but do not
express CD45 or CD3 L [10,13.3 4. Furthermore, we had previously
observed that HHUCPVCs exhibit a doubling time of 20 hours when
cultred in 13% fetal bovine serum FBS: [10]. Fere, we wilized
serum concentrations of 3% or 2% which increased the doubling
time H =7 and 1629 howrs respectively’. but also maintained a
consistent doubling time and clonogenic lrequency of approximately
13 01 (2.6 104 and 1 [2.8%1.6] respectively: for more than 10
passages Figure 1A B unlike adult bone marrow-derived mesenchy-
mal cells [35,36].

We next tested whether bulk HIUCPVC populations were
capable ol dillerentating ino five mesenchymal lineages m v
myogenic M. adipogenic (A, chondrogenic CL osteogenic (O and
fibroblastic F. Utilizing serum concentrations ranging [rom 2-3".
HUCPVCs were assaved at passage 3 P30 ~10 population
doublings) and P6 ~15 doublings) for dillerentiation capacity into
these lincages, Results were the same [or both P3 and PG cells. In
non-induced conditions Figure 1C, HUCPVCs expressed collagen
[AL desmin and low levels of MyoD. characteristic ol their

MSC Hierarchy

‘myolibroblastic™ [37.38] phenotvpe. [n osteogenic culure condi-
tions  Figure 1D.E.P. expression of Runx2, collagen 1AL
osteopontin and osteocalein were upregulated. The cells changed
from a libroblastic 1o a more tessellated osteoblast-like morphology.
and formed bone nodules by elaborating mineralized bone mawix
as evidenced by the presence of positive tetracyeline staining data
not shown . alkaline phosphatase and positive Von Kossa staining.
In chondrogenic culture conditions Figure [F.GLP ., upregulation ol
SoxY, collagen 11 and aggrecan were observed. The cells elaborated
collagen [T matrix and sulphated glycosaminoglveans, verified by
immuno-histochemisiry and - Alcian blue staining  respectively.
HUCPNCs cauld also be induced 1o differentiate into lipoprotein
lipasc-cxpressing adipocyvies (Figure THLLP' in culture that stained
with oil red O, accasionally forming spontancously in association
with bone nodules, Although we did not quantily the relative
expression of cach ol these phenowpes, Baksh et al [31] have
determined the relative quantification under osteogenic, chondro-
genic and adipogenic induction. As non-induced  HUCPVCs
express myogenic markers including desmin, vimentin and alpha
smooth  muscle  actin [37.38,39],  myogenically-induced  cells
Figure 1].K.P) were analvzed for dilerential expression ol MyoD)
and (ast skeletal myosin light chain (FSMLC. Non-induced cells
expressed low levels of MyoD, but no FSMLC, while induced cells
formed long multinucleated mvotube-like structures that expressed
high levels of Myol) and FSMLC, This was confirmed by RT-PCR
analysis, in which upregulation of MyoD, My(5. desmin, mvosin
heavy chain (NHC), and FSMLC were observed.
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Figure 1. HUCPVC populations exhibit rapid proliferation, high clonogenicity and multipotential capacity in vitro. HUCPVC
populations maintained stable proliferation and clonogenic frequency from passage 2 through 9 (A, n=11 different cords), with no significant
difference in either parameter at passage 5 (B, n = 7 different cords). Data are represented as mean +/— s.d. In standard culture conditions, HUCPVCs
expressed Collagen IA1, Desmin and MyoD (lanes 2, 9 and 11 respectively, all other lanes as represented in (P)] as determined by RT PCR (C). HUCPVCs
could further differentiate into bone, cartilage, adipose and muscle in vitro. With induction, bone nodules were observed in culture (D) that stained
with Von Kossa (black), and were surrounded by alkaline phosphatase-high expressing cells (E). Cartilage pellet cultures of HUCPVCs expressed
collagen Il (F) and glycosaminoglycans that stained with Alcian blue (G). HUCPVC-derived adipacytes stained with Oil Red O (H) and occasionally
formed spontaneously (arrow) in association with bone nodules (I). Myogenically-induced HUCVPCs expressed high levels of MyoD (J) and fast
skeletal myosin light chain (FSMLC) (K) in multinucleated HUCPVC myotubes. Negative controls are non-induced cells stained with Von Kossa and
alkaline phosphatase (L), and secondary-only antibody staining for collagen II (M), MyoD (N) and FSMLC (O) stained cultures. (Field widths:
D,F =628 um; E,L=3.5 mm; GJ,KN,0 =315 um; H,I =86 um). RT PCR analysis (P) demonstrated upregulation of the following lineage-specific genes:
Runx2 (1), collagen IA1 (2), osteopontin (3), osteocalcin (4), Sox9 (5), collagen II (6), lipoprotein lipase (LPL) (7), aggregan (8), MyoD (9), Myf5 (10),
desmin (11), myosin heavy chain (MHC) (12), FSMLC (13), GAPDH (14) and RT- control (15). (Cells from 9 cords, some of which are common to other
assays, were employed in these functienal phenotypic and gene expression data).

