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

Ola Ismail

Xinghong Xhang

Please stroke out any approved Write additional Biohazards for
Biohazards to be removed below approval below. Give the full name
- do not abbreviate.

Approved E.coli, Lentivirus
Microorganisms

Approved Primary Mouse[primary] Eiahey, spleen, blocd, bone D C . 2‘, Lt7( W\o\k_}{.)
: . Ey marrow. Human|established]786-0, 769-P,
and Established Cells HEK293, HEK293T/17, Jurkat, HK-2

Rodent[established] JAWSII, mIMCD-3, CMT-
93 Porcine [established]LLC-PK1, canine {

Approved Use of
IHuman Source
Material

Approved Genetic [plasmids]: pcDNA3. [vectors]: pLUX-puro
dg iet
Modifications PrORRER
(Plasmids/Vectors)
Approved Use of Musculus .
Animals '
Approved Biological C3 Exotoxin, Phalloidin SKH202L 140 S e

8= ad = Comp

Toxings)

Friday, August 06, 2010 Page 1 of 2



PLEASE ATTACH A MATERIAL SARLETY DATA SHEET OR EQUINN ALENT FOR NEW BIOHAZARDS
PLEASE ATTACH A BRIEF DESCRIPHION OF THE WORK THAT EXPLAINS THE BIOHAZARDS USED AND HOW THEY BWILL Bl
STORED, USED AND DISPOSED Of

As the principal investigator, 1 have ensured that all of the personnel named on the form have been
trained. 1 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 ITazard Communication Form, found at http://www.wph.uwo.ca.

Signature of Permit Holder: 2

Current Classification: 2+ Containment Level for Added Biohazards: B B
Date of Last Biohazardous Agents Registry Form: Jun 29, 2010
Date of Last Modification (if applicable): ,SIQ,L) Q] x) 2ol

BioSafety Officer(s):

Chair, Biohazards Subcommittee: - Date:
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1) Captothecin: Used to induce apoptosis in cells. Apoptotic cells are used as
targets for phagocytosis in our experiments.!

2) SB 202190: Used to block MEK kinase in our cells. MEK kinase is believed to
involved in metalloproease-mediated cleavage of KIM-1.2

3) GM6001: Used to block metalloproteases involved in KIM-1 shedding.?
GM6001 will be injected into mice after ischemia-reperfusion injury surgery.
This protocol will be submitted as a modification to our animal protocol.

4) DC 2.4 mouse dendritic cells were acquired from Dr. Kenneth Rock at Dana
Farber Cancer Institute (via MTA). They will be used to study the
interrelationship of antigen presenting cells with our kidney epithelial cells.

Ichimura T, Asseldonk EJ, Humphreys BD, Gunaratnam L, Duffield JS,
Bonventre |V. Kidney injury molecule-1 is a phosphatidylserine receptor that
confers a phagocytic phenotype on epithelial cells. / Clin Invest. May
2008;118(5):1657-1668.

Zhang Z, Humphreys BD, Bonventre JV. Shedding of the urinary biomarker
kidney injury molecule-1 (KIM-1) is regulated by MAP kinases and
juxtamembrane region. | Am Soc Nephrol. Oct 2007;18(10):2704-2714.



For the Captothecinj [

How much (in ug) do you handle at once? 5mM.X 15 uL W
How much (in ug) do you store? 100mg

Please provide an LD50. Acute oral toxicity (LD50): 50.1 mg/kg [Mouse]

emod
\our Un 73, 2ol

For the SB2021907

How much (in ug) do you handle at once? 0.05mg

How much (in ug) do you store? 5mg

Please provide an LD50. Acute dermal toxicity (LD50): 40000 mg/kg [Rat].

For the GM60017 -
How much (in ug) do you handle at once? 0.010.05 mg o~ .08 mg Pt
How much (in ug) do you store? 1mg-1g L ~rree

Please provide an LD50. LD50: Not available. pron 23, 201



———————— Original Message --------
Subject:Re: Biohazards Modification: Gunaratnam
Date:Mon, 14 Feb 2011 13:56:38 -0500
From:Lakshman Gunaratnam <Lakshman.Gunaratnam(@lhsc.on.ca>
To:jstanle2{@uwo.ca

Here is the MSDS for DMSO

Use: as solvent for chemicals in lab and for GM6001 injecticns into
mice (10% solution)
Max single use: 200 microlitres
Max Lab Stock: 0.5L
LD50:ral, mouse: LD30 = 7920 mg/kg;
Oral, rat: LD50 14500 mg/kg;
Skin, rat: LD50 = 40 gm/kg;

Thanks for adding this to my Protocol.

Lakshman Gunaratnam, MD.,M.Sc.
Assistant Professor of Medicine and
Microbiology & Immunclogy
Transplant Nephrologlst

London Health Scilences Centre-UH



SIGMA-ALDRICH

sigima-aldrich.com

Material Safety Data Sheet

Version 4.1
Revision Date 10/22/2010
Print Date 02/07/2011

1. PRODUCT AND COMPANY IDENTIFICATION

Product name

Product Number
Brand
Product Use

Supplier

Telephone

Fax

Emergency Phone # (For
both supplier and
manufacturer)
Preparation Information

(S)-(+)-Camptothecin

Co911
Sigma
For laboratory research purposes.

Sigma-Aldrich Canada, Ltd
2149 Winston Park Drive
OAKVILLE ON L6H 6J8
CANADA

+19058299500
+19058299292
1-800-424-9300

Manufacturer Sigma-Aldrich Corporation
3050 Spruce St.
St. Louis, Missouri 63103

USA

Sigma-Aldrich Corporation
Product Safety - Americas Region
1-800-521-8956

2. HAZARDS IDENTIFICATION
Emergency Overview

WHMIS Classification
D1B
Serious Toxic

GHS Classification

Toxic Material Causing Immediate and

Toxic by ingestion
Effects

Acute toxicity, Oral {Category 3)

GHS Label elements, including precautionary statements

Pictogram

Signal word

Hazard statement(s)
H301

Precautionary statement(s)
P264

P270

P301 + P310

P321

P330

P405

P501

HMIS Classification
Health hazard:
Flammability:
Physical hazards:

Potential Health Effects

Inhalation
Sigma - C9911

Danger
Toxic if swallowed.

Wash skin thoroughly after handling.

Do not eat, drink or smoke when using this product.

IF SWALLOWED: Immediately call a POISON CENTER or doctor/ physician.
Specific treatment (see supplemental first aid instructions on this label).
Rinse mouth.

Store locked up.

Dispose of contents/ container to an approved waste disposal plant.

2
0
0

May be harmful if inhaled. May cause respiratory tract irritation.
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Skin May be harmful if absorbed through skin. May cause skin irritation.
Eyes May cause eye irritation.
Ingestion Toxic if swallowed.

3. COMPOSITION/INFORMATION ON INGREDIENTS

Formula t CopgHigN204
Molecular Weight : 348.35 g/mol
CAS-No. | EC-No. | Index-No. [ Concentration

(8)-(+)}-Camptothecin
7689-03-4 | - [ - [ -

4. FIRST AID MEASURES

General advice
Consult a physician, Show this safety data sheet to the doctor in attendance Move out of dangerous area.

if inhaled
If breathed in, move person into fresh air. If not breathing, give artificial respiration. Consult a physician.

In case of skin contact
Wash off with soap and plenty of water. Take victim immediately to hospital, Consult a physician.

In case of eye contact
Flush eyes with water as a precaution.

If swallowed
Never give anything by mouth to an unconscious persen. Rinse mouth with water. Consult a physician.

5. FIRE-FIGHTING MEASURES

Conditions of flammability
Not flammable or combustible.

Suitable extinguishing media
Use water spray, alcohol-resistant foam, dry chemical or carbon dioxide.

Special protective equipment for fire<fighters
Wear self contained breathing apparatus for fire fighting if necessary.

Hazardous combustion products
Hazardous decomposition products formed under fire conditions. - Carbon oxides, nitrogen oxides {NOx)

Explosion data - sensitivity to mechanical impact
no data available

Explosion data - sensitivity to static discharge
no data available

6. ACCIDENTAL RELEASE MEASURES

Personal precautions
Wear respiratory protection, Avoid dust formation. Avoid breathing vapors, mist or gas. Ensure adequate ventilation.
Evacuate personnel to safe areas. Avoid breathing dust.

Environmental precautions
Prevent further leakage or spillage if safe to do so. De not let product enter drains.

Methods and materials for containment and cleaning up
Pick up and arrange disposal without creating dust. Sweep up and shovel. Keep in suitable, closed containers for

disposal.

7. HANDLING AND STORAGE

Sigma - C9%1i1 Page 2 of 7



Precautions for safe handling
Avoid contact with skin and eyes. Avoid formation of dust and aerosols.
Provide appropriate exhaust ventilation at places where dust is formed. Normal measures for preventive fire protection.

Conditions for safe storage
Keep container tightly closed in a dry and well-ventilated place.

Recommended storage temperature: 2 - 8 °C

Keep in a dry place.

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Contains no substances with occupational exposure limit values.
Personal protective equipment

Respiratory protection

Where risk assessment shows air-purifying respirators are appropriate use a full-face particle respirator type N39
{(US) or type P2 (EN 143) respirator cartridges as a backup to engineering controls. If the respirator is the sole
means of protection, use a full-face supplied air respirator. Use respirators and components tested and approved
under appropriate government standards such as NIGSH (US) or CEN (EU}.

Hand protection

Handle with gloves. Gloves must be inspected prior fo use. Use proper glove removal technique (without touching
glove's outer surface) to avoid skin contact with this product. Dispose of contaminated gloves after use in
accordance with applicable laws and good laboratory practices. Wash and dry hands.

Eye protection
Face shisld and safety glasses Use equipment for eye protection tested and approved under appropriate
government standards such as NIOSH (US) or EN 166(EU).

Skin and body protection
Complete suit protecting against chemicals, The type of protective equipment must be selected according to the
concentration and amount of the dangerous substance at the specific workplace.

Hygiene measures
Avoid contact with skin, eyes and clothing. Wash hands before breaks and immediately after handling the product.

Specific engineering controls
Use mechanical exhaust or laboratory fumehood to avoid exposure.

9. PHYSICAL AND CHEMICAL PROPERTIES

Appearance
Farm powder
Colour no dafa available
Safety data
pH no data available
Melting/freezing Melting point/range: 260 °C (500 °F) - dec.
point
Bailing point no data available
Flash point no data available

Ignition temperature  no data available

Autoignition no data available
temperature

Lower explosion limit  no data available
Upper explosion limit  no data available
Vapour pressure no data avaitable

Sigma - C9911 Page 3 of 7



Density
Water solubitity

Partition coefficient:
n-octanol/water

Relative vapour
density

Odour
Odour Threshold

Evaporation rate

no data available
no data available

nc data available

no data available

no data available
no data available

no data available

10. STABILITY AND REACTIVITY

Chemical stahility

Stable under recommended storage conditions.

