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Approved Use of
IHuman Source
Material

Approved Genetic
Modifications
(Plasmids/Vectors)

Approved Use of
Animals

Approved Biological
Toxin(s)

Friday, August 06, 2010

Please stroke out any approved
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E.coli, Lentivirus
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PLEASE ATTACH A MATERLAL SAFETY DATA SHEET OR T OQUIVALENT FOR NEW BIOHAZARDS
PLEASE ATTACH A BRIEF DESCRIPTION OF THE WORK THAT EXPLAINS THE BIOHAZARDS USED AND HOW THEY WiLL Bl
STORED, USED AND DISPOSED Of

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

Signature of Permit Holder: - W
o/

Current Classification: 2+,, - Containment Level for Added Biohazards:

Date of Last Biohazardous Agents Registry Form: Jun 29, 2010

Date of Last Maodification (if applicable): ;;e/g 0¥, 2o 1

BioSafety Officer(s):

Chair, Biohazards Subcommittee: - . 7 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 animatl 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 JV. Kidney injury molecule-1 is a phosphatidylserine receptor that
confers a phagocytic phenotype on epithelial cells. f Clin Invest. May
2008;118(5):1657-1668.

Zhang Z, Humphreys BD, Bonventre }V. Shedding of the urinary biomarker
kidney injury molecule-1 (KIM-1) is regulated by MAP kinases and
juxtamembrane region. f 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

How much (in ug) do you store? 100mg

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

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
How much (in ug) do you store? 1mg-1g

Please provide an LD50. LD50: Not available.



-------- 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, mcouse: LD50 = 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,S5c.
Assistant Professor of Medicine and
Microbiology & Immunclogy
Transplant Nephrologist

London Health Sciences 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

C9911
Sigma
For laboratory research purposes.

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

Manufacturer

Sigma-Aldrich Corporation
3050 Spruce St.

St. Louis, Missouri 63103
USA

+19058299500
+19058299292
1-800-424-9300

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

2. HAZARDS IDENTIFICATION
Emergency Overview

WHMIS Classification
D1B Toxic Material
Serious Toxic

GHS Classification

Causing Immediate and
Effects

Toxic by ingestion

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

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.

o oM

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 © CopHygN2Oy

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 altendance. 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 person. 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. 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

Sigma - C9911 Page 2 of 7



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

Conditions for safe storage
Keep container tighly 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 respiratar type N99
{(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 NIOSH (US) or CEN {EU).

Hand protection

Handle with gloves. Gloves must be inspected prior to use. Use proper glove removal technique (without touching
glove's ouler 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 shield and safety glasses Use equipment for eye protection tested and approved under appropriate

government standards such as NIOSH (US) or EN 1686(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
Form powder
Colour no data available
Safety data
pH no data available
Melting/freezing Melting point/range: 260 °C {500 °F) - dec.
point
Boiling 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 available

Sigma - G891 Page3 of 7



Density
Water solubility

Partition coefficient:
n-octanol/water

Relative vapour
density

Odour
Odour Threshold

Evaporation rate

no data available
no data available

no data available

no data available

no data available
no data available

no data available

10. STABILITY AND REACTIVITY

Chemical stability

Stable under recommended storage conditions.

Possibility of hazardous reactions

no data available

Conditions to avoid
no data available

Materials to avoid
Strong oxidizing agenls

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 available

Dermal LD50
no data available

Other information on acute toxicity

no data available

Skin corrosion/irritation
no data available

Serious eye damage/eye irritation

no data available

Respiratory or skin sensitization

no data available

Germ cell mutagenicity

Genotoxicity in vitro - mouse - lymphocyte
Cther 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 - Hamster - ovary
DNA damage

Genotoxicity in vitro - Human - Hel a cell
DNA inhibition

Genotoxicity in vitro - Chicken - Embryo
DNA inhibition

Genotoxicity in vitro - Human - Hela 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 -~ Hel a cell
DNA damage

Genotoxicity in vitro - Human - lymphocyte
DNA damage

Genotoxicity in vitro - Human - Other cell types
DNA damage

Genotoxicity in vivo - mouse - Infraperitoneal
Cytogenetic analysis

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

Sigma - C9911 Page 5 of 7



no data available
Teratogenicity

no data available

Specific target organ toxicity - single 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 abscrbed through skin, May cause skin irritation.
Eyes May cause eye fritation.

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 dafa 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. Dissalve 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

Proper shipping name: Alkaloids, solid, n.o.s. {{S)-{+}-Camptothecin)

Marine pollutant: No

Sigma - CS911

Packing group: Il|
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Poison Inhalation Hazard: No

iMDG

UN-Number: 1544 Class: 6.1 Packing group: IlI EMS-No: F-A, 5-A
Proper shipping name: ALKALOCIDS, SOLID, N.O.S. ({S)-{+)-Camptothecin)

Marine pollutant: No

IATA
UN-Number. 1544 Class: 6.1 Packing group: Il
Proper shipping name: Alkaleids, solid, n.o.s. {(3)-(+}-Camptothecin)

15. REGULATORY INFORMATION

DSL Status
This product contains the following components that are not on the Canadian DSL nor NDSL lists.
CAS-No.
{8)-(+)-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 informaticn

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. [t does not represent any guarantee of the properies 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 or packing slip for additional terms and conditions of sale.