doi:10.137 1/journal.pone.0006498.9001
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HUCPVC populations contribute to multilineage repair in
vivo

[o determine the capacity of HUCPVC  populations o
contribute o repair o tze we atilized aransplantadon model
originally developed o assay human hematopoictic stem: cell
repopulation [40]. HUCPVCs that had been infeeted  with
lentivirus encoding ¢GEP driven by a constitutive promoter were
injected into the femoral marrow caviy of NOD-scid mice. The
tissue was analyzed at 2, and 6 weeks post-transplantation. Afier
2 weeks, there was signilicantly more healing of bone and cartilage
in the HUCPVC-injected femora than in contralateral sham-
injected conwrols Figure 2A.D-G. By fushing the marrow and
recovering culture-adherent eGEP-labeled cells, we showed that
HUCPY Cs survived at least 6 weeks in oo (Figure 2B.CL By +and
65 weeks. complete autologous repair was achieved as there did not
appear o be any gross difference between the experimental and
control femurs. When the distal region of cach femur was analvzed
by micro CT Figure 2A1, the BMD difference was larger at all
three time points, illustrating greater mineralized bone formation
in the HUCPV C-ransplanted femurs. To determine whether the
HUCPVCs contributed 1o healing by becoming synthetically
active, we labeled them with monoclonal antibodices [or human-
specilic osteocalein, collagen [ and PPARY [HI]. As the eGEP
label had been eliminated by decaleification ol the tissues, we also
labeled sections with HuNu, an antibody that specifically labels
human nuclei and not those of mice. Figure 3AB illustrates
HuNu-labeled cells in the femoral growth plate  that were

MSC Hierarchy

ohserved in sham injected femurs Figure 3C.GUH - or negative
controls ‘Figure 3D.H.L. Interestingly. the majority of cells in the
HUPVC-injected  femurs did not label with the  anti-human
antibodies, suggesting that although the HUCPVCs did difleren-
tiate and procuce some tissue. they may have had a larger role in
recruiting and directing the mouse mesenchymal progenitors 1o
repair the damaged tissue. This is strikingly evident in the cartilage
repair, as the mouse cells rapidly produced new collagen [T distal
o the more slowly produced human collagen 1 Figure 3E.
cate that HUCPN'Cs have mulii-
lincage dilferentiation potental i catro and. alier tansplantadon,

[ogether, these data demon

diflerentiate into at least two distinet lincages that contribute o
ssue repair i .

Traditional mesenchymal cell seeding methods do not

isolate definitive SCD clones

Having established low serum-dependent culture conditions
that provided a clonogenic [requency of> 1:3. and determined that
bulk HUCPVC populations could differentiate into multiple
mesenchyvmal lincages hoth dn it and i vivo, we used [ive
solate SCD  HUCPVC
Figure kA, and see Supplementary Methods ST and assayed

dilferent methods 10 populations
their differentiation capacity into the five mesenchymal lincages
(Figure +B). For clonal expansion, approximately 20 cell doublings
from a single originating cell were required o provide ~ 107 cells
needed for lincage analysis.

The cloning evlinder has been the rraditional method wilized in

associated with human-specific collagen IT staining Figure 3E.F.
Anti-human osteocalein labeled in the cvtoplasm of some cells as
well as within the newly formed bone mawix (Figure 31,]). PPARy
staining was non=specilic. As expected, no positive staining was

A P<0.0001 P=0.0013 P=0,0041
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mesenchvmal literature o isolate Timiting dilution-derived mesen-
chymal colonies. Based on a 1:3 CFU-I (requency of HUCPV G,
limiting dilution sceding ol 3 cells per well, by delinition, vielded
100% calony formation. This method provided a relatively poor

Figure 2. HUCPVCs survive and regenerate damaged mesenchymal tissues in vive, HUCPVCs were synthetically active and survived at least
six weeks in vivo when implanted into the intrafemoral space of NOD-scid mice as observed by the presence of GFP-labeled cells among mouse cells
flushed from the marrow into culture (B,C). When the distal ends of the femurs were analyzed by micro-computed tomography (uCT), it was
determined that these cells produced significantly more bone mineral density (BMD) than sham controls at 2,4 and 6 weeks (A, values are
means=s.d.). uCT analysis and Masson’s Trichrome stained longitudinal sections of injected femurs showed that HUCPVCs induced significantly more
repair of bone and cartilage at 2 weeks (D,E) compared to sham controls (F,G). HUCPYC populations from a total 6 different cords were employed to
generate this data and that shown in Figure 3.