Possibility of hazardous reactions

no data available

Conditions to avoid
no data available

Materials to aveid
Strong oxidizing agents

Hazardous decomposition products

Hazardous decomposition products formed under fire conditions. - Carbon oxides, nitrogen oxides (NOx)

11. TOXICOLOGICAL INFORMATION

Acute toxicity
Oral LD50

LD50 Oral - rat - 153 mg/kg

Inhalation LC50
no data availablfe

Dermal LD50
no data available

Other information on acute toxicity

no data available

Skin corrosionfirritation
no data available

Serious eye damage/eye irritation

no data available

Respiratory or skin sensitization

no data available

Germ cell mutagenicity

Genotoxicity in vifro - mouse - lymphocyte
Other mutation test systems

Genotoxicity in vitro - Hamster - ovary

Sister chromatid exchange

Genotoxicity in vitro - Human - leukocyte

DNA inhibition

Genotoxicity in vitro - Hamster - Lungs
Mutation in mammalian somatic cells.

Genotoxicity in vitro - Hamster - Lungs

Sigma - C9911
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Sister chromatid exchange

Genotoxicity in vitro - mouse - leukocyte
DNA inhibition

Genotoxicity in vitro - Hamsler - ovary
DNA damage

Genotoxicity in vitro - Human - Hela cell
DNA inhibiticn

Genotoxicity in vitro - Chicken - Embryo
DNA inhibition

Genotoxicity in vitro - Human - Hel a cell
Other mutation test systems

Genotoxicity in vitro - Human - leukocyte
Other mutation test systems

Genotoxicity in vitro - Human - lymphocyte
Sister chromatid exchange

Genotoxicity in vitro - Hamster - Lungs
Cytogenetic analysis

Genotoxicity in vitro - Hamster - ovary
Cytogenetic analysis

Genotoxicity in vitro - Hamster - Lungs
DNA damage

Genotoxicity in vitro - mouse - lymphocyte
DNA inhibition

Genotoxicity in vitro - mouse - leukocyte
DNA damage

Genotoxicity in vitro - Monkey - Kidney
DNA damage

Genotoxicity in vitro - Human - lymphocyte
Cytogenetic analysis

Genotoxicity in vitro - Human - Other cell types
Cytogenetic analysis

Genotoxicity in vitro - Human - fibroblast
DNA damage

Genotoxicity in vitro - Human - HelLa cell
DNA damage

Genotoxicity in vitro - Human - lymphocyte
DNA damage

Genotoxicity in vitro - Human - Other cell types
DNA damage

Genotoxicity in vivo - mouse - Intraperitoneal
Cytogenetic analysis

Carcinogenicity

IARC: No component of this preduct present at levels greater than or equal to 0.1% is identified as probable,
possible or confirmed human carcinogen by JARC.

ACGIH: No compenent of this product present at levels greater than or equal to 0.1% is identified as a
carcinogen or potential carcinogen by ACGIH.

Reproductive toxicity

Sigma - C9911 Page 5 of 7



no data available
Teratogenicity

no data available

Specific target organ toxicity - singlfe exposure (Globally Harmonized System)
no data available

Specific target organ toxicity - repeated exposure {Globally Harmonized System)
no data available

Aspiration hazard
no data available

Potential health effects

Inhalation May be harmful if inhaled. May cause respiratory tract irritation.
Ingestion Toxic if swallowed.

Skin May be harmful if absorbed through skin. May cause skin irritation.
Eyes May cause eye irritation.

Signs and Symptoms of Exposure
To the best of our knowledge, the chemical, physical, and toxicological properties have not been thoroughly investigated.

Synergistic effects
no data available

Additional Information
RTECS: UQ0492000

12. ECOLOGICAL INFORMATION
Toxicity
no data available

Persistence and degradability
no data available

Bioaccumulative potential
no data available

Mobility in soil
no data available

PBT and vPvB assessment
no data available

Other adverse effects

no data available

13. DISPOSAL CONSIDERATIONS

Product
Offer surplus and non-recyclable solutions to a licensed disposal company. Contact a licensed professional waste
disposal service to dispose of this material. Dissolve or mix the material with a combustible solvent and burn in a

chemical incinerator equipped with an afterburner and scrubber.

Contaminated packaging
Dispose of as unused product.

14. TRANSPORT INFORMATION

DOT (US)

UN-Number; 1544 Class: 6.1 Packing group: Il
Proper shipping name: Alkaloids, solid, n.o.s. ((8)-(+)-Camptothecin)
Marine pollutant: No

Sigma - C9911 Page 6 of 7



Poison Inhalation Hazard: No

IMDG

UN-Number: 1544 Class: 6.1 Packing group: lil EMS-No: F-A, S-A
Proper shipping name: ALKALOIDS, SOLID, N.O.S. {(S)-(+)-Camptothecin)

Marine pollutant: No

IATA
UN-Number; 1544 Class: 6.1 Packing group: Il
Proper shipping name: Alkaloids, solid, n.o.s. {((S}-(+)}-Camptothecin)

15. REGULATORY INFORMATION

DSL Status
This product contains the following compenents that are not on the Canadian DSL nor NDSL lists.
CAS-No.
{S)-(+)-Camptothecin 7689-03-4
WHMIS Classification
D1B Toxic Material Causing Immediate and Toxic by ingestion

Serious Toxic Effects

This product has been classified in accordance with the hazard criteria of the Controlled Products Regulations and the
MSDS contains all the information required by the Controlled Products Regulations.

16. OTHER INFORMATION

Further information

Copyright 2010 Sigma-Aldrich Co. License granted to make unlimited paper copies for internal use only.

The above information is believed to be correct but does not purport to be all inclusive and shall be used only as a
guide. The information in this document is based on the present state of our knowledge and is applicable to the
product with regard to appropriate safety precautions. It does not represent any guarantee of the properties of the
product. Sigma-Aldrich Co., shall not be held liable for any damage resulting from handling or from contact with the
above producl. See reverse side of invaice or packing slip for additicnal terms and conditions of sale.

Sigma - C9911 Page 7 of 7



Conforms to 93/L12/EC and 1SO 11014-1

SAFETY DATA SHEET

CALBIOCHEM

Order Number Customer Number
1. Identification of the substance/preparation and of the company/undertaking
Product name : GM6001 in Solution Catalog /f : 364206
Supplier : EMD Biosqiencesl Inc.
Chemical formula 1 CaHoaNaOy ;2i98i:§§tfg}\ce9r;1e;$oun
(B58)450-5558/(B00)854-3417
FAX: (858)453-3552
Synonyin : Not available.

Lmergeney telephone @ Call Chemtree s
number (R00)424-9300 (within LLS.AL)
(703)327-3887 (oulside U.S.A.)

2. Composition / information on ingredients

Substance/Preparation : Substance
Chemical name* CAS No. EC Number Symbol R-Phrases
GMB6001 in Solution Not available. | Xi R36/38

3. Hazards identification

Physical/chemical hazards : Not applicable.

Human health hazards : CAUTION!
MAY CAUSE EYE AND SKIN IRRITATION.

4, First-aid measures

First-Aid measures

Inhalation . If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get medical
attention.
Ingestion : Do NOT induce vomiling unless directed to do so by medical personnel. Never give anything by moulh to an unconscious

person. If large quantities of this material are swallowed, call a physician immediately. Loosen tight clothing such as a
collar, tie, belt or waistband.

Skin Contact : In case of contact, immedialely flush skin with plenty of water. Cover the irritated skin with an emollient. Remove
contaminated clothing and shoes. Wash clothing before reuse. Thoroughly clean shoes before reuse. Get medical
altention.

Exe Contact . Check for and remove any contact lenses. In case of contacl, immediately flush eyes with plenty of water for at least 15

minutes. Gel medical attention.

Lffects and svinptoms

Skin Contact . Hazardous in case of skin contact (irritant). Skin inflammation is characterized by itching. scaling, reddening, or,
occasionally, blistering.
Eye Contact . Hazardous in case of eye contacl (irritant).
Aggravating conditions . Repeated or prolonged exposure is not known to aggravate medical condition.

5. Fire-fighting measures

Flammability of the Product : May be combustible at high temperature.

Extinguishing Media

Suitable : SMALL FIRE: Use DRY chemical powder.
LARGE FIRE: Use water spray, fog or foam. Do not use waler jel.
Hazardous thermal (de)composition : These products are carbon oxides (CO, CO2), nitrogen oxides (NO, NOZ2...)
products
Special fire-fighting procedures : Fire fighters should wear positive pressure self-conlained breathing apparatus (SCBA) and full turnout gear
Protection of fire-fighters : Be sure to use an approved/certified respirator or equivalent

Catalog 364206 Page: 1/4 7




6. Accidental release measures

Personal precautions

Snpall Spill and Leak

Large Spill und 1.eak

Splash goggles. Full suil. Boots. Gloves. Suggesied protective clothing might not be sufficient; consult a specialist
BEFORE handling this product
Absorly with an inert material and put the spilled material in an appropriale waste disposal

Absorhy with an inert material and put the spilled material in an appropriate waste disposal

7. Handling and storage

Handling

Storage
Packaging materials

Recammended use

Keep away fram heat. Keep away [rom sources of ignition. Empty containers pose a fire risk, evaporate the residue under
a fume hood. Ground all equipment cantaining malerial. Do not breathe gasffumes/ vaporfspray. Wear suitable protective
dothing. If you feel unwell, seek medical atlention and show the label when possible. Avoid contact with skin and eyes.

Keep container tightly closed. Keep container in a cool, well-venlilaled area. Do not store above 4°C (39.2°F).

Use original cantainer.

8. Exposure controls/personal protection

Engineering measares

Hygivie mensures

Provide exhausl venlitalion or olher engineering controls to keep the airborne concentrations of vapars below their
respeclive threshold limit value. Ensure that eyewash stations and safety showers are proximal to the work-station location.

Wash hands after handling compounds and before eating, smoking, using lavatory, and at the end of day.

Ingredient Maune
GMBOGT in Solution

Occupationat Eyposure Limits

Not available.

Personal protective equipment
Skin and hody
1lunds
Tves

Protective Clothing {Pictograms)

Lab coal.
Gloves.

Splash goggles.

L

9, Physical and chemical properties

Physical state
Calor

Molecudar Weight
Solubiligy

Flash point

Explosive properties

Liguid. (Supplied in DMSO}
Mot available.
38B.5 g/mole

Net available.
Not available,

Risks of explosion of the product in presence of mechanical impact: Not available.
Risks of explosion of the product in presence of siatic discharge: Not avaitable.

10. Stability and reactivity

Seability

Conditions Lo sveid

Hazardous recomposition Peoduets

The product is stable.
Hygroscopic: keep container tightly closed

These products are carbon oxides {CO, C0O2), nilrogen oxides (NO, NO2_ ).

11. Toxicological information

RIECS#
Loval effeels

Skin brritation
Acule tovicity
Chronic laxicity

Other Toxde Effeets on Humans

Not available.

Hazardous in case of skin conlact {irntant)

LD50: Not available
LC50: Not available
Repeated or prolonged exposure is not known to aggravate medical condition.

Not avalable
Hazardous in case of skin contact (irritant), of eye conlact (irrilant)

Not available.

Catalog i 3684206
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To the best of our knowledge. the toxicalogical properties of 1his product have not been thoroughly investigated

Carcinogenic effects : Notavailabie
Mutagenic effects : Not availabie
Reproduction tovicity : Not avalabie
Feratosenic elfects : Not availabe.