Sigma - C9911 Page 7 of 7



Conforms to 93/ 112/EC and 1SO 11014-1
SAFETY DATA

Order Number

CALBIOCHEM®

Customer Number

SHEET

1.

Identification of the substance/preparation and of the company/undertaking

Product name

CooHaeNyOs

Chemical formula

Synonym Not available.

GM6001 in Solution

364206

EMD Biosciences, Inc.

10394 Pacific Center Courl
San Diego, CA 92121
(858)450-5558/(800)854-3417
FAX: (858)453-3552

Catalog #

Supplier

Call Chemtree s
(800)424-9300 (within U.5.A,)
(703)527-3887 (outside U.S.AL)

Lmergeney telephone
nnber

2.

Composition / information on ingredients

Substance/Preparation

Substance

Chemical name*
GM6001 in Solution

R-Phrases
R36/38

Symbol

Xi

CAS No. EC Number

Not available.

3.

Hazards identification

Physical/chemical hazards

Human health hazards

Not applicable.

CAUTION!
MAY CAUSE EYE AND SKIN IRRITATION.

4. First-aid measures

First-Aid measures

Inhalation

Ingestion

Skin Contact

Eye Contact

Lffects and svimptoms

Skin Contact

Lye Contact

Aggravating conditions

If inhaled, remove lo fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get medical

attention.
Do NOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth 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.
In case of contact, immediately flush skin with plenty of water. Cover the irritaled skin with an emollient. Remove
contaminated clothing and shoes. Wash clothing before reuse. Thoroughly clean shoes before reuse. Gel medical

attention.
Check for and remove any contact lenses. In case of conlact, immediately flush eyes with plenly of water for at least 15

minutes. Gel medical attention.

Hazardous in case of skin contact (irritant). Skin inflammation is characterized by itching, scaling, reddening, or,
occasionally, blistering.

Hazardous in case of eye contacl (irritant).

Repeated or prolonged exposure is not known to aggravate medical condition.

3

Fire-fighting measures

Flammability of the Product

Extinguishing Media

Suitable
Hazardous thermal (de)composition
products
Special fire-fighting procedures

Protection of fire-fighters

May be combustible at high temperature.

SMALL FIRE: Use DRY chemical powder.
LARGE FIRE: Use waler spray, fog or foam. Do not use water jet.

These products are carbon oxides (CO, CO2), nitrogen oxides (NO, NO2...).

Fire fighters should wear positive pressure self-contained breathing apparatus (SCBA) and full turnout gear

Be sure to use an approved/certified respirator or equivalent

Catalog # 364206
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Te lhe besl of our knowledge, the toxicological properties of this product have not been thoroughly investigated

Carcinogenic effects : Not available
Mutagenie effects ;. MNotavailable
Reproduction tovicity : Nol availabie
Jeratogenic offeets : Not available.

12. Ecological information

Veatoxicity 1 Not available.

Fovicity ol the Produets ol : The product itself and its products of degradation are not toxic.
Hodeeradation

13. Disposal considerations

Methods of disposal: Waste of residues: @ Waste must be disposed of in accordance wilh federal, stete and focal environmental control regulations.
Conttminated packaging

14. Transport information

Enternilionl transport reguladions

Eand - Road/Railnay

ADRRID Class : Not controlled under AGR (Eurcpe)
INITHG Class : Not controlled under IMDG.
TATA-DGR Class : Mol controlled under [ATA.

Speeiat Provisions for Not appficable.

Transport

15. Regulatory information

LU Repulations

Hazard syvenbol(s)

X

Classification o lrritant
Risk Phrases : R36/38- Irritating to eyes and skin.
Safety Phrases : 526- In case of contact with eyes, rinse immediately with plenty of water and seek medical advice.

UK, Federal Regulations

TSCA: No products were found.

SARA 302/304/311/312 extremely hazardous substances: No products were found.
SARA 302/304 emergency planning and natification: No products were found.
SARA 302/304/311/312 hazardous chemicals: No products were found.
SARA 311/312 MSDS distribution - chemical inventory - hazard identification: No products were found.
SARA 313 loxic chemical notification and release reporing: No products were found.
Clean Water Act (CWA} 307: No products were found.
Clean Water Act (CWA} 31%: No products were found.
Clean air act (CAA} 112 accidenla! release prevention: No products were found.
Clean air act (CAA} 112 regulated flammable substances: No products were found.
Clean air act {CAA)} 112 regulated toxic substances: No products were found.

HOS Chussification : CLASS: frritaling subslance.

Stade Regudations

MWIIMES (Ganada) : Not controlled under WHMIS {Canada).

No groducts were found.