doi:10.1371/journal.pone.0006498.g002
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Figure 3. HUCPVCs display multipotential capacity /n vivo, When labeled with HuNu (human nuclear antigen), human cells (arrows) were
observed in the growth plate of the distal femurs (A,B field widths =140 um). These cells were associated with the presence of human-specific
collagen 11 (arrows) in the extracellular matrix surrounding individual chondrocytes (EF field widths =140 um and 212 um respectively). Human-
specific osteocalcin was also observed on the osteoid of newly forming bone. Arrows indicate human-specific osteocalcin was present surrounding
individual cells that produced a collagen-like matrix on the surface of the bone (1) field widths = 110 um). No staining was observed in sham-injected
femurs or negative controls for HuNu (C,D), collagen Il (G,H) or osteocalcin (K,L) respectively (same field widths as experimentals).

doi:10.1371/journal.pone.0006498.g003

vield of HUCPVC colonies that survived the first sub-culre
~90% . Use ol a novel ‘inverse’ method ol isolating these colonies
by removing any and all cells around the colony. improved the
vield to ~60% because the cells could be grown w sub-conlluence
before sub-culture, We hypothesized that by culturing these cells
on agarose, it would be casier to pick the growing colonies for
subculture. but after several avempts with diflerent concenurations
of agarose, the cells invariably migrated to the botem ol the well
and colonies could not be “picked” for sub-culture. Nevertheless, as

3 cells were required o generate colonies for isolation in cach ol

these techniques, it could not be definitively determined that these
colonies were truly SCD [£2]. As a result, a MoFlo FACS was used
1o seed single cells inwo individual wells of 96-well plates. Alier four
attempts at seeding a ol of 768 wells, no colonies developed.
Lack of cell proliferation may be auributed to the cumulative time
required 1o remove the cells from the culture surface w put them
into suspension, the shear forees exerted on the cells by the FACS
machine. and a lack of paracrine signalling required to stimulate
cell survival and proliferation.

Finally. a single-cell-dilution of HUCPVCs was used 10 seed
individual HUCPVCs. A wotal of 3.360 wells were seeded at a
dilution of 1 cell/well that yvielded 117 clones 5.88%  sunviving to
induction at Pt ~20 populaion doublings . As the probabilin
that cach of these clones was single-cell-derived was only 0.3, a
further dilution of 0.3 cells/well was used with an associated
probability: of 0.73 and vield of 2.92%. The mean CFU-I
frequency of the clones was 12 [3.821.9] Figure £A. with no
significant difference P=0.391 bevween clones derived from cach
different

sceding  densitv. This value was not significantly

PLoS ONE | www.plosone.org

P=0.125 from the L
HUCGPVC cultures Figure 1A, suggesting . that the progenitor
pool was maintained upon cloning. Lineage analysis ol these
‘clones” (Tigure 1B
decreased, so did the number ol multupotential “clones.” There
appeared 1o be an incrcase in unipotential “clones” and a decline in
tri-. quadri- and muliipotential “clones” as the seeding density
became more vigorous. This observation suggested that “clones’

[2.6£ 1.4 frequency seen in bulk

illustrated  that as the seeding densiny

isolated by seeding at 1 or 0.5 cells/well were not SCD colonies,

Rigorous sub-single cell seeding of mixed gender
suspensions of HUCPVCs produce definitive SCD clones
We realized that by seeding cells at a dilution of 0.2 cells/well 1
cell per 3 wells: the probability of isolating SCD clones increased
10 a statistically significant 0,96 Figure HB. To make this strategy
even more rigorous, we mixed equal numbers of male and female
cells prior 10 seeding 0.2 cells/well (1 cell per 5 wells) into 96-well
plates. which would enable genotyping of clones. From a total of
65.720 wells seeded. +5 clonal populations were produced. 32 of
which survived expansion o ~10" cells. These 32 clones were re-
seeded at the same dilution of 0.2 cells/well into 180 wells for cach
clone, which produced 23 clonal daughier populatons. 11 of
which survived expansion 1o ~ 10" cells. The probabilivy that these
1 daughter sub-clones were single-cell derived was 0.9999
Figure H3 . Double blind Y-chromosome FISH analysis was then
wsed 1o definitively confirm the single cell origin of the 32 parental
and 11 daughter clones Tigure K. Positive, negative and mixed
FISH controls determined=83" or=0" thresholds (or determi-
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Figure 4. Clonally pure HUCPVC pepulations can be isolated by rigorous celi seeding. Five different methods were used in an attempt to
generate definitive single-cell-derived (SCD} clones from a total of 12 cords, some of which were employed in ather assays, {A). Clonal colonies
generated by seeding mixed male and female suspensions of HUCPVCs at 1, 0.5, and 0.2 cells/weil, the latter of which were sub-cloned (daughters} at
0.2 cells/well, displayed increasing probabilities of SCD isolation aleng with differential multipotential capacities (B). When analyzed by fluorescent in
situ hybridization (FISH) with a Y-chromosome-specific probe, all the daughters (clones 1-1 17 as well as all but one {clone 39) of the parent clones
(clones 12-44) seeded at 0.2 cellsiweil were found to be single gender derived, and accordingly determined to be S5CD clones {C).
doi:10.1371/journal.pone,0006498.g004

wation of single-cell-derivadon, Al clones and sub-clones.oxeepa clones were determined 1o be deliniiivel SCLD popatauons parent

one, Tud a <tomal abis e the treshoid for zingde-cell determinadon, and daughter clone 85 are shown in Supplementny Fyare 51
We anahzed 22-51 cells within each of the 32 clones
deternined that the probabilit that cach was formed [rom more