12. Ecological information

Featoxicity : Nol avaiiahle.

Tovicity of the Produsts ol + The product itself and ils products of degradation are not toxic.
Bivdepradmion

13. Disposal considerations

Methods of disposal: Waste of residues: © Waste must be disposed of in accordance with federal, state and local environmental control reguletions.
Contaminsied puckaging

t4. Transport information

Ingernational ranspori regulations

Land - Roadaiinay

ADRRIP Class : Nol controlled under ADR (Europe)
St

IMING Class : Not controlled under IMDG.
Al

TATA-DGR Class : Notconlrolled under JATA.
special Provisions for Not applicable.

Transport

15. Regulatory information

LU Regalations

1Hazard symbol(s)

2 3

Classilication ¢ Imitant

Risk Phrases + R36/38- Imitaling to eyes and skin,

Sufery Phirases 1 526- In case of contact with eyes, nnse immediately with plenty of waler and seek medical advice
LLS. Federul Regulations ' TSCA: No products were found.

SARA 302/304/311/312 extremely hazardous substances: No products were found
SARA 302304 emergency planning and notificalion: No producls were found
SARA 302/304/311/312 hazardous chemicals: No products were found
SARA 311/312 MSOS dislribution - chemical inventory - hazard identification: No products were found.
SARA 313 toxic chiemica! notification and release reporling: No products were found.
Clean Water Act {CWA) 307: No products were found.
Ciean Water Act (CWA} 311: No products were found.
Clean air acl (CAA) 112 accidental release prevention: No products were found.
Clean air acl (CAA) 112 regulated fiammable substances: No products were found.
Clean air act {CAA) 112 regulated toxic substances: No products were found.

HCS Chassilication : CLASS: Iritating substance.

Stile Rygaladions

WHENITS (Canuda) . Nol contrelled under WHMIS (Canada).

No products were found

16. Other information

National Fire
| Protection Assoctation
(L.5.\) Heatth

Itazardons Material
Information System
(LS.

Lire #lasacl

Keasthvity

Reactivity

Spevkbic Lezacd

Persanal Protection J

Notiee to Reader,

Catalog o 3642006 Page: 3/4




o r.';v best af our knowledge, the information contaivied herein is accnrate. However, neither the above named supplior nor any of s subsidiaries asswines oy
Hability whatsoever for the acewracy or completenoss of the inforsation contained hrerein.

Final determination af snitability of any material is the sele responsibitity of the wser. All materialy may present wnknown hazards and showdd be used with
vantion. Altheugh certain hazards are described herein, we cannot grarairee that these are the only fuzerds ot exise. **This product is iotended for research
wse oy, **

Catalog % 364206 Bite of issue 12/3172004. | |
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SIGMA-ALDRICH

sigma-aldrich.com

Material Safety Data Sheet

Version 4.1
Revision Date 10/21/2010
Print Date 02/07/2011

1. PRODUCT AND COMPANY IDENTIFICATION

Product name

Product Number
Brand
Product Use

Supplier

Telephone

Fax

Emergency Phone # (For
both supplier and
manufacturer)
Preparation Information

SB 202190

S7067

Sigma

For laboratory research purposes.
Sigma-Aldrich Canada, Ltd Manufacturer
2149 Winston Park Drive

OAKVILLE ON L6H 6J8

CANADA

+19058299500

+19058299292

1-800-424-9300

Sigma-Aldrich Corporation
3050 Spruce St.

St. Louis, Missouri 63103
USA

Sigma-Aldrich Corporation
Product Safety - Americas Region
1-800-521-8956

2. HAZARDS IDENTIFICATION
Emergency Overview

WHMIS Classification
D2B

GHS Classification
Skin irritation (Category 2)

Eye irritation (Category 2A)

Toxic Material Causing Other Toxic Effects

Moderate skin irritant
Moderate respiratory irritant
Moderate eye irritant

Specific target organ toxicity - single exposure (Category 3)

GHS Label elements, including precautionary statements

Pictogram

Signal word

Hazard statement(s)
H315
H319
H335

Precautionary statement(s)
P261

P264

P271

P280

P302 + P352

P304 + P340

P305 + P351 + P338

Sigma - S7067

P A
<>

s
Warning

Causes skin irritation.
Causes serious eye irritation.
May cause respiratory irritation.

Avoid breathing dust/ fume/ gas/ mist/ vapours/ spray.

Wash skin thoroughly after handling.

Use only outdoors or in a well-ventilated area.

Wear protective gloves/ eye protection/ face protection.

IF ON SKIN: Wash with plenty of soap and water.

IF INHALED: Remove victim to fresh air and keep at rest in a position comfortable for
breathing.

IF IN EYES: Rinse cautiously with water for several minutes. Remove contact lenses, if
present and easy to do. Continue rinsing.

Page 1 of 6



P3i2 Call a POISON CENTER or doctor/ physician if you feel unwell.

P321 Specific treatment (see supplemental first aid instructions on this label).
P332 + P313 If skin irritation occurs: Get medical advice! attention,
P337 + P313 If eye irritation persists: Get medical advice/ attention.
P362 Take off contaminated clothing and wash before reuse.
P403 + P233 Store in a well-ventilated place. Keep container tightly closed.
P405 Store locked up.
P501 Dispose of contents/ container to an approved waste disposal plant.
HMIS Classification
Health hazard: 2
Flammahility: 0
Physical hazards: 0
Potential Health Effects
Inhalation May be harmful if inhaled. Causes respiratory tract irritation.
Skin May be harmful if absorbed through skin. Causes skin irritation.
Eyes Causes eye irritation.
Ingestion May be harmful if swallowed.

3. COMPOSITION/INFORMATION ON INGREDIENTS

Synonyms ¢ 4-(4-Fluorophenyl)-2-(4-hydroxyphenyl)-5-(4-pyridyl)}-1H-imidazole
Formula . CogHq4FN30
Molecular Weight : 331.34 g/mol
CAS-No. | EC-No. [ Index-No. [ Concentration
SB 202190
152121-30-7 [ - [ - E

4. FIRST AID MEASURES

General advice
Consult a physician. Show this safety data sheet to the doctor in attendance.Move out of dangerous area.

If inhaled
If breathed in, move person into fresh air. If not breathing, give artificial respiration. Consult a physician.

In case of skin contact
Wash off with soap and plenty of water. Consult a physician.

In case of eye contact
Rinse thoroughly with plenty of water for at least 15 minutes and consult a physician.

If swallowed
Never give anything by mouth to an unconscious person. Rinse mouth with water. Consult a physician.

5. FIRE-FIGHTING MEASURES

Conditions of ftammability
Not flammable or combustible.

Suitable extinguishing media
Use water spray, alcohol-resistant foam, dry chemical or carbon dioxide.

Special protective equipment for fire-fighters
Wear self contained breathing apparatus for fire fighting if necessary.

Hazardous combustion products
Hazardous decomposition products formed under fire conditions. - Carbon oxides, nitrogen oxides (NOx), Hydrogen
fluoride

Explosion data - sensitivity to mechanical impact

no data available
Sigma - S7067 Page 2 of 6



Explosion data - sensitivity to static discharge
no data available

6. ACCIDENTAL RELEASE MEASURES

Personal precautions
Use personal protective equipment. Aveid dust formation. Avoid breathing vapors, mist or gas. Ensure adequale
ventilation. Evacuate personnel to safe areas. Avoid breathing dust.

Environmental precautions
Do not let product enter drains.

Methods and materials for containment and cleaning up
Pick up and arrange disposal without creating dust. Sweep up and shovel. Keep in suitable, closed containers for

disposal.

7. HANDLING AND STORAGE

Precautions for safe handling
Avoid contact with skin and eyes. Avoid formation of dust and aerosols.
Provide appropriate exhaust ventilation at places where dust is formed. Normal measures for preventive fire protection.

Conditions for safe storage
Keep container tightly closed in a dry and well-ventilated place.

Recommended storage temperature: 2 - 8 °C

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Contains no substances with occupational exposure limit values.
Personal protective equipment

Respiratory protection

For nuisance exposures use type P95 (US) or type P1 (EU EN 143) particle respirator.For higher level protection
use type OV/AG/PS9 (US) or type ABEK-P2 (EU EN 143) respirator cartridges. Use respirators and components
tested and approved under appropriate government standards such as NIOSH (US) or CEN (EU).

Hand protection

Handle with gloves. Gloves must be inspected prior to use. Use proper glove removal technigue (without touching
glove's outer surface) to avoid skin contact with this product. Dispose of contaminated gloves after use in
accordance with applicable laws and good laboratery practices. Wash and dry hands.

Eye protection
Safety glasses with side-shields conforming to EN166 Use equipment for eye protection tested and approved under
appropriate government standards such as NIOSH (US) or EN 166(EU).

Skin and body protection
impervious clothing, The type of protective equipment must be selected according to the concentration and amount

of the dangerous substance at the specific workplace.

Hygiene measures
Handle in accordance with good industrial hygiene and safety practice. Wash hands before breaks and at the end of

workday.

Specific engineering controls
Use mechanical exhaust or laboratory fumehood to avoid exposure.

9. PHYSICAL AND CHEMICAL PROPERTIES

Appearance

Form solid

Colour no data available
Safety data

pH no data available

Sigma - ST087 Page 3 of B



Melting/freezing
point

Boiling point
Flash point

Ignition temperature

Autoignition
temperature

Lower explosion limit

Upper explosion limit

Vapour pressure
Density
Water solubility

Partition coefficient;

n-octanol/water

Relative vapour
density

Odour
Qdour Threshold

Evaporation rate

no data available

no data available
no data available
no data available

no data available

no data available
no data available
no data available
no data available
no data available

no data available

no data available

no data available
no data available

no data available

Chemical stability

Stable under recommended storage conditions.

10. STABILITY AND REACTIVITY

Possibility of hazardous reactions

no data available

Conditions to avoid
no data available

Materials to avoid

Strong oxidizing agents

Hazardous decomposition products
Hazardous decomposition products formed under fire conditions. - Carbon oxides, nitrogen oxides (NOx), Hydrogen

fluoride

Acute toxicity

Oral LD50
no data available

Inhalation LCS50
Dermal LD50
no data available

11. TOXICOLOGICAL INFORMATION

Other information on acute toxicity

no data available

Skin corrosionfirritation

no data available

Serious eye damage/eye irritation

no data available

Respiratory or skin sensitization

Sigma - 57067
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no data available

Germ cell mutagenicity
no data available

Carcinogenicity

IARC: No component of this product present at levels greater than or equal to 0.1% is identified as probable,
possible or confirmed human carcinogen by IARC.

ACGIH: No component of this product present at levels greater than or equal to 0.1% is identified as a
carcinogen or potential carcinogen by ACGIH.

Reproductive toxicity

no data available
Teratogenicity

no data available

Spacific target organ toxicity - single exposure {Globally Harmonized System)
Inhalation - May cause respiratory irritation.

Specific target organ toxicity - repeated exposure (Globally Harmonized System)
no data available

Aspiration hazard
no data available

Potential health effects

Inhalation May be harmful if inhaled. Causes respiratory tract irritation.
Ingestion May be harmful if swallowed.