16. Other information

Ixzardous Material
Information System
(LLS.AD

Natienal Fire
1 Protection Associztion
< (L.S.AL) Ieatih

Fire Hazund

Keactivity
Reactivity

N ] Speeilie WHazard
Personal Proteclion R

Nolice to Reader

Cataloy 364206 Page: 34




)
To the best of onr bnowledye, the informarion comtained herein is aecarate. However, neither the above named supplicr nor any of its snbsidiaries assumes any

tinbility whwisoever for the accaracy or completencss of the gformation contained herein,
Fintal determination of suitahility of any material is the sele responsibility of the nser. Al materials may present wpknows hacards and should be nsed with

caretion, Although cerfain hwcards are described frerein, we cannot guarantee that these are the anly hagards that exist. **This preduct is intended for research
use only, **

tlog 4 3542006 Date of issue 12/31:2004, 'L
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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 Sigma-Aldrich Corporation

2149 Winston Park Drive 3050 Spruce St,
OAKVILLE ON L6H 6J8 St. Louis, Missouri 63103
CANADA USA

+19058299500

+19058299292

1-800-424-9300

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

N,
D>

g
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



P312 Call a POISON CENTER or doctor/ physician if you feel unwell.

P321 Specific treatment (see supplemental first aid instructions on this labsl).
P332 + P313 If skin irritation occurs: Get medical advice/ attention.

P337 + P313 If aye irritation persists: Get medical advice/ attention.

P362 Take off contaminated clothing and wash before reuse.

P403 + P233 Store in a well-venlilated 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
Flammability; 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-Fluoraphenyl)-2-(4-hydroxyphenyl)-5-(4-pyridyl)-1H-imidazole
Formula . CopH4FN30
Molecular Weight . 331.34 g/mol
CAS-No. | EC-No. [ Index-No. | Concentration
SB 202190
152121-30-7 [ - | - [ -

4. FIRST AID MEASURES

General advice
Consult a physician. Show this safely 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 scap 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 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), Hydrogen
fluoride

Explosion data - sensitivity to mechanical impact
no data available
Sigma - 37067 Page 2 of 6



Explosion data - sensitivity to static discharge
no data available

6. ACCIDENTAL RELEASE MEASURES

Personal precautions
Use personal protective equipment. Avoid dust formation. Avoid breathing vapors, mist or gas. Ensure adequate
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 STCRAGE

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 CONTRCLS/PERSONAL PROTECTION

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

Respiratory protection
For nuisance exposures use type P95 (US) or type P1 (EU EN 143) particle respirator.For higher level protection

use type OVIAG/PYS (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 laboratory practices. Wash and dry hands.

Eye protection
Safety glasses with side-shields conforming to EN186 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 laborafory fumehood to avoid exposure,

9. PHYSICAL AND CHEMICAL PROPERTIES

Appearance

Form solid

Colour no data available
Safety data

pH no data available

Sigma - S7067 Page 3 of &



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
Odour 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

10. STABILITY AND REACTIVITY

Chemical stability
Stable under recommended storage conditions.

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

11. TOXICOLOGICAL INFORMATION
Acute toxicity

Oral LD50
no data available

Inhalation LC50
Dermal LD50
no data available

Cther 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 - S7067 Page 4 of 6



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

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

Specific target organ toxicity - repeated exposure (Glohally 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 irritation.
Eyes Causes 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: Not available

12, ECOLOGICAL INFORMATION
Toxicity
no data available

Persistence and degradability
no data available

Bioaccumulative potential
no data available

Mobility in soil
no dafa available

PBT and vPvB assessiment
no data available

Other adverse effects

no data available
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13. DISPOSAL CONSIDERATIONS

Product
Offer surplus and non-recyclable selutions 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 an 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 preduct 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 or packing slip for additional terms and conditions of sale.

Sigma - S7087 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,H;OS MOLECULAR WEIGHT: 78.13

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

MANUFACTURER/SUPPLIER:
GAYLORD CHEMICAL COMPANY, LLC
P. O. 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. If
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, carhon diexide, 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:
890C (192¢F) closed cup
95°C (203°F) open cup
Flammable Limits (% in air):
LEL: 3.0 - 3.5% by volume
UEL: 42 - 63% by volume
Autoignition Temperature:
300-302°C (572-575F)
Spill, Leak, or Release:
Note: Review 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 environmental 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



MATERIAL SAFETY DATA SHEET
DIMETHYL SULFOXIDE (DMSO)
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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: 250 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 (77°F):

Vapor Density (Air = 1):

Evaporation rate {n-butyl acetate = 1):

Melting Point:
Sensitivity to Static Discharge:

colorless liquid

essentially odorless

not available

8.5 (50/50 in water)

189°C (372°F)

89°C (192¢F) closed cup

950C (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 200C (680F) (water = 1}

miscible

logPow = -2.03

2.0 mPas or cP

2.7

0.026

18°C (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/m3 (900 ppm)/ 24 hrs.
Dermal LD-50 (rat): 40,000 mg/kg

Skin irritation (human): Mild

Repeated skin application (human): Slight irritation

Skin 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 DMSO 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 (ECsp) 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 coefticient is
-2.03.
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Phytotoxicity:
Soaking tomato, cucumber, and bean seeds for 18hrs in up to 8% DMSO 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.
Biological Oxygen Demand:

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

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 authoritics 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: Combustibte 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 gallons per container)
Proper shipping name: Dimethyl Sulfoxide
Hazard Class: Not regulated
I.D. Number: None
Packing Group: None
Label(s): None
TDG (Canada) Status: unregulated.
ICAO - International Civil Aviation Organization status: unregulated
[ATA - 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

Controlled 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 Toxicelogy Program: Not listed

Reporting requirements of Section 313 or Title IHI 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 IIl - 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 Ferguson
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 hest of our knowledge the facts given are correct.
Hewever 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 11
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 peptides 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 I 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 lissue 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 presentation (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 proteins synthesized by the APCs.
Ags in the extracellular Quids do not gain access to this pathway in
most cells and fail to be presented (3).
However, a subset of APCs can present exogenous Ags on class
[ molecules (4, 5), and this process is markedly enhanced when the
Ag is internalized by phagocytosis (6, 7) or macropinocytosis (8).
In these cells the exogenous Ag is transferred from the endocytic
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compartment 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 o MHC class |
molecules on the cell surface (7, 11-13).

The APCs that can present exogenous Ags on 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 o
address whether DC possess a similar Ag-presenting capabilily
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 cel) responses (15). This was the rationale in the
present study for isolating cloned dendritic cell lines.

The exogenous pathway is active in vivo (6, 16) and probably
plays an important role in generating CTL responses in several
situations. A major pathway for stimulating CTL 10 tumors and
transplanted tissue involves the representation of tumor 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 to Ags in vaccines (20). Therefore, 1t is imporiant to
clucidate 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 (Wurzburg, Germany) (21).
FDCOP-1 is a GM-CSF-dependent cell line used 1o measure GM-CSF pro-
duction (22). The retrovirus-producing cell line Crip MFG-murine GM-
CSF (23), the macrophage cell line A3 1A7 (14), and T-T hybrdomas
RE33.70 (anti-OVA. K" (24) and MF2.2D9 (anti-OVA* [A") (6) were

Q0022-1767/92/802 .00
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pan o dionetery i 10-em dimeter colture dishies ag 370 for 3 nun. and
then washed and ved with 190 paraformiddehyde, Subsequent ebedding.,
uftrathin sectioning, and electron nncroscopy were perfesmed at the Care
Facihty of Hhvand Medicat School (Bosten, MA For immuaoflueres-
cenve anlysis, cells were pled on cosersiips, incubated with FITC-con-
jugated Les heads 03 o in diametery ot 37°C Tor 30 min, and washed.
Cells were examimed un o Tuorescenee microscope (with the help ol Pro
Toel Swemson, Harviad Medival Schooln and trspan blue 1Fisher Scientifiv,
Pisburgh, PA: 23, pll 500 was added 1o quench extriweellular TTEC-
conugated beads,

Meparation of Ag beads

fron ovde beads throms PerSeptive Diagnostics, Cambridge. MA) were
cuvilvitiy conpueated to chicken egg OVA according o manefacturer’s
wstructon. FITC iStgma Chensical Cou SL Louis. MO0 was passively
atorbed 1o Latey beads (Palyscience, Ine. Wamrington, PAC T i in di-
ametery acearding o the manalacturer’s Instrictions,

Ag prosentaion assavs

APC were imvubated in senime-free OpnidEM dLile Technologies. Gaitli-
ersbarg, MU supplemented with Nutridons (Bochiinger Mannheim, Tn-
dhasapalic, INY for 3 min ai 37°C woith or without the inhibitors brefeldin

EXOGENOUS Ap PRESENTATION BY DENDRITIC CLLES

FIGURE 1.

Photomicrographs of DC (A D2 and macphage
colls (1 AL TATEL Magniti ation, <630,

A S pgfml, Sigma Chemicat Coo, chloroguine (100 56 Signua Chensical
Cuoi, eptochalisin B8 gdmb: Signea Chemical Coo Lol (0 3R LLM
40 DL and MG CHE p D, Tollowed by the addition of Ag. Ag win
added in solebke form or bound toiron ovidde beads. Inosome cases. OVA
was boaded ente the cytosol by osmotic Tesis of pitosomes (39, o SHN
FEKL was expressed in the ¢y tosol using o sawecinian recombinamt G gifl
fram s, Jon Yewdell and Fackh Bemrink) 0 Adier 5-h icubation ot
A0, the cells were washed, fined with 19 paralormaddehyde soletion,
and added 1o microtiter phites. I some assins, live APCs 010 welly were
incubited witl varying concentrations of Ags i 200 gl of calture medium
in Bat-bottom microtiter plates. The colture nsediom was RPME 60 pre-
pared as previousdy deseribed and containing 025 pM ndomethiaemn G
Speaitic T-1 hybrids were added 1o the mivratiter plates and incubated for
2 hoar 3770 adter which an aliquod CHE b ol superpatant was collected
and freese-thawed. Fhe 11-2 content in calture supernabats Wi assayed
using an 1E-2-dependent cell tise CTEL as presiously described (42, 1,

Results
Isolation of coll lincs with DC morphology

1tis well establisbed that bone marcow-derived DC can be cotiured
in GM-CSF for short periods (44, 35). We atlempted o devetop
long term cetl lines by ransducing bone marrow cells with Gad-
CSE. This resulted in the growth of cell pupulations that contained
a subpopulation of celts with dendritic morphology. However
growth of these DE was not sustained bevond 6wk, and we were
unable to clone them.