L —T - . .
than one eell between 107 and 10777 Thus, £2 ol the 85 bolated

Tmportandy. our Tinding that single-gender cones arose from o
mixed vender cell suspension suggests that onlv an oxceptionaty

rigorows srateey o solate single vells, such s the one we apsed.
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counded wenerate reliable clonal dae This is turdher eniphasized m
the generatdon of a0 non-clenal populivion by dhis method

Fiawee 10 clone 390 that calls into question the reliabilie of
2 1 b

vlonal dira procuced by any less rlgorous niethodology.

Definitive multipotential SCD mesenchymal clones self-
renew in culture

Asthe CFU-F frequencios of pacent and danghier 3CD clones
were ot significandy differem frome cach other 12 [H23.36] and
[EE ST IR

evidenee sugeesting that the parent clones mayv hase been sell-

venewing and maimaining their progenitor pool. This selt~renewal
ability was {urther supported by the observinion tha the daughier

clones mamained the potential o dilferentiawe along more tha
single ineage alter> H cell doublings.

The T surviving daughier clones, swhen assessed tor nralulineage
capacity Figures $B. 6. Supplememary Figure 1. demonsiruged
that they were Uie progemny ol either a sell-renewing parent ol the
wune differentiation potential, or a parent which had torfeited one
or more ol s lincages 1 eive rise @ a more restwricted daughier.,
I'hese phenonena were most evident when obsenving e
dillerentiion paterns ol the lirst three quindporental MACOL
parentd clones. The fist MACOE purental clone self-renewed in
vultire by procucing a MACOL daughier. while the remaining two
ditferendiated by eiving rise w more restricted ACOT and COLY
daughiers. torfvitng their mvogenic and myogenic/adipogenic
potentials respectively. This patem was repeacd in the remaining

more-restricted cfoncs, The three quadvipotent. NCOT parental
clones gave vise 10 ACOF, AOQV and COTF davghiers: dlustrating
niation by

selt-venewal by generation ol the Termer and dille
restriction i the laver twor shile the single tripowential COE
parent adso did notselFrenew, as it forleited s osteogenic potential
by producing a bipotental CF daughier, O the tvo bipoential OF
parental clones, anly one self-renewed o an OF daughter, w hile
the other forteited s osteogenic capaciy: by giving tise 10 a
unipotenial CFU-F. Finadly, the two remaining unipotential CEFC-F
pacentil clones self-renessed ine cubare: by producing CFU-F
daughters. We further observed that, of the 21 parental clones tha
did not survive expansion w lineage analysis of daughter clones. 12
did sirvive the sub-cloning process. while 9 did nov Supplementan
Figure S1 . Interestingly. 8 outof 12 of clones that did survive suby-
Cloning but not expansion e potental for more than one lineage.
This llustaes that althoush they wo did eventaally clonally
exhaust in culture, they were relativels more robust than the
unipotent CIU-1s.

These datan which lluswrate danghier SCH - clones, having
underzone ~ H1 populaton doublings. derived lrom cqual or
greater potential SC1Y purenis, s the Gt reported evidence ol sell-
renewing mulipownt mesenchvoal cells b s Oue suiking
shention when the lincages are observed individoally is the
absenee of the adipogenic lineage in the bipmendal clones tha
possessel cither an osteagenie or chondrogenic capacity. The
former theoretcally arises a twice dhe requency of the Ter, and
s supported by our previously published data in which we
observed a0 B orio uncommitted
progeniters in HUCPVC culwre [19]0 The wipotential clones
lustrated dnwe when dilforentiaily expressed with oseogenic

ul’ w committed CELU-0

powntial. the chondrogenic and  adipogenic capacites were
exclisive of cach other. When these two lineages were expressed
al clones,

wwether, it was only in the gquadri- md guipore

Luterestingly. the mvogenic lineage was only expressed i the

quintipotental clone, suggesting that it is the drse lineage torfeied
when a multipotentiab MSC ditferentiaes.