Skin May be harmful if absorbed through skin. Causes skin kritation.
Eyes Causes aye irritation.

Signs and Symptoms of Exposure
To the best of our knowledge, the chemical, physical, and toxicological properties have not been thoroughly investigated.

Synergistic effects
no data available

Additional Information
RTECS: Not available

12. ECOLOGICAL INFORMATION
Toxicity
no data available

Persistence and degradability
no data available

Bioaccumulative potential
no data available

Mobility in soil
no data available

PBT and vPvB assessment
no data available

Other adverse effects

no data available

Sigma - 87067 Page 5 of 6



13. DISPOSAL CONSIDERATIONS

Product
Offer surplus and non-recyclable solutions to a licensed disposal company. Contact a licensed professional waste

disposal service to dispose of this material.

Contaminated packaging
Dispose of as unused product.

14. TRANSPORT INFORMATION
DOT (US)
Not dangerous goods

IMDG
Not dangerous goods

IATA
Not dangerous goods

15. REGULATORY INFORMATION

DSL Status
This product contains the following components that are not on the Canadian DSL nor NDSL lists.
CAS-No.
SB 202190 152121-30-7

WHMIS Classification
D2B Toxic Material Causing Other Toxic Effects Moderate skin irritant
Moderate respiratory irritant
Moderate eye irritant

This product has been classified in accordance with the hazard criteria of the Controlled Products Regulations and the
MSDS contains all the information required by the Controlled Products Regulations.

16. OTHER INFORMATION

Further information

Copyright 2010 Sigma-Aldrich Co. License granted to make unlimited paper copies for internal use only.

The above information is believed to be correct but does not purport to be all inclusive and shall be used only as a
guide. The information in this document is based on the present state of our knowledge and is applicable to the
product with regard to appropriate safety precautions. It does not represent any guarantee of the properties of the
product. Sigma-Aldrich Co., shall not be held liable for any damage resulting from handling or from contact with the
above product. See reverse side of invoice ar packing slip for additional terms and conditions of sale.

Sigma - S7067 Page 6 of 6



MATERIAL SAFETY DATA SHEET MSDS #GCC1-10
DIMETHYL SULFOXIDE (DMSO) september 28, 2010

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION
PRODUCT NAME: Dimethyl Sulfoxide (DMSO) CHEMICAL NAME: Dimethyl Sulfoxide

SYNONYMS/TRADE NAMES: Enviro S®, dimethyl sulphoxide, methyl sulfoxide,

sulfinylbis [methane]

MOLECULAR FORMULA: C;HsOS MOLECULAR WEIGHT: 78.13

USE of the substance: Solvent for manufacture of pharmaceuticals, fine chemicals and polymers.

MANUFACTURER/SUPPLIER:
GAYLORD CHEMICAL COMPANY, LLC
P. 0. BOX 1209
SLIDELL, LA 70459-1209

EMERGENCY HEALTH, SAFETY & ENVIRONMENTAL INFORMATION, CALL:
Gaylord Chemical Company, LLC  (985) 649-5464 (8:00 am - 5:00 pm CST)
(205) 342-0652 (Nights and Weekends)
EMERGENCY TRANSPORTATION INFORMATION, CALL:
CHEMTREC (800) 424-9300
OTHER INFORMATION, CALL: Gaylord Chemical Company, LLC (985) 649-5464

2. COMPOSITION /INFORMATION ON INGREDIENTS

Hazardous Ingredients CAS No EINECS Weight % OSHA PEL ACGIH TLV®
Dimethyl Sulfoxide 67-68-5 200-664-3 299% Not established Not established
NTP/IARC/OSHA CARCINOGEN: No

EC Classifications (R or S phrases}): None Required

3. HAZARDS IDENTIFICATION

WARNING! COMBUSTIBLE LIQUID AND VAPOR
PHYSICAL APPEARANCE: Clear liquid

ODOR: Essentially odorless

EFFECTS OF OVEREXPOSURE:

General: DMSO has shown very few toxic symptoms in humans. The most common
are nausea, skin rashes and an unusual garlic-onion-oyster smell on body
and breath.

Inhalation: High vapor concentrations may cause headache, dizziness, and sedation.

Eyes: Low hazard for usual industrial/ commercial handling by trained personnel.

Skin: Stinging and burning of the skin as well as rashes and vesicles have been

seen. A heat reaction may occur if applied to wet skin. Avoid contact with
DMSO solutions containing toxic material or materials whose toxicological
properties are not known. DMSO easily penetrates the skin and may
enhance the rate of skin absorption of skin-permeable substances. But
because of DMSO’s low toxicity and its inability to carry less-permeable
substances with it through the skin, it can be concluded that DMSO does
not pose a significant threat by skin absorption.
Ingestion: A low ingestion hazard.

HMIS AND NFPA HAZARD RATINGS: Health - 1, Flammability - 1, Chemical Reactivity - O
Note: HMIS and NFPA ratings involve data and interpretations that may vary from company to company. In both cases the
lower the number, the less the hazard. They are intended only for rapid, general identification of the magnitude of the
specific hazard. To deal adequately with the safe handling of this material, all the information contained in this MSDS must
be considered.



MATERIAL SAFETY DATA SHEET September 28, 2010
DIMETHYL SULFOXIDE {DMSO) MSDS GCC1-10

4. FIRST AID MEASURES

NEVER GIVE FLUIDS OR INDUCE VOMITING IF PATIENT IS UNCONSCIOUS OR IS HAVING
CONVULSIONS.
General advice:
Remove contaminated clothing promptly (launder before reuse).
Eye Contact:
Flush thoroughly with running water (including under eyelids) for at least 15 minutes. [
irritation persists after flushing, seek medical attention.
Skin Contact:
Wash contaminated skin with water. Seek medical attention if irritation persists.
Ingestion:
Seek immediate medical care. Do not induce vomiting,.
Inhalation:
Remove to fresh air. If breathing has stopped, provide artificial respiration, keep the victim
warm and seek medical attention,
Special advice:
In general, DMSO is not dangerous to people, but like any other chemical, it should be treated
with care, respect and common sense,

5. FIRE-FIGHTING MEASURES

Combustible liquid and vapor
Extinguishing Media:
Foam, carbon dioxide, dry powder, and water spray.
Special protective equipment for fire-fighters:
Wear a self-contained Breathing Apparatus (SCBA).
Special Exposure Hazards:
Burning dimethyl sulfoxide produces poisonous gases (sulfur oxides). Wear rubber gloves,
SCBA, and rubber suit.
Flashpoint and method:
89oC (192¢F) closed cup
95¢C (203°F) open cup
Flammable Limits (% in airj:
LEL: 3.0 - 3.5% by volume
UEL: 42 - 63% by volume
Autoignition Temperature:
300-302eC (572-575°F)
Spill, Leak, or Release:
Note: Reuview sections 3, 4, and 5 of this MSDS before proceeding with clean up. Use appropriate
PERSONAL PROTECTIVE EQUIPMENT during clean up.

6. ACCIDENTAL RELEASE MEASURES

Personal Precautions:
In case of mist formation use a respirator or Self-Contained Breathing Apparatus (SCBA).
Environmental Precautions:
If a spill or leak occurs, immediately consult your environumental supervisor. Remove ignition
sources. Ventilate the area. Do not breathe the vapor or get liquid in eyes or on skin/ clothing.
Spill Clean-up Methods:
Dilute and flush to wastewater treatment or absorb with inert material. Do not allow the
material to enter streams or waterways.
Recommended Decontamination Facilities:
Eye bath, water washing facilities
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7. HANDLING AND STORAGE

Usage/Handling Precautions:
Keep away from sources of ignition. No Smoking. Do not breathe vapor or mist. Avoid contact
with skin, eyes, or clothing.

Storage Precautions:
Keep container tightly closed, in a well-ventilated place. Freezes (solidifies] at 18°C (64°F)

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Exposure Limits:
ACGIH Threshold Limit Value (TLV): not established
OSHA (USA) Permissible Exposure Limit (PEL, 1989 Table Z-1-A values or section-specific
standards): not established
AIHA Workplace Environmental Exposure Level “WEEL” guideline for airborne concentrations
in the workplace: 2350 ppm (8-hr TWA)

Ventilation:
Good general ventilation (typically 10 air changes per hour) should be used. Ventilation rates
should be matched to conditions. Use process enclosures, local exhaust ventilation, or other
engineering controls to maintain ventilation.

Respiratory Protection:
In case of mist formation use a respirator. Respirator type: organic vapor cartridge, SCBA or
SAR. If respirators are used, a program should be instituted to assure compliance with OSHA

standard 29 CFR § 1910.134,
Hand Protection/Protective clothing:

Butyl rubber or nitrile (NBR) rubber gloves. Rubber apron and boots if splash hazard.

Eye Protection:

Safety glasses with side shield, tight-fitting goggles or face shield.

9. PHYSICAL AND CHEMICAL PROPERTIES

Appearance:

Odor:

Odor Threshold:

pH:

Boiling Point:
Flashpoint and method:

Flammable Limits (% in air):

Autoignition Temperature:

Vapor Pressure:

Specific Gravity:

Solubility in water at 20°C:
Octanol/Water Partition Coefficient:
Viscosity at 25°C (T7°F):

Vapor Density (Air = 1):

Evaporation rate (n-butyl acetate = 1)

Melting Point:
Sensitivity to Static Discharge:

colorless liquid

essentiaily odorless

not available

8.5 (50/50 in water)

1890C (372°F)

89oC (1920F) closed cup

95°C (203°F) open cup

LEL: 3.0 - 3.5% by volume

UEL: 42-63% by volume

300-3020C (572-575°F)

0.55 mbar (0.46 mmHg) (@ 20°C (68°F)

1.1 at 20°C (680F) (water = 1)

miscible

].ngow =-2.03

2.0 mPas or cP

2.7

0.026

180C (64°F)

Material is unlikely to accumulate a static
charge, which could act as an ignition source.
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10. STABILITY AND REACTIVITY

Stability: Stable

Conditions to avoid: Prolonged heating above 150°C (302°F) can cause rapid,
exothermic decomposition

Materials to avoid: Organic and inorganic acid chlorides, strong oxidizing agents,

alkali metals, hydrobromic acid, acidic solutions of alkali bromides
Hazardous decomposition products: Sulfur dioxide, formaldehyde, methyl mercaptan, dimethyl
sulfide, dimethyl disulfide, and bis (methylthio) methane
Hazardous polymerization: Will not occur. No stabilizers are needed or present.