We. therefore, modilicd this approacts by superinfecting GAl-
CSE-trunsduced bune marrow cedls with sove and raf ancogenes.
The resulting cell populitions contained cells with dendritic mor-
photogy that continued o grow in culture. By lmiting ditution. 20
clones of DC were obtained in <4 e 3wk These cells had prom-
inent dendritic processes and ruflied edges tFig. LA that were not
abserved on macrophages (Fig. 150 they attached 1w plastse ol
then detached over time. su that cultures contained both adbierent
anel floating cells. Where examined. the D clones do ot continue
to make measurable GM-CSE using a sensitive bivassay (datu
shown ). These DC clanes have been in culture for =6 mo and can

he frozen with ervopreservatives i thawed with good viahilitg,

Charactesization of coll surface molecules

We charucterized the surface phenaotype of these DC clones by
immunofluorescence and fow cytemetry. Individisa! fluorescence
histograms for one clone are shown in Figare 2 (4K and the
phenotypes of several diflerent clones are summarized in Table |
Al clones facked T eellspeeitic e O3y und B eell-specific
tsurface Tey markers (data not shownn Muost of these cells ew
pressed high levels of MIC class 1 and clss 11 molecules, the
costimulatory malecales B7-1and B7-20as wellas CDA2 dieyR1N
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Chuminnan G strhace phenetpe of iepresenbatnoe clones of DO comipaeed
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and CPS tintracelular adhesion molecule- 1) These markers hasve
all heen reported on cudtured DC (6. 48), although they can also
he expressed on other cell tvpes,

The mostspecilic markers for merine DC are the DEC-205 mol-
vende recognized by the mAb NLDC TS (49 and the Ag detected
by the mAb 33101 (33 NLDCHS stained many of the BC clones,
e DOL2 DO and DOLT (Fig. 20 The expression of DEC-
205 in these cells wis confismed by RT-PCR (Fig. 3. The viher
deneritic marker, 3301, also stained several clones. As expected,
the macrephage eolls A3 TAT did not express DEC-205 ¢Fig. 20
or 33D wdata not showe), We concluded from these eriterta that
these cells represented cloned NC.

There were some lines with dendritic morphology that lacked
the expression of both dendritic markers Clable Ty For 331310 this

3456

HGURE 3. Analvsis of RT-POR produc s on 122 aparose wel oo
oA DA HindIl disest: L 7 PRhINTTTRE DNA PRl digest: Lae
3 PCR product usiog plasmid containing DEC-200 cODNA asiemplase
Lane oL RE-PCR produc ol mRNA rom ALTAT sacrophages: dane s
RE-PCR product of mRNACTrony DO 2508 fne b, RT-PCR product o
MRNA from {2

might simply reflect the seasitivity of the immunwlbuorescence
assay becise even on the DC where we detected eapression.
the intensity of staining was weak. Hewever. these cells were
also negative for the other dendritic marker. DRC-205, by bath
immunofluorescenee and RT-PCR. The DEC-205-positive and
-negative cells otherwise appeired 1o express the sanwe surlace
medecutes and were indistinguishable from one another onoinor-
phologie criteria. 1is possible that the DEC-205-negative celis
are of another lineaye ol cells (e.g monoeytes) or that there
i~ heterogeneity in the exvpression of DEC-205 and 3301 Iy
primary isolated DC.
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FIGURE 1.

UHteastiac e of DC2 incubated with 3 pmsdiameter
Lates beads for 30 min at 370 and then washed and bandled as
dese nhexd in Aderials and Mothods, Magnilication, < BOC,

1 clones are phagocytic

To determine whether the TYC clones were phagoeytie, they weee
incubated with lates beads. When viewed by phase microscopy.
the DC appeared o rapidly internalize these particles (data not
showny, To determine whether the beads were ingested and not
simply bound ta the cell surface, we initially performed ultrastrue-
wral studies. Figure 4 shows an electiron micrograph of DC2.4
cetls incubated with fatex beads at 37°C lor 30 min. Numerous
Beads were visualized in most cebis and appeared 10 he in vesicles,
Lhowever, it is pussible that surfaee-bound beads could give a sine-
ilar appearance, depending vn the plane of sectioning. Therefore.
ta further verify that beads were inernalized into cells. we per-
formed an immunelluorescence analysis. The DC were incubuted
with FITC-labeled latex beads and then analyzed by Nuorescence
microscapy. Trypan blue wis added to quench the fluorescence of
beads ouiside the celis, Figare § showed both phase (Fig. 540 and
By images of representative cells, Most DC
contained beads whose Muoreseence wis net quenched with trypan