PLoS ONE | www.plosone.org

respectvely, Figure 3.0 this was the fsy line of

o)

MSC Hierarchy

Discussion

The MSC concept is predicated upon the clegant <tudies done
the hematopoietic system e which several investigaiors show ed ihas
$aingle prospectively solited hemaopoietic stem cell TISC could
repopulate the hematopolede ssiem ol a living recipient, and tha
when resisolined from this primaey vecipient. this cell's progeny
conld reconstitute the hematopoictic svstem of o secondany living
reapient [E30RE R Radher than the irrdiation-induced injuny in
these hemanopoictie studies, we have ereated a physical injury by
necdle marrow ablation. Tn e, we have previousls demonstred
that mice with defecidve sell-renewal of multipotent mesenchymal
cells developed tvpe 1T osteoporosts | AT suggesting that
Bonafide MSC does exist within the mesenchyvimal compartnwent.
However, the dearth ol markews tor prospective isoladon of these
cells s made interrogation ol the MSCH concept relractony 10
i'\])('l‘inl(’]“iii i
stuches [RYG2
the nrultpotental capaciny ol clonallv-derived mesenchymal eclls.

lidation. In an avempt o overcome this. numerous

285303 118] have wied o retrospectively analvee

There ave four major caveats of these studies. First, as prospective
isolation of’ multipotendal MSCs sdll eldes us, and retrospective
analsis 5 o valid alwernadve straegy, most investigators have
limited their anabysis up o three mesenchymal phenon pes: bone,
fatand cartilage. While these three incages are the most established,
it is commonly aceepted that several other mesenchymal lincages
existinciuding msele, wendon. ligament and soomal tssaes (21, 89]
As the lTaver three could be grouped inw the “libroblastic lineages.”
it then beeomes clear thar for [ull reaospective analysis ol

mesenchvinal ditferentiadon, Tve Dneages must be assaved: bone.
cartilage, Gu, muscle and {ibrogenic. The second. and nmuost clusie
issue is that of clonaliy. Based on Friedenstein®s earlv work [30.51].
i was ortginadly assumed that limiting diluden . the minimum
numiber ol cells required o produce a single colonv ol
mesenchvimal cells could provide clonal colonies. NMore vecently. it
has been shown that “clonad” cadiures ol nearal stem cells ave highls
motile and prone o aggregadon [E2]0 As mesenchvmal cells ace
highly motile m culture, this calls ot question the fierare in
which elonal isolation was performed by seeding more than one cell
ina calture well [R29]), Thus, omby FACS single cell deposition or
sub-single cell seeding with revospreove analvsis of clonal purie
voukl be used to isolate delinitive SCD clones. Thive, it has vetw be
detinitively demounsteated either o s o i mio that ene ol these
clonally derived mesenchymal populations s able o selfrenew by
producing ecuipotent proyeny cither i or i cfe, The finakand
most difticult problen is thac, unlike the rigor within HSC heragare.
rivorous clonal mesenchymal transplantation studics have been
clusive fi the liekd.

[ this stueve we wekled e tirse three problems and nude
mroads o address the clonal s studies, We have desenbed that
a multipotent population of mesenchymal cells thar maintain
differentiation capacity i -fiw and. due w their high clonogenic
frequency. can be rigorously solawed as SCL populations in
culture tut in turn can generate davghier SCIY populations. hoth
ol which can be wnabzed for five distiner mesenchyvmal linvages,
These o Tunctional phenonpic data determine 2 hierarchical
structure Lo the mechanism underlving MSC dilferenagion
a0 seff-renewing mulupotene MSC CEFU-
AMACOLE gives nse o more restrictedd self-renewing progenitors

Figure 7 i which

thae wradually lose dilferemiintion potential wndil a stae of
complete restricion w the fibroblast is reached. Tmportaly, the
2=t

clonwgenic lrequeney shserved i oue HHUCPYC culwures, Other

sum total of all these progenitors provides the 1

hicrarchical structures of NSO dilferentfiien have been pro-

posed. Aubin [32] postulnted tha MSCs wive vise 1o either a CFU-
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Figure 5. Clonally pure HUCPVC populations display multipotent capacity in vitro. CFU-F frequencies of HUCPVCs derived by seeding at 1,
0.5, and 0.2 cells/well, the latter of which were sub-cloned (daughters) at 0.2 cells/well, were not found to be significantly different from each other
(A). Clone 11 (B-N) demonstrated identical capacity to its parent (clone 35), maintaining the ability to differentiate into all five lineages assayed. Under
induction, bone nodules were observed in culture (8) that stained with Von Kossa (black), and were surrounded by alkaline phosphatase-high
expressing cells (C). Cartilage pellet cultures of HUCPVCs expressed collagen Il (D) and glycosaminoglycans that stained with Alcian blue (E). HUCPVC-
derived adipocytes stained with Qil Red O (F,G). Myogenically-induced HUCYPCs expressed high levels of MyoD (H) and FSMLC (1) in multinucleated
HUCPYC myotubes. Negative controls were uninduced cells stained with Von Kossa and alkaline phosphatase (J), and secondary-only antibody
staining for collagen Il (K), MyoD (L) and FSMLC (M) stained cultures. (Field widths: B,0,K =628 um; CJ=3.5 mm; EHLLM =315 um; F.G=86 um).RT-
PCR analysis (0) demonstrated upregulation of the following lineage-specific genes: Runx2 (1), collagen IA1 (2), osteopontin (3), osteocalcin (4), Sox9
(5), collagen I (6), LPL (7), aggregan (8), MyoD (9), Myf5 (10), desmin (11), MHC (1 2), FSMLC (13), GAPDH (14) and RT negative control (15). (MACOF
represents a clone that was able to differentiate into all 5 lineages assayed). HUCPYC harvests from 27 different cords were employed to generate this
data.