11. TOXICOLOGICAL INFORMATION

Data for Dimethyl Sulfoxide:
Acute Toxicity Data:

Oral LD-50 |male rat): 14,500-28,300 mg/kg

Inhalation (rat): No mortality rate @ 2,900 mg/m? (900 ppm)/ 24 hrs.
Dermal LD-50 (rat}: 40,000 mg/kg

Skin irritation (human): Mild

Repeated skin application (human): Slight irritation

8kin sensitization (human): None by EC protocols

Eye irritation (human): None by EC protocols

Subchronic Toxicity Data:”
Oral study (13 weeks, rat): LOEL = 8800 mg/kg/day (minor target organ effects: liver)
(reduced body weight gain): NOEL = 1100 mg/kg/day
Inhalation study (13 weeks, rat): NOAEL = 0.964 mg/L (302 ppm)

**  Note - definitions for data:
LOEL = lowest observed effect level NOAEL = no observed adverse effect level NOEL = no observed effect level,

Developmental Toxicity Data:
DMSO is not considered to be directly embryotoxic and has been shown to be a successful
cryoprotectant for mammalian semen and embryos.
A mouse teratology NOEL of 12 g/kg/day has been established based on research with a 50%
DMSO solution administered orally. Teratology data suggests that:
1. DMSO is not a teratogen to mammals when administered via oral and dermal routes at dose
level that do not produce overt maternal toxicity.
2. DMSO is not a teratogen at low dose levels regardless of the route of administration.
3. The teratogenic potential of DMSQ is dependent on route of administration, the dose level
and the gestational time of exposure, but in all cases is extremely low or non-existent.
Mutagenicity/Genotoxicity Data:
Salmonella typhimurium assay (Ames test): negative (+/- activation). DMSO is used as a
neutral solvent in the Ames mutagen test.

12. ECOLOGICAL INFORMATION

Introduction:
This environmental effects summary is written to assist in addressing emergencies created by
an accidental spill which might occur during shipment or handling of this material. It is not
meant to address discharges to sanitary sewers or publicly owned treatment works.

Aquatic Toxicity:
The LCso (96 hrs.) for ten species of fish range from 32,500 to 43,000 ppm. The LCso for two
species of protozoans are 32,000 and 38,000 ppm. The concentration required to inhibit
growth (ECso) for five species of blue-green algae and one green algae species ranged from 0.4 to
4.0%. DMSO is non-bio-accumulating since the log of the octanol/water partition coefficient is
-2.03.
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Phytotoxicity:
Soaking tomato, cucumber, and bean seeds for 18hrs in up to 8% DMS0 solutions had no
effect on germination rate. DMSO has no effect on the growth rate of corn when sprayed on at
rates up to 30 gallon/acre. When diluted with a large amount of water, release of DMSO,
directly or indirectly, to the environment is not expected to have significant effect.
Biclogical Oxygen Demand:

Theoretical Oxygen Demand at 10 ppm: 123 mg oxygen
Chemical Oxygen Demand at 10 ppm: 107 mg/1
Biological Oxygen Demand-5 at 10 ppm: <1.0mg/l

13. DISPOSAL CONSIDERATIONS

Disposal Methods
Waste Disposal:
Dilute and flush to an approved wastewater treatment system. Bacterial decomposition of
dimethyl sulfoxide during wastewater treatment can result in the release of dimethyl sulfide (a
volatile substance with a strong disagreeable odor). Waste DMSO can also be incinerated in an
approved furnace where permitted. Consult federal, state or local authorities for proper
disposal procedures,
Empty Containers:
Should be transported/delivered using a registered waste carrier for recycling or waste disposal
in accordance with local regulations.

14. TRANSPORT INFORMATION

DOT (USA) Status:
Bulk {119 gallons per container)
Proper shipping name: Combustible liquid, N.O.S. (Dimethyl Sulfoxide)
Hazard Class: Combustible liquid
I.D. Number: NA 1993
Packing Group: III
Reportable Quantity: N/A
Placards: 1993 [Combustible)
Quantity limitations: None

Drum (<119 gallens per container)
Proper shipping name: Dimethyl Sulfoxide
Hazard Class: Not regulated
I1.D. Number: None
Packing Group: None
Label(s): None
TDG (Canada) Status: unregulated.
ICAO - International Civil Aviation Organization status: unregulated
IATA - International Air Transport Agency status: unregulated
ADR and IMDG - International Dangerous Goods status: unregulated

15. REGULATORY INFORMATION

This document has been prepared in accordance with the MSDS requirements of the OSHA Hazard
Communication Standard 29 CFR 1910.1200.

Occupational Safety and Health Administration “OSHA” hazardous chemical(s): Dimethyl
sulfoxide

Material(s) known to the State of California to cause cancer: None

Material(s) known to the State of California to cause adverse reproductive effects: None
Massachusetts Substance List: None
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New Jersey Workplace Hazardous Substance List: None

Pennsylvania Hazardous Substance List: None

This document has been prepared in accordance with the MSDS requirements of the WHMIS

Contrelled Products Regulation.

WHMIS (Canada) Ingredient Disclosure List: Listed

WHMIS9 (Canada) Status: Regulated

WHMIS (Canada) Hazard Classification: B/3 - Combustible Liquid

IARC - International Agency for Research on Cancer Carcinogenicity Classification

{components present at 0.1% or more): Not Listed

ACGIH - American Conference of Governmental Industrial Hygienists: Not Listed

NTP - National Toxicology Program: Not listed

Reporting requirements of Section 313 or Title III of the superfund Amendments and

Reauthorization Act (SARA) of 1986 and 40 CFR Part 372: None

SARA (U.S.A.) Sections 311 and 312 hazard classification(s): fire hazard

TSCA - US Toxic Substances Control Act: This product is listed on the TSCA inventory.

CEPA/DSL - Canadian Environmental Protection Act/ Domestic Substances List: Listed.

EINECS - European Inventory of Existing Commercial Chemical Substances: No. 200-664-3

AICS/NICNAS - Australian Inventory of Chemical Substances/National Industrial Chemical
notification and Assessment Scheme: This product is listed on AICS.

Japanese Handbook of Existing and New Chemical Substances: Listed.

EC Classification and User Label Information (Council Directive 67/548/EEC and

1999/45/EC): Hazard Symbols and Risk Phrases — None Required

ICH (International Council on Harmonization): Class III - Solvent with low toxic potential

16. OTHER INFORMATION

US/CANADIAN Label Statements:
WARNING!
COMBUSTIBLE LIQUID AND VAPOR
HIGH VAPOR CONCENTRATIONS MAY CAUSE DROWSINESS
Store away from heat and light.
Distill with caution.
Keep away from heat and flame.
Avoid breathing high vapor concentrations.
Keep container tightly closed.
Use with adequate ventilation and proper protective equipment given elsewhere in this MSDS.
FIRST AID:
If inhaled, move to fresh air. Treat symptomatically. Get medical attention if symptoms persist.
IN CASE OF FIRE:
Eliminate all ignition sources. Flush spill area with water spray. Prevent runoff from entering
drains, sewers, and streams.
Since emptied containers retain product residue, follow label warnings even after container is
emptied.
CAUTION:
FOR MANUFACTURING, PROCESSING OR REPACKAGING BY TRAINED PERSONNEL

MSDS Issue Date: September 28, 2010 Compiled by: John Fetrguson
Supersedes MSDS Dated: September 12, 2007

The information contained herein is furnished without warranty of any kind. Users should consider these data only as a
supplement to other information gathered by them and must make independent determinations of suitability and
completeness of information from all sources to assure proper use and disposal of this material and the safety and health of
employees and customers and the protection of the environment. To the best of our knowledge the facts given are correct.
However the information is given without warranty as to its accuracy.
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Cloned Dendritic Cells Can Present Exogenous Antigens on
Both MHC Class I and Class 1l Molecules'

Zhenhai Shen,** Glen Reznikoff," Glenn Dranoff," and Kenneth L. Rock***

Pathways for presenting proteins from the extracellular fluids on MHC class | molecules have been described in macrophages.
However, it is uncertain whether similar mechanisms exist in dendritic cells, because conventional preparations of these cells can be
contaminated with macrophages. We addressed this issue by transducing granulocyte-macrophage CSF into hone marrow cultures
followed by supertransfection with myc and raf oncogenes. These immortalized clones displayed dendritic morphology, and many
expressed the dendritic cell-specific markers DEC-205 and 33D1 as well as high levels of MHC molecules and costimulatory mole-
cules. Using these cloned dendritic cells, we found that exogenous OVA could be presented on both their MHC class | and class 1l
molecules. This presentation was markedly enhanced when the Ag was particulate and internalized by phagocytosis. Presentation of
particulate OVA on MHC class | molecules was insensitive to the weak base chloroquine, but was blocked by peptide aldehyde
inhibitors of the proteasome, indicating that the class I-presented peplides were generated in the cytosol. Brefeldin A, which inhibits
the exocytosis of newly synthesized proteins from the endoplasmic reticulum, also inhibited Ag presentation. These results establish
that dendritic cells can present exogenous Ags on MHC class | molecules and appear to use a similar phagosome to cytosol pathway
as macrophages. Therefore, dendritic cells are likely to play an important role in generating immune responses to tissue transplants
and tumors in vivo. Furthermore, these findings provide an approach for targeting vaccine Ags into these cells to prime immune

responses in vivo.

HC class | molecules play an important role in im-
mune surveillance by displaying antigenic peptides on
the cell surface (1). The majority of these presented
peptides are generated by a multicatalytic proteolytic particle. the
proteasome, which is present in the cytosol and nucleus of all
eukaryotic cells (2). These antigenic fragments are then translo-
cated into the endoplasmic reticulum (ER)* by the transporter as-
sociated with Ag presentatton (TAP), where they bind to newly
assembled MHC class [ molecules and then are transported to the
plasma membrane (1). As a consequence of these mechanisms,
class I-presented peptides are derived in most situations exclu-
sively from cellular and viral protcins synthesized by the APCs,
Ags in the extracellular fluids do not gain access to this pathway in
most cells and fail 1o be presented (3).
However, a subset of APCs can present exogenous Ags on cliss
I molecules (4, 5), and this process is markedly enhanced when the
Ag is internalized by phagocytosis (6, 7) or macropinocylosis (8).
In these cells the exogenous Ag 1s transferred from the endocylic
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compariment into the cytosol where it is degraded and presented
by the classical MHC class [ pathway (8-10). Alternatively, in
some cases peptides from the exogenous Ag appear to be gener-
ated in the endocytic compartment and to bind to MHC class |
molecules on the cell surface (7. 11-13).

The APCs that can present exogenous Ags an MHC class [ are
quantitatively recovered from lymphoid tissues in a low density
fraction that is enriched in macrophages and dendritic cells (DC)
(5). That macrophages can mediate this form of Ag presentation
has been shown in assays with highly purified macrophages and
cloned macrophage cell lines (14). It has been more difficult to
address whether DC possess a similar Ag-presenting capability
because purified preparations of these cells are often contaminated
with macrophages. Therefore, this question can only be resolved
with absolutely pure DC. This is an important issue because DC
are extremely potent APCs that are believed to play a key role in
the initiation of T cell responses (15). This was the rationale in the
present study for isolating cloned dendritic cell lines.