Huorescence (Fi

blue. The Nuorescence of surface-boumd or free beads was
geeached. These analyses indicated that the DO clones are

phagocytic,
Presontation of (VA on AMIC class §and class i molecwles

The availability of cloned DO atlowed us o examine their Ag-
presenting capabilities and pasticularly whether tey could present
crngenous Ags on MHC class T maleeales. The presentation of Ag
was determined by measuring the production of 11-2 from T-T
hvbrids specific Tor OVA peptides hound to MHC claxs T mole-
cules. DO2A celis, o representative DO clone, presented on MHC
cluss T molecules botl soluble OVA and particulate OVA added to
the culre nedivm {Fig, 6400 Howeser, compared with soluble

[XOGENOUS Ag PRISENTATION BY DENDRITC CHES

FIGURE 5. 13X 2.4 are phagacstic, Colls were mcubated wath - 0m
diameter 1ates heads canjugated with THC Tor 30 minat $877C and
then uaencbied sith tnypan blue £23%, pH 510 Both phase cAb and
Muorescence (B pretuies of the samie fiekd weere taken, Many intiacel-
lula fluorescent heads are of the plane of focus, Ptraceliular beads

wore not flucrescent in any plone ob focus, Magniscation, - Lo
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FIGURFE 6. Presentation of exogenous OVA and soluble OV on

MEIC class 1 and class T molecalos. APCs < 10 wellband RI3 870
A B amed G T Aell o MEZ2DY Y 5 - 10 welh and the
indic ated amount of head-conjugated OVA or sofuble OVA sere cul-
wred o microtiter plates (200 glz, Caltures were then handled as de
weribed in Materials and AMethods. A, Presentation of head-conjugated
OVA apen squaret and solulslo OVA (open triangler by DO 24 cellson
MU class ! molecules; B, presentation of bead-conjugated OVA In
124 pen sqquare) and A3 TAT topen triiangles on MHC ¢lass fmol-
ccules. C, Presentation of bead-conjugated OVA by varions B3O clones
an MHC ¢lass | molecuies. £, Presentation of bead-conjugated OVA
topuen stuared aned soluble OVA wopen triangler by DC2 cellv on
M class 1T inolecules.

OV AL the presentation of bead-bound OVA was 100- 1o [080-Fokl
more eflicient 1Fig. a1 Other DO clones were similarly capable
of presenting OVA on MHC class T nolecules thig 60, This
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FIGURE 7, Liect of evtochalasin I3 on exogenous OVA presentation

on MHC class T molecules DOC2 G cells 12 7 10 mb were pretreated
with & pg/m! ovtochalasin B for 40 min fopen tnangle) or mediam
Alone (open syuare) follaw ed by the addition of bead-conjupated OVA
GOyl A or hypotonic loaded OVA by Iysis of pinosome 22 rog/ml;
83, further incubated for 6 b and then Tixed with 1% paraformalie-
hyde. Cells were then titrated i microtiter plates 100 pls and the T-7
hybric cells (5 = 10%wellt. RE33.70 1A and B, were added to the
cultures 1200 w1l totalk and handled as deseribed i Materials and
Methooks,

Ag-presenting capabibity was similar 1o that of A3 TAT, a macro-
phage cell ine (Fig. 68) (i4). Since the DC were pure clones, we
conelude that the pathway tor presenting exogenocus Ag on class |
inolecules is active in these APCs.

We also examinedd the ability of the DC to present Ag on MHC
class 11 molecules. These cetls presented soluble OVA to an OVA
plus 1A "-specific T-T hybrd (Fig. 682). Sinnlar to the ¢lass | path-
way, DCL4 presented bead-bound OVA more eliiciently than sol-
uble OV AL Therefure, a DC can aeguire exogenous Ag and present
it simultancousty on bolh class i and class it molecules, Compared
with simikarly derived macrophage cell Tines, the DO expressed
higher levels of MHC class I molecules and were more potent at
class 1T Ag presentation {data not shown), Without TFN-v stimu-
lation, the mavcrophage cell lines were either incapable or enly
weakly able to present Ag on class I (14).

Presontation of particulate OVA was inhibited by
cviochalasin B

Phuagocytosis was previously shown to be cruciad for the presen-
tation of particuiale OVA by macrophages (11, 1<), Here we ex-
amined the effect of cytochalusin B, an mnhibitor of phagocytosis,
on the presentation of OV A by DC. Treatment with cytochalasin B
(5 pg/mlyinhibited the presentation of bead-bound QVA on MHC
class T maolecules (Fig. 743 In contraste this agent did not affect
presentation when OVA was loaded directly into the cytosol (Fig.
7. which indicates that st is intertering with an early event in the
exvgenous pathway and not at other steps in the class | pathway.