doi:10.1371/journal.pone.0006498.9005

OC or CFU-OA bipotential progenitor and that CFU-A and results demonstrate, it is the laver that is the detaudt lineage i the

CFU-Coare dilferendally forfeited 1o result in the osteogenic mesenchyvmal hicrarchy

capacity required for bone formation, Similarly. Muraglia and
colleagues [27] concluded that bone vepresents the default in the
mesenchymal pathway. However, neither group included cither

the myvogenic or Ghroblast lineages in their analyses and. as our

" PLoS ONE | www.plosone.org

Che perivascular niche [20] has been shown to be the source ol
mesenchymal progenitors in many organs [16]. including bone
marrow [33]. Tt was recenty shown [29] that the CD LT osteo-
progenitor cells in human marrow predominanly associate with

August 2009 | Volume 4 | Issue 8 | 26498



MSC Hierarchy

Lineage m 51ineages 4 lineages

Potential

| Sélf-rer_\é\'ﬁlal Potent|

{13 lineages

El’i lineage

B 2 lineages

Parent
Clones

Daughter
Clones

Figure 6. Clonally pure HUCPVC populations display differential self-renewal capacity /n vitro. When the differentiation capacities of the
11 daughter clones were compared to those of their parents, it was found that they either maintained equipotency {self-renewing clones) or forfeited
the ability to differentiate into one or more lineages (non-self-renewing clones). (Self-renewing clones are represented with a semi-circular arrow and

non-self-renewing clones without a semi-circular arrow).
doi10.137 1/journal.pone.0006498.9006

vessels s Cadventitial vedenlar cells” and promete henaopoietic

supportive soroma. While occupying theiv niche. perivaseular cells
remain guieseent bue i most organs give vise o daughier cells that
prefeventially diflerentiae into the stromal Gbroblase: of the organ.
and b -pass other dilfereminton pathways presumably through
stgnabfing cvents it prevent the differenttanion off multipotent
MSC e the other re:
that the prinuy vesponsibility of HUGPV Cs in it s w0 maintain

ricted progeniiors. Thus, we hypothesice

their niche™s swremal tissue by dillereniating into the v olibro-
Blsts that elaborawe the extacellular magrix ol the wmbilical cord.
However, when the homeostasis of this, or any other. perivascular
niche iy disturbed during erowth or by injurv. or these resident
MSCs are removed from thei natural environment, they will be
prosided swith the specific cues required w reestablish homeostisis
- or exhibit their lincage capacity or sifm, Our fa s work s an
example o this phenomenen i which  the vansplaoed
HUCPYCs not only conuibuted 1o tissue healing and niacrix
claboration  themselves, buc also reernited  vesident mouse
progenitors w rapidly repaiv the danaged tissues. Accordingly.
richer than displaving unrestricted sellrenewal ane dhiferenda-
on. onby a lew asviimenie cell divisions of the residene MSCs
nuwy have been iniated o produce the more cestricied dssue-
speciiie progenitors available tr regenerating the damayged tissue.

By assaving the mesenchymal lincages. ouwr data demonstrate
that the gremer the porendal weell hus for diflerentiuion. the varer
it is within the mesenchynil comparnwent. Recen evidence has

shown that MSCs arise during an initial vanstent wave off

newroepithelial - differentinion, althoush these are replied Iy
MSCs rom unkinown <ources [2HL We have shown here that the
and this retlecis embryonic

musecle Tineage is the Gese w be ortei,

mesenelvmal developmenm in which a0 subsequent wave of

paraxial mesoaderm development gives vise o inidally ideneal
~omites that speeily into tiree regions, The dermramyotome and

Ave rise 1o skelet] nwescles of the ack, hody wall and

2z

TN OLONR:
litals, while the sclerotome produces the cantilage cells ol the
vertehrae aad ribs that subsequentdy andergo endochondral
assification. Sequential loss ol the chondegenic and osteogenic

PLoS ONE | www.plosone.org

lincages inevitably produce the detault fibroblastic lineiage not only

illustrated inthe hierarehy of our model, but abso sbserved i oadaly
marrosy stromt the stremal dssue of the other oreans of the body

and many solid wimors |3

Tor date. clucidaing the biology ol MSCs has been challenging
Because of the low frequency of MSCs within the heterogeneous bone
nrrrow, population, By asing a vicher. more homogencous souree of
printary mesenchvonal cells, HUCPVCs we hinve dissected the
dillerentiation of MSCs withow the confounding cifocts of the varleny

ol other stem cells, progenitors and wrminally diflerentiaed vells
present in bone marrow. We ave shown thae HUCPVCS irduce
tssue repair i response 1o wjury. and dar SCD clonal mudtipotent
parents give vise 1o a clonal multipoent descendants. sadsting the
two propertics of siem cellss sell=renewal and muhilineage difleren-
adion, The abiline of these <elfrenesing progenitors w diilerentiace
along multiple pathw iy s beeomes wore restricted swith e loss of the
myngenic, adipogenic. chondrogenic, ssicogenic and - fibroblustic
progenitor lincages respectivedy . lustradng e oerarchical mecha-
st of MSC e decisions. Ldentitying the molecnliar cues that srves
ar drive this hierarchical caseade will be of consicerable importance
to o understanding mesenchvniad bielogy .