The exogenous pathway is aclive in vivo (6, 16) and probably
plays an important role in generating CTL responses in several
situations. A major pathway for stimulating CTL 10 wmors and
transplanted tissue involves the representation of wmor or alloan-
tigens on host bone marrow-derived APCs (17-19). Moreover, a
similar pathway may be involved in generating anti-viral responses
(3). Finally. this pathway can be exploited for stimulating T cell
responses 10 Ags in vaccines (20). Therefore, it is important to
elucidate the underlying cellular and molecular mechanisms un-
derlying this pathway of presentation

Materials and Methods
Cell lines and Abs

NIH 12 Leuk was provided by Dr. U. Rapp (Wurzbueg. Germany) (21).
FDCP-1 15 a GM-CSF-dependent cell line used o measure GM-CSF pro-
duction (22). The retrovirus-producing cell line Crip MFG-murine GM-
CSF (23), the macrophage cell line A3TAT (14). and T-T hybndomas
RF33 70 (anti-OVA. K™ (24) and MF2.2D9 (anti-OVA " [A") (6) were

QAN22-1767/97/802.00
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snmoniu chluside reatment, Nucleated cells (5 - 10" were then -
fected with an wnphotropic, replication defective, retrovirus-expressing
muring GN-CSIFACRIP MEG-murine GM-CSE by cocultivation Tor 38 b
in e presehee of pelybrene as previomsdy described (37). Nomdherent
cells were disphced Iy gentle pipetting and then placed it culwre in
2owe dishies i the presence of RPME 100 FCS, and 10 ap/ml murine
GM-OSEL Cells were refed eveny 2 dins, Culwares developed an adherent
muonolaver and clusters of DO colonies, Cuitvres were dispersed when
contuent and pliced into medinm Lacking GACSEL After an wdditioual 2
whoin cudtre in the absence of GM-CSE w expand the cell populagion. the
Heanng cells were collected and infected with a retrovires encoding s
and s wsang supermatant 50000 from NTH J2 Leuk cetls, Adter 36 bt
12O oating eetls were collected. washed. and reswspended in DMEM
high glucose supplemented with 109 FCS. c-glutaine. and antibioties
amd passazed i tisste cultare isks, Faom these el ines DO were seb-
Closad by tinmtmg dilatien. For the subeloning wd initial passage. conds-
tioned media 0401 Trom the imelened DC Ties was added to the calare
medinm

Inimunotluorescence

e uarescence staiting wis perfurmied as previoushy described (381
Bsie . dendritic clomes were invutsated with mAb-contaimng supecizstants
for 45 min a4 Cotollosed by FETC-conjugated goat anti-rat igG or HTTC-
compugated post anti-mouse [gG oo Cappel, Organun Tekpika Corp,
Wost Chester, PAL Samples were analy zed onw FACScan flow eylometer
rHecton Dhickimson),

RNA oxtraction and RT-PUR

Total RNA was extragted Trom cells and puzitied using the RNcasy Total
RNA Kt Quagen, Chatss onth, CAL ad ¢DNA was pregared using reverse
wanseriplase. The  ohigonocleotide primers COTTYGTGCCCAGCCT
TATA remplementary o the positive strand o DEC-203 sequeace, po-
siton 7810 and CATTCTTTTCCCAGTEACCT (complenientuy 1o the
negative strand of DEC-203 sequence. position 6831 were synthesized by
the Malecular Biology Core Facility of Dana-Fwsbes Cancer Testilute. A
plasmid costainng 37 2-kb DEC205 ¢DNA tondly provided by Dis.
Wanping Jiang and Michel Nossensweip, Rockeleller University. New
York, NY1and cDNA from various clones were tused as templates in PCR
veaction, PCR-amplined products swere wnaly ced onca 1270 agarose gel.

Assivs for phagooyiosts

For ulirastroctural saly sis, 12024 cetly were incubated with latex beads €3
son i dismetert in 10-cm diameter cufture dishes at 37°C {or 30 min, and
then washed and fived with 15 pardornmaldeiyde. Subsequent embedding.
attrathin sectioning, and clectron microseopy were petformed at the Core
Faciliy of Hapvard Medical School (Beston, MA For immunuofluores-
cenee atalysis, velis were plated on covenslips., incubated with FITC-con-
jugated Tatex heads 3 pm in dianseten) ot 37°C Tor 3Emin, and wished.
Cells were examined on i usreseenee mictuscape (with the help of Pr.
Joet Swanson, Harvard Medical Schouly, amd try pan blue Fisher Scientitic,
Pitsturgh, PA: 25050 pll 300 was added 1o geench extsaveliulae FITC-

vonpugated beuwds
Urepanation of Ag Doads

Iron unade heads throm PerSeplive Diagnostios, Canibridge. MA) were
covalenthy conjugated o chivken egg OVA wecording o ninualactorer’s
mstraction. FLIC (8izma Chemical Co.. St Louds, M) wins passively
ahorbwed 1 Laten beads (Polyscienee, Tne. Warringten, PAG T jon in i
wneler) aecording o the manufaciurer’ s instrocions,

Ay presentation assavs

APC were incubated o serum-free OpuMEST tLite Technologies, Gath-
cisburg, MDD supplenenied with Nutridoma dBechinger Mannheam, -
disnapolis, IN3 for 30 mm at 37°C with or without the mhibitoss brefeldin

FXOGENOUS Ag PRFSUNTATION BY DUNDRITE CEHITS

FGURE 1. hotomicrographs of DO A DO and macophage
colls (8 AL TAT Maanification, <6310

A 65 pgiml, Sigma Cohemical Cooy chloroguine HHO0 A Sigma Clhemical
Cuoo. eytochalusin B 65 pg/mb: Signta Chestical Coo, Lhad, (10 iz LM
(40 g and MGIA2 01 AL followed by the addition of Ag. A wis
added in sotuble Torm o bound o iron oxide beads $nsome vises, OVA
winy loaded onto the cytosol by asmotic Iysis ul pinosomes 1390, o0 SHIN
FEKL was expressed in the vy tosol using o vaveint recombinant 1.zl
from D, Jon Yewdell and Jack Beoninkd ¢4 Afer 3-homeabation b
375, the cells were wished, fved with 17 parafermaldehyde solubion.
and awdded o mivrotiter glates. I some assay s live AMCs (0% well) were
incubated with varying conventztions of Ags i 260 of cultare medin
in Nat-hottom microtiter plates, The culure medivm was RPMTE&I pre-
pared as previously deserebed and contaning 0.25 M indomethacin 1y
Specific T-T hyhrids were added 10 the nncrotiter plates and meubated for
200h w377, alter which an adiguol (100 ) el supermatnt wis collecied
and freeze-thawed. The LE-2 content in culture supesatants was assayed
using an H-2-dependent cell Tine CTLL as previeusly descibed t42, 430

Results
Fsolation of cell lines with O morphology

1¢ is welt established that bone marrew-denived DO can be cultared
in GM-CSFE for shurt periods (44, 45). We attempted w develop
fong tenn cedl lines by transducing bone marrow cells with GM-
CSE. This resuited in the growth of eeld pepudations that continsied
a subpopulation of celis with dendritic morphotogy. However,
growth of these DC was not sustiined beyond 6 wk, and we were
unable t cione them.

We, therefore, modificd this approach by superinfecting GM-
s
The resalting cell populations coatained cells with dendritic mor-
phology that continued to grow in culture. By timiting dilution, 20
clones of DC were obtained in 4 to 5wk, These cells had prom-
inent dendritic processes and rullled edges (Fig. LAy thal were it

Leransduced bose marrow cells with sve and raf oncogenes,

observed on macrophages (Fig. 181 they attached o plastic amd
then detached over time, so that cultures contained hoth adhereni
and featiag cells. Where examined, the DC clones do not continue
10 make measuralle GM-CSE using a sensitive bioassay tdata not
showny. These IXC clones have been in culre for =6 mo ad can
be Trozen with cryopreservatives and thawed with goud viability.

Characterization of cefl surtace molecules

We characterized the surface phenotype of these DO chimes by
impiunalluorescence and How cytometry. lndividual Nuorescence
histograms for one vlone are shown in Figure 2 (A& and the
phenotypes of several diflerent clones are summariced i Table 1.
Al clones lacked T eell-specific e, CIXand B oeell-specilie
tsurlsee Tey markess (data not shown). Most ol these vells ey
pressed high levels of MEC class Tand class B molecutes, the

costiraulatory melecules B7-1and B7-20as well as CDA20FeyRID
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and CDS4 (intracebalar adhesion molecude- D). These markers have
all heen reported on caltured DC (46--48). although they can also
be expressed on other celd types.

The mast specilic markers for mugisie DC are the DEC-205 mol-
ceule recognized by the mAb NLDC IS (419 and the Ag detected
by the mAb 33131 135) NLDC TS stained many of the DO clones,
e DOL2 DA, and DCAL (Fig. 25 The expression ol DEC-
205 0 these cells was continned by RT-PCR {Fig. 3. The othen
dendritic marker, 3301, alse stained several clones. As expected,
the macrophage cells ALTAT did not express DEC-208 (Fig. 21
ur 3307 tdiata pot shewn), We concluded from these criterza that
these celdls represened cloned DC.

There were some lines with dendritic morphology thit Licked
the expression of hoth dendritic surkers (Table . For 3301 1his

FIGURE 3. Amlysis of RE-POCR praducts on 120 asaiose vel e
Foh DN Had L digests Lines 2 PRENTTY RE DNA PRl dizesd s e
3 1PCR product using plasmicl contaniog DEC-205 N A s temghane
Larre -E R1T-PCR produc Uof miRNA from AL TAT miaciophages e o
RI-PCR product of mRNA from DC 25005 fane 60 RT-POR product o
MRNA rom D024

might simply reflect e sensitivity ol the immunofluarescence
assay heeause even on the DC where we detected expression.
the intensity of staining was weak, However, these eells were
alse negative fur the vther dendritie marker, DEC-205, by buth
immunottuorescence and RT-PCR. The DEC-205-positive and
megative velbs otherwise appeared to express the same surtive
molecntes sid were indistingaishable Trom one another o moer-
phalogic eriteria. iis possible that the DEC-205-negative vells
are ol anuther lineaze of cells te.p. monocytes) o that there
is heterogencity i the expression of DEC-205 and 3301 Iy

priniary isolated DE
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FIGURE 4,
Lates heads for 30 min at 37 C and then washed and handled as
desonbed in Aateriols and AMetheds, tMagnificalion, <8000,

Urastrocture of DO incubated with 3 pm-diameter

13 clones are phagocytic

To determine whether the DC clones were phagoeytic, they weie
mcubated with latex beads. When viewed by phase microscopy.
the DC appewred o rapidly anternabize these particles (data not
shown) To determtne whether the beads were ingested and not
simply hound to the cell surlace, we initally performed ulirastroe-
tral studies. Figore 4 shows an electron micrograph of DC2.4
cells incubated with latex beads at 37°C tor 30 min, Numerous
Beads were visuabtzed inmost cells and appeared 1o be in vesicles.
ITuwever. it is possible that surface-hound beads conld give a sim-
tha appeirance, depending vn the plane of sectoning. Fherefore.
to further verity that beads were imteenabized to cells, we per-
tormed an immunotiuorescence analysis, The DC were incubated
with EITC-labeled latex beads and then analyzed by fluorescence

microscopy. Trypan blue was added 1 queach the fluorescence of

beads vutside the cells, Figare 5 showed both phase (Fig. 547 und
lfuerescence 1Fig. 38) images of representative cells, Most DC
contained beads whose fluorescenve was not quenched with trypan
Blue. The fluorescence of surlace-bound or Tree beads was
quenched. These analyses indicated  that the DO clones are
phugocyliv.