Presentation by (3C of exogenous Ag on MO class |
mofecules is chloroguine insensitive

The presentation of excgencus Ags on MHC class 1 molecules in
some cases involves protealvsis of the Ag m the cytosol (810,
while in other cases the proteolysis appears te accor i the endo-
cytic compartment (7. 11-120 Towas of interest to determine
which of these mechanisms was operative in DC. To investigate
whethar presentation required proteolysis in acidic vesicles, we
treated the DO with chloreguine during exposure to exogenous Ag.
Chlorequne ruses the plln the endosomal and lysosomal com-
pattments and thereby inhibits protein hydyolysis by cathepsins,
which require an acidie environment for activity (30, STy Treat-
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FIGURE 8. Effect ol chlorequine on exagenous OVA presentaticn on

MU class 1 and class )L molecules. 130204 celis (2 ¢ 10%ml) were
pretreated with 100 uM chlorogume for 30 min topen triangley or with
mediunt alone {open sgaret followed by the addition of bead-conju-
asted OVA (50 pgiml), Turther tncubated for 6 h, and fixed with 7%
paratormatdehvde. Cells were then ttrated in microtiter phates (100
b and the T-7 hiybrids (5~ 10" el RF3Z.70 LA and MF2.20U 1B,
were added o the colivres 1200 pd wotalh and handled as described in
Materials and Methods.

ment with chieroguine dik not inlibit the presentation of particu-
Jate OVA on MHC class [ moiecules (Fig. 84 In fact, this agent
actually slightly enhanced this presentatzon. suggesting that profte-
alysis in vesicles might be fimiting the availability of Ag for class
1 presentation. In contrast, chloroquine treatment completely in-
hibited the presentation of bead-bound OV A vn class I molecules,
as expected (Fig. 881 (52). Tns latter finding serves s a postive
control for the effectiveness of chioroyaine in blocking proteolysis
i vesicles. These results suggest that the class {-presented peptides
are hemg generated cutside of the endocytic compartments in 2C.

Role of the protcoscme in class | presentation hy DC

The other major pathway for degrading proteins in cobis 1s meds-
ated by proteasonie in the cvtosal and nucieus (53). This pathway
15 responsible tor generating the majonty of class -presented pep-
tdes from endogenous celtular and viral proteins (27 and has been
anplicated i the presentaion of exogenous Ags by macrophages
(9). Theretfore, we next examined the effects of peptide aldehyde
inhibitors of proteasome (23 on the presentation of cxogenous
OVA by DC. As shown in Figure 94, two of these inhibitors,
LlIni. and MGI132, inhtbited the presentation of particulate OV A
on MHC class T molecules. In contrast, a closely related peptide
aldehyde, LLM, did nat inkisbit the presensation, This agent serves
as wspecificily contro) because B bos activity similar 1o those of
Link and MGI32 on thiol proteases, but is much less potent
against the proteaseme (2. Furthermore. LLnl, and MG 132 did
not mhibit the preseatation of the OVA peptide SIINFEKI. ex-
pressed i cytosol from a minigene in 4 vaccima virus construct
{403 (Fig. 98). These tesulls indicate that LLnl. and MGii2 in-
hibat the presentation of exogencus OVA - hy inhibiting peptide
peneration by the proteasome and aot by affecting other steps in
the class T pathway.

Breteldin A inhibitod bead-comugated OVA on both MU
class | and class 1 molecides

Brefeldin A blocks the exocytosis of proteras from the endoplas-
mic reticulum and Golgi complex ad thereby prevents newiy as-
sembled peptide-MHC molecuies from reaching the celi surfuce
(5:4). The presentation of exogenous Ap o MUC class T molecules
by the vacuolar pathway has been reported o be insensitive to this
inhibitor {7. 11, 13), while presentation by the cytosolic pathway
is inhibited by bretefdin A (8 -10). We therefore examimed the
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FIGURE 9. Exogenous OVA presentation was inhibited by protea-

some inhibiors, DC2A cells were preincubated with medium alone
fopen square), 40 1M LLnl (open diamondi, 40 pM (LM {open circle),
ar 10 pdM MG 32 topen triangle) for 30 min followed by the addition
of bead-conjupated OVA {50 pg/ml) for 6 h (Aj or infection with re-
combinant vaccinia virus encording the SIINFEKL peptide (10 plague-
forming units/eell) for 3 h (8Y. Cells were then fised with 1% parator-
maldehyde and incubated with RBE23.70 i10%Avell) for 20 h (200 ad).
Cultwres were then handled as deseribed in Materials and Methods.

effect of this agent on the presentation of exogenous OVA by DC.
Brefeldin A (5 ug/m)) completely inbibited the presentation by
D24 cells of particulate OVA on MHC class | molecules (Fig.
104 ) and also inhibited the presentation of OVA on MHC class 1
molecules (Fig. 10B), suggesting a role for newly synthesized
class 11 motecules in presentation of Ag by these DC.

Discussion
Properties of cloned DC

DC are present in both lymphoid and somatic tissues, but in rel-
atively low abundance ¢53). Consequently, it is difticult o obtain
large numbers ol these cells with a high degree of purity. Many
types of studies would be facilitated by the availability of reliable
methods to isolate Jarge numbers of homogencous DC. Larger
numbers of these cells can be obtained by culuring precursors
from peripheral blood or bone marrow in GM-CSFE and other cy-
tokines (44, 45). This has been an important advance; however,
these cultures typically comtain other contaminating cell types, and
this approach has not sllowed the isolation of cloned DC lines. We
also Lailed to grow clones of DC from bong marsow cultures trans-
duced with GM-CSF. Presumably, GM-CSF stimulation is not suf-
ficient for immortal growth of DC or thewr progenitors. This is
consistent with previous siudies examining the reconstitution of
lethally irradiated mice with bong marrow that had been infected
with a replication defective, retrovirus-expressing GM-CSF {56},
Although a myeloproliferative disease occurred secondary 10 con-
stitutive GM-CSF secretion in the primary recipients, this did not
evelve into a clonal leukemia. Mercover, the myeloproliferative
disorder could not be transplanted into secondary recipients (56},
However, we found that superransfection of myc and raf into GM-
CSF-transduced culiures immortalizes these cells. In this case GM-
CSF probably acts in a paracrine manner to cxpand infeclable DC
hecause immortal growth is maintained without the clones produc-
ing detectable levels of this cytokine. Swnilar approaches w0 -
montakize [XC using oncogenes (without GM-CSE} have been re-
ported by uthers {37, 58), although whether the isolated cells are
bona fide DC has not been firmly established in all cases.