Materials and Methods

Ethical approval wis obtained irom both the Univerane of
Toronto and Sunnvbrook and Womnen's College Fleakth Seiences
Centre. Torono: writien inlormed consent was obtained and e
umbilicad vords were donared by vonsenting tnllrernm caesarian
section patients, A total of 37 nmbilical cords were used in the
experinents - deseribed and the number emploved for each
captioned with the appropriate tigure, For addivenal details see
Supplementuy Medhods 51

Colony forming unit (CFU-F) assay

HUCTVC: expanded o culture o 7090 confluenee sere
harvested  with s pein-EDTA and counted as deseribed in
supplerientiuy Methods 310 Cells were diluted i supplemented

August 2009 | Volume 4 | !ssue 8 | 6498
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Figure 7. Hierarchy of MSC differentiation.
doi:10.1371/journal.pone,0006498.9007

meeia SN 3% fewad bovine serum FBs. CFhoClone. Lo
KPF213 1. 837 2-MEML and  10%  awibiotics
penicillin & sweptomvein, and plated ac 150 100 5 1000 and
300 cells per well of a G-well cultare dish. Aier incubition for 3 -7
cns ar 37 0 in 3% humidified GO the cells were washed with
PRS and stained with 0.3% Crevstal Violer Sigma-Aldrich for
{3 min e room temperature, Cells were washed with PBS wice

[uneizone,

and visible colonies were counted (rom 7 ditferent samples. The
minimwm number of inpue cells required 1w produce w0 sinale
colomy determined the CEU-E Grequeney. This was repeaied w
every stb-culture antl passage 12 P12

In vivo anatysis of HUCPVC differentiation

P2 HUCEVCs were ransduced by lendvivus expressing ¢GTP
driven by the comstitutive EFTa promoter a kind gilt tron e, J
Cilis. MaRS. Toronto, Canadae, The eGEP= cells were expanded

i cudture to 20 107 cells B3 = 107 cells were injected i 200wl o

2=MEA Do the inprafemoral space of cach ot 26 NOD-seid mice
Jackson Labovaories . with an addivional 10 mice veceiving 20 ul
ol -MENM sham o Mier L b and 6 oweeks) the mive were
sacriliced. A eac dme poing the marmse fron 3 mice was lushed
and cultured, while e frmurs from b eell-injected and 3 sham-
mjected mice were tixed for 21 hours m 1187 neurral bullered
formating, The tixed femurs were analvzed by miero compuied

'.ﬁ? PLoS ONE | www.plosone.org
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tomography micro CT Generad Eleatric Teahh Carens A pised
threshold was determined by pixel imensity ouside the fenor. and
soltware GLI MicroView  was then ased w detwermine all pisels
above the threshold as BMID. The tised femurs were then
deculeilied i 20% formie acid and embedded m parallin tor
sectioning into b thin sections, Longidinal sectons were
abtained through the endre width ol die oo, From every 15
seetions, 8 serial sections were Libeled with Masson’s Trichrome.
anu=GEP o ETO0. Siema- Addvich .
Link Biotin, Inmova Bioscieoces
HuNu 13000 Chemicon
1100, Peninsula . ant-human collagen 1T 1:1000 Chensicon-.
and anti-hunian PPARY 12000 Abcam respectively.

biotn-vonjueated  Lighuming-
mewse-mti-tman nuclear-

antigen anti-fman-osteocalein

Clonal isolation of HUCPVCs by sub-single cell seeding
Lsokues ol nale and temale PO HUCPYCaoseers plaed separatels
tor 2 hours, remaoved rom the culwre surfice by invpsin/ FDTA
Supplementany Methods 51 washed and collected as mdependent
suspensions. Fach saspension. approxinuuely 3 10% cells 21 owere
then passed through a0 70 U eell seainer 1o ensure ~ingle cell
suspension. and counted o a ViCelENR awtomaned cell coumer.
310 cells rom cach swspension were nixeed wgether. wud an
dicuot ol the mised suspension was tien dilared in 33w a

conceniration al0.5 ar 0.2 cells pev 30 W eespectivel . ik ul of the

August 2009 | Volume 4 | lssue 8 | 26498



mixed sspension was placed i cach well of 350wl dsue
culture plaes, After 2 F hours, an additional 312 UL ot S M was added
tocach welband the 33 was replaced cvery 3 davs, Adter 10 davs in
culture, vach well of vhe plates wis observed by lishumicroseopy tor
the presence of cells. Oniy wells with colls were maintuned by
replacement ol SM evere 3 davs unddl they veached 71007,
contluence, The cells were then <ub-culared and seeded P2 fo
an individual well ofa G-well cultare disle, The media was replaced
every 2 davs unul the cells reached 700 90" contluence, a which
point they were sub-cultured ane seeded . P3-ino individual T-75+.
in which the media wis replaced every 2 davss Onee the cells
veached 70-90% conlluence. they were vemoved rom the culue
surlwce PE by tvpsin/EDTAL comnted with the Vi-Ceell approx-
imacely T -3x 10" cells- and seeded as required Loy dillerentiaton
assayvs or stareed i liguid N Supplementary Methods 31