Prosentation of OVA on AEIC class | and class 1T moleculos

The avalability of cloned DC allowed us to examine thetr Ay-
presenting capabilities and particularly whethier they could present
caogenois Aps on MHC class T molecules. The presentation of Ag
was determined by meastring the production of 1122 from T-T
I brids specific Jor OVA peptdes bound to MUHT cliss [ mole-
cules. DC2A cells, arepresentative DO clone, presented on MHC
class | molecules both seluble OV A wand particulate OVA added e
the culore medium g 641 However, compared with soluble

[XOGENOUS Ay PRISENTATION BY DINDRITIC CHHES

A B

FIGURE 5.
diameter Latex boads comjugated wabi THIC Tor 30 ovineal 37°C and

DC2 0 are phagoostic, Cells were incubated wath 5.pm

then guendhed sath trypan blue 1257, pho5. Both phase 24y and
Huorescence () pictures of the same leld were taken, Many intraced-
lular fleorescent heads are o the plane of ocus, Dxeracellular beads
were not flusrescent inoamy plane ab feous, Magniticalion. = b
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FIGURE 6, Presemiation of esogenous OVA and soluble OVA on
MBI Class Landd class 1Tmolecoles, APCS GG« 10 weell and RE33.T0
AR and 05 10l or M2 2D 0 5 - T el and the
indicated amount of hiead-conjugated OVA of soluble OV were culs
tured i microliter plates 200 @b, Celtuees were then handled o< de

scribed in Materials and Methods, A, Preseatation of head-conjugated
VA open squarel and soluble OVA open triangles by DC2 0 cellson
MEC class T melecules: B, prosentation of head-conjugated OVA In
00 24 open squered wnd A3 EAT wpen tiiangles o AMHU chass b imol-
voules, O, Presentation of head-canjugated OVA by sarions DO Clones
o AMHC class P molocules, 12, Prosentation of head-conpugated OVA
topen siprarer and soluble OVA wpen triangler by D20 cells on
AMHC Cass 1Hmoledules,

OVAL the presentation of bead-bound OVA wis 100- 10 1000-Toid
more elicient (Fig, 600 Ciher DE cones were simifarfy capable
of presenting OVA on MHC class T mwlecules (g 60 This
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FIGURE 7, Liect of ovtochalasin 3 an exogenous OVA presantation

on MHC class [ molecoles, DC24cells (27 T0%mb were pretreated
with 5 pg/ml evtochalasin B for 30 nvia ropen tiangle) or medium
Aone topen sguarel fallowed b the addition of bead-vonjunated GVA
150 pgml; A or hypotonic foaded OVA by Tvsts of pinasome 22 mg‘ml;
), fuaher incubated for 6 h, and then fined with 1% paratormalde-
hyde, Cells swere then titrated i mucrotiter plates 1100 g, and the T.T
hybned cells (5 10%Awelt, RE33.70 oA and 8, were added to the
cultures 200wl totah and handled as described o Materials andd
Alethods,

Ag-presenting capability was sindfar to that of AL 1AY, a inacro-
phage cel line (Fig. 657) (14). Since the DC were pure clones, we
conclude that the pathway tor presenting exogenous Ag on class |
melecules is active in these APCs.

We also examined the ability of the DC to present Ag on MHC
class 1 mwlecutes. These cells presented soluble OVA o an OVA
plus 1A -specific T-T hybrid (Fig. 6723, Similar to the class 1 path-
way, DC24 presented bead-bound OVA more elhicienty thas sol-
uble OVA . Therefore, a DC can acquire exogenous Ag and present
it simultanecusly on both class I and class H molecules. Compared
with similarty derived macrophage cell lings, the DC expressed
higher levels of MHC class I molecules and were more potent at
class 11 Ag presentation {data not shown). Withoot 1FN-y stimu-
latton, the macraphage cell lines were either incapable or only
weakly able to present Ag on class 1 {14}

Prosontation of particulate OVA was inhibited by
cvtochalasin B

Phagocytosis was previously shown to he crucial for the presen-
tation of particulate OVA by macrophages (11, 19). Here we ex-
amined the eftect of cytochalasin B, an inhibitor of phagocytosis,
on the presentation of OVA by DC. Treatment with ¢ytochalasin B
(5 pg/mi) inhibited the presentation of bead-hound OVA on MHC
class [ melecules (Fig. 740 In contrast, shis agent did not aitect
presentation when OV A was toaded directly into the eytosol (B,
7R, which indicates thal it is intertering with an carly event in the
exngenous paithway and net an other steps in the class | pathway.

Precentation by [ of exogenous Ag on MEC (lass |
mielecides is chloroquine insensitive

The presemanion of exopenons Ags on MHC class T molecules in
same cases invalves profealysis of the Ag i the oviosol (8-10,
while wv ether cases the proteobysis appears to occur in the eado-
cytic compartment (7, T1=130). Bowas of interest te determine
witich of these mechanssims was operative in DO To investigate
whether presentation required protealysis in acidic vesiclex, we
treated the DO with chlotoguine durmg exposure (o exogenous Ag.
Chloroguine raises the pHoin the endesomal and fysosomal com-
pariments and thereby inhibits protein hydrolysis by cathepsins.
which require an acidic environment for activity (30, 51 Treat-
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FIGURE 8. tffect ol chloroquine on exogenocus OVA presentation on

MU class 4 and ¢lass IV metecoles. 130204 cells 12 < 107%mlE were
pretreated with 100 uM chlorogume for 30 mun jopen tiangle) or with
medium gione {open square) fullowed by the addition ol bead-canju-
pated OVA 150 ppfab). Turther incubated for 6 n, and Dixed with 1%
paratormatdehvde. Celis were then tirated in micioliter plates (100
pdi, and the T-1 hybrids (5 % 107 velly, RF33.700A) and ME2Z20G (5,
wete added to the culures 1200 Jd otal and handled as described in
Materials and Methods.

ment with chlorequine did not inhibit the presentation ol particu-
Jate OVA an MHC class 1 melecules (Fig. 84). In fact, this agent
actualty slightly enhanced this presentation. suggesting that prate-
olysis in vesicles might be limiting the availability of Ag tor class
I preseatation. In vontrast, chloroquine treatment completely in-
hibited the presentation of bead-bound OV A on class §f molecules,
as expected (Fig. BBY (532). Tins latter finding serves as a positive
control for the efectiveness of chioroguine i blocking proteobysis
in vesicles. These results suggest that the class I-preseated peptides
are being generated outside ol the endocytic compartments in DC.
Role of the protocsome in class | presentation by [

The other magor pathway for degrading proteins o cells s medi-
ated by proteasome in the vytosol and nucleus (53 This pathway
15 responsible for generating the majority of class T-presented pep-
tdes from endogenous celtutar and viral proteins (2) and has been
umphicated in the presentation of exogenous Ags by macrophages
19). Therefore, we next examined the effects of peptide aldehyde
infibitors of proteasome (2) un the presentalion ol exogenous
OVA by DC. As shown in Figure 94, two of these inhibitors,
LInd. and MGI32, inhibited the presentation of particulate OVA
on MHC class T melecules. In contrast, a closely gelated peplide
aldehyde. LLM, did not inhsbit the presemation. This agent serves
as aspecilicity conirol because Bohas activity similar o those of
LEol and MG132 on thiol proteases, but is much less potent
against the proteasome (2). Furthermore, Lol and MG132 did
not inhibit the prasentation of the OVA peptide SHNFEKL ex-
pressed in cvtosel from a minigene in a yacoinia virgs construct
(40y (Fig. 24 These results indicate that LLnl and MGI32 -
liibit the presentation of exogenous OVA hy inhibiting peptide
generation by the proteasome and not by alfecting other steps in
the class T pathway.

Rrefeldin A inhibited bead-comugated OVA on Both AU
class fandd class I molecoles

Brefetdin A blocks the exocytosis of proteins from the endoplas-
mic retienhim and Golgi complex and thereby prevents newly as-
sembled peptide-MHC molecules from reaching the cell surface
t5h The presentation of exogenous Ag on MBC clauss | molecules
by the vacootar pathway has been reported to be nsensitive to s
tahibitor (7. 11, [3), while presentation by the cytosolic pathway
is inhibited by brefeidin A (8104 We therefore examined the
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FIGURE 9. ixagenous OVA presentation was inhibited by protea-
some inhibitors. DO cells were preincubialed with mediun alone
fopen square), 40 pM Lol topen diamond), 40 M ULM (open circles,
or 10 M MG 32 (open tnanglel for 30 min followed by the addition
ot bead-conjupated VA 150 pg/mib) for G h (A) or infection with re-
combinant vaccinia viras encoding the SUNFEKL peptide (10 plague-
forming units/celll for 3 b (M), Ceils were then fised with 1% parafor-
maldehyde and incubated with RF33.70 (10%Avell) for 20 h (200 pl).
Cultures were then handled as desaribed in Materials and Methaods.

effect of this apent on 1the presentation of exogenous OVA by DC.
Brefeldin A (5 pg/mi) completely inhibited the presentation by
DC2.4 cells of particulate OVA on MHC class | molecutes {Fig.
104} and also inhibited the presentation of OVA on MHC class H
molecules (Fig. 108), suggesting a role for newly synthesized
class H molecules in presentation of Ag by these DC.

Discussion
Properties of cloned DC

DC are present in both lymphoid and somatic tissues, but in rel-
ativelv low abundance (53). Consequently, it 1 difficult to obtain
targe nuinbers of these cells with a high degree of purity. Many
types of studies would be facilitated by the availability of reliable
methods e iselate large numbers of homogeneous DC. Earger
aumbers of these cells can be obtained by culturing precursors
from peripheral blood or bone marrow in GM-CSE and other cy-
tokines (44, 45). This has been an important advance; however,
these cultures typically contain other contaminating cell types, and
this approach has not allowed the isolation of cloned DC ines. We
also tailed to grow clones of IXC from bone marrow caltures trans-
duced with GM-CSF. Presumably, GM-CSF stimulation is not sul-
ficient for immortal growth of DC or their progenitors. This is
consistent with previous studies examining the reconstitution of
lethally irradiated mice with bone marrow that had been infected
with a replication defective. retrovirns-expressing GM-CSF (56).
Although a myeloproliferative disease occurred secondary o con-
stitutive GM-CSF secretion in the primary recipients, this did not
evolve into a clonal Jeukemia. Morcover, the myejoprofiferative
disorder could not be trapsplanted into secondary recipients (50).
However. we found that supertransfection of pave and raf inte GM-
CST-transduced cultures inymortalizes these cells. In this case GM-
CSF probably acts in a paracrine manner to expand infectable DC
because immaortal growth is maintained without the clones produc-
ing detectable levels of this eytokine. Similar approaches to im-
mortalize DC using oncogenes (without GM-CSF) have been re-
parted by others (57, 58), although whether the isolated cells are
bona fide DC has not been firmly established in all cases.