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

EXOGENOLUIS Ag PRESENTATION BY DENDRITIC CFLLS
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FIGURE 10. Eflect of brefeldin A on oxogenous OVA presentation
on MUC class Tand class I molecutes, DC2.4 cells 12 2 10 miwere
pretreated with 5 pp/ml brefeldin A for 36 min {open triangley o aie-
dium alone fopen square) followed by addinon of beads conjugated
OVA (50 ug/mhy, further incubated far 6 h, and fixed with 1% para-
formaldehyde. Cells were then titrated in microtiter plates (100 pl),
and the T-T hybrids (5 % 10%well) RF33.70 (A) and ME2.209 (8) were
added to the cultures (200 pl tolal) and handled as described in Ma-
terials and Methodls.

growing from fresh bone marrow infected with the same sive- and
raf-expressing relrovirus (a procedure yiclding macrophage and B
cell clones) (14) {our unpublished observations}. That at leas! some
of these cetls were indeed DC was confirmed by their expression
of specific DC markers, DEC-205 and 33D1. These cells also ex-
pressed othes molecules that are typical for DC. including high
levels of B7 family members and MHC class [ and class 1 mol-
ecules. They also expressed other receptoss that are not present on
freshily isotated DC, such as CD32 and Mac i, but which are found
on cultured DC (47, 57, 59, 60).

The DC clones can avidly imernalize micrometer-sized parti-
cles. This process requires microfiliments, and the particles are
found in cells in large vacuoles. Therefore, the DC are phagocytic.
This property has previously been observed for cujtured DC and
DC resident in tissees {61, 62). We show that this activity is im-
portant for the presentation on MHC molecules of peptides from
particnlate Ags (further discussed below).

We also isolated clones with similar morphology but that lacked
expression of DEC-205 and 33D1. Given the similurity of their
appearance and their expression of other cell surface molecules to
the DEC-205-positive clones, we favor the possibility that these
cloues represent diflerent subsets or different stages of maturation
of DC. This interpretation wovld be consistent with othes data
dermonstrating phenotypic helerogeneity in freshly isolated and
cultured DC ¢63-65). However, in the absence of other objective
criteria, it is difficult to yule out the possibility that these DEC-
205-negative cells represent some other unrelated cell linedage or
that their phenotype is abberent and an artifact of the immerial-
izatien conditions.

The immortalized DC lines are homogeneous and easily grown
These properties should be useful 10 stadies exploring the celi
biojogy and bicchemistry of these cells, We have used them to
analyze the Ag-presenting pathways that are operative in Lhese
cells.

Presentation of exogenocus Ays by DO

The major guestion addressed by the present study is whether DC
are capable of presenting Ags from the extracellular fuids on
MUC elass | malecules. Previously, cells with this capability were
detected in fractions from both spleen and thymus enriched in DC
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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 (hereinafler collectively relerred to as "Recipient”), in consideration of the
receipt of biological materials (which material has been provided to Dr. Mansour Hacyrfar of The University
of Western Ontario by way of Material Transfer Agreement dated September 29, 2006 and Dana-Farber
Cancer Insitite (hercinafter "DFCI") herby consents to Dr. Haeyrfar providing said Malerial to Dr.
Lakshman Gunaratnam) hereby agree to the following terms and conditions:

I. The biological materials to be provided to Recipient are; DC2.4. Material(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
focal 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 to 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. Reciptent shall not use
Materials for any products or processes for profit-making or commercial purposes.

5. This agreement 1s 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 research purposes only. Recipient will
acknowledge DFCI as the source of the Material in all publications containing any data or information
about the material unless DFCT 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 mstitution, a new Material Transfer Agreement is to be executed.

9. The Material hereunder provided is experimental in nature, and 1t is provided WITHOUT ANY
WARRANTIES, EXPRESS OR IMPLIED, INCLUDING WITHOUT 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 OFTHER PROPRIETARY RIGHT,

10. To the extent allowable under applicable laws, Recipient agrees to indemnify, defend, and hold
harmless DFCI and its trustees. officers, staff, representatives and agents agamst 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 nsofar as such claims result directly from the gross negligence or willful misconduct of DFCL

Accepted by: Institution: The University of Western Ontario

Authorized
Institutional Otficer: Investigator: Dr_Lakshman Gunaratnam
Title: - Title: i
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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