Sub-clenal isolation of HUCPYCs by sub-single cell
seeding

Pt oclonal HUCPNVC populations derived trom 1.2 cell/well
weding were obtained ax single suspenstons by passing them
through i 70 um cell strainer. They were then dilined in SA o
1.2 cells per 30 gl and seeded o 96 well plates 3 plates per

clone . The cells were expanded as deseribed above o Gawell
plawes P3 and 1755 P6 . Once they veached 70-90% contluence
thev were the
required for diferemiation assays deseribed below or stored in
licpuid No

removed  from calture surlace, and seeded as

deseribed ubove-

Double blind analysis of clonal fermation by Flucrescent
in-situ hybridization

s all clones andd sub-clones were tsoliued from copal suspensions
of mised male and Gemale cells, single cell solation was conlirmed
by Mlaorescent vt hvbridizaton ‘FISTT anadvsis for the presence
or absence of a0 V-chromasome, 3510 cells from each of the 32
clones anel 11 sub-clooes. both derived from (1.2 cefls/well seeding,
were plated o independent wells on f-well glass chamber slides.
Oue slide wus prepared with known comrols including. 3x 10t
mived male/ female. 3% 107 male.and 3% 107 enwade two wells cells
in separate wells, The slides swere then provided 1o an independent
FISH analyst who was only given identification of the contal wells,
Importandy, the analvsis was double-blind, as neither the person

whao plated the cells nor the independentamabystknesw the gender of

v ol the #3 clones, The CEP Y Sac TER32-112024 DNAFISU
probe was abuined rom Visis, Application of the probe was
performed  following the Visis prowecole and e cells were
comnerstained with DAPL The independent analvst then analy zed
the 13 clones for presenceZabsence of Y-chromwsonie nuclear
lowalization by Nuarescent confocal microscopy, Wells widh a0 Y-
cliromosomye signal cqual or less than the negative conrol knawn
temale cells, or a signal equal or greaer than that o e positive
control known nuade celis were identilied as smgle-cell derived.

Differentiation of HUCPYC clones and sulb-clones

Each clone was sceded into 12 wells of a 2wl plawe. 9 wells
were seeded with 107 cellss OF these. 2 of cach were induced widh
medium contining cither oswogenic supplemented. €5 adipo-
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genic supplemented A3 or mvogenic supplememed M5 media
Supplementmey Methods S1 . and the renmining 3
with SN containing 2% FBS ws negatdve conrols, The remaining
3owells of the plate were seeded with 1000 30 and 1 cells. and
irewed with 33 containing 3% FBS 10 CFU-F
frecuency of cach clone. Albso. 25107 cells from cach clone

were treated

assess Lhe

were induced with chondrogenic supplements G5 15 ml e
Supplementary Methods ST RNA from the remaining incuced
colls was hinvested with 0.3 ml Trizol reagent Invirogen tor RT-
PCIR analysis Supplementary Methods ST and Table St

Statistical analysis

CEU-F frequencies and proliferation were compared using un-
pairee 2ailed t-tests and micre CF data was compared wsing 4
paired 2-tailed rest. T=test values were considered significant with
& probability of tess than 3% P<0.03. For FISH analysis. i the
admixwre of cells of the second donor i each colony is ko then the

probabiiity of not iinding 0 mixcd colony alter idendilication of 22
Sboeells in oeach colony s k77w Tk For k= the
probability of single cell clonal forsdon was 1077 w0 1)
Supporting Information

Methods 81  Supplementary Methods

Found ac doi: 10137 1 journal. pone BO0GE08.:001 - 005 MB
1O

Table 81 Primer sequences used for RT-PCRL - Abbroviations

are: lipoprotein lipase LPL. fast skeletal mvosin light. cliain

FSMELC, and myvosin heavy chain MOC .

Found at doi 1137 L ournal.pone 006 198,002 005 MB
DO
Figure §1 .\ indicuing thelr selfrenewal capacity, clone 1= and

lineage potental. Clone 11D ##s correspond w those in Figure 3¢ 24
ot the 32 parental clones B did not procuce danghaers that sunived
expansion lor lineage analvsis, OF these, 12 swrvived sub-cloning

ndicaed by oswhile 9 did not indicaed by g .

Found at doi: 10137 journalpone OUDE 198005 0 13 MB
DO
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