The initind criteria we employed for identifying DC was mor-
phologic. These clones had very obvious dendritic processes and
veils, which was an appearance we had never observed in cells

EXOGENOUS Ag PRESENTATION BY DENDRITIC CFLLS
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FIGURE 10. tilect of brefeldin A on exogenous OVA presentation

on MEC clasy Tand class 1 molecwles, DC2.4 cells 12 > 10" milwen:
pretreated with 5 pgfml brefeldin A for 30 min (open tlangles o me-
dium alone {open square} followed by addinon of beads conjugated
OVA (50 pg/ml), fuither incubated for 6 b, and fixed with 1% para-
formaldehyde. Cells were then titrated in myicrotiter plates 1100 i,
and the T-T hybrids (S % 10w elly RE33.70 (A) and Mi2.209 (B} were
added to the cultures (200 pd totaly and bandled as desenibed in Aa-
teriads and Methods.

growing from fresh bone marrow infected with the same mve- and
raf-expressing retrovirus (a procedure yiclding macrephage and B
cell clones) (14} (our unpublished observations). That at least some
of these cells were indecd DXC was confirmed by their expression
of specific DC magkers, DEC-205 and 33D1. These cells alse ex-
pressed other molecules that are typical for DC, including high
levels of BT family members and MHC class 1 and class I mol-
cecules. They also expressed other receplors that are not present on
freshly isolated DC, such as CN32 and Mac [, but which are found
on cultured 1XC (47, 57, 59, 601

The DC clones can avidly internalize micrometer-sized parti-
cles. This process reguires microfiliments, and the particles are
tound in cells in large vacuoles. Therefore, the 2C are phagocyiic.
This property has previously been observed for cultured DC and
DC resident in tissues (64, 62). We show Lhat this activity s im-
portant for the presentation on MHC molecules of peptides Nrom
particulate Ags (further discussed below).

We also isolated clones with similar morphotopy but that lacked
cxpression of NEC-205 and 13D1. Given the similatity of their
appearahce and their expression of other cell surface molecules tw
the DEC-205-positive clones, we favor the possibility that these
cloues represent different subscts or different stages of maturagion
of DC. This interpretation would be consistent with cther data
demonstrating phenotypic helerogeneity in freshly isolated and
cultured DC (63-63). However, in the absence of ather objecine
criferia, it is difficult 10 mle out the possibility that these DEC-
205-negative cells represent some other unrelated cell fineage or
that thetr phenotype is abberent and an artifact of the womontal-
ization conditions.

The immortalized DC Tines are homogengous and casily grown.
These properties should be useful to studies exploring the celi
biojogy and biochemistry of these cells. We have used them o
analyze the Ag-presenting patlways that are operative in these
cells.

Presentation of exogenous Ags by DC

The major guestion addressed by the present study is whether DC
are capable ol presenting Ags from the extracellular fluids on
MUC class T malecules. Previowsly, cells with this capability were
detected in fractions from both spleen and thymus enriched in DC
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5. 16). However, these same fractions contained some macro-
phages (3), and macrophages have been shown w have this Ayg-
presenting activity (11, 14). Our present results conclusively dem-
onstrate that cloned DC that are free of macrophage conlamination
can present exogenous Ags on class I molecules. This puthway of
presentalion was detected in multiple different clones.

Soluble OV A added 10 culture medium was presented on class
I malecules by DO but requised high concentrations of Ag. Ap-
proximately 1080-fold less Ag was required when the OVA was
conjugated to a microsized particle that was internalized by phago-
cytosts. This enhanced presentation was blocked by cytochalasin
3. which disrupts phagocyiosis but nor other endocytic processes.
These results are similar to carlier Bndings with macrophages (14)
and indicate that class | nelecules can monitor the contents of
phuagesomes and potentially other endocytic eempartments in [C.
One such compartment might be the macropiosome, because this
s 2 site 10 other cells that has been implicated m the detivery off
exogencus proteins into the class T patliway (8), and macrapinoe-
evlosis occurs in DC (60).

Two distinet pathways have been described for the presentation
of intermalized Ags on class T melecules of miacrophages. One is
indepeadent of the proteasome und TAP and is resistant o brefel-
din A (7. 11--13). In this case it is thought that the presented pep-
tides are generated in the endocytic compartiment and then hind to
class 1 molecules on the plasma membrane. The other pathway
requires proteaseme and TAP and 15 sensitive to brefeldim A (3 -
LU). tn this case. Ags are transferved from phagosowes into the
cytosel where they follow a common final pathway with endoge-
nous Ags. The presentation of OVA particles by [XC is sensi
inltibitors of the proteasome and brefeldin A, but vesistant (o chlo-
roquine. Fherefore, it appears that in these APCs OVA 15 Jollow-
ing the phagosome to cytosol pathway. Whether DC alse have a
vacuolar  pathway  for class [ presentation remainy to be
determined.

Compared with macrophage fines. the cloned DC present exog-
cnous Ag with similar etticiency w MUC class F-resiricted T-1
hvbeidomas. Nevertheless, it ts ikely that these cells will be more
eflective m stimulating responses to these Ags because of their
putent immunostimulatory properties. T-T hybrids only require
stumulatton through their TCR, while normal T cells require addi-
tonal signals, such as B7-1 and B7-2. which are expressed at high
levels an DC. Moreover, the IDC clones are constitutively better
class H-presenting cells than macrophages. and 1his correlates with
higher levels of expresston of MHC class 11 molecufes.

There is considerable evidence that the pathway for prescating
exogenons Ags on class 1 molecules is active in vivo (6). Macro-
phages and DC isolated from immunized animals present the -
jected Ay on their class T molecules. Moreover, injection uf anti-
genic particles primes CTL responses (6. 20). This pathway

ive 1o

probably plays anaimpertant role In gencrating immunity in several
pathologic situations, inchuding responses against tissue (rans-
plants, ntors, and possibly even viruses (3, 17-19) In some of
the exogenous pathway may be the major mech-
anism tor inidaleng responses. This may be because the somatic

these situations

cells that are producing the Ag are themselves poor stimulators of
o APC, such as the DCL ase nevded to

immynity, and profes
prime responses (15}

The exogenous class T pathway can potenvally be explomned to
generate CTL immunity to proteins in vaceines. Conventional vac-
vine preparations gencrally fail o elicit CTL responses. presum-
ably because the Ags fail to be presented in vivo, However, par-
tcles can be used o target proteins o phagocytes, and this s
elfective in conferring protective CDE T cetll immunity (6. 20). The
existence of the phagosome to cytesel pathway in DC makes this

2729

approach particularly attractive. Studying this pathway in the
cloned DC should help o optimize approaches for largeting Ags
inte these key APCs.
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MATERIAL TRANSFER AGREEMENT
Dana-Farber Cancer Institute, Inc.

The University of Western Ontario at 1151 Richmond Street, London ON N6A 3K7 and its investigator(s)
Dr Lakshman Gunaratnam (hereinafter collectively referred to as "Recipient"), in consideration ol the
reccipt of biological materials (which material has been provided to Dr. Mansour Haeyrlar of The University
of Westlern Ontario by way of Material Transfer Agreement dated September 29, 2006 and Dana-Farber
Cancer Insitite (hereinalter "DFCI") herby consents (o Dr. Haeyrfar providing said Malcrial to Dr.
Lakshman Gunaratnam) hereby agree (o the following terms and conditions:

1. The biological materials to be provided to Recipient are: DC2.4. Matenal(s) shall mean the above
referenced biological materials plus progeny, unmodified derivatives and any accompanying know-
how or data.

2. The Materials shall be used exclusively for non-commercial research by Recipient to study Testing
conditions that lead to DC maturation after renal transplantation.. The Material(s) shall be used solely
by the named investigator and those under his or her direct supervision. Materials will not be used for
in vivo testing in human subjects. Use will be in compliance with all applicable Federal, State and
local laws and regulations, including, but not limited to animal welfare laws and regulations.

3. The Materials are the property of DFCI. Ownership of modifications and derivatives of Materials
will be determined by the parties hereto depending upon (a) their relative contribution to the creation
of said modifications and derivatives, which is to be considered but not required in said negotiation,;
and (b) any applicable laws and regulations relating to inventorship.

4. Recipient shall not sell or otherwise distribute Materials (o a third party for any purpose. This
Agreement and the resulting transfer of Material constitute a non-exclusive license to use the Material
solely for the basic research or other not-for-profit purposes described herein. Recipient shall not use
Materials for any products or processes for profit-making or commercial purposes.

5. This agreement 15 not assignable.
6. DFCI has, or may, make Materials available to others, both profit and non-profit.

7. To the extent supplies are available, DFCI agrees to make the Material available, under a separate
agreement, to other scientists for teaching or not-for-profit resear ch purposes only. Recipient will
acknowledge DFCI as the source of the Material in all publications containing any data or infor mation
about the material unless DFCI indicates otherwise.

8. Recipient will arrange the return to DFCI or disposal of all unused Material whenever investigation
for which it has been supplied discontinues or is terminated. In the event investigator(s) transfer to
another institution, a new Material Transfer Agreement 1s to be executed.

9. The Material hereunder provided is experimental in nature, and it is provided WITHOUT ANY
WARRANTIES, EXPRESS OR IMPLIED, INCLUDING WITHOU'T LIMITATION WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE. DFCI MAKES NO
REPRESENTATION AND PROVIDES NO WARRANTY THAT THE USE OF THE MATERIAL
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WILL NOT INFRINGE ANY PATENT OR OTHER PROPRIETARY RIGHT.

10. To the extent allowable under applicable laws, Recipient agrees to indemmify, defend. and hold
harmless DFCI and its trustees. officers, staff, representatives and agents against all damages,
expenses (including without limitation legal expenses), claims, demands, suits or other actions arising
from Recipient's acceptance, use and disposal of the Materials and their progeny or derivatives,
except msofar as such claims result directly from the gross negligence or willful misconduct of DFCIL

Accepted by: Institution: The University of Western Ontario

Authorized
Institutional Othcer: ) Investigator: Dr Lakshman Gunaratnam
Title: ) 7 Title:
Signature: __ Signature:
Date: ) Date:

Acknowledgement: Dr. Mansour Haeyrfar, in consideration of section 1 as provided, hereby acknowledges
and consents to the transfer of DC2.4 cells to Dr. Lakshman Gunaratnam.

By:

Approved by: DANA-FARBER CANCER INSTITUTE, INC.

Date:

Anthony A. del Campo, MBA
Vice President. Office of Research and Technology Ventures

Outbound MTA Agr [Agr ID], 18/05/2010
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TOXIN USE RISK ASSESSMENT

Dose per person based on LD g5 in ug =

Name of Toxin: SB202190
Proposed Use Dose: 50 ug
Proposed Storage Dose: 500 pg
LD ;, (species): 40000 ug
Calculation:
40000 pg/kg X 50 kg/person

2000000

LD, per person with safety factor of 10 based on LD, in pg =

200000

Comments/Recommendations:
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TOXIN USE RISK ASSESSMENT

Name of Toxin: DMSO

Proposed Use Dose: 200000 ug

Proposed Storage Dose: 500000000 g

LD 5, (species): 14500000 pg

Calculation:
14500000 ug/kg X

Dose per person based on LD 5qin ug = 725000000

50 kg/person

LD,, per person with safety factor of 10 based on LDs, in pg =

72500000

Comments/Recommendations:

Calculation based on 1g = 1mL (density).

Store in two different locations.




